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present edition, like the previous American reprints, has been passed

tlie supervision of Dr. Eichard J. Dunglison.
As the
work has had the advantage of two revisions at the hands of the distinguished
editor, Mr. Holmes, since the appearance of the last American edition in the

through the press under

year 1878, no necessity has been found for the insertion of additional details, but

DuNGLisON has

Dr.

carefully corrected whatever errors

England, and has made such changes in
calculated to render the

A

tlie

had escaped attention

volume more convenient

for consultation

and reference.

few illustrations have also been inserted in the introductory section.

will

They

be found distinguished by inclosure in brackets.

The

recent

has attracted

work of Mr. Holden
so much attention, as

—

"

m

typographical arrangement as seemed

Landmarks, Medical and Surgical"

—

affording, within brief compass, exactly the

information required by practitioners in the application of anatomical knowledge,
that the publisher has hoped,

by appending

acceptable to those for whose use

it is

it,

to render the

volume

still

more

intended.

Philabelphia, July, 1883.

PREFACE TO THE TENTH EDITION.
This edition has undergone

a careful revision

in the sections on Microscopical

entirely rewritten, in order to

;

and several portions, especially

Anatomy, have been considerably

altered or

keep pace with the ever increasing activity of

research in this branch of the science of

Anatomy.

Several

new

illustrations

have been added, and some of the old ones have been replaced by others.
The Editor has to acknowledge, with his warmest thanks, the valuable assistance
he has received from his friend Mr. Ross, Curator of the Museum of St. George's
Hospital, and lately Assistant Demonstrator of Anatomy, who has not only
prepared all the dissections from which the new illustrations have been drawn,
but has also bestowed a large amount of labor in investigating certain points in
Anatomy about which there is a difference of opinion in the various text-books
on the subject.
The Editor's best thanks are also due to Mr. Compton, Demonstrator of"
Histology at St. George's Hospital, for the great care and trouble which he has
taken in draAving the new microscopical illustrations which have been introduced
into the present edition.

PREFACE TO THE FIRST EDITION.

This work
rate

intended to furnisli the Student and Practitioner with an accu-

is

view of the Anatomy of the

Human

Body, and more especially the appli-

cation of this Science to Practical Surgery,

One

of the chief objects of the

Author has been,

to induce the Student to

apply his anatomical knowledge to the more practical points in Surgery, by
introducing, in small type, under each subdivision of the work, such observations as

show the

necessity of an accurate

knowledge of the part under exami-

nation.

Much

Osteology.

time and care have been devoted to this part of the work,

the basis of anatomical knowledge.

anatomy of the bones,

illustrated

It

contains a concise description of the

by numerous accurately-lettered engravings

showing the various markings and processes on each bone.
of each muscle are

shown

The attachments

in dotted lines (after the plan recently adopted

Mr. Holden), copied from recent dissections.

The

by

articulations of each bone

shown on a new plan and a method has been adopted, by which the hitherto

are

;

complicated account of the development of the bones

The Articulalions.
are described

;

made more

simple.

In this section; the various structures forming the joint

a classification of the joints

carefully described

is

:

is

given

;

and the anatomy of each

abundantly illustrated by engravings,

all

of which are

taken from, or corrected by, recent dissections.

The Muscles and

Fascise.

In this section, the muscles are described in groups,

as in ordinary anatomical works.

A

series of illustrations,

showing the

lines

of incision necessary in the dissection of the muscles in each region, are intro-

duced, and the muscles are

Anatomy

shown

in fifty-eight engravings.

of the muscles in connection with fractures, of the tendons or muscles

divided in operations,

The Arteries.

is

The

also described

and

course, relations,

illustrated.

and Surgical Anatomy of each artery

are described in this section, together with the

anatomv of the regions

ing the arteries more especially involved in surgical operations.
the

work

The Surgical

is

illustrated

contain-

This part of

by twenty-eight engravings.
v

PREFACE TO THE FIRST EDITION.

vi

The

Veins are described as in ordinary anatomical

works and
;

are described and illustrated from the well-known

illustrated

The veins

a series of engravings, showing those in each region.

work

by

of the spine

of Breschet.

The Lymj^hatics are described, and figured in a series of illustrations copied

from the elaborate work of Mascagni,

A

The Nervous System and Organs of Sense.
tion of this important part of

anatomy has been

engravings, showing the spinal cord and

its

concise and accurate descrip-

brain, in a series of sectional views; the origin, course,
cranial, spinal,

The Viscera.

and sympathetic nerves

A

;

Regional Anatomy.

and the anatomy of the organs of

fifty-five large,

The anatomy

and of femoral and inguinal

sixty-six

and distribution of the

detailed description of this essential part of

been given, illustrated by

by

given, illustrated

membranes; the anatomy of the

sense.

anatomy has

accurately lettered engravings.

of the perineum, of the ischio-rectal region

herniae, is described at the

end of the work

;

the

region of the neck, the axilla, the bend of the elbow, Scarpa's triangle, and the
popliteal space, in the section

the

on the arteries

anatomy of the trachea and larynx.

;

the laryngo-tracheal region, with

The regions

are illustrated

by many

engravings.
Microscopical Anatomy.

some of the

tissues,

The Author

A

brief account of the microscopical

anatomy of

and of the various organs, has also been introduced.

gratefully acknowledges the great services he has derived in the

execution of this work, from the assistance of his friend, Dr. H. V. Carter, late

Demonstrator of Anatomy at

St.

George's Hospital.

All the drawings from

which the engravings were made, were executed by him.
cases,

In the majority of

they have been copied from, or corrected by, recent dissections made

jointly

by the Author and Dr.

The Author has

also to

Carter,

thank his

friend,

Mr. T. Holmes, for the able

assist-

ance afforded him in correcting the proof-sheets in their passage through the
press.

The engravings have been executed by Messrs. Butterworth and Heath and
Author cannot omit thanking these gentlemen for the great care and fidelity
;

the

displayed in their execution.

Wilton

Street, Belgrave Square

August 1858.
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DESCRIPTIVE AND SURGICAL.
INTRODUCTION.
GENERAL ANATOMY.
fluids of the body,
THE
chyle, and the blood.

wliicli are

intended for

There are other

its

fluids also

lymph,
which partially subserve

nutrition, are the

the same purpose, as the saliva, the gastric juice, the bile, the intestinal secretion
and others which are purely excrementitious, as the urine. All these fluids form
But there is no
a part of the bulk of the body under ordinary circumstances.
need to describe the rest in this place, since they are the secretions of special
organs, and are described, as far as is judged necessary for the purpose of this
work, in subsequent pages.
shall here speak first of the blood, and next of
the lymph and chyle.

We

THE BLOOD.
The blood is a fluid holding a large number of minute cells or corpuscles in
suspension.
Its general physical characters are so well known that we need
merely say that it is of a dark red or purple color in the veins, and of a bright
red or scarlet in the arteries that it is viscid, drying rapidly, and with a clammy
feeling salt to the taste, slightly alkaline, and with a specific gravity of about 1055,
Oeneral Composition of the Blood. On standing, blood, under ordinary circumstances, soon separates into two parts
a fluid called the " serum.^'' and a clot or
" coagulum^
The latter is not merely the cells or blood-corpuscles spoken of
above as held in suspension, and which have subsided out of the fluid, but consists besides of fibrin which has been held in solution in the fluid blood, and
which in its solidification has enclosed and implicated the blood-corpuscles as
;

;

—

—

they

subside.-^

two parts, viz., the plasma^
liquor sanguinis.^ a fluid rich in fibrin, and the blood-cells or blood-corpuscles,
and that, when drawn from the body, it consists of two parts composed differently
to the above, viz., the clot, which comprises the blood-corpuscles and the fibrin
It is thus seen that the blood consists naturally of

•or

of the plasma

;

and the serum, which consists of the remainder of the plasma.
of blood of man contain about sixty- four volumes of

One hundred volumes

plasma and thirty-six volumes of corpuscles (Klein),
should be borne in mind that, though we speak of fibrin as one of the constituents of the
it does not exist, as fibrin, in the living blood, but is only formed after the withdrawal of the
blood from the body, by the union of two factors, which may be termed fibrin-factors.
See page 36.
^

It

blood,

3

(33)
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The

more commonly

blood-corpuscles^ blood-discs, or blood- globules, as tliey are

kinds, tlie red and the white.
The red globules are far the
more numerous, and are those which are always intended when the expression
blood-discs or blood-globules is used without any other qualification.
They are
said to be in man about three or four hundred times as numerous as the white
(Harley) by others only fif+y times as numerous (Todd and Bowman).^ They
called, are of

two

;

[Fig.

1.

1, 1, Red corpuscles seen on
the same turned nearly edgeways

Human

Corpuscles of Frog's blood.
their flattened face;
3,

2,

colorless corpuscles

;

4,

red corpuscles altered by dilute

blood-globules,

seen from the side;

c,

dered spherical by water

;

Seen from the surface;

a,

united iu rouleaux;
e,

d,

ren-

decolorized by the same;

/,

blood-globules shrunk by evaporation.

acetic acid.l

very much in

6,

and shape in different animals (Fig. 1). In man their
even in the same drop of blood, between the limits of
4oVo ^i^d ns^oo" of ^itl inch in diameter, the average being about -g-j^o- (Todd and
Bowman). They are circular disks, bi-concave in profile, having a slight central
depression, with a raised border (as seen in Fig. 2, b).
Their color appears of a
faint yellow when they are seen singly, but it is to their aggregation that the
blood owes its red hue. Human blood-disks present no trace of a nucleus. They
consist of a tough elastic transparent stroma uniformly pervaded by a coloring
matter called hseinoglohin. AYlien the blood is circulating, under the microscope,
in one of the lower animals, the blood-globules are seen to be separate from each
other, and are also separated from the wall of the vessel by an interval or " lumen."
Doubtless the same is the case in the human body but when drawn and examined
on a slide without reagents, the blood -globules often collect into heaps like rouleaux
of coin (Fig. 2, c). During life they may also be seen to change their shape under
pressure so as to adapt themselves to some extent to the size of the vessel. Their
shape is very soon influenced by the medium in which they are placed, and by
the specific gravity of that medium. In water they swell up, lose their color,
and cease to be visible, leaving the white corpuscles in the field. Solutions of
salt or sugar, denser than the serum, give them a stellate appearance
and the
usual shape ma}^ be restored by diluting the solution to the proper points
solution of the proper strength merely separates the blood-globules mechanically,
without changing their shape.
There can be no doubt that the difference in color between arterial and venous
blood must be due to some minute difference in the red blood-globules and it
is also in the highest degree probable that the chemical differences between these
two kinds of blood are due, in part at least, to such differences but the change
has not hitherto been rendered perceptible either to the microscope or to chemical
analysis.
At the same time, the researches of Professor Stokes ^ show that the
coloring matter of the blood produces different effects on the solar spectrum,
according as it is in a more or less oxidized condition and it is in the highest
degree probable that the same change in the oxidation of the contents of the
blood-globules produces the difference of color between arterial and venous blood.
differ

size

size varies considerably,

;

;

A

;

;

;

} Hirt puts the proportion as low as 1
1761 during fasting, and 1 695 or 1 429 after food (Kolliker j.
Venesection, by witlidrawing so much larger a proportion of the red globules, and also by favoring
the absorption of lymphatic fluid into the blood, much increases the relative proportion of the white
corpuscles, so that Kolliker asserts that in the horse, after enormous venesection (up to 50 lbs.), the
colored and colorless coi-puscles appear equally numerous.
^ Proceedings of Koyal Society, 1861.
:

:

:
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Tlie human ivhite corpuscles are rather larger than the red, and have an irregAccording to Klein, however, there are, in every
ular or granular surface.
specimen of blood, some white corpnscles which are smaller than the red.
nucleus becomes perceptible on the addition of acetic acid.
They are very similar to, if not identical with, the corpuscles of the lymph and chyle, though somewhat more acted upon by acetic acid
Fig. 8.
than the latter. Their proportion appears to vary considerably in different
parts of the circulation, being much
larger in the blood of the splenic vein
and hepatic vein than in other parts of
the body, while in the splenic artery they
are very scanty. The colorless corpuscles
bear a strong resemblance also to the
cells found in pus.
It is well known
'^
that these colorless corpuscles have the
_, .,
a. White corpuscles of human blond,
d. Red corpusp 1
T
remarkable properties 01 locomotiou and
cles.
High power.
of " amoeboid " changes, so that, examined during life, they may show various shapes.
No limiting, membrane is
believed to exist in the colorless corpuscles, which consist of a transparent
albuminous substance called protoplasm.
From the fact that cells exactly like the colorless corpuscles are being constantly furnished to the blood by the ducts of the lymphatic glands, the chyleducts (and even the liver in the foetus), and also from their varying proportion
in different parts of the circulation, and in different pathological conditions, the
colorless corpuscles are usually regarded
with, at any rate, considerable probabilit}'^
as an earlier stage of the colored blood-disks.

A

,

,

-,

1

,

•

,

•

—

—

Fig. 4.

Human

colorless blood-corpuscle,

showing

its

successive changes of outline within ten minutes

warm

when kept moist on

a

stage (Schofield).

Fat-granules are seen in the blood of the lower animals, and occasionally in
the blood of pregnant women also, according to KoUiker, in other persons after
the abundant use of milk or brandy, as well as in those who are fasting this he
attributes, in the latter case, to the absorption of the fat of the body.
But,
under ordinary circumstances, the granular base of the chyle, poured into the
blood through the veins at the root of the neck, disappears as the blood passes
throuo;h the lungs.
Gases of the Blood.
given quantity of blood contains rather less than half
the same volume of gases.
These are carbonic acid, oxygen, and nitrogen. The
relative quantity is roughly estimated thus
Carbonic acid about two-thirds of
the whole quantity of gas, oxygen rather less than one-third, nitrogen below
one-tenth (Huxley).^
The nitrogen is unimportant. It (or at least the greater
part of it) is merely absorbed from the atmosphere under the pressure to which
the blood is exposed, and can therefore be mechanically removed, as can also a
portion of the oxygen and carbonic acid; but the greater portion of the oxygen
is in loose chemical combination with the hemoglobin of the blood corpuscles,
and the greater part of the carbonic acid seems to be in stable chemical com;

;

—A

:

—

^ The quantity of gases contained varies, of course, with a great number of different conditions,
and especially according as the blood is arterial or venous. Hermann states that the projDortion of
oxygen varies from 16.9 vols, percent, in arterial to 5.9 per cent, in venous blood; that arterial blood
contains on an average about 30 vols, per cent., and venous about 35 per cent., of carbonic acid and
this author places the proportion of nitrogen as low as from 1 to 2 vols, per cent.
;
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bination witli the salts of the serum, though a certain proportion is also combined loosely with the bloocl-giobules.
The experiments bj which these facts are proved will be found in the physiological treatises.

The fluid part of the blood, the liquor sanguinis^ or plasma^ is again composed
of a permanently fluid portion the serum— and of fibrin -factors, which unite
spontaneously when out of the body, and by their union form fibrin.
The
fibrin can be separated from blood, after it has been drawn, by whipping it with
The fibrin does not exist
twigs, to which the fibrin, as it coagulates, adheres.
as such in the blood, but is formed during coagulation by the union of two substances (fibrin o-plastin and fibrinogen) which exist separately in the blood the
union being probably brought about by the agency of a third body, called a
fibrin-ferment.
For the experiments which prove this fact, and for the account
of the substances themselves, as well as the properties of the blood and the phenomena of its coagulation, I must again refer to the treatises on Physiology.
The liquor sanguinis may be obtained free from the red corpuscles by filtration
in animals whose blood-globules are sufficiently large, or in mammalia by exposing the blood to a freezing temperature till the corpuscles have subsided. By
this process, or by removing a portion of the clear liquor which is found above
the buffy coat of inflammatory blood just after the latter has formed, the plasma
may be obtained, and will then separate by coagulation into a colorless clot of

—

;

Fig. 5.

A. Trihedral crystals from blood of guinea-pig. B. Pentagonal crystals from blood of squirrel.
and mouse. D. Haematin crystals from human blood. E. Heematoidin crystals
from an old apoplectic clot. F. Haemin crystals from blood treated with acetic acid.
Blood-crystals.

C. Octahedral crystals from blood of rat

fibrin

and

strings,

a saline fluid.

which contain

inclosed in them.

in

The
their

fibrin clot consists of interlacing structureless

meshes some white corpuscles accidentally

—

;
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The fluid left after the coagulation of the fibrin, which is the serum of the
blood properly so called, is yellowish, and contains so much albumen that it
solidifies almost completely on being heated.
It is alkaline, from the presence
of free soda and carbonate of soda.
The chemical composition of the blood is complex, as might be anticipated of
and it
a fluid from which all the various tissues of the body are to be formed
must of course vary in various parts of the circulation. The following seems to
be as accurate an analysis as possible.
It is quoted in Carpenter's " Physiolog}^,"
by Power, from M. Gorrup-Bezanez, who procured two samples of the same
person's blood, and had them analyzed by himself and three other competent
The separate analyses are given, but the variations are too slight to
chemists.
The following were M. Grorrup-Bezanez's results
be worth quoting.
;

:

Water
Solid matters

1st Spec.

2d Spec.

796.93
203.07

783.63
216.37

Fibrm
Corpuscles

Albumen
Extractive matters and salts

The

....

1.95

1.56

103.23
70.75
27.14

115.12
62.74
36.95

which form in the blood under certain circumstances and when
certain reagents ought to be described, in consequence of their importance as a means of distinguishing human from other kinds of blood. They
are of three kinds: 1. Usematin crystals, found in normal blood, particularly in
These are procured by the addition of a little water, or by agitating
the spleen.
the blood with ether, by either of which means the blood-corpuscles are ruptured, and their contents crystallize on evaporation.
2. Hsematoidin crystals
found in old clots. 3. H^emin crystals, formed by mixing dried blood with an
equal quantity of common salt and boiling it with a few drops of glacial acetic
acid till the whole has dissolved.
drop of the mixture placed on the slide will
show the crystals on cooling.
Fig. 5 shows these three forms of crystals from human blood, together with
some from the lower animals, for comparison.
The importance of being acquainted with the crystals found in human blood
is obvious, and more particularly those which can be obtained from dried blood
since in this way old blood-stains can be recognized as being human or otherwise, even long after their formation.
The spectrum analj^sis, however, is said
to be a more delicate test of fresh blood.
treated

crystals

by

A

LYMPH AND CHYLE.
The lymph and the chyle are almost identical in constitution, though the proportion of their constituents varies in different parts of the vascular S3^stem.
The lymph is the secretion of a system of vessels and glands, to be more fully
described in the sequel, which takes up from the worn-out tissues that which is
still available for purposes of nutrition and returns it into the veins close to the
heart, there to be mixed with the mass of the blood.
The chyle is a fluid absorbed by the villi of the small intestines from the food. It is intermingled with
the lymph, and is poured into the circulation through the same channels.^
See
the description of the Thoracic Duct, Lacteals, and Ductus Lymphaticus dexter,
in the body of the work.
On microscopical examination, chyle displays besides the lymph-corpuscles a
large number of fatty granules, "the granular base of the chyle" (Fig. 6, a), oilglobules, free nuclei, and a few red blood-globules.
The white color of the chyle
^ It may not be amiss to remind the student that the lacteal or chyliferous vessels only convey a
At other times they
portion of the nutritious matter from the food, and this only during digestion.
seem to act precisely as ordinary lymphatics.

—
GENERAL ANATOMY.

38
is

due to

tlie

abundance of the molecular

Fig.

base.
These molecules are almost or
entirely absent in Ij^mph.
In other respects lymph and chyle are indistinguishable by microscopic examination, but in
external appearance they are very different.
Chyle is a milk-white fluid, which coagulates

6.

^

^
^

W

spontaneously, and then on standing separates
more or less completely into a clear part, the liquor
chyli^ which is identical with the liquor sanguinis, and a thinnish jelly-like clot, consisting of
fibrin in which chyle-corpuscles and the fatty
molecules are entangled. Its analysis, as given
b}^ Dr. Gr. O. Rees^ from the chyle of a criminal examined shortly after his execution, and in
whom the thoracic duct was found distended with
chyle, is as follows

®

^

„
••>,,

,^b3?^^^

:j

/

Vx);

...

^:.i::-m^

Chyle from the

:

hicteals.

Water
Albumen, with traces
Aqueous extractive
.

•

.

.

.

.

.....
......
.

.

.

.

.

of fibrinous matter

Alcoholic extractive or osmazome
Alkaline chloride, carbonate and sulphate, with traces of alkaline
phosphate and oxide of iron
Fatty matters

...."..

90.48
7.08
.56
.52

.44
.92

100.00

name implies, is a watery fluid. In the lymph the molecular
and the lymph-corpuscles are very few in number, and, indeed, are
said by Kolliker to be absent in the smaller vessels.
According to the same
Lymph^

base

is

as its

absent,

author, the size of the lymph -globules increases as the fluid ascends higher in the
course of the circulation. In this view the lymph is at first a mere albuminous
fluid, and the chyle at first a mere albumino-fatty fluid, the cells in both being
produced during the passage of the fluid through the glands (lymphatic or mesenteric, as the case may be), and being further elaborated, and even new cells produced by the division of the old ones, in the course of the circulation. The
presence of mature blood-globules in the lymph or in the chyle is regarded by
most authors as accidental, i. e., produced by the manipulations of the dissector.
They must not be mistaken for immature red corpuscles, which may be found in
the chyle taken from the thoracic duct, especially after a meal, and which are
the chyle- corpuscles in process of transformation into blood-globules. They frequently give to the surface of clotted chyle a pinkish hue.
The lymph-corpuscles, as seen in the above figure, are in all essential respects
the same in the chyle, the lymph, and the blood, where they have been described
above as the colorless blood-corpuscles. In the chyle and lymph, however, they
vary very much in size. In some cases several younger cells are found inclosed
in the original corpuscles.

CELLS

AND PROTOPLASM.

All the solid tissues of the body are originally developed out of cells, containing a matter now usually styled protoplasm, and many such cells persist in
mature structures. In the higher organisms all such cells are nucleated^ i. e., they
contain in their interior a smaller cell or nucleus, which frequently presents in its
centre a nucleolus.
The protoplasm is situated around the nucleus, and is
usually inclosed in a limiting membrane or cell-wall. Protoplasm (sarcode, blas1

Phil. Trans. 1842, p. 82.

—

;
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tema, germinal matter, or bioplasm) is iisuall^^ granular, sometimes hyaline, is
indistinguishable in its chemical relations from albumen, of a semi-fluid, viscid
consistence, and distinguished by its vital properties of amoeboid motion (of which
that is, the power
ciliary movements may be taken to be a variety), nutrition
of attracting to itself the materials of growth from the surrounding matter
and reproduction^ by means of which fresh cells are produced either by segmentaThese processes commence in the nucleus, which is a special
tion or budding.
collection of protoplasm marked off by a definite outline from the rest of the
cell, and distinguished from it b}^ resisting the actions of acids and alkalies which
destroy or render invisible the body of the cell, and by imbibing the stain of
carmine, hsematoxyline, etc. In the reproduction of cells by segmentation the
nucleus splits in that by germination it sends oft' a process and thus new nuclei
are produced which are surrounded by their own cell substance, and gradually
detach themselves from the parent cell. The most remarkable property of cells
is that of growth, development, or dilferentiation, by means of which the most
various solid tissues, or even fluids containing cells, are developed out of cells

—

;

;

appearance identical.
is accomplished either by their mechanical detachment from
the surface, preceded possibly by their bursting and discharging their contents,
or by various forms of degeneration, fatty, pigmentary, or calcareous.
Cells are held together either by anastomosis of their processes, by intercellular substance, which may be semi-fluid, hyaline, or of various higher forms,
the result of cell metamorphosis, or by direct contact of their walls.^
originally to

The death

all

of cells

CELLULAR AND FIBROUS TISSUE.
The cellular or areolar tissue (Eig. 7) is so called because its meshes are easily
distended, and thus separated into cells or spaces which all open freely into each
other, and are consequently easily blown up with
air, or permeated by fluid, when injected into any
Such spaces, however, do not
part of the tissue.
exist in the natural condition of the body, but the
tissue forms one unbroken membrane, composed of a number of interlacing fibres, variously
superimposed. Hence the old term, " the cellular
membrane," is in many parts of the body more appropriate than its more modern equivalents. The chief
use of the cellular tissue is to bind parts together
wdiile by the laxity of its fibres and the permeability
of its areolte it allows them to move on each other,
and affords a ready exit for inflammatory and other
effused fluids.
It is consequently often denominated
connective tissue^ and this term is still more appropriate to the fibrous tissue which forms the bond
Portion of areolar tissue, inflated,
of connection between the intimate elements of solid
and dried, showing tlie general charorgans in which more restricted sense the term is acter of its larger meshes. Each lamoften used in modern works.
The areolar tissue ina and filament here represented
contains numerous smaller ones, matconsists essentially of two forms of fibrous tissue, the
ted together by the mode of preparawhite and yellow^ intermixed in varying proportions,
(Magnified 20 diameters.)]
tion.
together with a great quantity of capillary vessels,
nerves, and lymphatics, and in most situations it contains fat. The cellular tissue
is continuous over the whole body; so that fluid, and especially air, when injected
forcibly into it
may be diffused into
as from a wound of the lung or bowel
the remotest parts.

whole

;

—

^
The above
Morrant Baker.

is

—

abbreviated from the admirably clear description in Kirkes's " Physiology," by
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The

ivhite fibrous tissue (Fig. 8) consists

wavj bands interlacing
with each other, each composed
of minute filaments, or fibriUse^
which appear homogeneous, and

of bundles of

measure from ^^^^ to ^-^^^ of
an inch in diameter. The larger
bands have no definite size, but
are supposed to be solid masses
formed by an agglutination, as it
were,

of

the

ultimate

fibrillas.

Acted upon by

White

fibrous tissue.

acetic acid the
white fibrous tissue swells up into
an indistinct uniform mass, which

(High power.)

able; and in the areolar tissue,
comes alone into view.

when thus

gradually becomes indistinguishyellow elastic element

treated, the

Fig. 10.

stellate formative cells

The
which

elastic tissue.

(High power.)

Formative oells of areofrom sheep's em-

of fine elastic fibres, from

lar tissue

the tendo-Achillis of a
new-born child. (Mag-

bryo.

nified 350 times.)

Yellow

Fig. 11.

(Magnified

times.) a. Cell without

indication

of

fibrils

350

any
;

with commencing, and
with distinct fibrils.

b.
c,

yellow elastic fibrous tissue (Fig. 9), is an aggregation of curling fibres,
are considerably larger in size than the fibrillee of the white fibrous ele-

ment, varying from o^i-g-Q to 40^00 of an inch in diameter (Harley). The fibres
branch and anastomose freely with one another.
They are homogeneous in
appearance, with dark borders, and have a tendency to curl up, especially at their
broken ends. They remain unaltered by acetic acid.
Cellular tissue consists then of spaces formed by these fibres, united together
by a homogeneous cement or ground substance and filled by cellular elements,
which contain the protoplasm out of which the whole is developed and regenerated.
These cell-spaces may be brought into view by treating the tissue with
nitrate of silver and exposing it to the light.
This will color the fibres and
ground substance, leaving the cell-spaces unstained.
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KolEacli of tliese elements of the connective tissue is developed from cells.
liker describes the yellow elastic fibres as developed from the stellate branching
corpuscles, which may sometimes be found free in the areolar tissue, and which

Yirchow has denominated
white fibrous tissue

" connective-tissue corpuscles " (Fig. 10)

formed from the coalescence of fusiform

;

while the

which

elonas shown by Fig. 11.
The two tissues just described are very widely divStributed in the body, espeThis latter forms nearly the whole of all the firm
cially the white fibrous tissue.

gate into

is

cells,

fibrillas,

investing membranes, viz., the muscular fasciee, the periosteum, the investments
of the various glands (such as the tunica albuginea testis, the capsule of the kidney, etc.), the investing sheath of the nerves (perineurium), and of various organs,
as the penis and the eye (sheath of the corpora cavernosa and spongiosum, and
sclerotic).
Into all these parts, however, the elastic tissue enters in greater or
The tendons and most of the ligaments are also formed almost
less proportion.
entirely of the white fibrous tissue, but with some elastic fibres intermixed. The
basis of the serous and mucous membranes is formed of connective tissue, disConnective tissue also enters largely into the formation of the
posed in a layer.
The common
blood-vessels, glands, and, in fact, almost every organ in the body.
subcutaneous cellular or cellulo-adipose tissue has been taken above as the typiThe parts which are formed
cal form from which to describe connective tissue.
almost exclusively of the yellow elastic tissue
Fig 12
are the ligamenta subflava of the vertebrge,
the elastic ligaments of the larynx, the longitudinal elastic fibres of the trachea, the
elastic layer of the middle coat of the arteries, and in
quadrupeds the ligamentum
nuchfe.

u

Fig. 13.

TV

'\

ii'i<\\

Connective
a.

The white

V

tissue.

1/

i\

(Klein and Noble Smith.)

fibrous element

—a

sharply-outlined, parallel

less

connective tissue
layer

is 6,

fibrils.

On

layer of more or

wavy bundles

of

Connective-tissue corpuscles. (Klein and Noble Smith.)
m. Migratory connective-tissue cell. The other two are
the ordinary branched cells, each with an oblong nucleus.

the surface of this

a net-work of fine elastic fibres.

Free cells are found in the areolar tissue, as indicated above. The chief forms
are the spindle-shaped and the stellate, but numerous intermediate forms are
described by recent observers; and of late much interest has been excited by Von
Eecklingshausen's discovery in the cellular tissue of cold-blooded animals of
''wandering cells," or cells endowed with the power of automatic motion and of
changing their shape. These cells appear identical with the white globules of
the blood and it would seem, from the researches of Strieker, Cohnheim, and
others, that the walls of the capillar}^ vessels are permeable to the latter bodies,
which are thus allowed to escape into the cellular tissue, or abnormally into the
corpuscular forms of lymph and pus, according to circumstances.^
;

^

On

the reader will

may be made

to Von Reciclingsliausen, inYirchow's Archiv, Bd. xxviu.,
Comparative Histology, translated by Power, chap, li., where
find references to Strieker, Cohnheim, Kiihne, and others.

this subject reference

and RoUett, in

Stncl?:er's

Human and
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Two

—

the mucoid, and the
special kinds of cellular tissue must be described
The tnucoid or gelatinous tissue exists chiefly in the "jelly

lymphoid or retiform.

of Wharton," which forms the bulk of the umbilical
and in some other tissues of the foetus in the
adult body also the vitreous humor of the eye is
formed of gelatinous cellular tissue. This tissue is
formed of nucleated cells which branch and become
connected so as to form trabeculae, in which is contained
Sometimes, as in the vitreous
a jelly-like substance.
humor of the eye, the cells disappear and the jelly
only remains.
Retiform^ adenoid^ or lymphoid (Fig. 14) connective
tissue is found extensively in many parts of the body,
often surrounding the minute blood-vessels, and forming the commencement of lymphatic channels. It is
formed of an interlacement of very fine fibres, at the
nodal points of which stellate cells are situated. The
interstices of the fibres are filled with the rounded
granular corpuscles of the lymph. The neuroylia^ or
Retiform connective tissue, from
the cortical part of a lymphatic
fine gelatinous connective tissue which supports the
gland.
nervous elements in the cerebro-spinal axis and in the
retina, is regarded as a modified form of the retiform connective tissue.
cord,

;

ADIPOSE TISSUE.
The common

cellular

membrane

contains a variable quantity of adipose tissue.

—

found also in various parts of the viscera as the mesentery, the
and fat enters largely into the formation of the marroAV
surface of the heart, etc.
This tissue

is

—

\

Adipose

tissue.

(High power.)

a.

Starlike appearance, from crystallization of fatty acids.

of the bones.

There is, however, a difference which should be attended to between mere fat and adipose tissue. Adipose tissue consists of a number of vesicles formed by an extremely delicate structureless membrane, round or spherical
Avhere they have not been subject to pressure
otherwise, variously flattened.
They are supplied and held together by capillary blood-vessels and fine connective tissue, and each vesicle is filled with fat.
Fat is an unorganized substance, consisting of liquid oily matter (glycerine) in
combination with certain fatty acids, stearic, palmitic, and oleic. Sometimes the
acids separate spontaneously before the fat is examined, and are seen under the
microscope in a crystalline form, as in Fig. 15, a. By boiling the tissue in ether
;

I

ADIPOSE TISSUE.
or strong alcohol, the fat
empt}^ and shrunken.

may

be extracted from the vesicle, which

43
is

then seen

[Fig. 16.

Blood-vessels of

fat.

4.

Primitive vein.

5.

of

arrangement of

1.

Minute

Fat-cells of

capillaries

flattened fat-lobule, in -which th-^ vessels only are represented. 3. Terminal artery.
one border of the globule separately represented. (Magnified 100 diameters.) 2. Plan

on exterior of

fat-cells,

more highly magnified.]

Besides the fully-formed fat-cells above described, others may occasionally be
found in the course of formation, especially in cases of sudden death during robust
health.
They are described by Rollett as, in the first stage, small round granular
cells, provided with a roundish nucleus, into the interior of which a stronglyrefracting drop of fat is then secreted, which is at first surrounded by a ring of
the granular matter, and gradually increases so as to fill the cell. As the granular
matter becomes less and less, the nucleus, which can at first be easily recognized,
becomes less perceptible, but, according to this author, can always be brought into
view by appropriate reagents. Fat is said to be first detected in the human
embryo about the fourteenth week.
Fi-. 17.

Fig. 18.

Pigment-cells of
retina.

^V
(Klein and Noble Smith. 1 a. Minute artery, v. Minute vein. e. Capillary blood-vessels in the
they are not hollowed out yet completely, there being still left in them protoplasmic septa, d. The
ground substance, containing numerous nucleated cells, some of which are more distinctly branched and flattened than
others, and appear therefore more spindle-shaped.

Development of fat.

course of formation

;

According to Klein, the cells are formed by the transformation of the protoplasmic connective-tissue corpuscles, into which small globules of fat find their
way and increase until they distend the corpuscle into the thin mantle of protoplasm which forms the cell- wall, and in which its nucleus is still to be seen.
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Others of the connective-tissue corpuscles are transformed into the vessels and
the lymphatic tissue which accompanies the vessels.
In various parts of the body pigment is found, viz., in the hairs, in the iris and
retina (Fig. 18), in the lungs, in the nerve-cells, in the rete mucosum in the dark
such- as the areola of the nipple.
races, and in some parts of the body
Such
parts are of dark color even in the fair races, except Albinos, in whom pigment
is absent.
Pigment-cells are also found in the blood, according to Virchow.
In many situations the color is produced simply by the presence of dark granin the inner layer of the
ules scattered about without any definite arrangement
choroid coat (or external layer of the retina) the pigment forms a regular layer
of hexagonal nucleated cells filled with pigment-granules in other parts the pigment is contained in branching cells, probably the connective-tissue corpuscles
and in most situations, such as the nerve-cells and
filled with pigment-granules
the epidermis, the pigment-granules form a greater or less element in the con(Fig. 39.)
tents of the nucleated cells of the part.
In the dark races the color
of the skin is due to the accumulation of pigment in the deeper layers of the
epidermis the rete mucosum.

—

;

;

;

—

CARTILAGE.
Cartilage is a non-vascular structure which is found in various parts of the
in adult life chiefly in the joints, in the parietes of the thorax, and in
various tubes, such as the air-passages, nostrils, and ear, which are to be kept
permanently open. In the foetus, at an early period, the greater part of the skeleAs this cartilage is afterwards replaced by bone, it is called
ton is cartilaginous.
temporary^ in opposition to that which remains unossified during the whole of

—

body

and which

is called permanent.
divided, according to
its minute anatomy, into true or hyaline cartilage, fibrous, or fibro-cartilage, and yellow, or elastic, or reticular cartilage.^ Th e various cartilages
in the body are also classified, according to their function and position, into
life,

Kg-

Cartilage

19.

is

articular, interarticular, costal, and
membraniform.
Hyaline cartilage, which may be

Human

cartilage-cells,

from the

cricoid cartilage.

(Magnified

taken as the type of this

tissue, conof a gristly mass, of a pearly
bluish color, enveloped in a fibrous membrane, the perichondrium^ from the vessels of which it imbibes its nutritive fluids, being itself destitute of bloodnor have nerves been traced into it. Its intimate structure is very
vessels
simple.
If a thin slice be examined under the microscope, it will be found to
consist of cells of a rounded or angular shape, with nucleus and nucleolus, lying
The cells
in groups, surrounded by a granular or almost homogeneous matrix.
are embedded in cavities in the matrix, which are lined by a distinct transparent
This capsule may be freed from the matrix by boiling the cartilage for
capsule.
some hours, and treating it with concentrated mineral acid, and can then be
demonstrated as a distinct vesicle containing the cell.
According to Klein the matrix around the capsule represents a more or less
polj^hedral mass.
So that hyaline cartilage may be considered to consist of a
number of polyhedral blocks or masses having a cartilage-cell in its centre.
350 times.)

sists

;

^Besides these varieties of cartilage met with in the adult human subject, there is a variety called
the cellular, which consists entirely, or almost entirely, of cells, united in some cases by a network of
very fine fibres, in other cases apparently destitute of any intercellular substance. This is found in
the external ear of the rat and some other animals, and is present in the chorda dorsalis of the
human embryo, but is not found in any other human structure.
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Eunning througli the matrix

in a straight direction, and connecting the several
with each other, are a number of dark lines, which are brought into
view by the action of osmic acid. These are regarded by some anatomists as
canals connected with the lymphatic system.
The articular cartilages, the temporary cartilages, and the costal cartilages are
They present minute differences in the size and shape
all of the hyaline variety.
of their cells and in the arrangement of the matrix. In the articular cartilages,
which show no tendency to ossification, the matrix is finally granular under a
the cells and nuclei are small, and are disposed parallel to the
high power
surface in the superficial part, while nearer to the bone they become vertical.
Articular cartilages have a tendency to split in a vertical direction, probably
from some peculiarity in the intimate structure, or arrangement of the component parts, of the matrix. In disease this tendency to a fibrous splitting becomes
very manifest. Articular cartilage in the adult is not covered by perichondrium,
at least on its free surface, where it is exposed to friction, though an epithelial
layer can be traced in the foetus over the
Fig. 20.
whole surface of the cartilage, and in the
adult over a small part of its circumference, continuous with the epithelium of
"T5
the synovial membrane. This is probably
the remains of an investing membrane,
cell-cavities

;

,1,!

which is worn away in after life by the
action of the joint.
Articular cartilage
forms a thin incrustation upon the jointsurfaces of the bones, and its elasticity
enables it to break the force of any concussion, whilst its smoothness affords ease
and freedom of movement. It varies in
thickness according to the shape of the
bone on which it lies where this is convex, the cartilage is thickest over the
convexity where the greatest pressure is
received, and the reverse is the case in
Costal cartilage from a man seventy-six years of age,
the concavities of the joints.
Articular showing the development of fibrous structure in the
matrix. In several portions of the specimen, two or
cartilage appears to imbibe its nutriment
three generations of cells are seen inclosed in a parent
partly from the vessels of the neighboring cell-wall. (High power.)
synovial membrane, partly from those
of the bone upon which it is implanted. Mr. Toynbee has shown that the
minute vessels of the cancellous tissue, as they approach the articular lamella,
dilate, and, forming arches, return into the substances of the bone.
Temporary cartilage, and the process of its ossification, will be described
with bone.
In the costal cartilages the cells and nuclei are large, and the matrix has a
tendency to fibrous striation, especially in old age (Fig. 20), These cartilages
also are very prone to ossify.
In the thickest parts of the costal cartilages a few
large vascular channels may be detected.
This appears at first sight an exception
to the statement that cartilage is a non-vascular tissue, but it is not so really, for
the vessels give no branches to the cartilage substance itself, and the channels
may rather be looked upon as involutions of the perichondrium. The ensiform
cartilage may be regarded as one of the costal cartilages, and the cartilages of
the nose and of the larynx and trachea resemble them in microscopical characters,
except the epiglottis and cornicula laryngis, which are of the reticular variety.
The hyaline cartilages, especially in adult and advanced life, are prone to
calcify
that is to say, to have their matrix permeated by the salts of lime, without any appearance of true bone. The process of calcification occurs also, and
still more frequently, according to Rollett, in such cartilages as those of the
trachea, which are prone afterwards to conversion into true bone.
It is on the
;

—
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confines of trae ossification that this calcareous change or degeneration is most
it is rare to find true bone and true cartilage in juxtaposition at the confines of the normal ossification, as, for instance, at the joint ends,

liable to occur, so that
at the

ends of the

ribs, in

the symphysis pubis and intervertebral cartilages.
Fig. 21.

White

fibrous cartilage from the semilunar disk of ihe patella joint of an ox.

(Magnified 100 times.)

Fihro-cartilaye consists of a mixture of white fibrous and cartilaginous tissues
in various proportions it is to the first of these two constituents that its flexibility and toughness are chiefly owing, and to the latter its elasticity.
The fibrocartilages admit of arrangement into four groups
interarticular, connecting, circumferential, and stratiform.
The interarticular fihx> -cartilages {menisci) are flattened fibro-cartilaginous
plates, of a round, oval, triangular, or sickle-like form, interposed between the
articular cartilages of certain joints.
They are free on both surfaces, thinner
towards their centre than at their circumference, and held in position by their
margins and extremities being connected to the surrounding ligaments. The
synovial membrane of the joint is prolonged over them a short distance from
their attached margin.
They are found in the temporo-maxillary, sterno-clavicular, acromio-clavicular, wrist and knee joints.
These cartilages are usually
found in those joints which are most exposed to violent concussions and subject
to frequent movement.
Their use is to maintain the apposition of the opposed
surfaces in their various motions
to increase the depth of the articular surface
and give ease to the gliding movement to moderate the effects of great pressure^
and deaden the intensity of the shocks to which the parts may be submitted.'
Yirchow describes in the semilunar cartilages of the knee a system of anastomosing tubes, formed by cells which communicate with each other, and by meansof which the nutritious fluids are conveyed into the interior of the mass.
The
semilunar disks, according to this author, are wrongly denominated cartilages,
since they yield no chondrine on boiling
and he appears to regard them as a
modification of a tendinous structure, which, however, agrees with the cartilages
in the important particular of being non-vascular.
(See Virchow's " Cellular
;

—

—

;

;

;

Pathology," by Chance, pp. 87-89.)

The
joints

connecting Jihro-cartilayes are interposed between the bony surfaces of those
slight mobility, as between the bodies of the vertebrge

which admit of only

•"Professor Humphrey has pointed out that these interarticular fibro -cartilages serve an important
purpose in increasing the variety of movements in a joint. Thus, in the Ivnee-joint, he says that
the cartilage allows of two varieties of movement, in a hinge joint; in which only one would otherwise exist namely, flexion and extension, and rotation the former movements taking place between
the condyles of the femur and the interarticular cartilage the latter movement between the cartilage and the head of the tibia.
So, also, in the temporo-maxillary joint, the upward and downward movement of opening and shutting the mouth takes place between the cartilage and the jawbone, the grinding movement between the glenoid cavity and the cartilage, the latter moving with
See Humphrey, On the Human Skeleton.
the jaw-bone.
;

—

;
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and the pubic sympliyses tliey form disks, whicli adliere closely to both of the
opposed bones, and are composed of concentric rings of fibrous tissue, with
cartilaginous laminas interposed, the former tissue predominating towards the
circumference, the latter towards the centre.
The circumferential fihro-cartilages consist of a rim of fibro-cartilage, whicli
surrounds the margin of some of the articular cavities, as the cotyloid cavity of
the hip and the glenoid cavity of the shoulder they serve to deepen the articular
surface, and to protect the edges of the bone.
;

;

Fig. 22.

Yellow cartilage, ear of horse.

(High power.)

The stratiform fihro-cartilages are those which form a thin layer in the osseous
grooves, through which the tendons of certain muscles glide.
The yellow or reticular cartilages found in the human body are the epiglottis,
cornicula laryngis, and the cartilaginous parts of the ear (auricle and Eustachian
tube). In this variety the cartilage-cells lie in the meshes of a network of yellow
elastic fibres, with a double outline, branching and anastomosing in all directions.
The fibres resemble those of the yellow elastic fibrous tissue, both in appearance
and in being unaffected by acetic acid, and, according to Rollett, their continuity
with the elastic fibres of the neia-hborinsr cellular tissue admits of beino" demonstrated.

The

distinguishing feature of cartilage, as to its chemical composition, is that
on boiling, a substance called chondrine^ very similar to gelatine, but
differing from it in not being precipitated by tannin.
it

yields,
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Structure and Physical Properties of Bone.
Bone is one of the hardest structures of the animal body
it possesses also a certain degree of toughness and
elasticity.
Its color, in a fresh state, is of a pinkish white externally and deep
red within.
On examining a section of any bone, it is seen to be composed of
two kinds of tissue, one of which is dense and compact in texture, like ivory,
the other consisting of slender fibres and lamella, which join to form a reticular
structure this, from its resemblance to lattice-work, is called cancellous.
The
compact tissue is always placed on the exterior of a bone the cancellous tissue
is always internal.
The relative quantity of these two kinds of tissue varies in
different bones, and in different parts of the same bone, as strength or lightness
is requisite.
Close examination of the compact tissue shows it to be extremely
porous, so that the difference in structure between it and the cancellous tissue
depends merely upon the different amount of solid matter, and the size and
number of the spaces in each the cavities being small in the compact tissue
;

;

;

—
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solid matter between tliem abundant, whilst in the cancellous tissue the
spaces are large and the solid matter in smaller quantity.
Bone during life is permeated by vessels, and is inclosed in a fibrous membrane,
the periosteum, by means of which most of these vessels reach the hard tissue.
If the periosteum be stripped from the surface of the living bone, small bleeding
Doints are seen, which mark the entrance of the periosteal vessels and on section
during life every part of the bone will be seen to exude blood, from the minute
The interior of the bones of the
vessels which ramify in the Haversian canals.
limbs presents a cylindrical cavity filled with marrow, and lined by a highly
vascular areolar structure, called the medullary membrane or internal periosteum,
which, however, is rather the areolar envelope of the cells of the marrow than
The larger Haversian canals are also filled with marrow.
a definite membrane.
The periosteum adheres to the surface of the bones in nearly every part, excepting at their cartilaginous extremities. Where strong tendons or ligaments are
attached to the bone, the periosteum is incorporated Avith them. It consists of
two layers closely united together the outer one formed chiefly of connective
tissue, containing occasionally a few fat-cells
the inner one, of elastic fibres of
the finer kind, forming dense membranous networks, which can be again separated into several layers (KoUiker).
In young bones the periosteum is thick
and very vascular, and is intimately connected at either end of the bone with
the epiphysal cartilage, but less closely with the shaft, from which it is separated
by a layer of soft blastema, containing a number of granular corpuscles, or
"osteoblasts," in which ossification proceeds on the exterior of the young bone.
Later in life the periosteum is thinner, less vascular, and more closely connected
with the adjacent bone, this adhesion growing stronger as age advances. The
periosteum serves as a nidus for the ramification of the vessels previous to their
distribution in the bone; hence the liability of bone to exfoliation or necrosis,
when denuded of this membrane by injury or disease. Fine nerves and lymphatics, Avhich generally accompany the arteries, may also be demonstrated in
the periosteum.
The marrow differs in composition at different periods of life, and in different
bones.
In young bones it is a transparent reddish fluid, of tenacious consistence,
free from fat
and contains numerous roundish nucleated cells, as well as the
" giant cells," to be described presently (see p. 55).
In the shafts of adult longbones, the marrow is of a yellow color, and contains, in 100 parts, 96 fat, 1 areolar
tissue and vessels, and 3 of fluid with extractive matters
whilst in the flat and
short bones, in the articular ends of the Ions; bones, in the bodies of the vertebrte, in the base of the cranium, and in the sternum and ribs, it is of a red color,
and contains, in 100 parts, 75 water and 25 solid matter, consisting of albumen,
fibrin, extractive matter, salts, and a mere trace of fat.
The red marrow is said
by Kolliker to consist of a small quantity of areolar tissue and numerous medullary cells, together with some fat-cells and a large quantity of fluid.
These
medullary cells, or " marrow cells," resemble in appearance the white corpuscles
of the blood, and, like them, possess amoeboid movements.
Occasionally they
may be seen to possess a slightly pinkish hue, and it has been stated by Neumann
that they are then in a transitional stage between marrow cells and red bloodcorpuscles, and that one of the sources of blood-globules is the marrow of the
spongy bones. Giant cells (myeloplaques) are also to be found in both sorts of
adult marrow,
Yessels of Bone.
The blood-vessels of bone are very numerous. Those of
the compact tissue are derived from a close and dense network of vessels, ramifying in the periosteum.
From this membrane, vessels pass into the minute
orifices in the compact tissue, running through the canals which traverse its substance.
The cancellous tissue is supplied in a similar way, but by a less numerous
set of larger vessels, which, perforating the outer compact tissue, are distributed
In the long bones, numerous
to the cavities of the spongy portion of the bone.
apertures may be seen at the ends near the articular surfaces, some of which give

and the

;

—

;

;

;
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passage to the arteries referred to but the most numerous and largest apertures
are for the veins of tlie cancellous tissue which run separately from the arteries.
The medullary canal in the shafts of the long bones is supplied by one large
artery (or sometimes more), which enters the bone at the nutrient foramen (situated in most cases near the centre of the shaft), and perforates obliquely the comThis medullary or nutrient artery, usually accompanied by one
pact substance.
or two veins, sends branches upwards and downwards, to supply the medullary
membrane, which lines the central cavity and the adjoining canals. The ramifications of this vessel anastomose with the arteries both of the cancellous and
compact tissues. In most of the flat, aud in many of the short spong}^ bones,
one or more large apertures are observed, which transmit to the central parts of
the bone vessels corresponding to the medullary arteries and veins.
The veins emerge from the long bones in three places (KoUiker). 1, By a
large vein which accompanies the nutrient artery 2. By numerous large and
;

;

Fig. 23,

,

/^

Fig. 24.
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From

a transverse section of the diaphysis of the

Tiumerus.
6.

*

(Magnified 350 times.)

a.

Section parallel to the surface from the shaft

Haversian canals.

Haversian
c. Others
seen from the surface in lamellae which are cut

Lacunae, with their canaliculi in the lamellae of these

of the femur. (Magnified 100 times.)

Lacunar of the interstitial lamellae, d. Others
at the surface of the Haversian systems, with canaliculi
going off from one side.
canals,

canals,

c.

small veins at the articular extremities

b.

Lacunae seen from the

a.

side.

horizontally.

;

3.

By many

small veins which arise in

the compact substance. In the flat cranial bones the veins are large, very
numerous, and run in tortuous canals in the diploic tissue, the sides of the
€anals being formed of a thin lamella of bone, perforated here and there for the
passage of branches from the adjacent cancelli.
The veins thus inclosed and
supported by the osseous structure have exceedingly thin coats; and when the
bony structure is divided they remain patulous, and do not contract in the
canals in which they are contained.
Hence the constant occurrence of purulent
absorption after amputation, in those cases where the stump becomes inflamed,
and the cancellous tissue is infiltrated and bathed in pus.
Lym.phatic vessels have been traced, by Cruikshank, into the substance of
bone, and Klein describes them as running in the Haversian canals.
Nerves are
-distributed freely to the periosteum, and accompany the nutrient arteries into
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or of the bone.

liar extremities of tine

are said,

by Kolliker,

long bones, in

to be

tlie vertebrae,

most numerous in
and the larger flat

— The

intimate structure of bone, which in all essential
the compact and cancellous tissue, is most easily
ed in a transverse section from the compact wall of one of the long bones
S^er maceration, such as is shown in Fig. 23. The large round spaces seen in
the figure are the Haversian canals, and in these canals the larger vessels of the
bone ramify. The smaller Haversian canals contain arteries, the larger, veins, a
The tine lines leading out of (or into)
single vessel being lodged in each canal.
these canals are called canalicidi ; and the irregular dark spaces, which may be
noticed to have a general circular arrangement round the Haversian canals, are
The canaliculi which originate in one lacuna most frequently
called the lacume.
run into a neighboring lacuna, or else into a neighboring Haversian canal some
of them, however, anastomose with others in their neighborhood, and a few
appear to terminate in blind extremities or to bend backwards. The concentric
The irregular
rings of lacunae round each Haversian canal are called lamellae.
intervals which would be left by the juxtaposition of these lamellae are seen in
the figure to be filled up by lacunas and canaliculi which communicate with the
systems composing the adjacent lamellae. Besides the lamellae which are concentric to the Haversian systems there are other lamellae, most perceptible on the
These are
surface of the bone, which are concentric to the medullary cavity.
most distinct in the adult bone. These lamellge, which are laid down around the
axis of the bone itself, are called by some authors the primary or fundamental
lam,ell8e^ to distinguish them from those laid down around the axis of the HaverThe interstitial lamellae found
sian canals, the secondary or special lamellae.
between the Haversian systems can sometimes be recognized as belonging to
The interspaces between
the primary lamellae; but this is not always the case.
the lacun£e and canaliculi are filled with a granular homogeneous solid material,
the ultimate mineral base of the bone.
If a longitudinal section be taken, as in Fig. 24, the appearances are identical.
The appearance of concentric rings is replaced by that of lamellge or rows of
lacunas parallel to the course of the Haversian canals
and these canals appear
like half-tubes instead of circular spaces.
The tubes are seen to branch and
communicate, so that each separate Haversian canal runs only a short distance.
In other respects the structure has much the same appearance as in transverse

Anatomy.

liars

is

identical

in

;

;

sections.

In sections of thin plates of bone (as in the walls of the cells which form the
cancellous tissue) the Haversian canals are absent, whenever the thickness of
bone is not too great to allow of its nutritious juices being absorbed from the
fibrous membrane coating either side by means of the lacunee and canaliculi
only but when the thickness becomes at all considerable, Haversian systems
begin to appear. Thus the spaces of the cancellous tissue {medullary spaces)
have the same function there that the Haversian canals have in the more compact tissue.
In the long bones, by maceration in dilute mineral acid, it may easily be
shown that besides these microscopic lamellae surrounding each Haversian canal,
the whole bone is composed of distinct laminae concentrically disposed around
the medullary tube.
These laminae are crossed and pinned together, as it were,
by the fibres of bone running obliquely through them, which were first described
by Dr. Sharpey, and named by him perforating fibres. In the flat bones parallel
or superimposed plates can be demonstrated, similarly held together by perforating fibres, which are more numerous than in the long bones.^
Besides the Haversian canals larger and irregularly-shaped spaces are found
Haversian spaces which are, as it were, a transition from the Haversian canals
;

—

^

Quain's Anatomy, Sth

edit., vol.

ii.,

p. 87.
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medullary spaces of tlie cancellous tissue. It seems as if botli the
medullary spaces and the Haversian spaces are formed by absorption, as we
shall try to explain in speaking of the development and growth of bone.
These Haversian spaces are found chiefly in growing bones but they occur'
They have irregular, jagged
also, though in less number, in the adult bones.
outlines, and the adjoining systems of lacunjB canaliculi are seen to be eaten
away by them.
When the microscopic structure of bone was first demonstrated, it was believed
that the lacunas were solid cells, and their canaliculi solid processes from those
Subsequently, when it was seen that the Haversian canals are channels
cells.
which lodge the vessels of the part, and the canaliculi and lacunas spaces by
which the plasma of the blood, or the blood itself, circulates through the tissue,
it was taught that the lacunse were hollow spaces filled during life with that
But this view
fluid, and only lined (if lined at all) by a delicate membrane.
to tlie

;

Fig. 26.

Fig. 25.

Nucleated bone-cells and their processes, conbone-lacunse and their canaliculi
respectively. From a section through the vertebra
(Klein and Noble Smith.)
of an adult mouse.

tained in the

Section of bone after the removal of the earthy matter

by the action of

acids.

appears also to be delusive. Examination of the structure of the bone, when
recent, led Virchow to believe that the so-called lacunge are really filled up during life with a nucleated cell, the processes from which pass down the canaliculi
(Fig. 26.)
a view which is now universally received.
It is by means of these
cells that the fluids necessary for nutrition are brought into contact with tlie
ultimate tissue of the bone.
The animal part of a bone may be obtained by immersing the bone for a considerable time in dilute mineral acid, after which process the bone comes out
exactly the same size and shape as before, but perfectly flexible
so that a longbone (one of the ribs is the usaal example) can easily be tied in a knot. If now
a transverse section be made (Fig. 26), the same general arrangement of the
Haversian canals, lamellae, lacunge, and canaliculi is seen, though not so plainly
as in the macerated specimen.
If the individual lamella) are examined, they are
found to be composed of fibres, most of which are nearly parallel, but which
interlace together, and anastomose or communicate with the fibres of the neighboring lamella. The organic or animal constituent of a bone is only incompletely
removed by maceration, leaving the bone for an indefinite period perfectly tough
and coherent but after being long kept in a warm, dry atmosphere, or by
incineration in a furnace, the animal part may be entirely removed, and then the
earthy constituent will retain the form of the original bone, but on the slightest
force it will crumble down.
The animal base is often called cartilage, but differs
from it in the following respects viz., that it is softer and more flexible, and
when boiled with a high pressure is almost entirely resolved into gelatine.
Cartilage does, however, form the animal basis of bone in certain parts of the

—

—

;

;
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Thus, according to Tomes and De Morgan, it occurs in tlie petrous
skeleton.
part of the temporal bone, and, according to Dr. Sharpey, on the articular ends
of adult bones, lying underneath the natural cartilage of the joint.
Chemical Analysis. The organic constituent of bone forms about one-third^ or
33.3 per cent. the inorganic matter, two-thirds, or 66.7 per cent.
as is seen in the
subjoined analysis by Berzelius

—

;

;

:

Orqanic Matter,
Inorganic

\

or

\

Earthy Hatter,

j

Gelatine and blood-vessels
Phosphate of lime
Carbonate of lime

.

.

.

Fluoride of calcium
Phosj)hate of magnesia
Soda and chloride of sodium

33.30
51.04
11.30
2.00
1.16
1.20

100.00

Some

chemists add to this about 1 per cent, of fat.
relative proportions of the two constituents of bone are found to differ
Thus, the bones
in different hones of the skeleton, as shown by Dr. Owen Rees.
of the head, and the long bones of the extremities, contain more earthy matter
than those of the trunk and those of the upper extremity somewhat more than
the corresponding bones of the lower extremity. The humerus contains more
earthy matter than the bones of the forearm and the femur more than the
tibia and fibula.
The vertebra, ribs, and clavicle contain nearly the same proportion of earthy matter.
The metacarpal and metatarsal bones contain about
the same proportion as those of the trunk.
Much difference exists in the analyses given by chemists as to the proportion
between the two constituents of bone at different periods of life. According to
Schreger and others, there is a considerable increase in the earthy constituents
of the bones with advancing years. Dr. Rees states that this is especially marked
in the long bones and the bones of the head, which, in the foetus, do not contain
But the bones of the
the excess of earthy matter found in those of the adult.
trunk in the foetus, according to this analyst, contain as much earthy matter as
those of the adult.
On the other hand, the analyses of Stark and Von Bibra
show that the proportions of animal and earthy matter are almost precisely
the same at different periods of life. According to the analyses of Yon Bibra,
Valentin, and Dr. Rees, the compact substance contains more earthy matter than
the cancellous.
The comparative analysis of the same bones in both sexes

The

;

;

shows no essential difference between them.
There are facts of some practical interest, bearing upon the difference which
seems to exist in the amount of the two constituents of bone at different periods
of life.
Thus, in the child, where the animal matter predominates, it is not
uncommon to find, after an injurj^ to the bones, that they become bent, or only
partially broken, from the large amount of flexible animal matter which they
Again, in aged people, where the bones contain a large proportion of
contain.
earthy matter, the animal matter at the same time being deficient in quantit}^ and
quality, the bones are more brittle, their elasticity is destroyed and hence fracture takes place more readily.
Some of the diseases, also, to which bones are
liable mainly depend on the disproportion between the two constituents of bone.
;

Thus, in the disease called rickets, so common in the children of scrofulous
parents, the bones become bent and curved, either from the superincumbent
Aveight of the body, or under the action of certain muscles.
This depends upon
some defect of nutrition, by which bone becomes deprived of its normal proportion of earthy matter, whilst the animal matter is of unhealthy quality.
In the
vertebrge of a rickety subject, Dr. Bostock found in 100 parts 79.75 animal and
20.25 earthy matter.
Development of Bone. In the foetal skeleton, some bones, such as the long
bones of the limbs, are cartilaginous others, as the cranial bones, are mem

—

-

;
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Hence two kinds of ossification are described tlie intra-cartilaginous
intra-membranous ; and to these a tliird is sometimes added, the subpe-

branous.^

and

tlie

riosteal^
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which

is

a variety of the second.

In the intra-cartilaginous ossification two chief primary changes occur in the
cartilage simultaneously, viz., that the cartilage becomes vascular, and that it
The vessels shoot into the cartilage from the neighboring periosteum,
calcifies.
constituting what is called " the centre of ossification," which is seen in injected
specimens so strongly contrasted with the neighboring non-vascular cartilage.
The first step in the calcification of the cartilage is that the cartilage-cells
increase rapidly in number, and arrange themselves in rows, with the long axis of
If calcification has
the cell transverse to that of the future bone (Fig. 27, a).
Fig. 27.

Longitudinal section through the ossifying portion of a long bone in the human erabr5'o. a. Cartilaginous region.
6. Region of the round clear cells,
g. Region of the dark granular masses.

already advanced somewhat further, there is seen, lower down in the section, a
of large clear cells with granular contents, which are also arranged in somewhat parallel rows, separated still by a transparent cartilaginous matrix while
still deeper down the matrix has calcified, so that, if a transverse section be made
here, rings of dark granular substance will be seen inclosing the large round cells
(Eollett).
As the section is taken deeper and deeper into the ossifying ]3art, the
calcified rings, ot: primary areolse^ are seen to inclose numerous smaller granular

laj^er

;

^ The bones
which are developed entirely in membrane are the occipital, as far as it enters mto
the formation of the vault of tli^ skull, the parietal and frontal bones, the squamous portion of the
temporal with the tympanic ring, the Wormian bones, the nasal, lachrymal, malar, palate, upper
and lower maxillary, and vomer also, apparently, the internal pterygoid plate and the sphenoidal
turbinated bones.
;
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masses (" primitive or foetal marrow"), which have been supposed to be developed
out of the large clear cells shown above them in Fig. 27, and thus to be the
descendants of the cartilage-cells. But the view which is now more generally
adopted is that the cartilage-cells, after becoming developed into these round clear
bodies, are dissolved, and shed their granular contents to form the calcareous
matrix while the cells which line the primary areolse, and from which the future
bone is developed, and which are on that account called " osteoblasts," are furnished by the blood-vessels which are to be found in those spaces. As these
blood-vessels advance into the areolae,
the latter break down, giving rise to the
Fig. 28.
;

primary medullary canals, which are
the rudiments of the Haversian canals.
(Fig. 28.)
The osteoblasts are believed
to be corpuscles emigrating out of these

and are described by Frey as
being differentiated fromamassof lymphvessels,

cells, some of which become developed into connective-tissue fibres, which
traverse the bone
others preserve the
old lymphoid form, and maybe recognized

oid

;

Fig. 29.

Vertical section from the edge of the ossify-

ing portion of the diaphysis of a metatarsal
bone from a fcetal oalf, after Miiller. a. Groundmass of the cartilage. 6. Of the bone. e.

Newly firmed bone-cells in
embedded in intercellular

profile,

more or

substance,

d.

less

Me-

duDary caual in process of formation, with
vessels and medullary cells. e,f. Bone-cells on
their broad aspect,

ranged in rows,
cell-bodies.

g.

Cartilage-capsules ar-

and partly with shrunken

Transverse section from the femur of a human embryo
about eleven weeks old. a. A medullary sinus cut transversely, and b, another longitudinally,
d.
c. Osteoblasts,
Newly formed osseous substance of a lighter color, e. That
of greater age. /. Lacunae with their cells, g. A cell still
united to an osteoblast.

in that form during the whole of life in the red marrow while others possibly
form the fat-cells of the yellow marrow. The osteoblasts line the wall of the
medullary space like an epithelium. They secrete the bony substance which
This appears first as a homogeneous
separates the lacunae from each other.
opalescent material, in which bone salts are afterwards laid down, while the cells
themselves remain persistent as the bone-corpuscles. (Fig. 29.) As fresh laminae
of this osseous formation are laid down, fresh layers of osteoblasts line the interior
of the cavity, till the process results in the completion of the Haversian caual
;
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and its system of lamellas. The precise mode of origin of tlie canaliculi from
the bone-corpuscles has not been ascertained.
Thus far, then, we liave followed the steps of a process by which a solid bony
mass is produced, having vessels running into it from the periosteum, Haversian
canals in which those vessels run, medullary spaces filled with foetal marrow,
lacuuEe with their< contained bone-cells, and canaliculi growing out of those
lacuniB.

This process of ossification, however, is not the origin of the whole of the
even in those bones in which the ossification proceeds in a great
measure from a single centre situated in the cartilaginous diaphysis a considerable
part of the original bone is formed by intra-membranous ossification beneath the
perichondrium or periosteum. Kolliker (following H. Miiller, and referring to an
observation of Howship to the same effect made so long ago as 1819) describes
the first rudiment of a long bone as having the form of a tube, surrounding the
primordial cartilage thus showing that the intra-membranous ossification of the
outer part of the bone from the periosteum even precedes the intra-cartilaginous
development of its interior from the " ossific centre." Also, a great part of the
increase in girth of the bone takes place by bony deposit from the deeper layer
This process is now acknowledged to belong to the intraof the periosteum.
membranous form of ossification. Thus even in long bones only a portion of
skeleton, for

;

formed by intra-cartilaginous ossification.
bone is at first solid, but a tube is gradually hollowed out in
it by absorption around the vessels passing into it, which becomes the medullary
canal and as more and more bone is deposited from the periosteum, so more and
more is removed from around the medullary membrane, until at length the bone
has attained the shape and size which it is destined to retain during adult life.

their tissue is
•

The

shaft of the

;

As

the ossification of the cartilaginous diaphysis extends towards the articular
with it, as it were, a layer of cartilage, or the cartilage grows as
During this period of growth the articular end, or epiphysis, remains
it ossifies.
for some time entirely cartilaginous
then a bony centre appears in it, and it
commences the same process of intra-cartilaginous ossification but this process
never extends to any very great distance. The epiphyses remain separated from
the shaft by a narrow cartilaginous layer for a definite time.
This layer ultimately ossifies, the distinction between shaft and epiphysis is obliterated, and the
bone has assumed its completed form and shape. The same remarks also apply to
the processes of bone which are separately ossified, such as the trochanters of
the femur.
The intra-cartilaginous ossification, and the growth by means of epiphyses, are
usually described from the long bones but almost all the bones of the body are
primarily laid down in cartilage (see note, p. 53) and a great many of the flat
and short bones grow by means of epiphyses, as will be seen in the detailed
description of each given in the body of the work.
The medullar}^ spaces which characterize the cancelloas tissue are produced
by the absorption of. the original foetal bone in the same way as the medullary
tube is formed, and the same is the case with the Haversian spaces above referred
to as a sort of intermediate step between the Haversian canals and the medullary
spaces.
In the medullary spaces so formed the large "giant cells" are found,
which have been long described as a constituent of the foetal marrow, and to
which lately the power has been ascribed of dissolving or absorbing the bone,
so that Kolliker has named them '' osteoblasts."
This function, however, is
denied by some of the best authorities.^ They vary in shape and size, and are
known by containing a large number of clear nuclei, sometimes as many as
twenty.
The occurrence of similar cells in some tumors of bone has led to such
tumors being denominated " myeloid." The distinction between the cancellous
and compact tissue appears to depend essentially upon the extent to which this
ends, it carries

;

;

;

;

^

Prey

says, " I

have not the

faintest behef in their possessing this property."

;
;

:
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process of absorption has been carried and we may perhaps remind the reader
that in morbid states of the bone inflammatory absorption produces exactly the
same change, and converts portions of bone naturally compact into cancellous
;

tissue.

The intra-membranous ossification is that by which the bones of the vortex of
the ,skull are entirely formed. In the bones which are so developed no cartilagThe process, though
inous mould precedes the appearance of the bone-tissue.
was first accurately
year
in
the
1736,
Nesbitt
Dr.
by
originally
out
pointed
described by Dr. Sharpey and it does not appear that subsequent observers
have been able to add anything essential to his description. This is, substantially,
as follows: In the membrane which occupies the place of the future 'bone a little
network of bony spiculse is first noticed,
Fig. 30.
radiating from the point of ossification.
When these rays of growing bone are
examined by the microscope, there is
found a network of fine clear fibres (osteogenic fibres), which become dark and
granular from calcification, and, as they
calcify, they are found to inclose in their
interior large granular corpuscles or
" osteoblasts." These corpuscles at first lie
npon the osteogenic fibres, so that the
corpuscles must be removed by brushing
the specimen with a hair-pencil in order
but they
to render the fibres clear
gradually sink into areola developed
Osteoblasts from the parietal bone of a human embryo
among the fibres. The areolse appear to
a. Bony septa
thirteen weeks old (after Gegenbauer).
be the rudiments of the lacunae, the paswith the cells of the lacunae, h. Layers of osteoblasts.
sages between the fibres form the canalic. The latter in transition to bone-corpuscles.
culi, and the osteoblasts are the rudiments of the bone-cells. As the tissue increases in thickness vessels shoot into
Haversian
it, grooving for themselves spaces or channels, which become the
canals.
Thus the intra-membranous and intra-cartilaginous processes of ossification are similar in their more essential features.
The subperiosteal is a form of the intra-membranous process of ossification.
The period of ossification is different in different bones. The order of succession may be thus arranged (Kolliker)
In the second month, first in the clavicle and lower jaw (fifth to seventh week)
then in the vertebrae, humerus, femur, the ribs, and the cartilaginous portion of
the occipital bone.
At the end of the second and commencement of the third month, the frontal
bone, the scapula, the bones of the forearm and leg, and upper jaw make their
appearance.
In the third month the remaining cranial bones, with few exceptions, the
metatarsus, the metacarpus, and the phalanges, begin to ossify.
In the fourth month, the iliac bones, and the ossicula auditus.
In the fourth or fifth month, the ethmoid, sternum, os pubis, and ischium.
From the sixth to the seventh month, the calcaneum and astragalus.
In the eighth month, the hyoid bone.
At birth, the epiphyses of all the cylindrical bones, with the exception of the
lower epiphysis of the femur, and occasionally the upper epiphysis of the tibia
all the bones of the carpus
the five smaller ones of the tarsus the patella the
sesamoid bones, and the coccyx,^ are still unossified.
From the time of birth to the fourth year, osseous nuclei make their appearance also in these parts.
;

;

;

^

On

the development of the coccyx, vide infra, p. 156.

;

;
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bone.

In most of the
short bones, ossification commences by a single point in the centre, and proceeds
towards the circumference. In the long bones there is a central point of ossification for the shaft or diaph jsis and one or more for each extremity, the epiphyThat for the shaft is first to appear those for the extremities appear later.
ses.
The union of the epiphyses with the shaft takes place in the inverse order to that
for although ossification commences latest in
in which their ossification began
those epiphyses towards which the nutrient artery in the several bones is
directed, they become joined to the diaphyses sooner than the epiphyses at the
opposite extremity, with the exception of the fibula, the lower end of which commences to ossify at an earlier period than the upper end, but, nevertheless, is
joined to the shaft earliest.
The order in which the epiphyses become united to the shaft appears to be
Thus, the nutrient
/egulated by the direction of the nutrient artery of the bone.
arteries of the bones of the arm and forearm are directed towards the elbow, and
the epiphyses of the bones forming this joint become united to the shaft before
those at the opposite extremity.
In the lower extremities, on the contrary, the
nutrient arteries pass in a direction from the knee
that is, upwards in the
femur, downwards in the tibia and fibula and in them it is observed that the
upper epiphysis of the femur, and the lower epiphyses of the tibia and fibula,
become first united to the shaft.
Where there is only one epiphysis, the medullary artery is directed towards
that end of the bone where there is no additional centre
as, towards the acromial
end in the clavicle towards the distal end of the metacarpal bone of the thumb
and great toe and towards the proximal end of the other metacarpal and metatarsal bones.
Besides these epiphyses for the articular ends, there are others for projecting
parts, or processes, which are formed separately from the bulk of the bone.
For
an account of these the reader must be referred to the description of the individual bones in the sequel.
knowledge of the exact periods when the epiphyses become joined to the
shaft is often of great importance in medico-legal inquiries.
It also aids the
surgeon in the diagnosis of many of the injuries to which the joints are liable;
for it not unfrequently happens that, on the application of severe force to a joint,
the epiphyses become separated from the shaft, and such injuries may be mistaken for fracture or dislocation.
dijfferent in different bones.

;

;

;

;

;

:

;

;

A
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The muscles are formed of bundles of reddish fibres, endowed with the property of contractility.
Two kinds of muscular tissue are found in the aiiimal
body, viz., that of voluntarj^ or animal life, and that of involuntary or organic
life.

The

muscles of animal

life

and controlled by the will.
in a delicate web, called the

[striped muscles) are capable of being put in action

They

are composed of bundles of fibres inclosed
internal perimysium," in contradistinction to the
sheath of areolar tissue which invests the entire muscle, the " external perimysium."
The bundles are termed " fasciculi ;" they are prismatic in shape, of
different sizes in different muscles, and for the most part placed parallel to one
another, though they have a tendency to converge towards their tendinous
attachments.
Each fasciculus is made up of a bundle oi fibres^ which also run
parallel with each other, and which are separated from one another by a delicate
connective tissue derived from the perimysium, and termed endomysium.
The fibres are of no great length not extending, it is said, further than an
inch and a half.
They end either by blending with the tendon or aponeurosis,
"

—
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or else by becoming drawn out into a tapering extremity, wLicli is connected
to the neighboring fibre by means of the sarcolemma.
Tlie precise mode in
wliich the muscular fibre joins the tendon has
been variously described hj different observers. It
may, perhaps, be sufficient here to say that the
sarcolemma, or membranous investment of the

muscular

fibre, appears to become blended with the
the tendon, and that the muscular fibre
appears to be prolonged more or less into the
tendon, so that the latter forms a kind of sheath
around the fibre for a longer or shorter distance.
When muscular fibres are attached to the skin or
C-mucous membranes, their fibres are described by
Hyde Salter as becoming continuous with those of
the areolar tissue.
The fibres consist of a number of filaments, or
fibrilla3, inclosed in a tubular sheath of transparent,
Transverse section from the sternoelastic, and apparently homogeneous membrane,
mastoid in man. (Magnified 500 times.)
named by Bowman the "sarcolemma." On the ina. External perimysium, b. Fasciculus,
ternal surface of the sarcolemma, in mammalia and
d. Fibre.
c. Internal perimysium,
also in the substance of the fibrillse in lower animals, elongated nuclei are seen (see Figs. 56, 57), and in connection with these
The primnuclei a row of granules, apparently fatty, is sometimes observed.
Their breadth varies in man from
itive fibres are cylindriform or prismatic.

tissue of

Fig. 33.

Fig. 32.

Fragments of striped elementary

fibres,

showing a cleavage in

(Magnified 300 diameters.) A. Longitudinal
cleavage. The longitudinal and transverse lines are both seen.
Some longitudinal lines are darker and wider than the rest, and
opposite directions.

are not continuous from end to end.
aration of the

fibrillse.

c.

This results from partial sep-

by
marked by transverse

Fibrill» separated from one another

violence at the broken end of the fibre, and

width to those on the fibre, c' c" represent two appearances commonly presented by the separated single flbrillae
(more highly magnified). At c' the borders and transverse lines
are all perfectly rectilinear, and the included spaces perfectly rectangular. At c" the borders are scalloped and the spaces beadWhen most distinct and definite the fibrilla presents the
like.
lines equal in

former of these appearances.

B. Transverse cleavage.

tudinal lines are scarcely visible,

Two human muscular

fibres.

(Magnified 350 times.) In the one,
the bundle of fibrillee (6) is torn,

and the sarcolemma
as an empty tube.

(o) is

seen

a.

The

longi-

Incomplete fracture following

the opposite surfaces of a disk, which stretches across the interval
and retains the two fragments in connection. The edge and surfaces of this disk are seen to be minutely granular, the granules

corresponding in size to the thickness of the disk, and to the distance between the faint longitudinal lines. 6. Another disk nearly
detached, b'. Detached disk, more highly magnified, showing the
sarcous elements.

3^0 to g-^o of an inch, the average of the majority being about 4-J-0; their
length is not always in proportion to the length of the muscle, but depends on
This form of muscular fibre is especially
the arrangement of the tendons.
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characterized by being apparently marked with very fine dark lines, or strise^
wliicli pass transversely round the fibre, in curved or wavy parallel direcOther stride pass longitudinall}^
tions, from yoooo to i^fjou of an inch apart.
over the fibres, indicating the direction of the primitive fibrils of which the
They are less distinct than the former, and are regarded
fibre is composed.
by Klein as due to post-mortem change.
The p7~imitivefil>riUa3 constitute the proper contractile tissue of the muscle.
Each fibril is cylindriform, somewhat flattened, about thuoo of ^^'^ ii^c^^ ii^ thickness,
and marked by transverse striee placed at the same distance from each other as
Each fibril apparently consists of a single
the stria? on the surface of the fibre.
row of minute particles (named " sarcous elements " by Bowman), connected
Closer examination, however, shows that the
together like a string of beads.
elementary particles are little masses of pellucid substance, having a rectangular
These appearances would favor the
outline, and appearing dark in the centre.
suggestion that the elementary particles of which the fibrils are composed are
possibly nucleated cells, cohering in a linear series, the transverse marks between
them corresponding to their line of junction. Kolliker, however, considers
"the sarcous elements as artificial products, occasioned by the breaking up of
the fibrils at the parts where they are thinner."
On closer exammation the appearances become more complicated, and are
Thus, if we apply a higher power of the
susceptible of various interpretations.
microscope, the transverse striation, which in Figs. 32, 33 appears as a mere
alternation of dark and bright bands, is resolved into the appearance shown in
Fig. 34, which shows a series of broad dark bands, separated by a bright
This appearband, which is itself divided into two by a row of dark dots.
ance was first pointed out by Busk and Huxley, It is explained by Krause as
depending on some optical property of the investment of the separate sarcous
Thus it is supposed that the sarcous elements have an opaque interior,
elements.
and are united to each other by a transparent envelope or cell-membrane, the
Fio 34

Fig. 35.

Part of a striped muscular fibre of hydrophylus
prepared with absolute alcohol. (Magnified 300
diameters.) (Klein and Noble Smith.) a. Sarcolemma. h. Membrane of Krause: owing to contraction during hardening, the sarcolemma shows
regular bulgings. At the side of Krause's memA. Portion of a medium-sized human muscular fibre. (Magnified nearly 800 diameters.) B. Separated bundles of fibrils, equally
m.agnified. a, a. Larger, and b, h, smaller collections, c. Still
smaller,

sides of

d, d.

The smallest which could be detached.

brane is the transparent lateral disk. The chief
mass of a " muscle compartment " is occupied by
the contractile disk, composed of sarcous elements.
Several nuclei of muscle-corpuscles are shown,
and in them a minute network.

which cohere so closely as only to show a single line, while their ends
by some different material which breaks up the light, and causes a

are united
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dark band or row of dark dots in the centre of tlie transparent streak formed
by the cohesion of the two cell-membranes. Mr. Shafer describes the sarcous elements as formed by an aggregation of rod-like masses of protoplasm, having
rounded ends, and believes that the two bright bands and intervening row of
black dots are the result of the difiraction of the light around these rounded ends,
"just as a minute oil-globule in water appears surrounded with a bright halo
when examined under the microscope."
Klein describes the structure of striped muscle somewhat differently. The
dark line which separates the two transparent disks, seen in Fig. 34, between the
rows of sarcous elements, is a transparent homogeneous membrane, the raembrane
The transparent band on
of Krause, continuous with the sarcolemma (Fig. 36).
either side of this membrane (transparent lateral disk) separates on either side
the sarcous elements from the membrane of Krause. The whole space comprised
between two adjacent membranes of Krause and the corresponding sarcolemma
is called a muscle compartment.
Sometimes, in the centre of such a compartment, a vertical transparent disk is seen but this is regarded by this author as
an optical effect due to shrinkage of the sarcous elements. Nuclei are seen at
various points, lying below the sarcolemma, and surrounded by protoplasm,
forming the muscle-corpuscles. The longitudinal striae seen on the muscular
fibres are due, according to Klein, to post-mortein changes, i. e., to the exudation
of myosin out of the sarcous elements, so that the primitive fibrils are, according
to him, an accidental formation.
This form of muscular fibre composes the whole of the voluntary muscles, all
the muscles of the ear, those of the larynx, pharynx, tongue, the upper half of
the oesophagus, the heart, and the walls of the large veins at the point where
they open into it.
The fibres of the heart, however, differ in several particulars from those of
other striped muscles. They are smaller by about
one-third, and their transverse strige are by no means
Fat-cells are also often found in them to
so distinct.
a certain extent, even apart from any obvious disThey break up much more
ease of the organ.
There is also
readily into their smallest elements.
;

much

less (if any) connectiA^e tissue separating the
bundles of fibres and Kcilliker has described and
figured the ultimate fibres as anastomosing with eacli
other a fact previously noticed by Leeuwenhoeck.
Schweigger-Seidel also describes and figures transverse septa, which divide the fibres into distinct
quadrangular cells, each of which contains a clear,
oval nucleus, situated near the centre of the cell.
The unstriped muscle^ or muscle of organic life^
is found in the walls of the hollow viscera, viz.,
the lower half of the oesophagus and the whole
of the remainder of the gastro-intestinal tube in
Anastomosing muscular fibres of the
in the gall-bladder and
the trachea and bronchi
heart seen iu a longitudinal section.
On the right the limits of the separate
ductus communis choledochus; in the pelvis and
cells Tvith their nuclei are exhibited
calices of the kidney, the ureters, bladder, and
somewhat diagrammatically.
urethra
in the female sexual organs, viz., the
Fallopian tubes, the uterus (enormously developed in pregnancy), the vagina, the
broad ligaments, and the erectile tissue of the clitoris in the male sexual organs,
viz., the dartos scroti, the vas deferens, and epididymis, the vesicul^ semiuales,
the prostate gland, and the corpora cavernosa;^ in the ducts of certain glands,
as in Wharton's duct
in the capsule and trabeculse of the spleen in the mucous
membranes, forming the muscularis mucosee ; in the arteries, veins, and lymphatics;
in the iris
and in the skin.
;

—

;

;

;

;

;

;

;

^

KoUiker describes muscular

fibres also in the tunica vac^inalis testis.
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Plain or unstriped muscular fibre is made up of spindle-shaped cells (contractile
nbre-cells), collected into bundles, and held together by a cement substance, in

which are contained some connective-tissue corpuscles.

These bundles are further aggregated into larger bundles or flattened bands, and bound together by
ordinary areolar tissue.
The contractile fibre-cells are elongated, spindle-shaped, nucleated cells of various
lengths, averaging from g-^o to 3^0 of ^-n inch in length, and 4-5^0 to 3 Jqo of an
On transverse section they are more or less polyhedral in
inch in breadth.
They present a distinctly longitudinally striated
shape, from mutual pressure.
appearance, and consist of an elastic cell-wall containing a central bundle of
fibrillar, representing the contractile substance, and an oval or rod-like nucleus,
which includes, within a membrane, a fine network communicating at the poles
The adhesive interstitial subof the nucleus with the contractile fibres (Klein).
stance which connects the fibre-cells together represents the endomysium, or
minute bundles of connective tissue which bind the fibres of striped muscular
while the tissue connecting the individual bundles together
tissue into fasciculi
represents the perimysium.
The unstriped muscle, as a rule, is not under the influence of the will, nor is
the contraction rapid and involving the whole muscle, as is the case with the
muscles of animal life. The membranes which are composed of the unstriped
muscle slowly contract in a part of their extent, generally under the influence
and then the contracted
of- mechanical stimulus, as that of distension or of cold
part slowly relaxes, while another portion of the membrane takes up the conThis peculiarity of action is most strongly marked in the intestines,
traction.
constitutintj' their vermicular motion.
;

;

Ym.

Fig. 38.

37.

Muscular
Non-striated elementary fibres from the human colon, a. Treated with acetic acid, showing
the corpuscles, b. Fragment of a detached fibre,
not touched with acid.

From

the

with acetic
anterior

fibre-cells

from human

acid.

tibial,

a.

arteries.

1.

B,
without
2. From a branch of the
Nuclei of the fibres. (Mag-

popliteal artery.

A,

;

nified 350 times.)

In chemical composition the muscular fibres of both forms consist mainly of
a proteid substance
myosin which Dr. M. Foster speaks of as intermediate
between fibrin and globulin. It is readil}^ converted by the action of dilute acids
into syntonin or acid-albumen, and by the action of dilute alkalies into alkalialbumen. Muscle, which is neutral or slightly alkaline in reaction when at rest,
is rendered acid by contraction, from the development probably of sarcolactio

—
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After death muscle also exliibits an acid reaction, bnt this appears to be
acid.
due to post-mortem changes.
The capillaries of muscle are very abundant, and form a series of rectangular
areolse, the brandies which run longitudinally between the muscular fibres being
united at short intervals by transverse anastomosing branches.
Nerves are profusely distributed to the muscular tissue, more especially to the
The mode of their termination will be described on a
voluntary muscles.
subsequent page.
The distribution and the mode of origin of the lymphatic vessels of muscle
have not been ascertained.
The muscles during life, and for some time after death, respond to the appropriate stimulus by contracting in the manner peculiar to the class to which they
Thus, for some time after a limb has been amputated, its muscles can
belong.
be set in motion by scratching, pinching, or galvanizing them and even after
;

the irritability of the muscular tissue has been exhausted by the prolonged
suspension of the circulation, it can be at first temporarily restored by injecting
fresh arterial blood through it (Brown-Sequard).
The time at which muscular
irritability ceases after death depends on the vitality of the subject: thus, it
ceases in birds, whose circulation and vital heat are of a very high degree, sooner
than in man and quadrupeds in these sooner than in fishes, etc. Dr. Sharpey
says that it lasts long in hibernating animals killed during their winter sleep.
It is also affected by the mode of dying, being extinguished instantaneously (as
is asserted) in some cases of lightning-stroke, and much diminished by certain
gaseous poisons, particularly sulphuretted hydrogen.
As the muscles die they become stiff, and it is to this cause that the rigidity
so characteristic of recent death ("rigor mortis ") is due.
The ultimate cause of
the phenomenon is not well understood, beyond the obvious fact that it must be
due to the change from partial fluidity to a solid condition of the contents of the
sarcolemma. The periods of its occurrence and of its disappearance are very
variable and the causes of those variations are of extreme interest and importance, especially in medico -legal inquiries
but the subject is too complicated
All that need be said in this place is that, as
to be adequately treated here.
might be expected, the rigor is stronger the more powerful and more healthy
the muscles are, and consequently is both more powerful and more lasting in
cases of sudden or violent death.
It also sets in later in such cases, while in
emaciated and exhausted subjects it is more rapid and transient as is also the
In
case, according to Hunter, in animals which have been hunted to death.
some instances of violent death in persons of robust frame, the rigor mortis has
not entirely disappeared till the end of the first week after death. In rare cases
(as in some instances of death from lightning) the muscles are found to become
immediately rigid, and in other cases rigor commences in a few minutes, but
usually not till six or seven hours after death.
The cessation of rigidity in the
muscles mus- be regarded as the commencement of putrefactive changes.
;

;

;

;
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The nervous

the gray or
tissue is composed chiefly of two different structures
and the white or fibrous. It is in the former, as is generally supposed,
that nervous impressions and impulses originate, and by the latter they are conducted.
Hence the gray matter forms the essential constituent of all the ganglionic centres, both those separated in the ganglia and those aggregated in the
cerebro-spinal axis while the white matter is found in all the commissural
Besides these
portions of the nerve-centres, and in all the cerebro-spinal nerves.
two principal kinds of nervous matter, there is found a third structure chiefly
vesicular^

;

in the

sympathetic system

— called the yelatiuous nerve-tissue.

—
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The nervous substance is again divided into two different systems. The first is
connected directly with the great central mass inclosed in the skull and spine.
This is called the cerehro-spinal system., and is divided into the brain (including
the medulla oblongata), the spinal cord, the cranial nerves, the spinal nerves, and
The second, called the
the ganglia connected with both those classes of nerves.
sympathetic system., is not directly connected with the brain or spinal cord, though
it is so indirectly by means of its numerons communications with the cranial and
It consists of a double chain of ganglia, with the branches which
spinal nerves.
go to and come from them.
third method of division of the nervous system is based upon the, functions
which it performs. On this principle it is divided into the nervous system of

A

Fig. 40.

Fig. 39.

Nerve-vesicles from the Casserian ganglion
of the

human

subject,

a.

A

globular one

with defined border. 6. Its nucleus, c. Its
nucleolus, d. Caudate vesicle, e. Elongated
vesicle
/.

with two groups of pigment particles.
its sheath or capsule

Vesicle surrounded by

of nucleated particles, g.

only being in focus.
eters.)

animal

The same, the sheath

(Magnified 300 diam-

Nerve-vesicles from the inner part of the gray matter of the

convolutions of the human brain. (Magnified 350 times.)
Nerve-cells a. Larger, b. Smaller, c. Nerve-fibre, with axis:

cylinder.

—

life and the nervous system of organic life
the former subserving the
higher functions of volition, sensation, etc., the latter those of growth and nutrition.
It is clear that the former qualities reside mainly in the cerebro-spinal
system, while the intimate connection between the sympathetic nerve and the
great viscera renders it highly probable that the sympathetic system has mainly
to do with the organic functions.
Consequently, the cerebro-spinal system was
designated the system of animal life, and the sympathetic the system of organic
life.
But the distinction, though true to a certain extent, is by no means complete, as the student may easily see by consulting the works of modern physi-

ologists.

The gray or vesicular nervous substance is distinguished by its dark reddishgray color and soft consistence. It is found in the brain, spinal cord, and various
ganglia, intermingled with the fibrous nervous substance, but is never found in
the nerves.
It is composed, as its name implies, of vesicles, or corpuscles, commonly called nerve- or ganglion-corpuscles, containing nuclei and nucleoli the
vesicles being embedded either in a finely granular substance, as in the brain, or
in a capsule of nucleated cells, as in the ganglia.
Bach vesicle consists of a finely
granular protoplasmic material, part of which is occasionally of a coarser kind,
and of a reddish or yellowish -brown color. No distinct limiting membrane or
cell-wall has been ascertained to exist.
The nucleus is, as a rule, a large, well;
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round vesicular body, containing a nucleolus wliich is peculiarly clear
The nerve-corpuscles vary in shape and size some are small,
spherical, or ovoidal, with an uninterrupted outline.
These forms are most
numerous in the ganglia of the sympathetic. Others, called caudate or stellate
nerve-corpuscles, are characterized by their larger size, and from having one or
more tail-like processes issuing from them, which occasionally divide and subdivide into numerous branches.
These processes are very delicate, apparently
tubular, and contain a similar granular material to that found within the corpuscle.
Some of the processes terminate in fine transparent fibres, which become
lost among the other elements of the nervous tissue
others may be traced until,
after losing their granular appearance, they become continuous with an ordmary
defined,

and

brilliant.

;

;

nerve-fibre.

The

whiie^

otherwise called tubular or fibrous^ nervous substance

is

found con-

Fig. 41.

Magnified 300 diameters,

common

eel in water.

The

a.

exterior indicates the tubular

Human nerve-tubes.

Three of
them are fine, one of which is varicose, one of middling
thickness, and with a simple contour and three thick,
two of which are double contoured, and one with gru(Magnified 350 times.)

;

mous

contents.

Nerve-tube of the

delicate line

membrane.

on

its

The

dark double-edged inner one is the white substance of Schwann, slightly wrinkled. 6. The
same in ether. Several oil-globules have coalesced in the interior, and others have accumulated around the exterior of the tube.
The
white substance has in part disappeared.

stituting a great part of the brain and spinal cord, almost the whole of the cerebrospinal nerves, and a great part of the sympathetic, and is made up of fibres.
These fibres are of two kinds the medullated or white fibres, and non-medullated
or gray fibres.
The medullated fibres^ when perfectly fresh, appear to be homogeneous; but they
soon separate into two parts, the lohite substance of Schwann and the axis-cylinder
the tubular membrane}
of Purkinje, the whole being inclosed in a membrane
or neurileiwma} or primitive sheath^ which at first appears structureless, but, when
stained with nitrate of silver, is seen to consist of nucleated endothelial cells.
The white substance is regarded as being a fatty matter in a fluid state, which
The
the axis-cylinder.
insulates and protects the essential part of the nerve
partial coagulation of this white substance which follows on cooling gives the
nerve-tube, when examined after death, a double contour the darker part seen
on the outside of the axis-cylinder being the ivhite substance of Schiuann or medullary sheath.
In consequence of the extreme delicacy of the tubular membrane,

—

—

—

—

^ Dr. Beale describes and figures cases in which several fibres, some with, others without, the white
substance, are inclosed in a common tubular membrane.
See Phil. Trans., 1862.
^ In older histological works the term " neurilemma" is used to designate the fibrous envelope of
the whole nerve, now called " perineurium."

NEEVOUS

TISSUE.

65

even slight pressure will often give nerve-tubes a varicose outline and drops of
oil, from the transudation of the fatty matter, often form outside the tubular memThis is, of course, promoted bj the action of ether.
brane.
The axis-cylinder constitutes about one-half or one-third of the nerve-tube, the
white substance being greater in proportion in the nerves than in the central
;

The axis-cylinder is perfectly transparent, and is therefore indistinguishable in a perfectl}^ fresh and natural state of the nerve.
It is described by
Ivolliker as being distinguished from the white substance by the fact that, though
soft and flexible, it is not flaid and viscid, but firm and elastic, somewhat like
coagulated albumen, with which it appears for the most part also to agree in its
chemical characters. As ordinarily seen it appears pale and homogeneous, or
more rarely finely granular or striated.
organs.

Fig. 43.

Transverse seetjoit througli a microscopic nerve, representing a com(Magnified 120 diam-

pound nerve-bundle, surrounded by perineurium.

Tlie medullated fibres are seen as circles with a central dot, viz.,
eters.)
medullary sheath and axis-cylinder, in transverse section. They are embedded in endoneurium, containing numerous nuclei, which belong to
(Klein and Noble Smith.) p.
the connective-tissue cells of the latter.
Perineurium, consisting of laminae of fibrous connective tissues, alternating with flattened nucleated connective-tissue cells.
Jjymph-space
I.
between perineurium and surface of nerve-bundle.

Fig.

4.4.

A small nervous branch from the
sympathetic of a mammal, a. Two
dark-bordered nerve-tubes among
a

number

of

Remak's

fibres, 6.

Besides these nerve-fibres, which consist of two distinct parts, others are
Some of these consist
described, as modifications of the medullated nerve-fibres.
They
of the axis-cylinder only, and have "been termed naked axis-cylinders.
present a distinct longitudinal stfiation, and are best seen as the processes of the
ganglion-cells, which after a short course become invested with a medullary
second variety is
sheath, and are thus converted into medullated fibres.
found in the form of very minute threads, or primitive nerve-fibrils, which are
jDcrfectly destitute of any visible structure, and only recognized as nerves by their
connection with ganglionic cells, or with obvious nerve-tubes.^ They are to be
found in connection with the peripheral termination .of some of the nerves,
especially of those of the special senses.
For example, the centric processes of
the " cells of Schultze" in the olfactory region are believed to consist of these

A

primitive nerve-fibrils.

The finely striated appearance of the first variety, those which consist of the
axis-cylinder and its membranous investment, renders it probable that the}^ are
^Schultze (Strieker's Handbuch, Fig. 17, p. 109), represents these primitive fibrils, both
•connection with ganghon cells and with larger nerves.
See also below, Fig. 57.

5

m

their
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formed by an aggregation of tlie primitive fibrillas of whicli the second variety
are composed.
They have therefore been termed " primitive fibril bundles or
fasciculi" (Schultze).

Thus three different kinds of white nerve-fibres are described by recent authori1, those which consist of the axis-cylinder, unsheathed in the white
sub'stance of ScliAvann, the whole being invested by the tubular membrane
2,
those which consist of the axis-cylinder and medallary membrane only and 3,
the primitive fibrils, of which it is believed that the axis-cylinder of the more
composite nerves is made up.^
Non-'nedullated Fil)res. Most of the nerves of the sympathetic system, and
some of the cerebro-spinal (see especially the description of the olfactory nerve,
m/ra, |d. 644), consist of a fourth description of nervous fibres,^ which are called
(Fig. 44.)
These consist
the gray or gelatinous nerve-fibres (fibres of Remak).
ties, viz.:

;

;

—

Nuclei may be
of a bundle of finely granular fibrillaa inclosed in a sheath.
detected at intervals in each fibre, which Schultze believes to be situated in the
sheath of the nerve. In external appearance the gelatinous nerves are semitransparent, and gray or yellowish-gray.
The individual fibres vary in size
most of them being of smaller size than in the cerebro-spinal nerves, so that the
average size of the latter is given at ^oVo to 30^00 of ^11 inch, and of the former
but, on the one hand, the smallest fibrils of the cerebroat only half that size
spinal system are, as we have seen, of hardly appreciable thickness while on
the other, some of the gelatinous fibres (especially those in the olfactory bulb)
are said to be three or four times as thick as those of the cerebro-spinal nerves.
Chemical Composition. The following analysis, by Lassaigne, represents the
relative proportion of the different constituents composing the gray and white
matter of the brain
;

;

—

:

—

Gray.

Water
Albuminous matter
Colorless fat

.

7.5
1.0

.

Red fat
Osmazome and

85.2

.

lactates

Phosphates

3.7
1.4
1.2

100.0

White
73.0
9.9
13.9
0.9
1.0
1.3

100.0

It appears from this analysis that the cerebral substance consists of albumen,
dissolved in water, combined with fatty matters and salts.
The fatty matters
consist of cerebrin, nearin, and lecithin.
The two latter were first described by
Liebreich as a crystalline phosphuretted fat, which he termed protagon. It seems
probable, however, that it is simply a mixture of neurin and lecithin.
Cholesterine is also described as one of the chemical constituents of the nervous tissues, being found in conjunction with lecithin.
The salts are the phosphates of
potash, soda, lime, magnesia, and iron, sulphate of potash and chloride of sodium,
with traces of silica. According to Vauquelin, the cord contains a larger proportion of fat than the brain and, according to LTIeritier, the nerves contain
more albumen and more soft fat than the brain.
With regard to the constitution of the different portions of the nervous system, the cerebro-spinal axis is composed of the two above-described kinds of
nervous structure, intermingled in various proportions, and having in the brain
a very intricate arrangement, which can only be fully understood by a careful
;

^
Schultze believes that the primitive fibrils are the essential element of all nerves thus, according to him, the essential difference between the gelatinous and the ordinary nerve-fibrils consists in
the absence from the former of the white substance (medulla) of Schwann, while the tubular membrane is present. The small nerve-fibres, on the other hand, described as primitive fibrils or naked
axis-cylinders, are either destitute of any investment or surrounded merely by a structureless base;

ment membrane.
^ The real nature of these fibres has been doubted by several authors.
It seems
and more consonant with the prevalent opinion, to describe them as truly nervous.

better,

however,
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study of the details of its descriptive anatomy intlie sequel. The gray or vesicular nervous matter is found partly on the surface of the brain, forming the
convolutions of the cerebrum, which are in the most direct relation to the mental
faculties, and the laminae of the cerebellum, the functions of which are still a
matter of dispute. Again, gray matter is found in the interior of the brain, collected into large and distinct masses or ganglionic bodies, such as the corpus striatum, optic thalamus, and corpora quadrigemina the functions of which bodies,
so far as they have been ascertained, have been found to be connected with some
of the main organic endowments of the body, such as voluntary motion, sensaFinally, gray matter is found intermingled intimately with the white,
tion, sight.
and without definite arrangement, as in the corpora dentata of the medulla and
cerebellum, or the gray matter in the Pons and the floor of the fourth ventricle.
Such scattered masses of gray matter are, in many instances at any rate, connected to all appearance with the origin of particular nerves. In other situations
their use is as yet unknown.
The proper nervous matter, both in the brain and spinal cord, is traversed and
supported bv a network of fine connective tissue (see Fig. 50). This has been
termed by Yirchow the neuroglia^ and is supposed to be the source of one of the
forms of the tumor described by that author under the name oi. glioma.
The white matter of the brain is divisible into four distinct classes of fibres.
There are, in the first place, the nerves which arise in the gray matter, and pass
out through the cranial foramina. Next, the fibres which connect the brain with
the spinal cord that is to say, those which are usually traced upwards from the
columns of the spinal cord, through the medulla oblongata into the encephalon,
chiefly by means of the anterior pyramids, fasciculi teretes and restiform bodies,
passing through the Pons and crura cerebri to expand into the corpora striata,
optic thalami, and convolutions (corona radiata), and, by means of the restiform
bodies, into the cerebellum.
The other two classes of white fibres in the brain are commissural some of
the commissures serving to connect different parts of the same hemisphere
together (as the fornix, the processus e cerebello ad testes, etc.), or even different
parts of the same section or organ, as the arciform fibres of the medulla.
Most
of these commissures are longitudinal
while others as the cdrpus callosum and
the transverse fibres of the Pons Varolii
are transverse, serving to connect
opposite hemispheres together, and thus probably securing the single action of a
double organ.
The following is Dr. Lockhart Clarke's account of the intimate structure of
the cerebral convolutions
" Most of the convolutions, when properly examined, may be seen to consist
of at least seven distinct and concentric layers of nervous substance, which are
alternately paler and darker from the circumference to the centre.
The laminated structure is most strongly marked at the extremity of the posterior lobe.
In this situation all the nerve-cells are small, but difi:er considerably in shape,
and are much more abundant in some layers than in others. In the superficial
layer, which is pale, they are round, oval, fusiform, and angular, but not numerous.
The second and darker layer is densely crowded with cells of a similar kind, in
company with others that are pyriform and pyramidal, and lie with their tapering ends either towards the surface or parallel with it, in connection with fibres
which run in corresponding directions. The broader ends of the pyramidal cells
give off two, three, four, or more processes, which run partly through the white
axis of the convolution, and in part horizontally along the plane of the layer, to
be continuous, like those at the opposite ends of the cells, with nerve-fibres running in different directions. The third layer is of a much paler color. It is
crossed, however, at right angles by narrow and elongated groups of small cells
and nuclei of the same general appearance as those of the preceding layer. These
groups are separated from each other by bundles of fibres, radiating towards the
surface from the central white axis of the convolution, and together with them
;

;

;

;

:

—

—
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form a beautiful fan-like structure. The fourth layer also contains elongated
groups of small cells and nuclei, radiating at right angles to its plane but the
groups are broader, more regular, and, together with the bundles of fibres between
;

them, present a more distinctly fan-like structure. The fifth layer is again paler
and somewhat white. It contains, hoAvever, cells and nuclei which have a general
resemblance to those of the preceding layers, but they exhibit only a faintly
Fig. 45.

Vertical section through the gray matter of the human cerebellum.
(Magnified about 100 diameters.) Klein and
Noble Smith.) a. The superficial, so-called molecular, or (better) fibrillar layer, containing in a matrix of fine nerire-networks the dichotomously branched processes of the large ganglion-cells of Purkinje, that form the second layer b. The
nuclei of the fibrillar layer belongs partly to small ganglion-cells, partly to Deiters' neuroglia-cells. Two branched capillary blood-vessels are seen at the upper part, passing into the gray matter from the free surface, i. e., from the pia mater.
e. Nuclear layer containing-, in a fine nerve-network, numerous groups of nucleated cells, of which the nuclei only are
visible,

d.

Part of white substance.

The nerve-network has been omitted

in the larger figure for the sake of clearness. It is seen in B, which shows one of
the ganglion-cells of Purkinje with its dichotomously branched processes, and a portion of the adjoining nuclear and
fibrillar layers.
Nearer the surface the meshes of the nerve-network become more elongated, as if they were stretched
out in a direction vertical to the surface. At the surface, however, they are like those here represented, but smaller.

radiating arrangement.

The

and most internal layer is reddish-gray. It
those alread y described, but contains others that are
rather larger.
It is only here and there that the cells are collected into elongated
groups, which give the appearance of radiations.
On its under side it gradually
blends with the central white axis of the convolution, into which its cells are
scattered for some distance.
not only abounds in

cells like

sixth
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" The seventh layer is this central white stem or axis of the convolution.
On
every side it gives off bundles of fibres, which diverge in all directions, in a fanAs they pass
like manner, towards the surface, through the several gray layers.
between the elongated and radiating groups of cells in the inner gray layers,
some of them become continuous with the processes of the cells in the same
section or plane, but others bend round and run horizontally, both in a transverse and longitudinal direction (in reference to the course of the entire convoWhile the bundles themselves
lution), and with various degrees of obliquity.
are by this means reduced in size, their component fibres become finer in proportion as they traverse the layers towards the surface in consequence, apparently, of branches which they give off to be connected with cells in their
Those which reach the outer gray layer are reduced to the finest
course.
dimensions, and form a close network, with which the nuclei and cells are in

—

connection.

Besides these fibres, which diverge from the central white axis of the convoanother set, springing from the same source, converge or rather curve
inwards from opposite sides, to form arches along some of the gray layers.
These arciform fibres run in different planes transversely, obliquely, and
and appear to be partly continuous with those of the diverging
longitudinally
All these
set which bend round, as already stated, to follow a similar course.
fibres establish an infinite number of communications in every direction, between
dii^erent parts of each convolution, between different convolutions, and between
these and the central white substance."
Dr. Clarke then goes on to describe in detail the minuter differences which
exist between the structure of the convolutions in different parts of the brain.^
Gerehellum.
The vortex of the cerebellum presents a remarkable structure.
Externally, beneath the pia mater is a layer of transparent tissue, like neuroglia,
traversed by delicate fibres running up from the large nerve-cells found below it,
and containing, like the neuroglia, granular nuclei. Some of these granules
were described by Lockhart Clarke as connected with the processes of the nervecells, which lie immediately beneath.
These are called the cells of Purkinje,
and are arranged in a single layer, with nerve-fibres interspersed. Below this
layer is the inner or granular layer, consisting of a thick aggregation of dark
granules among a number of fine nerve-tubes.
Lower down is the medullary
centre, consisting mainly of fibrous nervous structure.
(Fig. 45.)
Spinal Cord. In the spinal cord, on the other hand, the gray matter is
entirely in the interior of the organ, and is collected together into one central
mass, while the whole of the white matter is external, and is arranged into the
various columns and commissures described at pp. 612 et seq.
shall here
merely give an account of the intimate structure of the cord, which is condensed from the researches of Dr. Lockhart Clarke.^
The white substance of the cord consists of medullated nerve-fibres, with
blood-vessels and a delicate connective tissue, the neuroglia.
On transverse
section of the white substance of the cord, a very striking object is presented.
It is seen to be studded all over with minute dots, surrounded by a white area,
and this again by a dark circle. (Fig. 50.) This is due to the longitudinal
medullated fibres seen on section. The dot is the axis-cylinder, the white area
the substance of Schwann, and the dark circle the tubular membi'ane of the
fibres, which seems to consist of several laminae.
Externally the neuroglia is
seen to form a delicate connective sheath round the outer surface of the cord,
from which numerous septa pass in to separate the respective bundles of fibres.
Thus it will be seen that the greater bulk of the white matter of the cord is
inade up of longitudinal medullated fibres, which are arranged in groups forming the anterior, lateral, and posterior columns.
"

lution,

—

—

—

—
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See Dr. Clarke's

summary

Maudsley on the Pathology and

of his researches on this subject in

Physiology of Mind, pp. 60-63.
- Phil. Trans.,
1851-1853, part
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;
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i.
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;
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There are, however, also oblique and transverse fibres in the white substance.
These are principally found (1) at the bottom of the anterior median fissure,
forming the anterior commissure the fibres passing from the gray matter of the
anterior horn on one side to the white matter of the anterior column of the opposite side
(2) horizontal or oblique fibres passing from the roots of the nerves
into' the gray matter; and (3) fibres leaving the gray matter and pursuing a
longer or shorter horizontal course between the bundles of longitudinal fibres
with which many of them are continuous.
;

;

Fig. 46.

Transverse section through the cervical portion of the spinal cord of a calf. (Magnified 40 diameters.) (Klein and Noble
IV. The white matter of the cord, subdivided by septa of connective tissue, s, extending from the pia mater to
the gray matter, which is seen in the interior with its ganglion-cells. The dots around this show divided nerve-fibres,
which exist, but are not shown, in the other parts of the white substance. The central canal is seen in the gray matter.
Smith.)

The gray substance of the cord occupies its central part in the shape of two
crescentic horns, joined together by a commissure.
Each of these crescents has
an anterior and a posterior cornu.
l^ho, jposterior horn consists of two parts,
the caput cornu^ or expanded extremity of the horn (Fig. 48), round which is a lighter space or lamina of gelatinous
substance and the cervix cornu., or narrower portion, which connects it with the
rest of the gray substance.

—

:
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The gelatinous substance is a peculiar accumulation of neuroglia (Klein), and
been named by Bolando the suhstantio, cinerea gelatinosa.
The anterior horn of the gray substance in the cervical and lumbar swellings,

lias

gives origin to the nerves
extremities, is much larger
than in any other region, and contains several distinct groups of large

where

it

Fie. 47.

of the

at

'^oTrt!{

and variously shaped cells.
The gra}^ commissure is situated
behind the white commissure, which
separates it from the bottom of the
In it is a
anterior median fissure.
central

canal, lined

around which

by epithelium,

a layer of neuroglia
of considerable thickness, the central
is

gray nucleus of Kolliker. The gray
substance of the cord consists of 1,
nerve-fibres of variable, but smaller
average diameter than those of the
columns 2, nerve-cells of various
shapes and sizes, with from two to

—

'

;

blood-vessels and

Transverse section of the gray substance of the spinal cord,
near the middle of the dorsal region. (Magnified 13 diam-

eight processes 3,
eters.) J. L. Clarke dd.
connective tissue.
The nerve-fibres of the gray matter are for the most part composed of a minute
and dense network of minute fibrils, which is termed "Grerlach's nerve network,"
intermingled with nerves of a larger size.
This network is continuous with the
;

Fig. 48.

Transverse section of the gray substance of the spinal cord through the middle of the lumbar enlargement. On the
side of the figure groups of large cells are seen on the right side, the course of the
fibres is shown without the
cells.
(Magnified 13 diameters.) J. L. Clarke del.

left

;

medullated fibres of the posterior nerve-roots on the one hand (Deiters), and with
the branched processes of the ganglion-cells on the other (G-erlach), so that tlie
cells are connected with the fibres only indirectly through the nerve network.
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The arrangement of the fibres in tlie anterior horn of the gray matter appears to
be somewhat different liere the nerve-fibres of tlie anterior root are directly
continuous with some of the processes of the ganglion-cells, others of the processes communicatino' with Gerlach's nerve network.
;

Fig. 49.

Fig. 50.

6elat
Substance

Qrey
Siibstcmce

Transverse section through the white matter of the spinal cord
(Magnified about 300 diameters.) (Klein and Noble
Smith.) In the upper part are shown two isolated flattened nucleated cells of the neuroglia, under a somewhat higher power than
the rest. In the bulk of the figure the nerve-fibres are seen in
transverse section. They are of different sizes, and possess a laminated medullary sheath surrounding the axis-cylinder; which
was deeply stained in the preparation, and is here represented by
a black dot. The nerve-fibres are embedded in the neuroglia. This
contains, in a matrix, which appears sometimes granular, sometimes
homogeneous, numerous elastic fibrils, seen here in transverse section as minute dots, on account of their having a course parallel to
of a calf.

Longitudinal section of the wliito and gray
substance of the spinal cord, through the
middle of the lumbar enlargement. (Magnified 14 diameters.)

The

J. L.

Clarke

del.

the long axis of the cord.

two branched connective

Amongst the neuroglia

tissue-cells

are also seen

— neuroglia-cells.

—

the gray matter are of two kinds large branched nervewhich are collected into groups, and small round cells, which resemble
free nuclei, and are found scattered throughout the whole of the gray matter.
In the anterior horn there are two or three groups of nerve -vesicles, one at the
nerve-cells of

vesicles,

outer part of the cornu, and one, sometimes two, in the anterior portion (Fig.
In the posterior horn, occupying the whole inner half of the cervix, is a
group of nerve-cells, called the posterior vesicular colur)in.
At the junction of the anterior and posterior cornu, in the outer portion of the
gray matter, is a third group of cells, the tr actus inter medio -lateralis. In the cervical region of the cord these cells extend in amongst the fibres of the white
matter of the lateral column.
Origin of the Spinal Nerves in the Cord. The posterior roots are larger than
the anterior but their component filaments are hner and more delicate.
They
are attached to the cord at the junction of the lateral and posterior columns, and
at once enter the posterior horn of gray matter; either directly through the
substantia gelatinosa, or indirectly, by passing through the posterior column and
eutering the gray substance in front of the caput cornu.
The former pass
upwards and downwards and become continuous with Gerlach's nerve network,
some of the fibres extending across the commissure to the opposite side of the
cord others reaching the anterior column on the same side. The latter fibres
enter the posterior vesicular column, and some passing through it run longitudinally in the posterior column.
(Figs. 48, 49.)

48).

—

;

;
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The anterior roots are attached exclusively to the anterior column, or rather to
the anterior part of the antero-lateral columns, for there is no antero-lateral
fissure dividing the anterior from the lateral column. Within the gray substance
the fibrils cross each other, and diverge in all directions, like the expanded hairs
of a brush (Figs. 48, 49), some of them running more or less longitudinally upand others decussating with those of the opposite side
•\vards and downwards
through the anterior commissure in front of the central canal.
All the fibres of both roots of the nerves proceed through the white columns
into the gray substance, with, perhaps, the exception of some which appear to
run longitudinally in the posterior columns but whether these latter fibres of
the posterior roots ultimately enter the gray substance of the cord, after a very
oblique course, or whether they proceed upwards to the brain, is uncertain.
;

;

Fig. 52.

Fig. 51.

From

a transverse section through the spinal

canal of a calf

(magnified about 180 diameters),
showing part of the central canal and the tissue
immediately around it, viz., the central gray nucleus.
(Klein and Noble Smith.) The canal is
lined with epithelium, composed of ciliated more
or less conical cells in most instances a filamentous process passes from the cell into the tissue
underneath.
This tissue contains, in a hyaline
matrix, a network of fibrils; most of these run
horizontally, others have a longitudinal course,
and appear therefore here cut transversely, /. e., as
small dots. The nuclei correspond to the cells of
the neuroglia, the cell-substance not being shown.
Both the nuclei of the neuroglia-cells and those ot
;

the epithelium contain three or

shaped particles.

more

large disk-

Section through a microscope ganglion.
300 diameters.)

of the ganglion,

(Klein and Noble Smith.)
n.

(Magnified
c.

Capsule

Nerve-fibres passing out of the

The

nerve-fibres which entered the gannot represented.
The nerve-fibres are
ordinary medullated fibres, but the details of their
structure are not shown, owing to the low magnifying
power. The ganglion-cells are invested by a special

ganglion.
glion

are

by a few nuclei, which are here reprecontained in the capsule.

capsule, lined

sented as

if

—

The Central Caiial of the Spinal Cord (Fig. 51). In the foetus, until after the
sixth month, a canal, continuous with the general ventricular cavity of the brain,
extends throughout the entire length of the spinal cord, formed by the closing-in
of a previously open groove.
In the adult this canal can only be seen at the upper part of the cord, extending from the point of the calamus scriptorius, in the floor of the fourth ventricle,
for about half an inch down the centre of the cord, where it terminates in a culde-sac; the remnant of the canal being just visible in a section of the cord as a
small pale spot, corresponding to the centre of the gray commissure its cavity
is lined with a layer of cylindrical ciliated epithelium.
In some cases this cana)
:

remains pervious throughout the wdiole length of the cord.

The Ganglia may be regarded as separate and independent nervous centres, of
smaller size and less complex structure than the brain, connected with each other,
with the cerebro-spinal axis, and with the nerves in various situations. They
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are found on the posterior root of each of the spinal nerves on the posterior or
sensory root of the fifth cranial nerve
on the facial nerve on the glossopharyngeal and pueumogastric nerves
a connected series along each side of
;

;

;

;

m

the vertebral column, forming the trunk of the sympathetic on the branches of
that nerve, and at the pomt of junction of those branches with the cerebro-spinal
neryes. On section, they are seen to consist of a reddish-gray substance, traversed
bv numerous white nerve-fibres they vary considerably in form and size the
the smallest, not visible with
largest are found in the cavity of the abdomen
the naked eye, exist in considerable numbers upon the nerves distributed to the
The ganglia are invested by a smooth and firm closely-adherdifferent viscera.
ing membranous envelope, consisting of dense areolar tissue; this sheath is continuous with the perineurium of the nerves, and sends numerous processes into the
interior of the ganglion, which support the blood-vessels supplying its substance.
In structure, all ganglia are essentially similar, consisting of the same structural elements as the other nervous centres
viz., a collection of vesicular nervous
inatter^ traversed bj tubular and gelatinous nerve-fibres.
The vesicular nervous
matter consists of nerve-cells or ganglion-globules, most of which appear free,
and of a round or oval form these are more especially seated near the surface
of the ganglion others have caudate processes, and give origin to nerve-fibres.
In the ganglion, the nerve-cells are usually inclosed in a capsule of granular
corpuscles and fibres.
The tubular nerve-fibres run through the ganglion, some
being collected into bundles, while others, separating from each other, take a
circuitous course among the nerve-cells before leaving the ganglion.
;

:

;

;

—

;

;

The Nerves are round or flattened cords, which are connected at one end with
the cerebro-spinal centre or with the ganglia, and are distributed at the other end
to the various textures of the body they are subdivided into two great classes,
the cerebro-spinal, which proceed from the cerebro-spinal axis, and the sympathetic or ganglionic nerves, which proceed from the ganglia of the sympathetic.
The Cerehro-spinal nerves consist of numerous nerve-fibres, collected together
small bundle of primitive fibres,
and inclosed in a membranous sheath.
;

A

Fig. 53.

A node of Eanvier of a medullated nerve-fibre, viewed from above, magnified about 750 diameters. The medullary
sheath is discontinuous at the node, whereas the axis-cylinder passes from one segment into the other. At the node the
sheath of Schwann appears thickened. (Klein and Noble Smith.)
inclosed in a tubular sheath, is called a funiculus : if the nerve is of small size
it may consist only of a single funiculus, but if large, the funiculi are collected
together into larger bundles or fasciculi ; and are bound together in a common
membranous investment, termed the sheath. In structure, the common sheath
investing the whole nerve, as well as the septa given off from the sheath, and
which separate the fasciculi, consist of areolar tissue, composed of white and
yellow elastic fibres, the latter existing in great abundance. The tubular sheath
of the funiculi, or perineurium^ consists of a fine, smooth, transjDarent membrane,
which may be easily separated, in the form of a tube, from the fibres it incloses;
in structure, it is for the most part a simple and homogeneous transparent film.
occasionally composed of numerous minute reticular fibr^.
The cerebro-spinal nerves consist almost exclusively of the medullated nervefibres, the non-medullated fibres existing in very small proportion.
In the medullated nerve-fibres Eanvier has lately pointed out a peculiar arrangement, brought into view by the action of osmic acid, and to which the name of
the nodes of Ranvier is given.
The axis-cylinder and the medullary substance
are stained black by the reagent, while the tubular sheath is unstained.
Each

;
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wlien so treated, is seen to be interrupted at regular intervals bj a break in
the white substance of Schwann, and at these breaks or nodes the tubular membrane seems to turn in and invest the axis-cylinder, which runs uninterrupted
nucleus is also thus brought into view in the centre of each
across the break.
segment of the nerve, lying in the tubular sheath.
The blood-vessels supplying a nerve terminate in a minute capillary plexus,
the vessels composing which run, for the most part, parallel with the funiculi
they are connected together by short transverse vessels, forming narrow oblong
meshes, similar to the capillary system of muscle.
The nerve-fibres, as far as is at present known, do not coalesce, but pursue an
uninterrupted course from the centre to the periphery. In separating a nerve,
however, into its component funiculi, it may be seen that they do not pursue a
perfectly insulated course, but occasionally join at a very acute angle with other
funiculi proceeding in the same direction
from which branches are given off' to
join again in like manner with other funiculi.
It must be remembered, however, that in these communications the nerve-fibres do not coalesce, but merely
pass into the sheath of the adjacent nerve, become intermixed with its nervefibres, and again pass on to become blended with the nerve-fibres in some adjoining
fibre,

A

;

fasciculus.

Nerves, in their course, subdivide into branches, and these frequently communicate with branches of a neighboring nerve. In the subdivision of a nerve
the filaments of which it is composed are continued from the trunk into the
branches, and at their junction with the branches of neighboring nerves the
filaments pass to become intermixed with those of the other nerve in their further
progress in no instance, however, have the separate nerve-fibres been shown to
;

inosculate.

The communications which take

two or more nerves form what
formed by the primary branches of
the trunks of the nerves, as the cervical, brachial, lumbar, and sacral plexuses,
and occasionally by the terminal fasciculi, as in the plexuses formed at the
periphery of the body. In the formation of a plexus the component nerves divide,
then join, and again subdivide in such a complex manner that the individual
fasciculi become interlaced most intricately
so that each branch leaving a plexus
may contain filaments from each, of the primary nervous trunks which form it.
is

called a plexus.

place between

Sometimes a plexus

is

;

In the formation also of the smaller plexuses at the periphery of the body, there
a free interchange of the fasciculi and primitive fibrils.
In each case, however,
the individual filaments remain separate and distinct, and do not inosculate with
each other.
It is probable that, through this interchange of fibres, the different branches
passing off from a plexus have a more extensive connection with the spinal cord
than if they each had proceeded to be distributed without such connection with
other nerves.
Consequently, the parts supplied by these nerves have more
extended relations with the nervous centres by this means, also, groups of
muscles may be associated for combined action.
The Sympathetic nerve consists of meduUated and non-medullated fibres, intermixed with a varying proportion of filamentous areolar tissue, and inclosed in a
sheath, formed of fibro-areolar tissue.
(Fig. 44.)
The medullated fibres are, for
the most part, smaller than those composing the cerebro-spinal nerves
their
double contour is less distinct, and, according to Remak, they present nuclei
similar to those found in the gelatinous nerve-fibres.
Those branches of the
sympathetic which, present a well-marked gray color are composed more
especially of gelatinous nerve-fibres, intermixed with a few medullated fibres;
whilst those of a white color contain more of the latter fibres and a few of the
former.
Occasionally the gray and white cords run together in a single nerve,
without any intermixture, as in the branches of communication between the
sympathetic ganglia and th.e spinal nerves, or in the communicating cords
between the ganglia.
is

;

;

;
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The nerve-fibres, both of the cerebro-spinal and sympathetic system, convey
impressions of a twofold kind. The sensory nerves, called also centripetal or
afferent nerves, transmit to the nervous centres impressions made upon the
peripheral extremities of the nerves, and in this way the mind, through the
medium of the brain, becomes conscious of external objects. The motor nerves,
called also centrifugal or efferent nerves, transmit impressions from the nervous
centres to the parts to which the nerves are distributed, these impressions either
exciting muscular contractions, or influencing the processes of nutrition, growth,
and secretion.
Terminations of Nerves.

— By the expression

" the

termination of nerve-fibres

signified their connections with the nerve-centres

is

"

and with the parts which

they supply. The former are called their central^ the latter their peripheral
terminations.
With regard to the central terminations of the nerves, little is as
yet certainly known.^
The nerve-cells, or nerve-corpuscles, above figured, have
been regarded as the central origin of the fibres with which they are connected
and it is very probable that in many cases they are so. There are instances,
however, in which such cells occur as mere nucleated swellings in the course of
a nerve, and in these cases they obviously cannot be regarded as being in any
sense the origins of the nerves.
In other cases, as in the nerve-cells in the
anterior horn of the gray matter of the cord, there are numerous processes
springing out of the cell one of these (and, according to Deiters, one only) is
recognized as an axis-cylinder the others are fibrillge, which are continuous with
similar fibrillar, of which under high powers the apparently granular contents of
the cell are found to be composed, and which appear, therefore, simply to run
through the cell. The fibrillse may be, and probably are, primitive nervous
fibrils, but they are so delicate that it has not as yet been found possible to
ascertain their destination.
AVith regard also to the axis-cylinder which is seen
proceeding out of the ganglionic corpuscle, although it is highly probable that
it originates in that corpuscle, the fact has not been proved
nor has its relation
to the nucleus of the corpuscle been demonstrated.
In fine, all that is known
on the subject is, that many of the fibrillge and axis- cylinders can be shown
either to originate in or pass through ganglionic corpuscles (or nerve-cells), and
other nerves can be shown to contain such nerve-cells in their interior at certain
parts of their course.
But whether in the case of such connection in one of the
central organs the cell is to be regarded as the origin of the nervous fibi-il, or
whether the fibril merely passes throagh the cell (as some observers believe),
just in the same manner as nerves pass through ganglia, has not been determined.
If the latter view be correct, it may be that nerves have really no central
termination, but that their fibrils start from their peripheral distribution, travel
to the nervous centre, are there brought into connection with the nerve-cells,
and thence return to their distribution. However, in the present state of anatomical knowledge, the more probable opinion seems to be that which is usually
entertained viz., that each nerve-fibre is connected somewhere with a ganglionic
Dr.
corpuscle, which is to be regarded as its central termination or origin.
Beale asserts that even in those ganglion-cells which appear either altogether
destitute of processes, or unipolar, numerous fibres can be seen proceeding out
of them if the proper reagents be used and very high powers employed.
The peripheral connections, or terminations of the nerve-fibres, are somewhat
more easy to ascertain, though even as to these a great difference exists with
They are usually and naturally studied in the sensory
respect to minute details.
and motor nerves separately.
Sensory nerves sometimes terminate in minute plexuses in the subcutaneous
Dr. Sharpey says that he has seen the ultimate
or submucous areolar tissue.
:

;

—

:

^

Max

Schultze, speaks
of the most recent and most distinguished observers on this subject.
" In the present state of our knowledge we are not in a position to assign its central origin to

One

thus

;

fibril of the nervous system, however certainly we may have discovered the
peripheral terminations of a great part of them."
Strieker's Handbuch, 1868, p. 134.
Schultze,

any smgie primitive

—

m
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minute plexuses come into close contact witli tlie connectivebut lias not been able to trace any distinct connection between
them. Frey lias latel}^ described and figured a large number of microscopic
ganglia on this submucous nervous plexus.
Similar ganglia were long ago
described by J. Miiller in the corjDora cavernosa, and they may apparently be
met with in many other parts, as in Meissner's plexus (Fig. 484, p. 811).
The Avhite substance of Schwann and the tubular sheath usually disappear as
fibres

of these

tissue corpuscles,

its termination, leaving only the axis-cylinder invested by
proper basement-membrane, on which nuclei can be seen at intervals, and in
many cases the axis-cylinder itself breaks up into- the primitive fibrils. In some
parts, however, the fibres appear to be inclosed up to their termination in a
sheath, which is either a prolongation of the perineurium, or a continuation of
the neurilemma.
The differences of opinion prevailing on the question of the
ultimate distribution of the nerve-fibres depend on their extreme delicacy and
the consequent great difficulty of following individual fibres in continuity.
Hence what some observers describe as a free end in which the nerve terminates,
others regard as merely a bending of the fibre where it becomes lost to sight, or
a spot where it is lost sight of in consequence of the power used being too low,
or from difficulty in focussing.
These ultimate fibres, it should be remembered,
are structureless, and can therefore only be recognized -positively as nervous by
their continuity with a nerve of more complex structure.
In the papillee of the skin, or mucous membrane, and on the surface of
various membranes (conjunctiva, mesentery, etc.), three different kinds of terminal organs have been found connected with the nerves
viz., the end-bulbs of
Krause, the tactile corpuscles of Rudolph Wagner, and the Pacinian corpuscles.
The end-bulbs of Krause are small capsules of connective tissue, in which
nuclei can be detected by reagents, and in which one or more nerve-fibrils terminate either in a coiled plexiform mass or in a bulbous extremity.
They have
been described as occurring in the conjunctiva, the mucous membrane of the
mouth, and the surface of the glans penis and glans clitoridis.^
The tactile corpuscles of AVagner (Fig. 54) are described by him as ovalshaped bodies, made up of superimposed saccular lamina3, presenting some
resemblance to a miniature fir-cone, and he regarded them as directly concerned
in the sense of touch.
Kolliker considers that the central part of the papillee
senerallv consists of a connective tissue more homosreneous than that of the
outer part, surrounded by a sort of sheath of elastic fibres, and he believes that

the nerve approaches
its

;

these corpuscles are merely a variety of this structure.
The nerve-fibres, according to this observer, run up in a waving course to the corpuscle, not penetratingit, but forming two or three coils round it, and finally join together in loops.
These bodies are not found in all the papilla but from their existence in
those parts in which the skin is highly sensitive, it is probable that they are
specially concerned in the sense of touch, though their absence from the papillas
of other tactile parts shows that they are not essential to this sense.
The Pacinian corpuscles^ (Fig. 55) are found in the human subject chiefly on
the nerves of the fingers and toes, lying in the subcutaneous cellular tissue but
they have also been described by Pauber as connected with the nerves of the
joints, and with the nerves lying between many of the muscles of the trunk
and limbs. Each of these corpuscles is attached to and incloses the termination
of a single nerve.
The corpuscle, which is perfectly visible to the naked eye
(and which can be most easily demonstrated in the mesentery of a cat), consists
of a number of concentric layers of cellular tissue, between which Todd and
Bowman have figured capillary vessels as running. The nerve, at its entrance
into this body, parts with its white su.bstance, and the axis-cylinder runs forward in a kind of cavity in the centre of the corpuscle to terminate in a
Tounded end or knob, sometimes bifurcating previously, in which case each
;

;

^

^

Krause, Die terminalen Korperchen, 1860. Anatomische Untersuchungen, 1861.
Often called in German anatomical works " corpuscles of Vater."
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branch has a similar termination. Grandry, who has examined these corpuscles
with very high magnifying powers, describes the axis-cylinder as exhibiting a very
well-marked fibrillar structure, and the bulbous end as consisting of a mass of
The investgranules into which the fibrils run, diverging as they approach it.
ing capsules are from thirty to sixty in number, the outer being more separated
from each other, as if by a clear fluid, while the inner are closely applied toSchultze calls attention to the striking resemblance in all essential
gether,
particulars between these corpuscles and Krause's end-bulb above described.^
Fig. 54.

From the human subject, treated with acetic acid.
(Magnified 350 times.) A. Side view of a papilla of the
Land. a. Cortical layer. 6. Tactile corpuscle, with
c. Small nerve of the papilla, with
neurilemma, d. Its two nervous fibres running with
spiral coils around the tactile corpuscle, e. Apparent
termination of one of these fibres. B. A tactile papilla
seen from above, so as to show its transverse section.
a. Cortical layer,
b. Nerve-fibre,
c. Outer layer of
the tactile body, with nuclei,
d. Clear interior sub-

transverse nuclei,

stance.

Pacinian corpuscle, with

its

system of cap-

and central cavity, a. Arterial twig,,
ending in capillaries, which form loops in
some of the intercapsular spaces, and one
sules

penetrates to the central capsule,

h.

The

fibrous tissue of the stalk ijrolonged from

the perineurium,

n.

Nerve- tube advancing

to the central capsule, there losing its white

substance, and stretching along the axis to

the opposite end, where

it

is

fixed

by a

tubercular enlargement.

In the special organs the nerves end in various ways,
perfectly known.

which hitherto are not

Hoyer and Cohnheim have described the nerves of the cornea

as terminating

in primitive fibrillje, which run between the cells forming the pavement epithelium, of that membrane, and end on its free surface.
This, however, is doubted
by Hulke,^ who has only succeeded in tracing them as far as the middle tier of
the epithelial cells. Schultze discovers in the olfactory mucous membrane, lying
between the cells of its epithelium, spindle-shaped cells, each possessing a central
and a peripheral process the central process being, according to him, continuous with a primitive fibril of the olfactory nerve, and the peripheral process
either ending on the free surface of the epithelium, as is the case in men, mam-

—

Handhuch,

^

Strieker's

^

Lectures on the Histology of the Eye, at the Royal College of Surgeons, June, 1869.

p.

123.
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some other animals, prolonged into a long stiff hair.
he has denominated " olfactory cells ;" and similar cells have been
described by Axel Key, Schwalbe, and Loven, in the papillae circumvallatse of
man, and the fungiform papillae of the frog (" taste-cells "). The fibres also of
the optic nerve have, according to Schultze, a similar connection with the cells
(" sight-cells") of the retina
and cells somewhat similar, and connected with processes tliat pass through the epithelium, are to be found on the nerve-fibrils of
mals, and fishes, or, as in

These

cells

;

the auditory nerve, in the membranous labyrinth (" hearing-cells '').
The termination of the nerves in the hair-bulbs is probably to be found in the
papilla? at their root, as is also the case in the teeth.
In glands, the nerves,
according to Pfluger, are connected with the caecal commencements of the glandat least he has described this arrangement in the salivary glands, and
tubes
thus he is led to regard the nuclei of these cascal pouches as the terminations of
the nerves.
Motor nerves are to be traced either into unstriped or striped fibres.
In the unstriped fibres it appears, from the researches of Beale, Frankenhauser,
and Juliu.s Arnold, that the ultimate fibrils of the nerves form plexuses, at the
junctions of whose branches small nuclear bodies are situated.
These nuclei
are regarded by Arnold as the real terminations of the nerves for although he
agrees with Frankenhauser in stating that the nervous filaments penetrate the
muscular fibres, and enter into relation with the granular contents of the nuclei,
he traces the filaments back again from that point to the nuclei situated at the
junctions of the nervous plexuses, in the connective tissue of the muscular

—

;

fibres.

In the voluntary muscles, Beale and Kolliker have described the nerve-fibres
plexiform arrangement, or (according to the latter
author) sometimes in free ends between the muscular fibres external to the saras terminating either in a

!Sg!EKrjn!,iy|!:ji'^^

gES'Tm?'ff!f;iTTT?CTr'frrrri!;l

Muscular
S

"i&i

fibres of Lacerta viridis

with the terminations of nerves,

a.

Seen in

profile.

P

P.

The nerve-end

plates.

The base

of the plate, consisting of a granular mass with nuclei. 6. The same as seen in looking at a perfectly fresh
the nervous ends being probably still excitable. (The forms of the variously divided plate can hardly be represented in a woodcut by sufficiently delicate and pale contours to reproduce correctly what is seen in nature.) c. The
S.

fibre,

same

as seen

two hours after death from poisoning by curare.

colemma.

Lately another method

of termination, which had been formerly

described, has received the support of numerous eminent authorities, viz., the
" motorial end-plates " of Klihne, or " nerve-hillocks " (nerve-tufts) of Doyere

The latter author has described, more than thirty years ago, a connection
between the nervous and muscular fibres in some of the lower animals, consisting
in an elevation at the point of junction of the two, where the sarcolemma of the
muscular fibre became blended with the tubular membrane of the nerve. This
has been since so far confirmed by subsequent researches that it seems well to
figure, from the most recent author, Kiihnej what he supposes to be the termina-

—
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The following is Kiihne's
tion of all motor nerves of voluntary muscles.
description of the method of connection
" In all striped muscles, the nerves terminate below the sarcolemma,
the
The white substance
tubular membrane bemg blended with the sarcolemma.
accompanies the axis-cylinder as far as this point. The ending of the axiscylinder always represents an expansion with a considerably increased surface,
and this is constantly formed by its branching out on a flat plate. This nerveend plate is sometimes more like a membrane, at others like a system of fibres.
In most cases the plate rests upon a base of granules and finely granular protoplasui
in other cases there is no such support, and the nerve-plates then possess
:

—

;

Fig. 57.

Terniinations of motor nerves, according to Beale.

1.

Nerve-tuft on the sarcolemma of a muscular fibre; chameleon.
2. Nerve-fibres distributed to elementary muscular fibres;

Nerve-fibres are seen passing om< o/ as well as into the tuft.

chameleon, X 3000, and reduced half. This is a very simple form of "nerve-tuft," clearly external to the sarcolemum.
The intimate structure of a very simple "nerve-tuft" on a muscular fibre of the chameleon. It will be observed that
the nerve-fibres are continuous throughout, and that the whole is on the surface of the sarcolemma, X 3000. This " nervetuft" is, as it were, but a compound network.

3.

The ends

of the nerves never penetrate the intenor does the plate ever embrace the whole circumference of the cylinder. Short muscular fibres generally have only one
nerve-end, while longer fibres have several."
It is right, however, to state that the most eminent English authority on this
subject entirely denies the description above given, and explains the appearances,
In a very interesting paper
figured by Kiihne and others, in a different manner.
by Dr. Beale, published in 1867,^ he endeavors to show that the nerve- hillocks

the so-called nerve-end bulbs.

rior of the contractile cylinder,

1

On Anatomical

Controversy.

Beale's Archives,

iv.,

161.
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of Doyere are merely accidental elevations produced by the sarcolemma being
drawn up in a cone, as the nerve which is attached to it is stretched by the
manipulation of the observer; and with reference to the end-plates of Klihne,
he asserts that, by his own method of examination, he is able to follow the
nerve-fibrils much beyond the point at which that author describes them as terminating. The appearance of their penetrating the sarcolemma he regards as an
optical illusion, and the nuclei shown in the above figures are, according to him,
situated outside of the muscular fibres on the point of junction of the fibrils which
form the intricate and extensive plexus in which the nerves terminate, so that the
nerves nowhere terminate in free ends, nor at any definite part of the fibre but,
on the contrary, surround every point of the latter with a very close interlacement.
B}^ the kindness of Dr. Beale we are enabled to reproduce some of the figures
representing preparations which he exhibited to the British Medical Association,
at Oxford, in 1868, in illustration of this view.
;

THE YASCULAE SYSTEM.
The Vascular System, exclusive of

its

central orj

— the Arteries, Capillaries,
Lymphatics — the minute structure of

jan,

the Heart,

is

divided

into four classes of vessels

Veins, and

Fig. 58.

now proceed

briefly to describe, rewhich we
ferring the reader to the body of the work for all
that is necessary in the details of their ordinary
will

anatomy.

—

The arteries are comStructure of Arteries.
posed of three coats internal serous or epithelial
coat {tunica intima of Kiilliker), middle fibrous or
circular coat, and external cellular coat, or tunica

—

adventitia.

The two inner coats together are very easily separated from the external, as by the ordinary operation of tying a ligature on the artery.
If a fine
string be tied forcibly upon an artery, either before
or after death, and then taken ofi:', the external coat
will be found uninjured, but the internal coats are
divided in the track of the ligature, and can easily
be further dissected from the outer coat. The inner
coat can be separated from the middle by a little
maceration.
The inner coat consists of 1.
layer of pavement-epithelium, the cells of which are polygonal,
oval, or fusiform, and have very distinct nuclei.
This epithelium or endothelium, as it is now
more commonly called is brought into view most
distinctly by staining with nitrate of silver.
2.
layer of branched connective-tissue cells. 3.
layer
of longitudinal elastic fibres, in which, under the
microscope, small elongated apertures are seen, and
which was therefore called by Henle the fenestrated

—

—

A

—

A

A

membrane.
reticulations
is

This
:

laj^er is

it is

distended; but

and transverse

perfectly

marked with numerous
smooth when the artery

when empty, presents longitudinal
The fenestrated membrane

folds.

can often be separated into more than one layer.
In arteries of less than a line in diameter, the
internal coat consists of these three layers, as above
described
bnt in middle-sized arteries the single
layer of cells is replaced by longitudinal bundles of
6
;

Transverse section through a small
artery and vein of the mucous mem-

brane of the epiglottis of a child. (Magnified about 350 diameters.) (Klein and
Noble Smith.) A. Artery showing the
nucleated endothelium, e. which lines it
the vessel being contracted, the endothelial cells appear very thick. Underneath the endothelium is the wavy elastic
intima.

The

the vessel

is

chief part of the wall of
occupied by the circular

m

the stafF-shaped nuclei
muscle-coat,
of tlie muscle-cells are well seen. Outside this is a, part of the adventitia.
This is composed of bundles of connective-tissue fibres, shown in section, with
the nuclei of the connective-tissue corpuscles. The adventitia gradually merges
:

into the surrounding connective tissue.
Vein showing a thin endothelial

V.

membrane,

e,

raised accidentally

from

the intima, which on account of its delicacy is seen as a mere line on the media,
m. This latter is composed of a few
circular nnstriped muscle-cells, a. Tho
adventitia, similar in structure to that
of an artery.
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connective tissue, and between tliem branclied connective-tissue corpuscles, the
In the largest arteries the
processes of whicli communicate with each other.
inner coat is usually much thickened, especially in the aorta and consists of
a homogeneous substance, occasionally striated or fibrillated, traversed by longitudinal elastic networks, which are very fine in the lamellae immediately beneath
The internal
thc' epithelium, but increase in thickness from within outwards.
and middle coats are separated by either a dense elastic reticulated coat, or a
;

true fenestrated membrane.
The middle coat is distinguished from the inner by its color, and by the transverse arrangement of its fibres, in contradistinction to the longitudinal direction
of those of the inner coat. In the largest arteries this coat is of great thickness,
of a yellow color, and highly elastic; it diminishes in thickness and becomes
redder in color as the arteries become smaller becomes very thin, and finally
disappears.
In small arteries this coat is purely muscular, consisting of muscular fibre-cells (Fig. 88), united to form lamella, which vary in number according
the very small arteries having only a single layer, and
to the size of the artery
;

—

-/-

An

artery from the mesentery of a child,

and

and magnified
Nuclei of the contractile fibre-cells of the tunica media, seen
partly from the surface, partly apparent in transverse section, y. Nuclei of the epithelial cells. S. Elastic longitudinal
350 times,

a.

.062"',

Tunica adventitia, with elongated

6,

nuclei.

vein, .067'" in diameter, treated with acetic acid,
jS.

fibrous coat.

those not larger than one-tenth of a line in diameter, three or four layers. In
arteries of medium size, this coat becomes thicker in proportion to the size of
the vessel; its layers of muscular tissue are more numerous, and interniixed with
numerous fine elastic fibres, which unite to form broad-meshed networks. In the
larger vessels, as the femoral, superior mesenteric, coeliac axis, external iliac,
brachial, and popliteal arteries, the elastic fibres unite to form lamellas, which
alternate with the layers of muscular fibre.
In the largest arteries the muscular
tissue is only slightly developed, and forms about one-third or one-fourth of the
whole substance of the middle coat this is especially the case in the aorta and
trunk of the pulmonary artery, in which the individual cells of the muscular
layer are imperfectly formed while in the carotid, axillary, iliac, and subclavian
arteries, the muscular tissue of the middle coat is more developed.
The elastic
lamellse are well marked, may amount to fifty or sixty in number, and alternate
regularly with the layers of muscular fibre. They are most distinct, and arranged
with great regularity, in the abdominal aorta, innominate artery, and common
;

;

carotid.

The external

coat consists mainly of connective tissue, and contains elastic
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but tbe smallest arteries. In the largest vessels the external coat is
but in small arteries it is as thick, or thicker, than the middle
relatively tliin
In arteries of the medium size, and above it, the external coat is formed
coat.
of two layers, the outer of which consists of connective tissue, containing an

fibres in all

;

irregular elastic network, while the inner is composed of elastic tissue only. The
inner elastic layer is very distinct in the carotid, femoral, brachial, profunda,
mesenteric and coeliac axis, the elastic fibres being often arranged in lamelhe. In
the smaller arteries, the former layer of mixed connective tissue and elastic fibres
composes the whole of the external tunic while in the smallest arteries, just
above the capillaries, the elastic fibres are wanting, and the connective tissue of
Avhich the coat is composed becomes more homogeneous the nearer it approaches
the capillaries, and is gradually reduced to a thin membranous envelope, which
finally disappears.
Some arteries have extremely thin coats in proportion to their size this is
especially the case in those situated in the cavity of the cranium and spinal
canal, the difference depending on the greater thinness of the external and middle
;

;

coats.

throughout the body, are included in a thm
which forms what is called their sheath. In the limbs,
this is usually formed by a prolongation of the deep fascia
in the upper part of
the thigh it consists of a continuation downwards of the transversalis and iliac

The

arteries, in their distribution

libro-areolar investment,

;

abdomen in the
The included vessel is

neck, of a prolongation of the deep cervical
loosely connected with its sheath by a delicate
areolar tissue; and the sheath usually incloses the accompanying veins, and sometimes a nerve. Some arteries, as those in the cranium, are not included in
sheaths.
All the larger arteries are supplied with blood-vessels like the other organs of
the body
they are called vasa vasorum. These nutrient vessels arise from a
branch of the artery or from a neighboring vessel, at some considerable distance
from the point at which they are distributed they ramify in the loose areolar
tissue connecting the artery with its sheath, and are distributed to the external
and middle coats, and, according to Arnold and others, supply the internal coat.
Minute veins serve to return the blood from these vessels they empty themselves into the ven« comites in connection with the artery.
Arteries are also provided with nerves, which are derived chiefly from the
sympathetic, but partly from the cerebro-spinal system. They form intricate
plexuses upon the surfaces of the larger trunks, the smaller branches being
usually accompanied by single filaments.
Microscopists are not absolutely agreed
as to the mode of termination of the vascular (or vaso-motor) nerves.
Frey,
following Arnold, has figured an intricate plexus of simple fibres ramifying
among the muscular fibre cells of an artery in the frog, and Dr. Beale has described
minute ganglia seated on the ultimate fibres. According to Kolliker, the majority
of the arteries of the brain and spinal cord, those of the choroid and of the
placenta, as well as many arteries of muscles, glands, and membranes, are unprovided Avith nerves.
The Capillaries. The smaller arterial branches (excepting those of the cavernous structures of the sexual organs, of the spleen, and in the uterine placenta)
terminate in a network of vessels which pervade nearly every tissue of the body.
These vessels, from their minute size, are termed capillaries (capillus, " a hair ").
They are interposed between the smallest branches of the arteries and the commencing veins, constituting a network, the branches of which maintain the same
diameter throughout, the meshes of the network being more uniform in shape
and size than those formed by the anastomoses of the small arteries and veins.
The diameter of the capillaries varies in the different tissues of the body, their
usual size being about 3-0V0 of ^'^ inch.
The smallest are those of the brain and
the mucous membrane of the intestines the largest, those of the skin and the
marrow of bones, where they are stated to be as large as T2V0 of ^^ inch.
fascic"e

fascia.

of the

;

;

;

;

—

;
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^YiQ form of the capillary net varies in the different tissues, the meshes being
The rounded form, of mesh is most common,
generally rounded or elongated.
and prevails where there is a dense network, as in the lungs, in most glands and
mucous membranes, and in the cutis here the meshes are more or less angular, sometimes nearly quadrangular, or polygonal more frequently, irregular. Elongated
meshes are observed in the bundles of fibres and tubes composing muscles and
nerves, the meshes being usually of a parallelogram form, the long axis of the
mesh running parallel with the long axis of the nerve or fibre. Sometimes the
capillaries have a looped arrangement, a single vessel projecting from the common
network, and returning after forming one or more loops, as in the papillae of the
;

;

tongue and skin.

The number of the capillaries, and the size of the meshes, determine the degree
of vascularity of a part. The closest network, and the smallest interspaces, are
found in the lungs and in the choroid coat of the eye. In the liver and lung the
interspaces are smaller than the. capillary vessels themselves.
In the kidney, in
Fig. 60.

Finest vessels on the arterial side. From the human brain. (Magnified
1. Smallest artery.
2. Transition vessel.
3. Coarser capil-

Capillaries from the mesentery of
a guinea-pig, after treatment with

300 times.)

solution of nitrate of silver,

laries.

b.

Their nuclei.

a. Cells.

Finer

membrane

still with some
Nuclei of the muscular fibre-cells, c. Nuclei within the small artery, perhaps appertaining
to an epithelium, d. Nuclei in the transition vessels.
4.

capillaries,

a.

Structureless

nuclei, representative of the tunica adventitia.

6.

the conjunctiva, and in the cutis the interspaces are from three to four times as
large as the capillaries which form them and in the brain from eight to ten
times as large as the capillaries in their long diameter, and from four to six times
as large in their transverse diameter.
In the cellular coat of the arteries the
width of the meshes is ten times that of the capillary vessels. As a general rule,
the more active the function of an organ is, the closer is its capillar}^ net, and
the larger its supply of blood, the network being very narrow in all growing
parts, in the glands, and in the mucous membranes
wider in bones and ligaments,
which are comparatively inactive and nearly altogether absent in tendons and
cartilages, in which very little organic change occurs after their formation.
Structure.
The walls of the capillaries consist of a fine, transparent epithelial
;

;

;

—
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composed of cells joined edge to edge by an interstitial cement-substance,
and continuous witli the endothelial cells which line the arteries and veins.
When stained with nitrate of silver, the edges wliich bound the epithelial cells
These cells are of large size, and of an irregular
are brought into view (Fig. 60).
polygonal or fusiform shape, each containing an oval nucleus, which may be
brought into view by carmine or logwood. Between their edges, at variou.s points
of their meeting, roundish dark spots are sometimes seen, which have been
described as stomata, and have been believed to be the mechanism by which fluid
transudes from and possibly into the vessel. But this view, though probable, is

layer,

not universally accepted.

In many situations a delicate sheath or envelope of fine connective tissue is
found around the simple capillary tube, particularly in the larger ones and in
other places, especially in the glands, the capillaries are invested with retiform
lymphatic tissue.
In the largest capillaries (which ought perhaps to be described rather as the
smallest arteries) traces of an epithelial lining and of circular transverse fibres
are to be seen.
;

—

—

Veins are composed of three coats internal, middle, and external as the
and these coats are, with the necessary modifications, analogous to
the coats of the arteries the internal being the epithelial, the middle the fibrous,
and the external the connective or areolar. The main difi'erence between the
veins and the arteries is in the comparative weakness of the middle coat of the
former and to this it is due that the veins do not .stand open when divided, as the
and that they are passive rather than active organs of the circulation.
arteries do
In the veins immediately above the capillaries the three coats are hardly to be
The epithelium is supported on an outer membrane, separable
distinguished.
into two layers, the outer of which is the thicker, and consists of a delicate nucleated
membrane (adventitia), while the inner is composed of a network of longitudinal
In the veins next above these in size (one-fifth of a line,
elastic fibres (intima).
according to KoUiker) a muscular layer and a layer of circular fibres can be
traced, forming the middle coat, while the elastic and connective elements of the
outer coat become more distinctly perceptible.
In the middle-sized veins the typical structure of these vessels becomes clear.
The epithelium is of the same character as in the arteries, but its cells are more
oval, less fusiform.
It is supported by a connective-tissue layer, consisting of a
delicate network of branched cells, and external to this is a layer of elastic
This constitutes the internal coat. The middle coat is composed
fibrous tissue.
of a thick inner layer of connective tissue with elastic fibres, having intermixed
in some veins a transverse layer of muscular fibres
and an outer layer consisting of longitudinal elastic lamellae, varying from five to ten in number, alternating with layers of transverse muscular fibres and connective tissue, which
resembles somewhat in structure the middle coat of large arteries. The o-uter
coat is similar in all essential respects to that of the arteries.
In the large veins,
as in the commencement of the vena portaa, in the upper part of the abdominal
portion of the inferior vena cava, and in the large hepatic trunks within the liver,
the middle coat is thick, and its structure similar to that of the middle coat in
medium -sized veins but its muscular tissue is scanty, and the longitudinal
elastic network less distinctly lamellated.
The muscular tissue of this coat is
best marked in the splenic and portal veins it is absent in certain parts of the
vena cava below the liver, and wanting in the subclavian vein and terminal
parts of the two cav«.
In the largest veins the outer coat is from two to five times thicker than the
middle coat, and contains a larger number of longitudinal muscular fibres. This
is most distinct in the hepatic part of the inferior vena cava, and at the termination of this vein in the heart
in the trunks of the hepatic veins in all the
large trunks of the vena porta? in the splenic, superior mesenteric, external
arteries are

;

—

;

;

;

;

;

;

;

;
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and azygos veins. "Where the middle coat is absent, this muscular
In the renal and portal veins it extends
layer extends as far as the inner coat.
through the whole thickness of the outer coat but in the other veins mentioned a layer of connective and elastic tissues is found external to the muscular
All the large veins which open into the heart are covered for a short
fibres.
distance with a layer of striped muscular tissue continued on to them from the
iliac, renal,

;

heart.

—

1. Of the maternal part of the
is wanting in the veins
In most of the cerebral veins and sinuses of the dura mater. 3,
In the veins of the retina. 4. In the veins of the cancellous tissue of bones,
The veins of the above5. In the venous spaces of the corpora cavernosa.
mentioned parts consist of an internal epithelial lining, supported on one or

Muscular

placenta.

tissue

2.

more layers of areolar tissue.
Most veins are provided with valves, which serve to prevent the reflux of the
blood.
They are formed by a reduplication of the inner and part of the middle
and consist of connective tissue and elastic fibres covered on both surfaces
their form is semilunar.
They are attached by their convex
edge to the wall of the vein the concave margin is free, directed in the course
of the venous current, and lies in close apposition with the wall of the vein as
long as the current of blood takes its natural course if, however, any regurgitation takes place, the valves become distended, their opposed edges are brought
into contact, and the current is intercepted.
Most commonly two such valves
are found placed opposite one another, more especially in the smaller veins, or in
the larger trunks at the point .where they are joined by small branches; occasionally there are three, and sometimes only one.
The wall of the vein immediately above the point of attachment of each segment of the valve is expanded
into a pouch or sinus, which gives to the vessel, when injected or distended with
blood, a knotted appearance.
The valves are very numerous in the veins of the
extremities, especially of the lower extremities, these vessels having to conduct
the blood against the force of gravity.
They are absent in the very small veins,
also in the vense cavae, the hepatic vein, portal vein and its branches, the renal,
uterine, and ovarian veins.
few valves are found in the spermatic veins, and
one also at their point of junction with the renal vein and inferior cava in both
sexes.
The cerebral and spinal veins, the veins of the cancellated tissue of
bone, the pulmonary veins, and the umbilical vein and its branches, are also
destitute of valves.
They are occasionally found, few in number, in the vense
azygos and intercostal veins.
The veins are supplied with nutrient vessels, vasa vasorum^ like the arteries.
Nerves also are distributed to them in the same manner as to the arteries, but in
much less abundance.
coat,

by epithelium

;

;

;

A

The lymphatic vessels, like arteries and veins, are composed of three coats.
The internal is an epithelial and elastic coat. It is thin, transparent, slightly
and ruptures sooner than the other coats. It is composed of a layer of
elongated epithelial cells, supported on a simple network of elastic fibres. The
middle coat is composed of smooth muscular and fine elastic fibres, disposed in a
transverse direction.
The external, or areolar-fibrous coat, consists of filaments
of areolar tissue, intermixed with smooth muscular fibres, longitudinally or
obliquely disposed. It forms a protective covering to the other coats, and serves
to connect the vessel with the neighboring structures.
The thoracic duct (Fig.
62) is a somewhat more complex structure than the other lymphatics it presents a distinct sub-epithelial layer of branched corpuscles similar to that found
in the arteries, and in the middle coat is a layer of connective tissue, with its
fibres arranged longitudinally.
The lymphatics are supplied by nutrient vessels, which are distributed to their
outer and middle coats but no nerves have at present been traced into them.
The lymphatics are very generally provided with valves, which assist
elastic,

;

;
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These valves are
materially in effecting tlie circulation of the fluid tliey contain.
formed of a thin layer of fibrous tissue, lined on both surfaces with scaly epitheThe form is semilunar; they are attached by their convex edge to the'
lium.
sides of the vessel, the concave edge being free,
^^'
and directed along the course of the contained curUsually, two such valves, of equal size, are
rent.
found opposite one another but occasionally exceptions occur, especially at or near the anastomoses
Thus one valve may be of
of lymphatic vessels.
very rudimentary size, and the other increased in
proportion.
In other cases the semilunar flaps
have been found directed transversely across the
;

vessel, instead of obliquely, so

circulation in
pletely arrest

impede the
but not to com-

as to

both directions,

Transverse section through the coats
man. (Magnitied
30 times.) a. Epithelium, striated laraellse,
and inner elastic coat. b. Longitudinal
connective tissue of the middle coat. c.
Transverse muscles of the same. d. Tunica adventitia, with e, the longitudinal

of the thoracic duct of

in either
or the semilunar flaps,
taking the same direction, have been found
united on one side, so as to form, by their union,
muscular fibres.
a transverse septum, having a partial transverse
slit
and sometimes the flap is constituted of a circular fold, attached to the
entire circumference of the vessel, and having in its centre a circular or elliptical
aperture, like the ileo-cascal valve.
The valves in the lymphatic vessels are placed at much shorter intervals than
it

;

;

Fig. 63.

1. Epithelium from the under surface of the
centrum lendineum of the rabbit,
a. Pores.
2.
Epithelium of the mediastinum of the dog. a.

Pores.

animal.
of

the

3.

Section through the pleura of the same

Free orifices of short lateral passages
lymph-canals (copied from Ludwig,

6.

Schweigger-Seydel, and Dybkowsky.)

Fig. 64.

Section of small lymphatic gland, half diagrammatically given,
with the course of the lymph, a. The envelope, b. Septa between the follicles or alveoli of the cortical part. c. System of
septa of the medullary portion, down to the hilum. d. The follicles,
Lymph-tubes of the medullary mass. /. Different
e.
lymphatic streams which surround the follicles, and flow through
the interstices of the medullary portion, g. Confluence of these,
passing through the efferent vessel, h, at the hilum.

They are most numerous near the lymphatic glands, and they are
found more frequ.ently in the lymphatics of the neck and upper extremity than
in the lower.
The wall of the lymphatics, immediately above the point of
attachment of each segment of a valve, is expanded into a pouch or sinus, which

in the veins.

—
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gives to tliese vessels, wlien distended, the knotted or beaded appearance which
they present. Valves are wanting in the vessels composing tlie plexiform network in which the lymphatics usually originate on the snrface of the body.
The finest visible lymphatic vessels form a plexiform network in the subcutaneous and submucous tissues, and this is properly regarded as one method of their
commencement. But the lymphatics have also other modes of origin, for the
intestinal lacteals commence by closed extremities (Fig. 472, p. 801), and it seems
now to be conclusively proved that the serous membranes present stomata^ or
openings between the epithelial cells (Fig. 63), by which there is an open communication with the lymphatic system, and through which the lymph is thought
to be pumped by the alternate dilatation and contraction of the serous surface,
due to the movements of respiration and circulation.^ Von Recklingshausen was
the first to observe the passage of milk and other colored fluids through these
stomata on the peritoneal surface of the central tendon of the diaphragm.^
Again, the lymphoid or retiform tissue which is found in various organs, and
some, as in the spleen, surrounds the minute blood-vessels with a kind of
sheath, forms another and very extensive mode of origin of lymphatics, whether
the meshes of this retiform tissue pass directly into the minute lymphatic plexus,
or whether the latter is regarded as closed, so that the fluid in the retiform tissue
has to pass by osmosis into the lymphatic vessel, which certainly seems to be the
As the retiform tissue is also in very similar relation
case in the intestinal villi.
to the terminal capillaries, there is here a free method of communication between
the blood-vessels and lymphatics, though the direct continuity of their tubes by
vascular anastomosis can nowhere be proved to exist, as far as has been shown at
present.
The lymph- sinuses or lymph-paths of the lymphatic glands may be
regarded as another mode of origin of lymphatics, or as a modification of the
above-mentioned origin in retiform tissue.
Closely corresponding to, or identical with, this retiform tissue is the system of
interfascicular spaces in the connective tissue, with the branched corpuscles lying in
those spaces and Klein has described and figured a direct communication between
these spaces and the lymphatic vessels (" Atlas of Histology," pi. viii.. Fig. xiv.)
There is no satisfactory evidence to prove that any natural communication
exists between the lymphatics of glandular organs and the ducts of those organs.

m

;

Liymphatic glands are small oval or bean-shaped bodies, which generally present
on one side a slight depression, the hilum^ through which the blood-vessels enter
and leave the interior.
The efferent lymphatic vessel also emerges from
the gland at this spot, while the afferent vessels enter the organ at different
parts of the periplieiy.
On section, a lymphatic gland displays two different
structures: an external, of lighter color
the cortical; and an internal, darker
the medullary
The cortical structure does not form a complete investment,
but is deficient at the hilum, where the medullary portion reaches the surface of
the gland; so that the efferent vessel is derived directly from the medullary
structure, while the afferent vessels empty themselves into the cortical substance.
Lymphatic glands consist of (1) a fibrous envelope, or capsule^ from which a
framework of processes {traheculse) proceed inwards, dividing the gland into open
spaces (alveoli)^ freely communicating with each other (2) a large quantity of
retiform connective tissue occupying these spaces (3) a free supply of bloodvessels, which are supported on the trabeculse
and (4) the afferent and efferent
lymphatics.
Little is known of the nerves, though Kolliker describes some fine
nervous filaments passing into the hilum.
The capsule is composed of a layer of connective tissue, and from its internal
surface are given off a number of membranous septa, which pass inwards towards

—

.

;

;

;

^

in a
^

led Hewson long ago to regard the serous cavities
These recent microscopic discoveries confirm this opinion

The resemblance between lymph and serum

as sacs into which the lymphatics open.

very mteresting manner.
fuller account see Klein, "

For a

Anatomy

of the

Lymphatic System," Atlas of Histology.
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the centre of the gland, and divide the outer part of its interior into a number
of oval compartments, or alveoli (Fig. 64).
This is the cortical portion of the
After having penetrated into the gland for some distance, these septa
gland.
break up into a number of trabeculse, which anastomose to interlace with each
Fig. 65.

From

from a lymphatic gland of the dog, in vertical section.

Follicle

more external portion, 6,
of the more internal, and c, of the most external and most finely
webbed part on the surface of the follicle, d. Origin of a large lymphtube, e. Of a smaller one. /. Capsule, g. Septa, h. Vas afferens.
i. Investing space of the follicle, with its retinacula.
h. One of the
divisions of the septa. 1 1. Attachment of the lymph-tubes to the septa.
a.

Fig. 66.

Reticular sustentacular substance of the

the medullary substance of an in-

guinal gland of the ox (after His),

a.

Lymph-

tube, with its complicated system of vessels.
6.

Retinacula stretched between the tube and
Portion of another lymphc.

the septa,
tube,

d.

Septa.

other in all directions, forming in the central part of the gland a number of
intercommunicating spaces, also called alveoli. This is the medullary portion of
the gland, and the spaces or alveoli in it not only freely communicate with each
other, but also with the alveoli of the cortical portion.
In these alveoli or spaces

Fig. 67.

the
proper
contained
gland-substance or lymphoid
tissue.
The gland-pulp does
is

not,
fill

however,
the

completely

alveolar

spaces,

but leaves between its outer
margin and the trabeculse
forming the alveoli a channel
or space of nearly uniform
width throughout. This is
termed the lymph-path or

Running across
number of trabeculse

lymph-sinus.
it

are a

of retiform connective tissue,
which appear to serve the
in
Section of lymphatic gland tissue, a, Trabeculse. h. Small artery
purpose of maintaining the
substance of same. c. Lymph-paths, d. Lymph-corpuscles, e. Capillary
plexus.
gland-pulp in the centre of
the space in its proper position.
On account of the peculiar
arrangement of the frame-work of the organ,
^_
the gland-pulp in the cortical portion is disposed in the form of nodules, and in
the medullary part in the form of rounded cords. It consists of ordinary lymphoid
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tissue,

being made up of a delicate reticulum of retiform tissue, the meslies of
packed with lymph-corpuscles, and traversed by a plexus of

wliicii are closely

capillary blood-vessels.

The afferent vessels^ as above stated, enter at all parts of the periphery of the
gland, and after branching and forming a dense plexus in the substance of the
In doing this they lose
capsule, open into the lymph-sinuses of the cortical part.
all their coats except their endothelial lining, which is continuous with a layer
of epithelial cells lining the lymph-paths. In like manner the efferent vessel
commences from the lymph-sinuses of the medullary portion. The stream of
lymph carried to the gland by the efferent vessel w^ould thus pass through the
plexus in the capsule to the lymph-paths of the cortical portion, where it would
be exposed to the action of the gland-pulp flowing through these it would enter
the paths or sinuses of the medullary portion, and finally emerge from the hilum
by means of the efferent vessel. The arteries of the gland enter at the hilum,
and either pass at once to the gland-pulp, to break up into a capillary plexus, or
else run along the trabeculse, partly to supply them, and partly running across
the lymph-paths, to assist in forming the capillary plexus of the gland-pulp.
From this plexus the veins commence, and emerge from the organ at the same
place as that at which the artery enters.
;

THE SKIN AND

ITS APPENDAGES.

The Skin is the principal seat of the sense of touch, and may be regarded as
a covering for the protection of the deeper tissues it is also an important excretory and absorbing organ.
It consists of two layers, the derma or cutis vera, and
the epidermis or cuticle. On the surface of the former layer are the sensitive
papilla)
and within, or embedded beneath it, are the sweat-glands, hair-follicles,
and sebaceous glands.
The derma, or true skin, is tough, flexible, and highly elastic, in order to defend
the internal parts from violence. It consists of fibro-areolar tissue, intermixed
with numerous blood-vessels, lymphatics, and nerves. The fibro-areolar tissue
forms the framework of the cutis, and is differently arranged in different parts,
so that it is usual to describe it as consisting of two layers the deeper layer or
corium, and the superficial or papillary layer.
The corium consists of strong interlacing fibrous bands, composed chiefly of the
white variety of fibrous tissue but containing, also, some fibres of the yellow
elastic tissue, which vary in amount in difl:erent parts.
Towards the attached
surface the fasciculi are large and coarse, and the areolse which are left by their
interlacement are large, and occupied by adipose tissue and the sweat-glands.
This element of the skin becomes gradually blended with the subcutaneous
areolar tissue.
Towards the free surface the fasciculi are much finer, and their
;

;

;

;

mode of interlacing close and intricate.
The corium varies in thickness, from

a quarter of a line to a line and a half,
in difierent parts of the body.
Thus, it is thicker in the regions exposed to
pressure, as the palm of the hand and sole of the foot thicker on the posterior
aspect of the body than the front and on the outer than the inner side of the
limbs.
In the eyelids, scrotum, and penis it is exceedingly thin and delicate.
The skin generally is thicker in the male than in the female, and in the adult
than in the child.
The areolae are occupied by adipose tissue, hair-follicles, and the sudoriferous
and sebaceous glands they are the channels by which the vessels and nerves are
distributed to the more superficial strata of the corium, and to the papillary layer.
Unstriped muscular fibres are found in the superficial layers of the corium,
wherever hairs are found and in the subcutaneous areolar tissue of the scrotum,
penis, peringeum, and areolae of the nipples.
In the latter situations the fibres
are arranged in bands, closely reticulated, and disposed in superimposed laminge.
;

;

;

;

-
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The papillary layer is situated upon the free surface of the corium it consists
of numerous small, highly sensitive, and vascular eminences, the papillas, which
rise perpendicularly from its surface, and form the essential element of the organ
The papillas are conical-shaped eminences, having a round or blunted
of touch.
extremity, occasionally divided into two or more parts, and connected by their
Their average length is about y-g-^
base with the free surface of the corium.
of an inch, and they measure at their base about ^l^ of an inch in diameter.
On the general surface of the body, more especially in those parts which are
;

'

Fig. 68.

NutTlent A^t^nyu

A sectional view of

the skin (magniiied).

endowed- with slight sensibility, they are few in number, short, exceedingly
minute, and irregularly scattered over the surface but in other situations, as
upon the palmar surface of the hands and fingers, upon the plantar surface of the
feet and toes, and around the nipple, they are long, of large size, closely aggregated together, and arranged in parallel curved lines, forming the elevated ridges
seen on the free surface of the epidermis. In these ridges the larger papillee are
arranged in a double row, with smaller papill;© between them and these rows
are subdivided into small square-shaped masses by short transverse furrows,
regularly disposed, in the centre of each of which is the minute orifice of the
duct of a sweat-gland.
No papillae exist in the grooves between the ridges. In
structure the papillae resemble the superficial layer of the cutis, consisting of
very small and closely interlacing bundles of fibro-areolar tissue. The smaller
papillge contain a single capillary loop
but in the larger the vessels are convoluted to a greater or less degree each papilla also contains one or more nerve
fibres, but the mode in which these terminate is uncertain.
In those parts in
which the sense of touch is highly developed, as in the lips and palm of the
;

;

;

;
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hand, the nerve-fibres are connected with the " tactile corpuscles." KoUiker considers that the central part of the papillas generally consists of a connective
tissue more homogeneous than that of the outer part, surrounded by a sort of
sheath of elastic fibres, and he believes that these corpuscles are merely a variety
The corpuscles, and their connection with the nerves, have
of this structure.
bee a described above (p. 77).
Fig. 69.

Slicroscopic section of skin

The

showing the epidermis and dei ma a hair in
and sudoriferous glands.

its follicle

the erector

pili

muscle

:

sebaceous

an epithelial structure, accurately
It forms a defensive covering to
the surface of the true skin, and limits the evaporation of watery vapor from
It varies in thickness in different parts.
Where it is exposed
its free surface.
to pressure and the influence of the atmosphere, as upon the palms of the hands
and soles of the feet, it is thick, hard, and horny in texture whilst that which
lies in contact with the rest of the body is soft and cellular in structure.
The
deeper and softer layers have been called the rete mucosum^ the term rete being
used from the deepest layer presenting, when isolated, numerous depressions,
or complete apertures, which have been occupied by the projecting papillse.
The free surface of the epidermis is marked by a network of linear furrows
of variable size, marking out the surface into a number of spaces of polygonal
or lozenge-shaped form. Some of these furrows are large, as opposite the flexures
of the joints, and correspond to the folds in the derma produced by their movements. In other situations, as upon the back of the hand, they are exceedingly
upon the palmar surface of
fine, and intersecet one another at various angles
the hand and fingers, and upon the sole of the foot, these lines are very distinct,
and are disposed in curves. They depend upon the large size and peculiar
arrangement of the papillaa upon which the epidermis is placed. The deep
surface of the epidermis is accurately moulded upon the papillary layer of the
derma, each papilla being invested by its epidermic sheath; so that when this
layer is removed by maceration, it presents on its under surface a number of pits
or depressions corresponding to the elevations in the papillse, as well as the ridges
left in the intervals between them.
Fine tubular prolongations are from this
layer continued into the ducts of the sudoriferous and sebaceous glands.
In
structure the epidermis consists of flattened cells, agglutinated together, and
having a laminated arrangement.
The deepest layers of cells, according to KoUiker, are of a columnar form, and
are arranged perpendicularly to the free surface of the derma, forming either a
single or a double, or even triple layer
the laminas succeeding these are composed
of cells of a more rounded form, the contents of which are soft, opaque, granular,
epidermis^ or cuticle (scarf-skin),

is

moulded on the papillary layers of the derma.

;

:

;
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and soluble in acetic acid. As these cells successively approach the surface by
the development of fresh layers from beneath, they assume a flattened form from,
the evaporation of their fluid contents, and finally form a transparent, dry,
membranous scale, lose their nuclei, and apparently become changed in their
chemical composition, as they are unaffected now by acetic acid. Klein describes
the epidermis as composed of four different strata (Fig. 70): First, the rete
Malpighii^ composed of several strata of epithelial cells, of which the deepest layers
are columnar, the rest polyhedral

;

second, granular layer

^

a single stratum of

[Fig. 70.

Vertical section of the skin of the

Malpighii.
figure

is

e.

Coils of sweat-glands.

thumb, a. Stratum corneum. 6. Stratum lucidum. c. Granular layer, d. Eete
Near the centre of the
/. Fat globules in the meshes of the connective tissue.

seen a nervous papilla.]

flattened spindle-shaped cells; third, stratum lucidum^ a homogeneous or dimly
striated membrane, composed of closely packed scales
and fourth, stratum
corneum^ consisting of many layers of horny epithelial scales. The deepest layer
of cells are separated from the papillae by an apparently homogeneous basement;

membrane, which is most distinctly brought into view in specimens prepared
with chloride of gold. This, according to Klein, is merely the deepest portion
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of the epithelium, and is " made up of the basis of the individual cells which
have undergone a chemical and morphological alteration." ^
The black color of the skin in the negro, and the tawny color among some of
the white races, is due to the presence of pigment in the cells of the cuticle.
This pigment is more especially distinct in the cells of the deeper layer, or rete
mucosum, and is similar to that found in the cells of the pigmentary layer of
the retina. As the cells approach the surface and desiccate, the color becomes
partially lost.

The arteries which supply the skin divide into numerous branches in the
subcutaneous tissue; they then pass through the areolae of the corium, and
divide into a dense capillary plexus, which supplies the sudoriferous and
sebaceous glands and the hair- follicles, terminating in the superficial layers of
the corium by forming a capillary network, from which numerous fine branches
ascend to the papillae.
The lymphatic vessels are arranged in a minute plexiform network in the
superficial layers of the corium, where they become interwoven with the capillary
and nervous plexuses they are especially abundant in the scrotum and around
the nipple. As above stated, they probably communicate with the interfascicular
channels of the connective tissue.
The nerves which supply the skin ascend with the vessels through the areolae
of the deep layers of the corium to the more superficial laj^ers, where they form
a minute plexiform mesh.
From this plexus the primitive nerve-fibres pass to
be distributed to the papillae. The nerves are most numerous in those parts
which are provided with the greatest sensibility.
The appendages of the skin are the nails, the hairs, the sudoriferous and
sebaceous glands, and their ducts.
The nails and hairs are peculiar modifications of the epidermis, consisting-^
;

same cellular structure as that membrane.
are flattened elastic structures of a horny texture, placed upon the
dorsal surface of the terminal phalanges of the fingers and toes.
Each nail is
convex on its outer surface, concave within, and is implanted by a portion called
the root into a groove of the skin; the exposed portion is called the hody^ and the
anterior extremity the free edge.
The nail has a very firm adhesion to the cutis,
being accurately moulded upon its surface, as the epidermis is in other parts.
The part of the cutis beneath the body and root of the nail is called the matrix^
because it is the part from which the nail is produced. Corresponding to the
body of the nail, the matrix is thick, and covered with large, highly vascular
papillae, arranged in longitudinal rows, the color of which is seen through the
transparent tissue.
Behind this, near the root of the nail, the papillae are small,
less vascular, and have no regular arrangement; hence the portion of the nail
corresponding to this part is of a whiter color, and called lunula^ from its form.
The cuticle, as it passes forwards on the dorsal surface of the finger, is attached
to the surface of the nail, a little in advance of its root at the extremity of
the finger it is connected with the under surface of the nail, a little behind its
free edge.
The cuticle and horny structure of the nail (both epidermic structures) are thus directly continuous with each other.
The nails, in structure,
consist of cells having a laminated arrangement, and these are essentially similar
to those composing the epidermis.
The deepest layer of cells, which lie in contact with the papillae at the root and under surface of the nail, are of elongated
form, arranged perpendicularly to the surface, and provided with nuclei; those
which succeed these are of a rounded or polygonal form, the more superficial
ones becoming broad, thin, and flattened, and so closely compacted together as
to make the limits of each cell very distinct.
It is by the successive growth of new cells at the root and under surface of the
body of the nail that it advances forward and maintains a due thickness, whilst^

essentially of the

The Nails

;

^

Atlas of Histology,

p. 311.
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same time, the growth of the nail in the proper direction is secured. As
these cells in their turn become displaced by the growth of ncAv cells, they assume
a flattened form, lose their nuclei, and finally become closely compacted together
In chemical composition the nails resemble the
into a firm, dense horny texture.
According to Mulder, they contain a somewhat larger proportion of
epidermis.
carbon and sulphur.
The Hairs are peculiar modifications of the epidermis, and consist essentially
They are foand on nearly every part
of the same structure as that membrane.
of the surface of the body, excepting the palms of the hands and soles of the
feet, and vary much in length, thickness, and color in different parts of the body
and in different races of mankind. In some parts they are so short as not to
in other parts, as upon the scalp,
project beyond the follicles containing them
they are of considerable length along the margin of the eyelids and upon the
hair consists of a root^ the part
face they are remarkable for their thickness.
implanted in the skin; the sliaft^ the portion projecting from its surface, and the
They generally present a cylindrical or more or less flattened form, and
point.
a reniform outline upon a transverse section.
The root of the hair presents at its extremity a bulbous enlargement, which is
whiter in color and softer in texture than the stem, and is lodged in a follicular
involution of the epidermis, called the hair-follicle.
When the hair is of considerable length, the follicle extends into the subcutaneous cellular tissue.
The
hair-follicle is bulbous at its deep extremity, like the hair which it contains, and
has opening into it, near its free extremity, the orifices of the ducts of one or
more sebaceous glands. In structure, the hair-follicle consists of two coats an
outer or dermic, and an inner or cuticular.
The outer coat is formed mainly of
areolar tissue it is continuous with the corium, is highly vascular, and supplied
by numerous minute nervous filaments. The inner or cuticular lining is continuous with the epidermis, and, at the bottom of the hair-follicle, with the root
of the hair this cuticular lining resembles the epidermis in the peculiar rounded
form and soft character of those cells which lie in contact with the outer coat
of the hair-follicle, and the thin, dr}^, and scaly character of those which lie near
the surface of the hair, to which they are closely adherent.
the hair is
plucked from its follicle, the cuticular lining most commonly adheres to it, and
forms what is called the root-sheath. At the bottom of each hair-follicle is a small
conical vascular eminence or papilla, similar in every respect to those found
upon the surface of the skin it is continuous Avith the dermic layer of the
at the

;

;

A

—

;

;

When

;

highly vascular, and probably supplied with nervous fibrils this is
the part through which material is supplied for the production and constant
growth of the hair. The root of the hair rests upon this conical-shaped eminence,
and is continuous with the cuticular lining of the follicle at this part. It consists
of a few thin bundles of fibrous connective tissue, with well-defined connectivetissue cells, capillary blood-vessels, and nerve-fibres. These cells gradually enlarge
as they are pushed upwards into the soft bulb, and some of them contain pigmentgranules, which either exist in separate cells, or are separate, or aggregated round
the nucleus it is these granules which give rise to the color of the hair.
It
occasionally happens that these pigment-granules completely fill the cells in the
centre of the bulb, which gives rise to the dark tract of pigment often found, of

follicle, is

;

;

greater or less length, in the axis of the hair.
The shaft of the hair consists of a central part or medulla, the fibrous part of
the hair, and the cortex externally.
The medulla occupies the centre of the shaft,
and ceases towards the point of the hair. It is usually wanting in the fine hairs
covering the surface of the body, and commonly in those of the head.
It is
more opaque and deeper colored than the fibrous part, and consists of cells containing pigment- or fat-granules.
The fibrous portion of the hair constitutes the
chief part of the stem
its cells are elongated, and unite to form flattened fusiform fibres. Between the fibres are found minute spaces which contain either
pigment -granules, in dark hair or minute air-bubbles, in white hair. In addition
;

;
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The cells which
is also a diffuse pigment contained in the fibres.
cortex of the hair consist of a single layer which surrounds those of
they are converted into thin flat scales, having an imbricated
the fibrous part
arrangement. Connected with the hair- follicles are minute bundles of involuntary
muscular fibre, termed the erectores pili. They arise from the superficial layer
of the corium, and are inserted into the outer surface of the hair-follicle, below
They are placed on the side
the entrance of the duct of the sebaceous gland.
towards which the hair slopes, and by their action elevate the hair (Fig. 69).
The Sehaceous Glands are small, sacculated, glandular organs, lodged in the
substance of the corium. They are found in most parts of the skin, but are most
abundant in the scalp and face they are also very numerous around the apertures
of the anus, nose, mouth, and external ear bat are wanting in the palms of the
hands and soles of the feet. Each gland consists of a single duct, more or less
capacious, which terminates in a cluster of small secreting pouches or saccules.
The sacculi connected with each duct vary in number from two to five, or even
twenty. They are composed of a transparent colorless membrane, inclosing a
number of cells. Of these, the outer layer, or marginal cells, are small, polyhedral
The remainder of
epithelial cells, continuous with the lining cells of the duct.
the sac is filled with larger cells containing fat except in the centre, where the
cells have become broken up, and there is a cavity containing the debris of cells
and a mass of fatty matter, which constitutes the sebaceous secretion. The orifices
of the ducts open most frequently into the hair-follicles, but occasionally upon
On the nose and face the glands are of large size, distincth^
the general surface.
lobulated, and often become much enlarged from the accumulation of pent-up
The largest sebaceous glands are those found in the eyelids, the
secretion.
to this, tliere

form

tlie

;

,

;

;

;

Meibomian glands.
The Sudoriferous or Sweat Glands are the organs by which a large portion of
They are found in
the aqueous and gaseous materials are excreted by the skin.
almost every part of the skin, and are situated in small pits in the deep parts of
the corium, or, more frequently, in the subcutaneous areolar tissue, surrounded
by a quantity of adipose tissue. They are small, lobular, reddish bodies, consisting of a single convoluted tube, from which the efferent duct proceeds upwards
through the corium and cuticle, and opens upon the surface by a slightly enlarged
The efferent duct, as it passes through the corium, pursues, for a short
orifice.
it becomes straight in the more superficial part of this
distance, a spiral course
layer, and opens on the surface of the cuticle by an oblique valve-like aperture.
In the parts where the epidermis is thin the ducts are finer, and almost straight
but where the epidermis is thicker they assume again a spiral
in their course
arrangement, the separate windings of the tube being as close and as regular as
The spiral course of these ducts is especially distinct
those of a common screw.
in the thick cuticle of the palm of the hand and sole of the foot.
The size of
They are especially large in those regions where the amount
the glands varies.
of perspiration is great, as in the axillae, where they form a thin mammillated
layer of a reddish color, which corresponds exactly to the situation of the hair
Their number varies. They
in this region they are large, also, in the groin.
are most numerous on the palm of the hand, presenting, according to Krause,
2,800 orifices on a square inch of the integument, and are rather less numerous
on the sole of the foot. In both of these situations the orifices of the ducts are
exceedingl}^ regular, and correspond to the small transverse grooves which interIn other situations they are more irregularly scattered,
sect the ridges of papillae.
but in nearly equal numbers, over parts including the same extent of surface.
In the neck and back they are least numerous, their number amounting to 417
on the square inch (Krause). Their total number is estimated by the same
writer at 2,381,248 and, supposing the aperture of each gland to represent a
surface of -gV of a line in diameter, he calculates that the whole of these glands
would present an evaporating surface of about eight square inches. Each gland
consists of a single tube intricately convoluted, terminating at one end by a blind
;

;

;

;
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extremity, and opening at the other end upon the surface of the skin. In the
the
larger glands this single duct usually divides and subdivides dichotomously
smaller ducts ultimately terminating in short ceecal pouches, rarely anastomosing.
The wall of the duct is thick, the width of the canal rarely exceeding
The tube, both in the gland and where it forms the
one-third of its diameter.
excretory duct, consists of two layers an outer, formed by fine areolar tissue
and an inner layer of epithelium. The external or fibro-cellular coat is thin,
continuous with the superficial layer of the corium, and extends only as high as
The epithelial lining is much thicker, continuous
the surface of the true skin.
When the
with the epidermis, and alone forms the spiral portion of the tube.
cuticle is carefully removed from the surface of the cutis, these convoluted tabes
of epidermis may be drawn out, and form nipple-shaped projections on its under
According to Kolliker, a layer of non-striated muscular fibres, arranged
surface.
longitudinally, is found between the areolar and epithelial coats of the ducts of
the larger sweat-glands, as in the axilla, root of the penis, on the labia majora,
and round the anus.
The contents of the smaller sweat-glands are quite fluid but in the larger
glands the contents are semi-fluid and opaque, and contain a number of colored
;

:

;

;

granules,

and

cells

which appear analogous

to epithelial cells.

THE EPITHELIUM.
All the surfaces of the body, the external surface of the skin, the internal
surface of the digestive and respiratory tracts, the closed serous cavities, the
inner coat of the vessels, and the ducts of all glands, are covered by one or more
layers of simple cells, called epithelium or epithelial cells, which serve various
Thus, in the
purposes, both as a protective layer and as an agent in secretion.
skin, the main purpose served by the epithelium (here called the epidermis) is
As the surface is worn away by the agency of friction or
that of protection.
change of temperature, new cells are supplied, and thus the surface of the true
In
skin, and the vessels and nerves which it contains, are defended from damage.
Fig. 71.

Epithelial cells in the oral cavity of

man. (Magnified 350 times.)

a.

Large.

6.

Middle-sized,

c.

The same, with two

nuclei.

the gastro-intestinal mucous membrane and in the glands, the epithelial cells
appear to be the principal agents in separating the secretion from the blood or
from the alimentary fluids. In other situations (as the nose, fauces, and respiratory
passages) the chief office of the epithelial cells appears to be to maintain an
equable temperature by the moisture with which they keep the surface always
slightly lubricated.
In the serous cavities they also keep the opposed layers
moist, and thus facilitate their movements on each other.
Finally, in all internal
parts they insure a perfectly smooth surface.
The epithelium is usually spoken of as tesselated or pavement, columnar,
spheroidal or glandular, and ciliated.
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The pavement epitlielium is composed of flat nucleated scales of various shapes,
These scales often contain granules, as
usually pol_ygonal, and varying in size.
This kind of epithelium is found on the surface of the skin (epiin Fig. 71.
dermis), on all the serous surfaces (unless the ventricles of the brain be an exception), on the lining membranes of the blood-vessels,'- on many of the mucous
membranes, and in the ducts. The nails, hairs, and in animals the horns, are
a variety of this kind of epithelium.
The columnar epithelium (Fig. 72) is formed of cylindrical, or rod-shaped
cells, each containing a nucleus, and set together so as to form a complete membrane
Fig. 72.

Epithelium of the intestinal
300 times.)

a.

villi

Fig. 73.

of the rabbit.

(Magnified

Basement-membrane.

Spheroidal

epithelium from

the

human

bladder.

(Magnified 250 times.)

This form of epithelium covers the mucous membrane of the whole gastroand the glands of that part, the greater part of the urethra, the
vas deferens, the prostate, Cowper's glands, Bartholine's glands, and a portion of

intestinal tract

the uterine mucous membrane.
The spheroidal or glandular epithelium (Fig. 73) is composed of circular cells,
with granular contents and a small nucleus.
This form is found in the kidney, ureters, and bladder, and in the secreting
glands.
Fig 71

Ciliated

epithelium

(Magnified 350 times.)

Fig. 75.

from the human trachea.
a. Innermost layers of the

elastic longitudinal fibres.

6.

Homogeneous

inner-

Simple columnar epithelium from the mucous membrane
of the intestine, with goblet-cells pouring out their contents.

(Klein and Noble Smith.)

most layers of the mucous membrane, c. Deepest round
cells, d. Middle elongated, e. Superficial, bearing cilia.

Ciliated epithelium (Fig. 74) may be of any of the preceding forms, but
It is distinguished by the presence of
usually inclines to the columnar shape.
minute processes, like hairs or eyelashes (cilia), standing up from the free surface.
If the cells be examined during life, or immediately on removal from the living
body (for which in the human" subject the removal of a nasal polypus offers a
^
The epithelium lining the blood-vessels, lymphatics, and seroiis membranes is modified in shape,
and its cells vary miich in size. It is usually spoken of in German works as endothelium. It is

represented in Fig. 60.

—
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frequent opportunity), in tepid water, the cilia will be seen in active lashing
and if the cells be separate, they will often be moved about in the field
b}^ that motion.
The situations in which ciliated epithelium is fou.nd in the human body are
the respiratory tract from the nose downwards, the tympanum and Eustachian
tube, the Fallopian tube and upper portion of the uterus, the vas eff'erentia, coni
vasculares, and the first part of the excretory duct of the testicle, and the
ventricles of the brain and central canal of the spinal cord.
The so-called goblet-cells appear to be formed by a conversion in shape of the
columnar epithelium (ciliated or otherwise), consequent on the secretion into
the interior of the cell of mucus, which distends the upper part of the cell, while
the nucleus is pressed down towards its deep part, until the cell bursts and the
mucus is discharged on to the surface of the mucous membrane, as shown in

motion

;

Fig. 75.

SEROUS, SYNOVIAL,

AND MUCOUS MEMBRANES.

These membranes consist of a layer of epithelium supported on a structureless
membrane called the basement-membrane, beneath which lies a tract of connective
or areolar tissue, which in the mucous membranes lodges glands of various kinds,
and contains unstriped muscle, or contractile muscular fibre-cells, and in, both
serous and mucous membranes conveys the blood-vessels out of which the secretion is to be eliminated.
The serous membranes are the simplest of the three, and will therefore be first
described.
They form shut sacs, sometimes arranged quite simply, as the tunica vaginalis
testis
at others with numerous involutions and recesses, as the peritoneum, but
which can always be traced continuously around the whole circumference. The
sac is completely closed, so that no communication exists between the serous
cavity and the parts in its neighborhood.
An apparent exception exists in the
peritoneum of the female for the Fallopian tube opens freely into the peritoneal
cavity in the dead subject, so that a bristle can be passed from the one into the
other.
But this communication is closed during life, except at the moment of
the passage of the ovum out of the ovary into the tube, as is proved by the fact
that no interchange of fluids ever takes place between the two cavities in dropsy
of the peritoneum, or in accumulation of fluid in the Fallopian tubes„
The serous
membrane is often supported by a firm fibrous layer, as is the case with the
pericardium, and such membranes are sometimes spoken of as " fibro-serous."
In the parietal portion of the arachnoid there is, according to many anatomists,
no serous membrane in the proper sense of the term but the dura mater is
merely lined with a layer of epithelium, the basement-membrane being here
indistinguishable.
In other situations the following parts may be recognized
as constituting a serous membrane
1. The epithelium, a single layer of polygonal
or pavement-epitheliaf cells.
2.
structureless basement-membrane.
3. The
connective tissue, and vessels which support the latter, connect it with the parts
below, and supply blood to its deep surface.
Some of the serous portion of the
blood is secreted, or transudes, through the basement-membrane to furnish the
special secretion.
This latter is, in most cases, only in sufficient quantity to
moisten the membrane, but not to furnish any appreciable c[uantity of fluid.
When a small quantity can be collected, it appears to resemble in many respects
the lymph, and like that fluid coagulates spontaneously but when secreted in
large quantities, as in dropsy, it is a watery fluid containing usually sufficient
albumen to coagulate with heat.
Lately the interesting discovery has been made that fluids with colored particles
transude through the serous membrane into the lymphatic vessels, and stomata
or openings have been seen between the cells of the epithelium, which are
believed to be opened and closed by the movements of the serous surface (Fig.
;

;

;

:

A

;
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These openings are surrounded by a zone of small, cubical, granular cells,
63).
and communicate with a lymphatic capillary.
In addition to these stomata, other interruptions in the epithelial layer have
been described as pseudo-stom.ata ; they are occupied by processes of the branched
connective-tissue corpuscles of the subjacent tissue.
The mucous memhranes are more complex in their structure than the serous.
Their epithelium is of various forms, including the spheroidal, columnar, and
ciliated, and is often arranged in several layers (see Fig. 74).
This epithelial
layer is supported b}^ the corium^ which is analogous to the derma of the skin,
and is, in fact, continuous with it at the orifices of the body. The corium consists, as it is usually described, of a transparent structureless basement-membrane
next to the epithelium, supported by a fibro-vascular layer of variable thickness
below it, and this merging into the submucous areolar tissue. It is only in some
situations that the basement-membrane can be demonstrated.
The fibro-vascular layer of the corium contains, besides the white and yellow
fibrous tissue and the vessels, muscular fibre-cells, forming in many situations a
definite layer, called the muscularis Tnucosse^ nerves, and lymphatics in various
proportions.
Imbedded in it are found numerous glands, and projecting out of
it are processes (villi and papillae.) analogous to the papillge of the skin.
These
glands and processes, however, exist only at certain parts, and it will be more
convenient to refer for their description to the sequel, where the parts are
described in which they occur. Thus, the mucous glands are described in the
account of the mouth, the stomach, the intestines, etc.; the papillae and villi
with that of the tongue.
The synovial membranes are composed essentially of connective tissue, with
blood-vessels and nerves.
It was formerly supposed that these membranes were
analogous in structure to the serous membranes, and consisted of a layer of flat-

tened epithelial cells on a basement-membrane. No such cells, however, exist,
and the only ones found on the surface are irregularly branched connective-tissue
corpuscles, similar to those found throughout the tissue.
Here and there these
cells are collected in. patches, and present the appearance of epithelium, but do
They are surrounded
not possess the true characters of an endothelial layer.
and held together by an albuminous ground-substance. (For a further description of the synovial membranes, see p. 287.)

SECRETING GLANDS.
The

secreting glands are organs in which the blood, circulating in capillary
brought into contact with epithelial cells, whereby certain elements
The cells are arranged in such a
are separated ("secreted") out of the blood.
manner as to inclose a cavity into which the secretion is poured. This cavity is
arranged in the form of a ramifying duct, the secreting cells lying in, or touching,
the terminal ramifications (or, more correctly, the commencing radicles) of the
duct.
In size the glands vary extremely thus, the liver weighs nearly four pounds,
while many of the mucous glands are only visible to the naked eye when distended with secretion. And they vary not less in structure thus, the structure
of the liver is so complex that it can hardly yet be regarded as known with
absolute certainty while there are a great many glands which consist either of
a single tube lined with epithelium, on the outer side of which the blood circulates, or even a simple closed sac, which opens when it becomes charged with

vessels, is

;

;

;

secretion.

The great majority of glands, however, can be reduced ideally to a very simple
form, viz., to an involution, more or less complex, of the basement-membrane,
carrjdng, of course, its epithelium with it, and having the capillary vessels distributed on its attached surface.
If this involution be perfectly simple, an open
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tube results, as in the stomach (see Fig. 470, p. 797), or the common mucous
Branches projecting out from the bottom of this tube
crypts of the uretlira.
constitute the simplest form of racemose gland.
The most rudimentary condition of such a gland is shown in the branched tubes of the gastric mucous membrane, figured on p. 797. If such a tube be conceived of as divided into branches
as well as branching out at its extremity, we have a compound racemose gland,
consisting of a single lobule terminating in its duct (such as Brunner's glands),
and an aggregation of such lobules may all open into a common duct, or may
have a great number of separate ducts. Instances of such glands will be found
In other instances, the necessary extent
in the salivary glands, the pancreas, etc.
of epithelial surface is obtained by the duct being coiled on itself, as in the
sweat-glands (Fig. 68, p. 91), or the extremity of the duct only may be thus
arranged (see the figure of the testis, p. 894). In other glands, as in the kidney,
the mucous duct is undivided from the beginning, and the capillaries from which
the secretion is to be eliminated are distributed upon its walls or project into its

ampullated commencement (Fig. 621, p. 870).
For the description of the Ductless or Blood Glands, we must refer to the sections in the text relating to the Anatomy of the Spleen, Suprarenal Capsules,
Thyroid, and Thymus.

Growth and Deyelopment
body
developed out
THEthewhole
spermatozoa. The ovum
is

[

1

of the

ovum

of the Body.
(Fig. 76)

when

fertilized

by

merely a simple nucleated cell, or collection of protoplasm, and the spermatozoa disappear when they have accomplished
All the complicated changes by which the various
their mysterious function.
intricate organs of the whole body are formed from one simple cell may be
reduced to two general processes viz., the segFiR. 76.
mentation or cleavage of cells, and their differentiation.
The former process consists in the splitting
of the nucleus and its investing cell-wall, whereby
is

—

the

original

cell

is

represented

by two.

The

term used to describe
that unknown power or tendency impressed on
cells which, to all methods of examination now
known, seem absolutely identical, whereby they
grow into different forms so that (to take the
first instance which occurs in the growth of the
differentiation of cells is a

Ovum

of the sow.

;

embryo) the indifferent cells of the vascular area are differentiated, some of
them into blood-globules, others into the solid tissue which forms the bloodvessels.

The extreme complexity

of the process of development renders it at all times
and still more so in a work like this, where
adequate space and illustration can hardly be afforded, having respect to the
main purpose of the book. I can only hope to render the leading features of
the process tolerably plain, and must refer the reader who wishes to follow the
various changes more minutely to the special works on the subject, and
especially the work of Foster and Balfour.
Many of the statements which are accepted in human embryology are made
only on the strength of experiments on lower animals, direct observation in the
human subject being impossible.
The ovum is a small spheroidal body situated in immature Grraafian vesicles
near their centre, but in the mature ones in contact with the membrana granulosa^ at that part of the vesicle which projects
from the surface of the ovary. The cells of the
membrana granulosa are accumulated round the
ovum in greater number than at any other part of
the vesicle, forming a kind of granular zone, the

difficult to describe it intelligibly,

discus proligerus.

The human ovum

(Fig. 77) is extremely minute,
to yA-Q of an inch in diameter.
It is a cell, consisting externally of a transparent envelope, the zona pellucida^ or vitelline
membrane.
Within this, and in close contact
with it, is the yolk or vitellus ; embedded in the

measuring from

Human

ovum, from a middle-sized fol(Magnified 350 times.) a. Vitelline
membrane, or zona pellucida. h. Exterlicle.

nal border of the yolk and internal bor-

der of the vitelline membrane,
nal vesicle an^d germinal spot.

c.

Germi-

substance of the yolk

germinal
of the cell and this contains as
tiva, or the spot of Wagner.
;

The

^\-^

its

is

a small vesicular body, the

vesicle (vesicle of

—

Purkinge) the nucleus
the macula germina-

nucleolus a small spot

—

zo7ia pellucida^ or vitelline membrane., is a thick, colorless, transparent

membrane, which appears under the microscope
'

(102)

as

a bright ring, bounded

See the description of the ovary in the body of the work.

—
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externally and internally by a dark outline.
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It corresponds to the chorion of the

impregnated ovum.

The yolk consists of granular protoplasm i.
embedded in a more or less viscid fluid.

e.,

granules or globules of various

The smaller granules resemble
pigment the larger granules, which are in the greatest number at the periphery
of the yolk, resemble fat-globules.
In the human ovum the number of granules
sizes,

;

comparatively small.
The germinal vesicle consists of a fine, transparent, structureless membrane,
containing a watery fluid, in which are occasionally found a few granules. It is
about 73-^th of an inch in diameter, and in immature ova lies nearly in the
centre of the yolk but, as the ovum becomes developed, it approaches the surface, and enlarges much less rapidly than the yolk.
The germinal spot occupies that part of the periphery of the germinal vesicle
which is nearest to the periphery of the yolk. It is opaque, of a yellow color,
and finely granular in structure, measuring from g-eVoth to ^-^-^qX}! of an inch.
The phenomena attending the discharge of the ova from the Graafian vesicles,
since they belong as much or more to the ordinary function of the ovary than to
the general subject of the growth of the body, are described with the anatomy
of the ovaries in the body of the work.
It should be added that in the mature ovarian ovum the germinal vesicle has
disappeared.
Some cells belonging to the membrana granulosa adhere for a
time to the surface of the ovum, but these also soon disappear.
The first changes in the ovum which take place upon conception appear to be
The spermatozoon penetrates the ovum,^ the efi'ect of which is to
as follows
bring it into contact with the yolk, and with the germinal vesicle contained in
the yolk.
It seems as if this normally occurs in the Fallopian tube,^ and abnormally it may even take place in the peritoneal cavity. The first effect is to produce a cleavage and multiplication of the yolk, which becomes first cleft into two
masses, then into four, and so on, until at length a mulberry-like agglomeration
of nucleated cells results (Fig. 78).
These cells are sometimes termed vitelline
is

;

:

v^--^^^

—

ZHa
^

Fig. 78.

Four diagrams

to

show the division of the

yolk.

The ovum

is

surrounded by spermatozoa.

globules of Robin') are seen in the

first

The

clear uurpusules vpolar

two.

Ova in which this segmentation extends over the whole yolk (which
the case with the mammalia) are called holohlastic ova; those in which only a
portion of the yolk is segmented are called merohlastic : as, for instance, in the
bird's egg, where the segmentation is restricted in the first instance to the disk
of the cicatricula, the remainder of the yolk taking no part in the change.
There are also found within the vitelline membrane one or more clear
globules, called ^^polar glohules^^ by Robin, because they lie near one of the poles
of segmentation.
The nature, origin, and uses of these bodies are not known.
They seem to be usually regarded as produced by the_Uqpefeetion of-the- yoliq:.--..
h
and as not being essential to the process of fructification.^: .I'X- ;-'>-'—
The cells or vitelline spheres of which the yolk is now composed soon arrange

spheres.
is

^

-n,

^ See
Newport, Fhil. Trans. 1853, vol. ii., p. 233. This has been since confirmed by other observers on various lower animals, and may be assumed to be generally true.
^ Many physiologists, as Bischoff and i)r. M. Barry, taught that the ovum is fecundated in the
ovary, but, the reasoning of Dr. Allen Thomson appears very cogent in proving that the usual spot
at which the spermatozoon meets with the ovum is in the tube.

Ssh^

:>^
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themselves into the form of a membrane Imecl with pavement-epithelium. As
the yolk-mass softens, fluid accumulates in the interior of this membrane,
spreading it out on the internal surface of the vitelline membrane. The latter
(external) membrane (Fig. 81) soon becomes covFig. 79.
ered with granulations or vegetations, which
give it a shaggy appearance, and it then takes
the name of the "primitive chorion;" whilst the
internal membrane, produced by the cleavage of
the yolk, is called the "blastodermic membrane
or vesicle."

The ovum

increases in size during the whole

by the absorption of albuminous
which coats it during its descent along the
Fallopian tube, and which is secreted by the
mucous membrane lining that tube.
of this time,
fluid

^
Ovum
file

with the germinal area seen in proto show the division of the blastodermic

membrane.

1.

Vitelline

membrane.

2.

Blasto-

derm. 3. Germinal area. 4. Place where the
blastoderm is just divided into its two layers.

The first stage towards the formation of the
embryo is the cleavage or splitting of the blastoderm. This process has been accurately followed out in birds, in whose ova (meroblastic)

the blastoderm only covers a portion of the
is divided originally into two layers,
the lower of which soon splits again into two, so that three separate
layers of cells result.
In the human embryo also the three layers of which
the blastoderm is ultimately composed are believed to originate in a similar manner, though no direct
observations have hitherto been made in
mammalia which cover the whole period of the formation of the blastodermic
membranes. But in both classes of ova they consist ultimately of three the
external, which used to be called the serous layer, but to which the term epihlast
is now more commonly applied; the internal, the mucous layer, or hypoblast;
yolk, and

—

Fig. 80.

Section of a blastoderm at right angles to the long axis of the embryo, near
(after

Foster and Balfour).

A. Epiblast formed of two layers of

cells.

its

middle, after eight hours' incubation
below the primitive

B. Mesoblast thickened

C. Hypoblast formed of one layer of flattened cells, pr. Primitive groove, mc. Mesoblast cell. bd. Formative
the so-called segmentation or subgerminal cavity. (The line of separation between the epiblast and mesoblast
below the primitive groove is too strongly marked in the figure.)

groove.
cells in

'

1

and the middle, which is believed by most writers to be originally developed
by cleavage from the hypoblast, and which is now usually called the mesoblast^
formerly the vascular layer. The precise mode of formation of this middle layer
All the layers consist hitherto of
is, however, by no means exactly made out.
nucleated cells, in which up to this time no special arrangement or differentiation
is perceptible.
Observations on the fowl's egg, however, have led Foster and
Balfour to the conclusion that the cells of the epiblast are the direct results of
segmentation from the original germ-cell, while those of the hypoblast and
mesoblast are derived from certain "formative cells" Avhich make their appearance in the yolk-cavity, migrating into it by the help of amoeboid movements
after the fashion of white blood-corpuscles.
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Diagrams to show the development of the three layers of the blastodermic membrane on transverse sections.
A, portion of the ovum with the zona pellucida and the germinal area.
B C D E F G-, different stages of
development, o, umbilical vesicle, a, amnion,
intestine. ^, peritoneal cavity, bounded by the splanehnopleural and somato-pleural layers of mesoblast. 1, vitelline membrane. 2, external blastodermic layer. 3,
middle layer. 4, internal layer. 5, medullary laminae and groove. 5', medullary canal. 6, epidermic laminae.
7, lateral flexures of the amnion.
7', the same almost in contact.
8, internal epithelial layer of the amnion.
9, epidermis of the embryo.
13, mus10, chorda dorsalis.
11, vertebral laminae.
12, protovertebrae proper.
cular laminae. 14, lateral laminas. 15, fibro-intestinal laminas. 16, cutaneous laminas. 17, internal fibrous
layer of the umbilical vesicle. 18, muscular laminae extending to meet the cutaneous. 19, external layer of
the cutaneous laminae. 20, internal layer of the same. 21, mesentery. 22, fibrous layer of the intestine.
-i,

The dotted lines indicate the parts belonc^ing to the internal blastodermic layer the plain
lines those belon<ring to the middle
The
the interrupted lines those belonging to the external.
'

;

;

embryo has been represented, in this and the following diagram, lying on
is generally assumed to be the reverse.

position

its

back.

The natural

—
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The ejyiblast is mainly concerned in the formation of the external cuticle and
From it proceed all the epidermis of the body and all
of the nervous centres.
the involutions of the epidermis in the ducts of the glands and of the mammge,
the brain, the spinal cord, and the portions of the nose, eye, and ear which are
The external layer of the amnion is also formed
directly formed from the brain.
from the epiblast, and probably a portion of the chorion.
The hypoblast is mainly concerned in forming the internal epithelium, viz.,
that of the whole alimentary passages, except the mouth and a small portion of
the rectum near the anus (which are formed by an involution of the integument);
that of the respiratory tract, which is originally an offset from the alimentary
canal; and the epithelium of all the glandular organs which open into the
The hjqioblast forms also the deeper layer of the umbilical
internal tract.
and allantois.
All the rest of the embryo is formed from the mesoMast, viz., all the vascular
and locomotive system, the cutis, all the connective tissues, the nerves,^ and the
genito-urinary organs, through the Wolffian bodies and other temporary foetal
The vascular system of the foetus extends to the yolk and the maternal
structures.
parts along the umbilical vesicle and allantois, so that the greater part of these
bodies and the outer layer of the amnion are also formed out of the mesoblast.
The foetal portion of the placenta, being essentially a vascular structure, is also
developed from the mesoblast.
The method of formation of these various parts, and especially the mode of
conversion of the mesoblast, is, however, very complicated.
Gernmial Area. In the mass of nucleated cells into which the yolk becomes
converted during the formation of the blastodermic vesicle, a small agglomeration
is formed, which then spreads out into an area of nucleated cells, from which the
embryo is to be formed, and which has accordingly received the name of germinal
In this portion of the ovum the first trace of the
disk or area germinativa.
QTobryo appears as a faint streak, which is called the primitive trace^ or primitive
groove (Fig. 80).
This groove first deepens into a furrow, bounded by two plates
the laminse dorsales^ beneath which a delicate fibril appears the chorda dorsalis,
or notochord in which cartilage can very early be recognized.
The chorda dorsalis and the laminas dorsales are the rudiments of the vertebral
column and canal.
The first approaches towards a definite form in the embryo are made (1) by
the development of the rudimentary spinal column (2) by the cleavage of the
middle layer of the blastodermic membrane, from which a part of that column
and (3) by the incurvation of the column at its cephalic end to form
is derived
the brain and brain case.
The heaping up of the epiblast in the germinal area gives rise to a distinct
longitudinal streak, which, when looked at from above, is seen to be constricted
in the middle.
Soon this heaped-up epiblast constitutes a distinct groove, the
sides and base of which are formed of epiblastic cells (Fig. 83, A).
The margins
of the groove then coalesce, first in the middle of the embryo, then towards the
cephalic end, which is soon seen to be more dilated than the rest, and to present
constrictions dividing it imperfectly into three chambers, and lastly at the caudal
extremity.
Thus a closed tube is formed lined with epiblast, and having a covering of the same membrane (Fig. 83, b).
The lining of the tube is developed
into the nervous centres, the covering into the epidermis of the back and head.
Below this primitive cerebro-spinal canal lies the mesoblast, and from this are
developed (1) a continuous rod-shaped body lying below the primitive groove,
and called the notochord ; (2) on either side a substance divided into a number of
square segments (the protovertebrde)^ which first make their appearance in the
region which afterwards becomes the neck, then further forward towards the
vesicle

—

—

—

—

;

;

^ In the spinal nerves the part which is in connection with the cord, including the ganglia,
from the mesoblast, according to the most recent observations.

is

formed

•
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Fig-. 82.1

Diagrams to show the development of the three blastodermic layers on antero-posterior sections. A, porovum with the vitelline membrane and germinal area. B O D E F, various stages of development.
G, ovum in the uterus and formation of decidua. 1, vitelline membrane. 2, external blastodermic layer. 2',

tion of

vesicula serosa. 3, middle blastodermic layer. 4, internal layer. 5, vestige of the future embryo. 6, cephalic
flexure of the amnion. 7, caudal flexure. S, spot where the amnion and vesicula serosa are continuous. 8',
posterior umbilicus. 9, cardiac cavity. 10, external flbrous layer of the umbilical vesicle. 11, external fibrous
layer of the amnion. 12, internal layer of the blastoderm forming the intestine. 13,14 external layer of the
allantois extending to the inner surface of the vesicula serosa.
15, the same now completely applied to the

inner surface of the vesicula serosa. 16, umbilical cord. 17, umbilical vessels. 18, amnion.
fatal placenta. 21, mucous membrane of uterus. 22, maternal placenta. 23, decidua reflexa.
of uterus.

'

The same note

applies to this as to the preceding diagram.

19,

24,

chorion.

20,

muscular wall

;
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These protovertebree, as will be
head, and afterwards extend along tlie body.
explained hereafter, are not the same as the permanent vertebrae; but thev are
differentiated partly into the vertebrae, partly into the muscles and true skin, and
partly into the roots and ganglia of the nerves.
On either side of the protovertebrse the mesoblast splits into two layers, the
upper of which, or that lined by epiblast, is called somatopleure, and the lower
From the former the
(lined by hyj^oblast) splanchnopleure (Fig. 83, B, 5, 5'),
skeleton, muscles, and true skin of the external parts of the body are derived;
from the latter, the muscular and other mesoblastic portions of the viscera. The
space between them is the common pleuro-peritoneal cavity. Whilst the parietes
of the body are still unclosed, this common peritoneal cavity is continuous with
the space between the amnion and chorion, as seen in Fig. 81, F.
The embryo, which at first seems to be a mere streak, extends longitudinally

As

it grows forward it becomes remarkably curved on itself
and a smaller but distinct flexure takes place at the hinder end
(caudal flexure).
At the same time the sides of the embryo grow and curve
towards each other, so that the embryo is aptly compared to a canoe turned over

and

laterally.

[cephalic flexure),

Fig. 83.

Transverse sections through the embryo-chick before and some time after the closure of the medullary canal, to show
upward and downward inflections of the blastoderm (after Eemak). A. At the end of the first day. 1. Notochord. 2.
Primitive groove in the medvillary canal. 3. Edge of the dorsal lamina. 4. Corneous layer or epiblast. 5. Mesoblast
divided in its inner part. 6. Hypoblast or epithelial layer. 7. Section of protovertebral plate. B. On the third day, in
the lumbar region. 1. Notochord in its sheath. 2. Medullary canal now closed in. 3. Section of the medullary substance of the spinal cord. 4. Corneous layer. 5. Somatopleure of the mesoblast. 5'. Splanchnopleure fone figure is
placed in the pleuro-peritoneal cavity). 6. Layers of hypoblast in the intestines, spreading also over the yolk. 4 X 5Part of the fold of the amnion formed by epiblast and somatopleure.
the

The

well of the canoe opens freely into the cavity of the yolkformed by the three blastodermic membranes, and
at the point where the well commences (the future umbilicus) the outer (epiblast),
lined by the somatopleural layer of mesoblast, turns back over the canoe on all
sides till the folds meet at the point opposite the umbilicus
then the two sides
communicate with each other, and thus a closed serous sac, the amnion, is formed
Meanwhile the yolk-sac communicates freely with the interior of the
(Fig. 84),
embryo, through the large opening which afterwards becomes the umbilicus, and
which we have likened to the well of the canoe (Fig. 81, B, c);^ and through
this opening the internal blastodermic membrane and the internal or splanchnopleural division of the mesoblast pass out.
In those animals which have no
amnion, all three layers pass over the yolk-sac but where the amnion exists it
separates the external blastodermic layer from the yolk-sac or umbilical vesicle,
This umbilical vesicle is, therefore, at first a mere part
as shown in the figures.
of the general cavity of the yolk, partly inclosed by the embryo; but as the
latter grows round on all sides towards the umbilical aperture, the yolk-sac
becomes distinguished into two portions, one lying inside the embryo and forming
a portion of the intestinal cavity (out of which, the student must remember, the

(see Fig. 84).
sac.

Its walls are, of course,

;

;

-The student

will

remember that

in Figs. 81, 82 the

bnt the position in which the spinal column
Fie. 84.

is

highest

embryo
is

is represented as lying on its back
usually described as the natural one, as in
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bladder is also formed), and therefore forming a part of the body of the foetus,
and the other lying external to the body, and remaining therefore as a part of
what is, in a inore restricted sense, the ovum. The two parts communicate by a
passage the oiwphalomesenteric duct the destination of which will be pointed
The extra-embryonic portion of the umbilical vesicle is of small
out presently.
importance and very temporary duration in the human subject. It is the seat
of the earliest circulation, but is soon replaced in that capacity by the allantois,
which becomes the great bond of vascular connection between the embryo and
the uterine tissues, as will be explained presently.
As the arteries developed in
the middle blastodermic layer grow, they cover the umbilical vesicle, forming
the vascular area, the chief vessels of which are the omphalomesenteric, two in
number. The vessels- of this area appear to absorb the fluid of the umbilical
vesicle, which dries up into a disk-like body attached to the amnion, and having
no further function. The activity of the umbilical vesicle ceases about the same
time (fifth or sixth week) as the allantois is formed. In fact, the umbilical vesicle
provides nutrition to the foetus from the ovum itself, while the allantois is the

—

—

Fiff.

'

81

h'W^p^

Diagrammatic section through the ovum of a mammal in the long axis of the embryo, e. The cranio-vertebral axis,
i, i. The cephalic and caudal portions of the primitive alimentary canal,
a. The amnion,
a'. The point of reflection
Into the false amnion, v. Yolk-sac, communicating with the middle part of the intestine by v i, the vitello-iutestinal
duct. u. The allantois. The ovum is surrounded externally by the villous chorion.

The
channel whereby nutrition is conveyed to it from the uterine tissues.
umbilical vesicle, however, is visible, containing fluid, up to the fourth or fifth
month, between the amnion and the chorion, with its pedicle and the omphalomesenteric vessels. The latter vessels then become atrophied, as the functional
activity of the body with which they are connected ceases.
The Amnion. The first step towards a clear understanding of the development of the embryo is to have a proper conception of the method and the object
of the formation of the amnion and of the cleavage of the blastoderm (its
middle layer) into two portions at the unclosed portion of the embryo. The
object of this cleavage is to form the common pleuro-peritoneal cavity, and to
conduct out, along the umbilical vesicle and the allantois, the vessels by which
the vital vascular connection between the foetus or ovum and the mother is to
be established.
Tne amnion is the membrane which immediately surrounds the embryo. It
-is of small size at first, but increases considerably towards the middle of preg-

—
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nancy, as the foetus requires the power of independent movement. Its cavity is
occupied by a clear serous fluid, the liquor amnii^ which contains about one per
cent, of solid matter, albumen with traces of urea.
The quantity of this fluid
increases up to about the sixth month of pregnancy, after which it diminishes
somewhat. The use of the amnion is believed to be chiefly to allow of the
movements of the foetus in the later stages of pregnancy, though it serves, no
doubt, other purposes also. Its external layer, derived from the mesoblast, is
now described as being muscular, at least as displaying rhythmic contractions
during life. The internal layer is derived from the epiblast.
The amnion is thus formed. As the embryo grows it becomes curved in
front and behind
the cephalic and caudal flexures ; and as these flexures
increase they pucker up the embryo towards a wide opening or dehiscence
below, the situation of the future umbilicus.
The embryo also curves over
laterally towards the same point.
The external blastodermic layer (epiblast) is
reflected at the flexures of the embryo, in the manner shown in Fig. 82, from
the body of the embryo on to the umbilical vesicle and allantois.
As the alla,ntois, at least its vascular portion, extends over the whole yolk-sac, to line the
chorion internally, it carries the amnion with it until its caudal and cephalic
portions come into contact (at a', Fig. 8-i), meet, and coalesce, forming a simple
This internal or epithelial lining of the amnion derived from the
closed cavity.
epiblast is coated over by a fibrous (or muscular ?) layer, which is furnished by
the somatopleural part of the mesoblast, as above explained and figured.
The amnion is destitute of vessels. It is exclusively a foetal structure, and
in no obvious connection with the parts which are truly uterine.
The part of the amnion which was at first in contact with the chorion (and
which is shown in Fig. 84 by the dotted line on either side of a') is called the
false ammo7i,^^ or vesicula serosa.
When the amniotic folds come together and
^^
communicate, this is entirely separated from the amnion proper, and is either
In mammals
obliterated or takes a share in the development of the chorion.
the epiblast only is believed to be concerned in the formation of the false

—

amnion.

The Allantois is the chief agent of the early circulation, i. e. the duct or tract
along which the vessels extend which convey the blood of the embryo to the
foetal chorion, where it is exposed to the influence of the maternal blood circulating in the decidua or uterine portion of the chorion, from which it imbibes
the materials of nutrition, and to which it gives up those matters which are
necessary for its purification. The allantois is formed by a projection of the
internal germinal layer (hypoblast), taking with it the splanchnopleural layer of
the mesoblast, in which latter the vessels are formed which constitute its most
important part. It is at first a mere hollow projection out of the common
intestinal cavit}^ (Fig- 82, c), but it soon extends into and through the pleuroperitoneal space till it meets with the primitive chorion, and to this it contributes its essential foetal portion, the fibrous or vascular layer of the allantois.
The epithelial or internal portion of the allantois, formed by the hypoblast, is
The part of the allantoic
hollow, and is usually styled the allantoic vesicle.
vesicle outside the embryo soon withers and disappears in the human foetus,
while the vascular part grows and develops into the umbilical cord. The part
of the allantois internal to the embryo forms, or contributes to form, the bladder
below, while its upper portion becomes impervious, and is called the urachus.
In the embryos of those animals in which the whole yolk-sac is taken up into
the body of the embryo, there is no amnion and no allantois but whenever the
amnion is formed an allantois is also formed. In the former case the embryo is
nourished directly by transudation into the yolk. In the latter the yolk is of
subordinate importance the foetus deriving its nourishment from the uterus
through the vascular connection established between the allantois and decidua,
or later between the foetal elements of the placenta, derived from the allantois^
•and the maternal, derived from the decidua.
;

;

;
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—At the time we have just been speaking

of, the envelope of the
externally of the vitelline membrane, lined internally by the
amnion. The allantois, or rather the fibro-vascular portion of the allantois, grows
in between these two membranes, applies itself to the vitelline membrane, and
forms with it the foetal portion of the chorion.^ Between this membrane and the
amnion there is a space (Fig. 82), which is described by Dalton as occupied by a
semi-fluid gelatinous material, somewhat similar to that of the vitreous body of
the eye, and a similar material forms the bulk of the umbilical cord.
The
umbilical vesicle, as is seen in the figures, lies in this space, which is the primitive

ovum

consists

Fia 85.

Magnified view of the

human embryo

of four weeks with the

membranes opened (from Leishman

after Coste).

y.

The

long tubular attachment to the intestine, c. The villi
Cul-de-sac of the allantois, and on each side of this the umbilical vessels

umbilical vesicle with the omphalomesenteric vessels,

v,

and

its

m. The amnion opened, u.
h. The heart.
o. The upper
a. In the embryo, the eye.
e. The ear-vesicle,
I. The liver,
w. Wolffian body, in front of which are the mesentery and fold of intestine. The Wolffian duct and
p, the lower limb.
tubes are not represented.

of the chorion,

passing out to the chorion,

pleuro-peritoneal cavity, or interval between the somato- and splanchno-pleural
layers of the mesoblast.
Soon the surface of the foetal chorion shows villous
processes, from which circumstance it is known as the " shaggy chorion."

These

villi

are projections formed to receive the outgrowths of the foetal

^ The precise
part of the ovum from which the chorion is originally developed is not certainly
determined.
I have here followed the authorities who derive it from the vitelline membrane, but
it is believed by others to be developed from the epiblast reflected over that membrane.
reference
to Figs. 81, 84, will show the student how easily the vitelline membrane may receive a covering of
epiblast in an early period
and the point can hardly be settled for the human ovum, except by
mference from observations on lower animals, and such observations are rendered uncertain in consequence of the immature condition of the ovum at this period.
Foster and Balfour say on this
point, "The false amnion either coalesces with the vitelline membrane, in contact with which it lies,
or else replaces it, and in the later days of incubation is known as the chorion."
These authors
therefore trace epiblastic elements into the chorion, and possibly mesoblastic also, in the chick.

A

:
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vessels; but the villi are formed, before they receive any vessels, and are at first,
as figured bj Dalton,^ mere cellular fingers or processes, likened by him to the
Into these tufts the growing vessels of the allantois with their
tufts of seaweed.

These villi cover at first the whole surface
connective-tissue envelope project.
of the chorion but as development progresses and the placenta is about to be
formed, by which the extent of the attachment of the ovum to the uterine walls
is to be limited (whilst the energy of its nutrition is no doubt to be indefinitely
increased), the villi disappear over the rest of the chorion, and are confined to
that part only which is to form the foetal portion of the placenta.
The Decidua. The growth of the chorion and placenta can only be understood
b}^ tracing the formation of the decidua.
The decidua (Figs. 82, 86) is formed from the mucous membrane of the uterus.
Even before the arrival of the fecundated ovum in the uterus, the mucous membrane of the latter becomes vascular and tumid, and when the ovum has reached
the uterus, it is embedded in the folds of the mucous membrane, which overlap,
and finally completely encircle the ovum. Thus two portions of the uterine
mucous membrane (decidua) are formed viz., that which coats the muscular wall
of the uterus, decidua vera^ and that which is in contact with the ovum, decidua
The decidua does not extend into the neck of the uterus, which after
refiexa.
conception is closed by a plug of mucus. The decidua vera is perforated by the
openings formed by the enlarged uterine glands, which become much hypertrophied and developed into tortuous tubes. It contains at a later period numerous
arteries and venous channels, continuous with the uterine sinuses, and it is from
The portion of the decidua
it that the uterine part of the placenta is developed.
vera which takes part in the formation of the placenta is called the decidua
;

—

—

serotina.
is shaggy on its outer aspect, but smooth within.
The
contains at first, disappear after about the third month about
the fifth or sixth month the space between the two layers of the decidua disappears,
and towards the end of pregnancy the decidua is transformed into a thin yellowish
membrane, which constitutes the external envelope of the ovum.
Much additional interest has been given to the physiology of the decidua by
the fact, which seems to be now established by the researches of Dr. John
Williams, that every discharge of ova is, as a rule, accompanied by the formation
of a decidua, and that the essence of menstruation consists in the separation of
a decidual layer of mucous membrane from the uterus.
The Placenta is the organ by which the connection between the foetus and
mother is maintained, and through which blood reaches the foetus and is returned
to the uterus.
It therefore subserves the purposes both of circulation and respiration.
viz., the material portion,
It is formed of two parts, as already shown
which is developed out of the decidua vera (serotina), and the foetal placenta,
formed by the villous chorion. Its shape in the human subject is that of a disk,
one side of which adheres to the uterine walls, while the other is covered by the
amnion. The villi of the chorion (or foetal placenta) gradually enlarge, forming
"
large projections
which each contain the ramifications of vessels
" cotyledons
communicating with the umbilical arteries and veins of the foetus. These vascular
tufts are covered with epithelium, and project into corresponding depressions in
the mucous membrane of the uterine walls.
The maternal portion of the placenta
consists of a large number of cells formed by an enlargement of the vessels of
the uterine wall, and conveying the uterine blood into close proximity to the villi
of the foetal placenta, which dip into these cells.
The interchange of fluids,
necessary for the growth of the foetus, and for the depuration of the blood, takes
place through the walls of these villi, but there is no direct continuity between
the maternal and foetal vessels.
The arteries open into the placental cells somewhat after the manner of the erectile tissue. The veins anastomose freely with

The decidua

vessels,

which

reflexa

it

;

—

—

—

^

Dalton's Physiology,

5tli ed., p.

630.
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one another, and give rise, at tlie edge of the placenta, to a venous channel which
rans around its whole circumference the placental sinus.
The umbilical cord appears about the end of the fifth month after pregnancy.
It consists of the coils of two arteries (umbilical) and a single vein, united together

—

bv

a gelatinous

mass

[gelatin cf

ton) contained in the cells of

Whar-

an areolar

-Fis

There are originally tw^o
umbilical veins, but one of these vessels
becomes obliterated, as do also the two
omphalomesenteric arteries and veins,
and the duct of the umbilical vesicle,
all of which are originally contained
The perin the rudimentary cord.
manent structures of the cord are therefore those fui-nished by the allantois.
structure.

—

Groivth of the Embryo.
The youngest
human embryos which have been met

two described

by Dr. A.
the " Edin. Med. and
Surg. Journal," 1839, and in his paper
references to the other extant descriptions of early ova will be found.
The
ova in question were believed to be of
the ages respectively of twelve to fourwith

are

Thomson

in

teen days, and about fifteen days.^
The
figures are here reproduced. The earliest
ovum (Fig. 87) was 4^0^^^ of aii ^"cioh
in diameter when freed from some
adherent decidua.
The chorion presented a slightly villous appearance,
and consisted of only one layer of

On opening it the umbiland embryo were found not
to fill its cavity completely.
Tiie embryo was a line in length, and nearly
The
Voth of an inch in thickness.
chorion was united to the embryo and
membrane.
ical vesicle

Wagner, in the
Plug of mucus in the neck of
Fallopian tube. c. The decidua vera. c^.

Sectional plan of the gravid uterus, from
third

and fourth montli.

the uterus,

b.

a.

The decidua vera passing

into the right Fallopian tube:

almost completely occupied by
the ovum, e e. Points of the reflection of the decidua reflexa (in nature the united decidua do not stop here, but
pass over the whole uterine surface of the placenta), g.
Supposed allantois. h. Umbilical vesicle, i. Amnion, k.,
Chorion, covered with the decidua reflexa. d. Cavity of
the decidua. /. Decidua serotina, or placental decidua.
the cavity of the uterus

is

umbilical vesicle by a thin tenacious web
of albuminous filaments, formed probably by coagulation in the spirit in which
it had been kept.
Tliere were no vessels
on the umbilical vesicle. The abdomen
of the embryo presented no appearance of intestine, but merely a long shallow
Around this intestinal
groove, forming a common cavit}^ with the yolk-sac.
groove the germinal membrane was continuous with that on the surface of the
yolk-sac.
One extremity of the embryo, probably the cephalic, was enlarged,
but this the author believed to be accidental.
more opacjue and expanded
portion between the cephalic extremity and the surface of the yolk-sac appeared
to him to indicate the rudimentary heart.
The second embryo (Figs. 88, 89) was in a slightly more advanced condition.
In it, as in the former, the amnion and allantois were not found, though the
adhesion of the embryo by its dorsal aspect to the inner side of the chorion
renders it probable that the amnion was formed.
The cephalic and caudal
extremities could be easily distinguished the vertebral groove appeared to be

A

;

^

For the data on which these calculations are founded, the reader

8

is

referred to the original paper.

:
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open in its whole extent; there Avas a more perfect intestinal groove than in the
former case, and there was an irregular-shaped mass between the jolk and the
cephalic extremity of the embryo, which Professor Thomson believed to be the
rudiment of the heart. No distiuct trace of omphalomesenteric vessels could be
observed.^
Fig. 89.

Fig. 88.

Human
1.

Natural

Human ovum,

ovum, 12 to 14 days.
size.

2.

Enlarged.

Embryo from

the preceding ovum.

1.

Umbilical

Medullary groove. 3. Cephalic portion
of the embryo.
5. Fragment
4. Caudal portion.

15 days.

vesicle.

of

2.

membrane (amnion?).

In an embryo of fifteen to eighteen days, described by Coste, the villi of the
chorion were well formed, the umbilical vesicle communicated largely with the
intestine, and the allantois was present, united to the inner surface of the chorion,
and communicating by a large pedicle with the
intestine.
Both the allantois and umbilical vesicle
Fig. 90.
were vascular. The amnion was not yet closed.
In ova of the third and fourth week the amnion
has been found closed; the rudiments of the eye,
ear, maxillary projections, pharyngeal arches, cerebral vesicles, anterior and posterior extremities,
liver, and umbilical cord are observed (Figs. 85, 90).
Summary of the changes which take 'place in the
ovum.^ and of the mnnner in which the membranes of

—

embryo are formed
In the ovary, the germinal vesicle disappears.
In the Fallopian tube, the ovum comes in contact
with the germinal fluid and is fecundated. It becomes coated with an albuminous secretion.
the

Human embryo
1.

in the fourth week.

Amnion removed in

part of the dorsal

3. Om2. Umbilical vesicle.
phalomesenteric duct. 4. Inferior maxillary tubercle of first pharyngeal arch.
5. Superior maxillary tubercle from the
same arch. 6. Second pharyngeal arch.

region.

7.

8. Fourth.
auditory vesicle.

Third.

itive

tremity.

12.

9.

Eye. 10. PrimAnterior ex-

11.

Posterior extremity.

13.

Sum,mary of changes
1.

after conception:

—

Segmentation or cleavage of the yolk into a

number

of nucleated

cells, "vitelline

spheres."

Accumulation of fluid within the ovum, and
arrangement of the vitelline spheres around the
fluid on the internal surface of the vitelline membrane, forming a second membrane, the "blastodermic membrane."
2.

3. Splitting of the blastodermic membrane into
three layers, named from within outwards, the
" hypoblast," the " mesoblast," and the " epiblast."
This is probably effected
by the division of the blastodermic membrane primarily into two layers, the
epiblast and the hypoblast, and the subsequent cleavage of the hypoblast into

Umbilical cord.

14.

Heart.

15.

Liver.

mesoblast and hypoblast.
4. Ao-glomeration of cells and thickening of the outer layer of the blastodermic

A

^
third early
as to its age.

embryo

is

figured

and described

in this paper,

but the author

is

more uncertain

GKOWTH OF THE EMBRYO.

115

membrane

at one particular spot, forming an elongated oval-shaped area, called
the "germinal disk," or "area germinativa."
5. In the centre of the area germinativa the appearance of a delicate line or
furrow, running longitudinally, and called the "primitive trace."
6. The formation of the primitive trace into a distinct groove, caused by the
heaping up of the cells on either side of it, so as to form a longitudinal ridge,
called the "lamina dorsalis."
7. The increase and incurvation of these laminas dorsales until they meet
behind, inclosing a canal, lined by epiblast. The canal is the spinal canal; from
the epiblast which lines it is developed the nervous centres.
8. The dilatation of the cephalic extremity of the canal, and its constriction in
places, thus dividing it imperfectly into three chambers, in which the different
parts of the brain are developed.
9. The formation in the mesoblast immediately under this canal of a continuous
rod-shaped body, the "corda dorsalis," or "notochord."
10. The formation on either side of the notochord of a substance divided into
a number of square segments, the " protovertebrse."
11. The splitting of the mesoblast external to the protovertebrse into two
layers.
The outermost is called "somatopleure," and is lined externally by the
the innermost is called the splanchnopleure, and is lined internally by
epiblast
the hypoblast.
Between the two is a space which forms the common pleuroperitoneal cavity.
12. The curving of the embryo on itself both longitudinally and laterally, so
as to be comparable to a canoe turned over; the walls being formed of all three
layers of the blastodermic membrane, and the well of the canoe, that is the
body-cavity of the embryo, opening into the cavity of the yolk-sac.
portion of the yolk-sac now lies in the body-cavity of the embryo,
13.
and a portion outside it; the two parts communicating by a duct, the omphalomesenteric duct.
The portion of the yolk-sac external to the body-cavity is now
termed the umbilical vesicle, and provides nutrition to the embryo until such
time as the allantois is formed vessels, developed from the middle blastodermic
layer, ramifying over it and gradually absorbing its contents.
14. Form,ation of the Am,nion.
At the extremities of the incurved embryo,
that is to say, at the points where the body-cavity commences, the outer layer of
the mesoblast (the somatopleure) and the epiblast curve backwards, forming at
first a double fold or diverticulum, which gradually extend over the back of
the embryo until they meet behind.
At the point of junction the extremities
of the two folds adhere together, and the septum thus formed atrophies and disappears.
Thus we have two membranes, one the "i!r?/e" amnion, which incloses
a space over the back of the embryo, the " amniotic cavity
containing a clear
fluid; the other the
false'''' amnion, which lines the internal surface of the
original vitelline membrane.
Between the two is an interval, into which a process of the two internal layers of the blastodermic membrane prolongs itself.
15. Formation of the Allantois.
hollow projection of the internal layer of
the mesoblast (splanchnopleure) and the hypoblast takes place from the bodycavity of the embryo into the space between the true and false amnion.
This is
the allantois.
As it grows it gradually spreads out on the internal surface of the
false amnion and vitelline membrane, until its two extremities coalesce over the
back of the embryo thus a membrane is formed, consisting originally of three
distinct layers
the vitelline membrane, the false amnion, and the allantois, which
together constitute the chorion. From the outer surface of this membrane villous
processes project, which are intended to receive the outgrowths of the foetal
vessels.
At first these processes cover the whole surface of the chorion, but subsequently are confined to one part, the seat of the future placenta, the villous
processes over the rest of the surface disappearing.
As the walls of the bodycavity grow inwards towards the umbilicus, the portion of the allantois within
the embryo becomes partially cut off from the remainder by a constriction cor;

A

.

;

—

^^"^

^''

—A

—

;
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From this portion the bladder
respoucling to the situation of the umbilicus.
and the urachus are developed, as will be subsequently explained. The portion
of the allantois external to the embryo, which extends from the situation of the
umbilicus to the chorion, constitutes the umbilical cord of this cord the part
formed by the hypoblast withers away, the vessels being formed in the splanchnopleural layer of the mesoblast,
The decidua is formed from the mucous mem16. Formation of the Becidua.
brane of the uterus, which becomes vascular and tumid before the ovum reaches
the cavity. The fecundated ovum becomes imbedded in this tumid membrane,
which grows up around it and incloses it. Thus the ovum becomes surrounded
by three membranes (1) the amnion^ derived from the somatopleure and epithe allantois, the false amnion,
blast
(2) the chorion^ formed by three layers
and the vitelline membrane and (3) the decidua^ derived from the mucous membrane of the uterus.
;

—

—

—

;

;

Fig. 91.

Transverse section through the dorsal region of an embryo-chick, end of third day (from Foster and Balfour). Am.
mp. Muscle plate, cv. Cardinal vein. Ao. Dorsal aorta at the point where its two roots begin to join. Ch.
Notochord. Wd. Wolffian duct. Wb. Commencement of formation of Wolffian body. ep. Epiblast. so. Somatopleure
hy. Hypoblast.
The section passes through the place where the alimentary canal {hy) communicates with the yolk-sac.

Amnion,

17.

Formation of

the Placenta.

— The

villi

of the chorion penetrate into

folli-

communicate with the uterine sinuses, and
contain blood. The villi of the chorion become vascular, containing loops of
tine blood-vessels, which communicate with the umbilical arteries and veins.
The further development of the embryo will perhaps be better understood if
cles in the decidua.

we

These

follicles

follow as briefly as possible the principal facts relating to the chief parts of
consists
viz., the spine, the cranium, the pharyngeal cavity,
mouth, etc., the nervous centres, the organs of the senses, the circulatory system,
the alimentary canal and its appendages, the organs of respiration, and the genitourinary organs.^
The reader is also referred to the chronological table of the
development of the foetus at the end of the Introduction.

which the body

—

^ The scope of this work
only permits the briefest possible reference to these subjects. Those whc
wish to stvtdy the subject of embryology in more detail are referred to Kolliker's Entwickelangsgeschichte, to the chapters on the development of the various organs in the 8th edition of Quain's
Anatomy, or to the works of Prof. Dalton and of Foster and Balfour.
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—

the Spine.
The external layer of the blastoderm (epiblast), as
in Fig. 83, dips down to form the medullary groove which is afterwards
converted into the medullary canal, and in this canal the nervous centres are

Development of

shown

formed out of epiblastic elements. At the same time the chorda dorsalis^ or notoThis is a rod or cylinder composed of a
chord, is formed out of- the mesoblast.
transparent tube containing embryonic cells (Fig. 91), and extending from the
On either
cephalic to the caudal extremity of the foetus below the spinal cord.
side of this are laid down also from the mesoblast a series of square-shaped
bodies called lh.Qprotovertehr8e.

The

protovertebrse or primitive vertebrae appear

which soon enlarge and form quadrangular laminas, one on
These
either side of the chorda dorsalis, commencing in the cervical region.
spread out and bend towards each other, so as to
come into contact around the spinal canal and
early, as

dark

spots,

it, forming the rudiment of the future bodies
and arches of the vertebree, as well as of the vertebral and other muscles.
This primitive vertebral column is, however, entirely membranous
until about the sixth or seventh week, when cartilage begins to be deposited in it.
The protovertebrse do not coincide with the permanent
vertebraa. On the contrary, each primitive vertebra3
separates into two parts, the upper part belonging
to the permanent vertebra which lies above the
point of separation, and the lower one to that
below (Fig. 92). The chorda dorsalis becomes
gradually atrophied, except at the part corresponding to the intervals between the permanent vertebrte, where it forms the intervertebral disks.

inclose

The
spinal

steps by which the various parts of the
column are composed are complicated, and

Cervical part of the primitive vertebral

in

column and adjacent parts of an embryo
of the sixth day, showing the division of

made

the primitive vertebral segments

several points they are not at present clearly
out. Thus the notochord is usually regarded,
and is described above, as being formed out of the
mesoblast but this is denied by several authors,
who refer its origin to the epiblast, and who deny
that any cartilaginous change takes place in it.
These authors would thus refer the intervertebral
disks exclusively to the protovertebrse, while the
notochord would, according to them, disappear
entirely in after life.
;

What

is usually admitted is shortly as follows
protovertebrse, derived from the mesoblast,
increase in size and grow up around the notochord,
so as to inclose it completely.
They then become
divided or segmented each into two portions,
the upper segment of the lower protovertebra
:

The

(from
KoUiker, after Remak). 1, 1. Chorda dorsalis in its sheath, pointed at its upper end.
2. Points by three lines to the original intervals of the primitive vertebrae. 3, in a
similar manner indicates the places of new

permanent bodies of vertethe body of the first cervertebra in this and the next the

division into
brse.

vical

c indicates
;

primitive division has disappeared, as also
in the

two lowest represented,

the one above

;

viz.,

d and

in those intermediate the

line of division is shown.

4,

points in

three places to the vertebral arches and
5, similarly to three commencing ganglia
;

of the spinal nerves

:

the dotted segments

outside these parts are the muscular plates.

coalescino; with the lower
segment of the upper to form the corresponding segment of the whole trunk or
somatome. From each of these somatomes are to be derived (1) the basis of the
vertebra, and, as proceeding from this, the bony framework of the portion of the
skeleton to which the vertebra serves as a centre (2) the muscular plates which
surround the vertebra, and from which the muscular elements extend into the
limbs; (3) the vascular system; (4) the ganglia which lie in the intervertebral
foramina, and the nerves which proceed from these ganglia, and finally the true
skin below the epiblast and the corium of the mucous membrane below the
;

hypoblast.
The mesoblastic elements (protovertebrse) on either side grow towards each
other and coalesce, surrounding the notochord and the epiblastic elements out of

a
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wliich the medullary canal has been developed (Fig. 91, mc).
From this portion
of the somatomes the lamina of the vertebrie, the muscles and other parts in the
vertebral o-rooves, and the skin of the back are formed.
Develo2:)ment of the

Cranium

in general^

and of

the Face.

— The

foetal

cranium

is

developed from the primitive vertebral disks surrounding the upper extremity
of the chorda dorsalis.
These advance in the form of a membranous capsule
("investing mass" of Rathke), which covers the end of chorda dorsalis, forming
the rudiment of the base of the skull, and moulds itself on the cerebral vesicles,

membrane in which the vault of the skull is developed.
capsule presents at the base of the skull two thickenings
("lateral trabeculse" of Rathke) directed forwards, and inclosing an opening
(pituitary opening) which is partly closed by a thinner membrane
the middle
trabecula.
The upper end of the chorda dorsalis terminates in a pointed extremity (Fig. 92), which extends about as
far forwards as the body of the sphenoid
Fig. 93.
bone, where it becomes lost near the situation
of the pituitary body.
The membrane be^S^
comes replaced by cartilage in the part cor'^^^m,
''^^ ^^
responding to the base of the skull and the
trabecule.
portion of this primitive cartilaginous cranium becomes atrophied and
disappears a portion persists forming the
cartilages of the nose and those of the articulations the rest forms the cartilaginous nidus
"M
of the basilar part of the occipital, the greater
lofiSijrir.^ '"'"*'^W^
-(-r^) .'
part of the sphenoid, the petrous and mastoid
J]L~Z'__
iLirril__
'W^
-S "^
portions of the temporal, the ethmoid bone,
ff
and the septum nasi.
^.1
I
As the cerebral extremity of the foetus
grows, it becomes twice bent forwards on its
7W^-" ,-""
own axis (Fig. 94). The upper or posterior
/."j^-^^-.-A^^K
'-.-tea^^p/
""^^°^^y
curvature is called the cerebral; the lower or
""*
--'^
From the
anterior, the frontal protuberance.
g _
anterior end of the chorda dorsalis four prolongations proceed on either side, and meet
so as to constitute the

The membranous

—

A

—

;

;

'^

-

-^

%

^

Face of an embryo of 25 to 28 days.
1. Frontal prominence.

15 times.)

and

left

olfactory

fossse.

4.

(Magnified
2,

3.

Right

Inferior maxillary

tubercles, united in the middle line.

5. Superior
Mouth or fauces. 7.
maxiiiary tubercles.
6.
Second pharyngeal arch. 8. Third. 9. Fourth.
11. Prmiitive audi10. Primitive ocular vesicle.

tory vesicle.

'''',' m

-^ ^|
middle line (FigS.
V
o 90, 93, 4, 7, 8, 9).
Thcsc are the pharyngeal archcs, and
them, and ill the frOUtal protubcranCC, CCr.(.^-^ boucs are developed, which are Called
,
-1,1
t
Secondary boncs, to distmguish them from those
abovc enumerated, which are formed from
the primitive cranium itself. Between the first
.''

,

_

,

•

,

,

j?

j_i

pharyngeal arch and the frontal protuberance is situated the buccal depression,
which afterwards becomes the cavity of the mouth, or more properly of the fauces,
for the mouth itself is developed from the epiblast growing inwards, whilst these
pharyngeal arches are formed from the mesoblast, lined internally by the hypoblast,
the reflection of which membrane closes the cavity above in the early state.
The frontal protuberance next gives off two lateral parts (lateral frontal protuberances), on each of which a depression is formed, the olfactory fossa, bounded
on either side by the internal and external nasal processes. There is a groove
external to the external nasal process, which afterwards is transformed into the
lachrymal canal, and another groove leading from the olfactory fossa to the
buccal cavity

—the nasal groove.

—

pharyngeal arch divides at its anterior extremity into two parts
The latter unites very early to its
superioi' and inferior maxillary protuberance.
fellow of the opposite side to form the lower jaw. The superior maxillary

The

first

1

—
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protuberances are displaced outwards, and united to tlie external nasal process;
from tins part are developed the internal plate of the pterygoid process, the palateThe lateral masses of the ethmoid,
bone, the superior maxillary, and the malar.
the OS unguis, and nasal bones are furnished by the internal nasal process. The
rest of these processes on either side are united by a single protuberance, the
incisive tubercle from which the intermaxillary bone and the middle of the
upper lip are formed, and, according to some, the vomer.
;

Besides the lower jaw, the inferior maxillary protuberance furnishes a transitory
the cartilage of Meckel from which the malleus and incus
The remains of Meckel's cartilage persist as long as till the end of
are formed.
the seventh or the eighth month of foetal life, in the form of a rod of cartilage
lying inside the lower jaw. From the second pharyngeal arch are formed the
stapes and stapedius muscle, the pyramid, the styloid process, the stylo-hyoid
The great cornu and body of
ligament, and the small cornu of the hyoid bone.
the hyoid bone are developed from the third arch, while the fourth pharyngeal arch
enters merely into the formation of the soft parts of the neck, and does not give
The pharyngeal or branchial fissures are four in
origin to any special organ.
number, the fourth being situated beneath or below the fourth arch the first
persists, though only in a portion of its extent, forming the Eustachian tube, the
meatus auditorius, and the tympanic cavity. The other fissures are wholly closed
by the sixth week.''
cartilaginous mass

—

—

;

—

Development of the Palate. The buccal cavity is at first common to the mouth
and nose. Then a lamella is given off from the superior maxillary tuberosity on
either side, which is directed horizontally inwards.
These two palatine lamellae
meet in the median line, in front, about the eighth week, and by the ninth week
The superior maxillary bones proper, and the
the septum should be complete.
soft parts covering them,, unite at an early period with the incisive bone, and the
median portion of the lower lip. The olfactory foss« open into the upper
(respiratory) portion of the cavity, forming the nostrils.
It will be noticed that
the various forms of harelip correspond to various interruptions of the process
thus the ordinary single harelip on one side of the median line results
of union
from the mere absence of union on that side between the soft parts which cover
the incisive bone and those connected with the proper superior maxillary if this
occurs on both sides, we have the simplest form of double harelip if, besides this,
the intermaxillary bone remains ununited, it usually is carried forward at the end
of the vomer, forming the double harelip, complicated with projection of the
intermaxillary bone if, added to this, the palatine lamellae also remain ununited,
we have the complete degree of fissured palate and harelip. Fissure of the soft
palate only, or of the soft and a portion of the hard, represent various degrees
of non-union of the palatine lamellae.
,

;

:

;

;

^ The relations of these pharyngeal arches
to the cranial nerves are of the greatest interest in a
morphological point of view, but are hardly yet quite settled.
Prof. Parker has lately described the
ossification of the skull as proceeding from five arches
a prse-oral and four pharyngeal or post-oral
the post-oral being the mandibular or inferior maxillary the hyoid the thyro-hyoid and the
fourth, which, as above stated, has no remnant in the skeleton.
The fifth cranial nerve, the facial,
and the glosso-pharyngeal, have definite relations to these arches each dividing so that its anterior
and posterior divisions embrace the cleft, or are distributed on the " bars," as Prof. Parker calls
them, which bound the cleft.
Thus the front division of the trigeminus is distributed in front of the
buccal cleft on the pras-oral arch, and its posterior division on the first pharyngeal or mandibular:
the facial sends its anterior division ^represented in the mature condition by the chorda tympani
in front of the Eustachian fissure (the remainder of the first cleft), to the mandibular arch, while
its descending branches go to the hyoid arch
the glosso-pharyngeal goes by its lingual portion to
the hyoid arch, while its pharyngeal part is distributed to the thyro-hyoid.
The theory is a beautiful one, and the method of inquiry most fruitful in promise for the higher
anatomy, which aims at uniting into one plan all the various fonns of ova and the animals developed
from them but as yet it is hardly sufficiently established in fact to be made a necessary part of

—

—

;

;

;

—

:

;

scholastic teaching.

;
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Development of the Nervous Centres. The medullary groove above described
106) presents about the third week three dilatations at its upper part, separated
by two constrictions, and at its posterior part another dilatation called the rhomSoon afterwards the groove becomes a closed canal (medullary
boidal sinus.
canal), and a soft blastema is deposited in it, which
lines it, corresponding to its dilatations, and, like it,
assuming a tubular form. This is the rudiment of
(p.

the cerebro-spinal axis. As the embryo grows, its
cephalic part becomes more curved, and the three
dilatations in the anterior end of the primitive cerebro-spinal axis become vesicles distinctly separated
from each other (Fig. 94). These are the cerebral
The antevesicles
anterior, middle, and posterior.
rior cerebral vesicle (situated at this period quite
below the middle vesicle) is the rudiment of the
lateral and third ventricles, and of the parts surroundLongitudinal section of the head
ing them viz., the cerebral hemispheres, optic thalami,
of an embryo four weeks old, seen
corpora striata, corpus callosum, fornix, and all the
from the inside. 1. Ocular vesicle.
3. Fore
2. Optic nerve flattened out.
The
parts which form the floor of the third ventricle.
Intermediary brain.
4.
5.
brain.
middle vesicle represents the aqueduct of Sylvius with
Middle brain. 6. Hinder brain. 7.
the corpora quadrigemina, and the crura cerebri.
After brain. 8. Anterior portion of
the tentorium cerebelli. 9. Its lateral
The posterior vesicle is developed into the fourth
portion intervening between Nos. 4
ventricle, and its walls form the cerebellum. Pons
and 5. 10. The pharyngeal curve,
Varolii, medulla oblongata, and parts in the floor
bent into a cul-de-sac. 11. The audiof the fourth ventricle. The antero-posterior fissure,
tory vesicle.
which indicates the division of the brain into two
halves, appears early, and the primary anterior and posterior cerebral vesicles
are also soon divided by a transverse fissure into two parts, so as to constitute
The middle
five permanent rudiments of the brain and medulla oblongata.
primary vesicle remains undivided.
The anterior part of the anterior cerebral vesicle (Vorderhirn, fore brain.
Prosencephalon) constitutes the cerebral hemispheres, corpus callosum, corpora

—

—

and olfactory nerves. These parts lie at first
quite covered and concealed by those formed from the middle vesicle, and by
the optic thalami, which, with the optic nerves, the third ventricle, and the parts
in its floor, are furnished by the posterior portion of the anterior vesicle (Zwischenhirn, intermediary brain, Tlialamencephalon).
By the third month, however, the hemispheres have risen above the optic thalami, and by the sixth month
above the cerebellum. Fissures are seen on the surface of the hemisphere at the
third month, but all except one disappear.
This one persists, and forms the
fissure of Sylvius.
The permanent fissures for the convolutions do n(?t form till
about the seventh or eighth month. The middle cerebral vesicle (Mittelhirn,
middle brain. Mesencephalon) is at first situated at the summit of the angle
shown on Fig. 94. Its surface, at first smooth, is soon divided by a median and
transverse groove into four tubercles [tuhercula quadrigemina)^ which are gradually covered in by the growth of the cerebral hemispheres.
The cavity diminThe
ishes as its walls thicken, and contracts to form the aqueduct of Sylvius.
crura cerebri are also formed from this vesicle. The third primary cerebral
vesicle is divided at an early period (between the ninth and twelfth week) into
two, the anterior part (Hinterhirn, hinder brain, Epencephalon) forming the
cerebellum, and a membrane (membrana obturatrix) which closes the upper part
of the fourth ventricle, and which disappears as development progresses its
posterior part (Nachhirn, after brain, Metencephalon) forms the medulla
oblongata, with the restiform bodies and auditory nerves.^
striata, fornix, lateral ventricles,

;

^ The above forms a short abstract of the facts hitherto observed relative to the development of
But a very interesting series of lectures by Mr. Callender at the College of Surgeons
the brain.
Thus Mr. Callender lays
gives a different account of the subject in some important particulars.
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The development of tlie pituitary body has of late received much, attention,
and important questions of morphology are connected with this body. The
Fig. 95.

B

C

head in early embryos of the rabbit. Magnified (from Mihalkovics). A. From an embryo of
From an embryo of six millimetres long. C. Vertical section of the anterior end of the notoehord and pituitary body, etc., from an embryo sixteen millimetres long. In A, the faucial opening is still closed. In B,
it is formed,
c. Anterior cerebral vesicle,
mc. Meso-cerebrum. mo. Medulla oblongata, co. Corneous layer, m. Medullary layer, i/. Infundibulum. am. Amnion, spe. Spheno-ethmoidal. &c. Central (dorsum sellas), and ^po, spheno-occipital parts of the basis cranii.
h. Heart. /. Anterior extremity of primitive alimentary canal and opening (later) of the
fauces, i. Cephalic portion of primitive intestine,
tha. Thalamus, p'. Closed opening of the involuted part of the
pituitary body {py). ch. Notoehord. ph. Pharynx.
Vertical section of tlie

five

millimetres long.

description

B.

which

is

now

accepted regards the pituitary body as the place of

meeting of the epiblast, hypoblast, and mesoblast at the extremity of the notochord, and as containing rudiments from each of these sources, or at least from
very great stress on the pineal and pituitary bodies in the course of the development of the brain,
classing them as the great centres around which the organs are grouped, and by which their position
is determined.
The pituitary body is anchored, as it were, at the base of the brain, just in front of
the spot where the notochord terminates anteriorly, while the pineal body is anchored originally at
the upper part of the future brain, near the bend of the head (about No. 9, Fig. 94).
The two
are connected together by a tract of tissue, and the pineal centre gets covered in by the "mantles"
or embryonal hemispheres, while the pituitary centre retains nearly its relative position.
Another
important difference in Mr. Callender's from the previous account is that he describes the permanent
fissures in the lower part of the brain as appearing much earlier than has been previously believed
(as early as ten to twelve weeks), and says that the obliteration of these fissures is apparent only,
and due to their being covered in and concealed by the tissue which is growing up to form the convoluted surface of the upper portion of the hemispheres, but that they are really permanent, and that
their identity with the fissures in the base of the adult brain can be verified.
For many interesting
details as to the growth of various parts of the brain we must refer to the published lectures in
Brit. Med. Journ., June, 1874.

;
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the cpiblast and hypoblast, for tlie mesoblastic elements derived from tlie cliorda
dorsalis are now said early to become displaced and to disappear.
At the point where the notochord terminates anteriorly the medullary layer
of the epiblast is reflected downwards to form a little pouch (Fig. 95, c, ^/) of
nervous substance, the infundibulum. At the same time the hypoblast passes
upwards from the pharynx, or "upper end of the primitive intestine, to form,
along Avith the corneous layer of the epiblast, a similar pouch, which becomes closed
and converted into a closed glandular body, the glandular part of the pituitary
The end of the notochord would lie at first between
bod}^, or hypophysis.
these two parts of the pituitary body but it is believed that, as the hypophysis
becomes closed oft' and separated from the pharynx, the two parts of the
pituitary body are carried backwards and upwards from off' the end of the notochord, so as to leave the latter stranded as it were below the pituitary fossa.
Others refer the hypophysal part of the pituitary body to epiblastic elements
derived from the buccal part of the epiblast only, and so connect its development, not with the pharynx, but with the mouth and the anterior portion of the
The question is an obscure one, but its main interest is to remind the
skull.
reader that this peculiar appendage to the brain forms,
in an early condition of the foetus, the meeting-point
of the portions of the ovum from which the nervous
centres, the alimentary canal, the mouth, and the base
of the skull are developed and that its development
has some connection, as yet imperfectly understood,
with that of these, or some of these, great sections of
the body.
When the medullary groove is closed, the foetal
spinal marrow at first occupies the whole of the canal
so formed.
It presents at first a large central canal,
which gradually contracts, and in after life is no longer
perceptible to the eye, though it is still visible on microscopic sections [v. p. 73).
After the fourth month
the spinal column begins to grow in length more
Section of the medulla in the
rapidly than the medulla, so that the latter no longer
cervical region, at six weeks. (Magoccupies the whole canal. The ganglia and anterior
nified 50 diameters.)
1.
Central
canal. 2. Its epithelium. 3. Anteroots of the nerves are perceptible at the fourth week,
rior gray matter. 4. Posterior gray
the posterior roots at the sixth.
The cord is composed
matter.
5. Anterior commissure.
at first entirely of uniform-looking cells, which soon
6. Posterior portion of the canal,
closed by the epithelium only. 7.
separate into two layers, the inner of which forms
Anterior column. 8. Lateral colthe epithelium of the central canal, while the outer
umn. 9. Posterior column. 10.
forms the central gray substance of the cord. The
Anterior roots. 11. Posterior roots.
white columns are formed later their rudiments can
be detected about the fourth week, and some embryologists believe that they are
developed from the mesoblast. The central canal of the spinal cord is at first
unclosed behind, except by the epithelial layer, but at the age of nine weeks the
medullary substance is united here also. The ganglia appear to be developed
from the protovertebral disks, and it is possible that the posterior roots also are
the anterior roots proceed from the medulla itself.^ The development of the
nerves has not yet been followed. The sympathetic can be seen as a knotted
cord at the end of the second month.
The cerebral and spinal membranes are also, according to Kolliker, a production from the protovertebral disks, and are recognizable about the sixth week.
As the fissures separating the parts of the cerebro-spinal axis appear, the mem;

;

;

^ It is now believed, chiefly on the authority of Mr. Balfour's researches on the development of
the elasmobranch fishes {Journ. of Anat. and Phys.), that the whole of these parts are probably
developed from the medullary groove, i. e. from the epiblast, though it is possible that the protovertebral disks ({. e. the mesoblast) may furnish the vessels and cellular tissue which are in connection

with them.

—
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down tliem, and the pia mater passes into the cerebral ventricles.
Bischoff, however, describes the pia mater and arachnoid as developed from the
cerebral vesicles, and formed in the position which they permanently occupy.
branes extend

—

JJevelopment of the Eye.
The nervous elements and the non-vascular parts of
the eye are developed from the epiblast, and the vascular portions from the
mesoblast, but the method of development is somewhat complicated.
The
i. e., the retina and the parts immediately connected
essential portions of the eye
with it are an outgrowth from the rudimentary brain (primitive ocular vesicle),
and this outgrowth is met by an ingrowth or covering from the common epidermic or corneous layer of the epiblast, out of which the lens, conjunctiva, and
corneal epithelium are developed.
The primitive ocular vesicle is at first an open cavity communicating by a
hollow stalk with the general cavity of the Zwischenhirn, or intermediary brain
As development advances
the posterior division of the anterior cerebral vesicle.
the hollow stalk becomes solid, and thus the optic nerve is formed, receiving,
however, in a way to be presently explained, mesoblastic elements for the formation of its central artery and connective tissue.
The lens, is formed by a thickening of the epidermic layer, opposite to the
primitive ocular vesicle, by which that vesicle is at first depressed, and then
reversed in the manner indicated by the annexed figures so that the cavity of
the primitive ocular vesicle is finally obliterated.
As this process takes place,
a secondary cavity (secondary ocular vesicle) is formed between the rudimentary
lens and the coats of the reversed primitive vesicle, and in this space the vitreous

—

;

humor

is

secreted.
Fig. 97.

Diagram of development of the
of this layer.

3.

lens.

Crystalline depression.

ABC.
4.

Different stages of development.

Primitive ocular vesicle,

its

1.

Epidermic layer.

anterior part pushed back

b)'

2.

Thickening

the crystalline

5. Posterior part of the primitive ocular vesicle, forming the external layer of the secondary ocular vesicle.
Point of separation between the lens and the epidermic layer. 7. Cavity of the secondary ocular vesicle, occupied by
the vitreous.

depression.
6.

The lens is at first a mere depression in the epidermic layer. AVhen this is
closed the lens becomes a vesicle, formed of epithelial cells, which grow and fill
its cavity, becoming gradually transformed into fibres.
It is at first surrounded
by a vascular membrane the vascular capsule of the lens which is connected

—

—

with the termination of the temporary artery [hyaloid) that forms the continuation
This vascular
of the central artery of the retina through the vitreous chamber.
capsule of the crystalline lens forms the membrana pupillaris (described on p.
It dis736), and also attaches the borders of the iris to the capsule of the lens.
appears about the seventh month.
These vascular elements are introduced into the globe of the eye from the
mesoblast, through a fissure which exists around the growing lens
the choroidal
fissure, or ocular cleft.
The fold of mesoblast which projects through this fissure
is thus introduced behind the lens into the cavity of the secondary ocular vesicle
(or ocular cup, as it is now called after Foster and Balfour), and it here furnishes
the vascular and fibrous elements of the iris and choroid, while its extremity is
believed to extend down the stalk of the primitive ocular vesicle and furnish the
arteria centralis retinae with the sheath and connective tissue of the optic nerve.
The two layers of the primitive ocular vesicle are at first separated by a space

—
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continuous with

of the original medullary cavity (or foetal ventricle), but
The outer layer of the vesicle is chiefly
pigmentary. It lines the mesoblastic elements
which are to furnish tlie vascular choroid, and
is developed into the hexagonal pigment-layer,
which functionally forms part of the choroid,
but is now often described as belonging to the
retina, on account of this method of development.
The sclerotic and the fibrous or true
cornea are also developed out of this layer,
though probably with admixture of mesoblastic
elements.
In fact, the mesoblast is now described by the most recent authorities as the
The inner layer
source of both membranes.
gives origin to the retina.
Tlie eyelids are formed at the end of the
Diagrammatic sketch of a vertical longithird month, as small cutaneous folds, which
tudinal section through the eyeball of a human
come together in front of the globe and cohere.
foetus of four weeks (after KoUiker). (MagniThis union is broken up, and the eyelids
The section is a little to
fied 100 diameters.)
the side, so as to avoid passing through the
separate before the end of foetal life.
ocular cleft, c. The cuticle, where it becomes
The lachrymal canal appears to result from
The lens. op. Optic nerve
later the cornea.
the non-closure of a fissure which exists between
formed by the pedicle of the primary optic
vesicle, vp. Primary medullary cavity of the
the external nasal process and the maxillary
optic vesicle, p. The pigment-layer of the
process (p. 118).
tliat

this space is afterwards obliterated.

I.

outer wall.

r.

The inner

wall forming the

Secondary optic vesicle containing
the rudiment of the vitreous humor.

retina,

vs.

—

Development of the Ear. The first rudiment
of the ear appears about the same time as that
of the eye, in the form of a vesicle (primitive auditory vesicle, Figs. 93, 94, 11)
situated close on the outside of the third cerebral vesicle, though not communicating with it. It is formed by a depression of the epithelium over
the second pharyngeal arch, which becomes converted into a closed sac. From
The auditory nerve is described
this vesicle the internal ear is developed.
either as a projection from the third cerebral vesicle, or as an independent formation from the mesoblast which unites with both, and thus establishes a communication between the cerebral and the auditory vesicles. The middle ear and
Eustachian tube constitute the remains of the first pharyngeal or branchial cleft.
The formation of the ossicles of the tympanum has been already pointed out,
viz., the incus and malleus from Meckel's cartilage, and the stapes, with its
These parts project into the first
muscle, from the second pharyngeal arch.
pharyngeal cleft, which remains occupied by connective tissue during the whole
The membrana tympani forms across the
of foetal life, according to Kolliker.
The pinna, or external ear, is
cleft, dividing it into an inner and outer portion.
developed from the soft parts covering the first pharyngeal arch.

—

Development of the N'ose. Two fossae (olfactory fossae) have been already
spoken of, which are found below and in front of the ocular vesicles and the
upper maxillary projection (Fig. 93, 2, 3). They appear about the fourth week.
Their borders become prominent, and the fosste deepen, except at the lower part,
where they lead by a groove (olfactory groove) into the buccal cavity. This
groove is bounded by the internal and external nasal process. As the superior
maxillary projection increases, the olfactory groove is transformed into a deep
canal, the rudiment of the two superior meatuses of the nose.
As the palatine
septum is formed, the buccal cavity is divided into two parts, the upper of which
represents the inferior meatus of the nose, while the lower forms the mouth.
The soft parts of the nose are formed from the coverings of the frontal projection,
and of the olfactory fossge. The nose is perceptible about the end of the second
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The nostrils are at first closed by epithelium, but this disappears about
the fifth month.
The olfactory nerve, as above pointed out, is a prolongation, at first in the
form of a hollow stalk, from the anterior cerebral vesicle.
The development of the teeth is spoken of in the body of the work, p. 770.
month.

—

Development of the Skin, Glands, and Soft Parts. The epidermis is produced
from the external, the true skin from the middle, blastodermic layer (Fig. 81, 19,
About the fifth week the epidermis presents two layers, the deeper one
20).
corresponding to the rete mucosum. The subcutaneous fat forms about the
fourth month, and the papillge of the true skin about the sixth.
considerable
desquamation of epidermis takes place during foetal life, and this desquamated
epidermis, mixed with a sebaceous secretion, constitutes the vernix caseosa, with
which the skin is smeared during the last three months of foetal life. The nails
are formed at the third month, and begin to project from the epidermis about
the sixth.
The hairs appear between the third and fourth month in the form
of a depression of the deeper layer of the epithelium, which then becomes
inverted by a projection from the papillary layer of the skin.
The papilla grows
into the interior of the epithelial layer, and finally, about the fifth month, the
foetal hairs (lanugo) appear first on the head and then on the other parts.
These
hairs drop off after birth, and give place to the permanent hairs.
The sudoriferous
and sebaceous glands are also formed from the epithelial layer about the fifth
and sixth month respectively. The mammary gland is also formed from the
deeper layer of the epithelium. Its first rudiment is seen about the third month,
in the form of a small projection, from which others radiate, and which then
give rise to the glandular follicles and ducts.
The development of the former,
however, remains imperfect, except in the adult female, and especially after
pregnancy. In all these glands the vessels, and probably also the connective
tissue, are furnished from the mesoblast.

A

—

Development of the Limbs. The upper and lower limbs begin to project, as
buds, from the anterior and posterior part of the embrj'o about the fourth week.
These buds are formed by a projection of the somatopleure covered by the
epiblast.
The division of the terminal portion of the bud into fingers or toes is
early indicated, and soon a notch or constriction marks the future separation of
the hand or foot from the forearm.
Next a similar groove appears at the site
of the elbow or knee.
The indifferent tissue, or blastema, of which the whole
projection is at first composed, is differentiated into muscle and cartilage before
the appearance of any internal cleft for the joints between the chief bones.
The muscles become visible about the seventh or eighth week. The source of
their development is not completelv determined for the m.uscles oi the limbs.
The vertebral muscles appear to be developed from the '' muscular laminas " of
the primitive vertebral disks (Fig. 81, 13), and the muscles of the neck and jaws,
as well as those which inclose the cavities of the thorax and abdomen, are also
formed from the same source. They do not meet in the middle line of the body
till about the fourth month.
The cutaneous muscles are developed from the
cutaneous portion of the middle blastodermic layer.

—

DeveloiDment of the Heart.
The first trace of the heart is found about the tenth
or twelfth day, in the form of a mass of cells proceeding from the middle layer
of the blastodermic vesicle and the anterior wall of the intestinal cavity. It soon
forms a bent tube lying in front of the embryo, and only connected to it by its
vessels (Figs. 85, 90).
The heart is situated at first at the anterior end of the
embryo, lying opposite the two last cerebral vesicles. As the head is developed,
the heart falls, as it were, backwards to the lower part of the neck, and then to
the thorax.
It fills the whole thoracic cavity about the second month.
As the
lungs and thoracic parietes form, the heart assumes

its

permanent

position.

The

GENERAL ANATOMY.

126

is soon curved into the shape of tlie letter S, the arterial part being situated
above, in front and to the right, the venous below, behind and to the left. Traces
Then the
of the auricular appendages are early perceptible on the venous part.
walls of the ventricular portion begin to thicken in regard to the auricular part.
The ventricle is separated by a constriction from the dilated part above, which
corresponds to the aortic sinus or bulb
Fig. 99.
(Fig 100, A, 1), and from the posterior or
auricular dilatation.
Then each of these
three parts becomes subdivided by a
septum. After the completion of the
ventricular septum the auricular is com-

tube

The septum ventriculorum is
almost transverse, and divides off
a smaller portion (the right ventricles) from
the common cavity. This septum is complete about the eighth week, and then the
interauricular begins to grow, commencing
menced.
at first

from above and behind, and coalescing

Various forms of mother-cells undergoing developinto blood-vessels, from the middle layer of the
chick's blastoderm (Klein), a. Large mother-cell vacuolated, forming the rudimentary vessel,
b. The wall
of this cell formed of protoplasm, with nuclei imbedded, and in some cases more or less detached and
projecting, c. Processes connected with neighboring
cells, formed of the common cellular substance of the
germinal area. d. Blood-corpuscles. /. Small mother-

ment

with the edge of the interventricular septum so as to leave an orifice (auriculoventricular) on either side.
The auricular
septum, however, is not complete during
foetal life, but leaves an aperture (foramen
ovale) by which the two auricles communicate.

The heart is at first composed of a mass
of foetal cells, but its rhythmic contraccells — vacuolation commencing.
B. Mother-cell in
tions can be observed even in this conwhich only obscure granular matter is found.
dition before the development of any muscular fibres, and even, according to some authors, before it is in connection with
any

vessels.

—

Development of Blood Corpuscles and Vessels. The earliest blood-vessels are
observed, as stated above, in the vascular area of the germinal membrane, external to the body of the embryo.
The different cells of which the substance is
composed are, according to Klein, " vacuolated," i. e. they become enlarged, their
nuclei multiply, and, as they do so, an empty space is formed in them, in which
the nuclei become free and are converted into the blood-disks, while the neighboring vacuolated bodies communicate together by processes in which similar
cells are either inclosed or formed, and thus a continuous branching tube is produced (Fig. 17, c). The blood-globules are at first nucleated, and are larger than
the mature red globules, and in this and other respects more resemble the white
corpuscles but a red color is very early visible in them.
After the liver is
formed it seems the chief source from which immature blood-corpuscles are
furnished to the circulation, and later on the spleen and lymphatic glands take
up this function and continue it after birth. The nucleated condition of the red
globules ceases before birth.
The precise mode in which the nucleated white
corpuscle is converted into the non-nucleated red blood-globule, whether by a
change in the whole cell, or by the disappearance of the cell and persistence of
its nucleus, is not yet ascertained.
The vessels which are in communication with the foetal heart are as follows
In its earliest state the circulation is external to the embryo. This primitive
It concirculation appears about the fifteenth day, and lasts till the fifth week.
sists of two arteries, the first aortic arches, which unite into a single arter}/-, running down in front of the primitive vertebree and in the walls of the intestinal
cavity, and joining in a single artery, which again divides into two primitive
aortse or vertebral arteries, and these give off five or six omphalomesenteric arte;

:

1
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wbicli ramify in the germinal area, forming with tlieir parent trunks a close
network, terminating in veins which converge towards a venous trunk, the terminal sinus. This vessel surrounds the vascular portion of the germinal area,
but does not extend up to the anterior end of the
embryo. It terminates on either side in a vein
Fig. 100.
The two omphalomecalled omphalomesenteric.
senteric veins open into the auricular extremity of
This primitive circulation extends gradthe heart.
ually from the germinal area over the whole of the
umbilical vesicle, and disappears as the latter becomes atrophied. In a more advanced state of the
embryo, the position of this first pair of aortic
arches corresponds to the first pharjmgeal arch.
Next in succession, other pairs of arches are formed
Heart at the fifth week. A. Opened from
behind the first^ (Fig- 101). The total number is
the abdominal aspect. 1. Arterial sinus,
five, but the whole five pairs do not exist together,
2. Aortic arches uniting behind to form
for the first two have disappeared before the others
the descending aorta. 3. Auricle. 4. AuThese two have no representatives
are formed.
riculo-ventricularorifice. 5. Commencing
The third pair gives septum ventriculorum. 6. Ventricle. 7.
the permanent structures.
Inferior vena cava. B. Posterior view of
origin to the carotids, the fourth pair forms the inthe same.
Trachea. 2. Lungs. 3. Vennominate and subclavian on the right, the arch of
tricles.
6. Diaphragm.
7.
4, 5. Auricles.
The fifth Descending aorta. 8, 9, 10. Pneumogastric
the aorta and subclavian on the left.
nerves and their branches.
forms on the left side the pulmonary artery, the
ductus arteriosus, and the descending portion of
Its right branch disappears.^
the thoracic aorta.
The ascending portion of the arch of the aorta and the root of the pulmonary
the common dilatation (aortic sinus), which
artery are at first blended together
has been above spoken of as connected with the ventricular end of the rudimentary heart (Fig. 100, A, 1). The septum which divides this common artery
into two begins to appear very early, even before the interventricular septum.
The formation of the permanent vessels is shown by the following diagram
ries,

m

1.

m

:

Fig, 101.

Diagram of the formation of the aortic arches and the large arteries. I. II. III. IV. V. First, second, third, fourth, and
arches. A. Common trunk from which the first pair spring the place where the succeeding pairs are formed
is indicated by dotted lines.
B. Common trunk, with four arches and a trace of the fifth. C. Common trunk, with the
three last pairs, the first two having been obliterated. D. The persistent arteries, those which have disappeared being
indicated by dotted lines. 1. Common arterial trunk. 2. Thoracic aorta. 3. Right branch of the common trunk, which
is only temporary.
4. Left branch, permanent.
6. Vertebral.
5. Axillary artery.
9. Common carotid.
7, 8. Subclavian.
10. External; and 11, Internal carotid.
12. Aorta.
13. Pulmonary artery.
14,15. Right and left pulmonary arteries.
fifth aortic

;

The descending aorta appears to be the remnant of the artery formed by the
union of the two primitive aortas (Fig. 101, 2). The omphalomesenteric arteries
The position of tlie first four of these aortic arches is behind the corresponding pharyngeal
and that of the fifth behind the fourth pharyngeal cleft.
^ The relations
of the recurrent branch of the pneumogastric nerve are of interest in reference to
the fifth aortic, or branchial arch.
If we assume that in the foetus the recurrent nerve is detached
from its parent trunk by the projection of the fifth arch, this would account for its situation on the
left side in the adult, curving as it does round the ductus arteriosus, which is the remnant of that
arch.
On the right side the disappearance of the fifth arch brings it into relation with the fourth,
and accordingly in the adult it curves round the subclavian, which is the remnant of that arch.
^

arches,
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wliich spring from these latter all disappear except one, wliicli remains as the
superior mesenteric artery. When the activity of the umbilical vesicle and
omphalomesenteric duct ceases, the allantois takes up the function of conducting
the vessels which are to nourish the embryo, and now the umbilical arteries
extend along the allantois to the chorion, and grow in size as the umbilical cord
and placenta are formed. The umbilical arteries are at first the terminations of
the two principal aortse, but when these vessels are united into one the umbilical
arteries appear as branches, and the aorta itself ends in a caudal prolongation,
which afterwards becomes the middle sacral. The common arid internal iliac
arteries are the only permanent remains of the umbilical arteries (see p. 544).
Ferns.
The primitive venous circulation has been described above, the two
omphalomesenteric veins opening by a common trunk into the lower end of the
tube which represents the heart. The next state of the venous circulation is,
that at about four weeks there is found a single vein lying behind the intestinal
cavity (not in front of it, as the temporary omphalomesenteric veins do), and
receiving the trunk vein from the intestine (mesenteric). Two umbilical veins
are early formed, and open together into the common trunk of the omphalomesenteric vein. They receive branches from the allantois and anterior surface
of the embryo.
The right vein soon disappears; the left u.mbilical vein, on the
contrary, grows till it becomes the trunk vessel, into which the omphalomesenteric
vein and its mesenteric branch appear to open. Next the liver begins to be
formed around the umbilical vein, and then this vein sends branches into that
gland (afferent veins) which afterwards become the portal veins in the interior
of the liver, and which give origin to other veins (efferent), which return the
blood from the liver, and form afterwards the hepatic veins. The portion of the
umbilical vein between the giving oft' of the future portal vessels and the recepThe mesenteric vein communicates
tion of the hepatic, forms the ductus venosus.
at first with the omphalomesenteric
when the veins of the liver are formed, the
omphalomesenteric is transferred from the umbilical vein to the right afferent
hepatic.
portion of it persists and forms the trunk of the portal vein.
The systemic veins are developed from four trunk veins, two on either side,
above and below, which appear before the formation of the allantois or the
umbilical vessels.
These unite into one canal on either side (sinuses of Cuvier),
which open into the common trunk of the omphalomesenteric veins, and so into
the auricular portion of the rudimentary heart. These four primitive veins lie,
two of them in front, the anterior cardinal, or jugular veins, and the other two
behind, the posterior cardinal veins. As the umbilical vein increases, and the
omphalomesenteric diminishes in volume, the sinuses of Cuvier are transferred to
the former vein, and when the inferior cava is formed and the umbilical vein
becomes merely its tributary, the sinuses of Cuvier open into the inferior vena
cava.
At a later period the portion of the vena cava inferior, between the
opening of the sinuses of Cuvier and the auricle, disappears, and then the auricle
receives three veins
viz., the inferior cava, and the two sinuses of Cuvier, which
are now called right and left superior vena cava (Fig. 102).
The superior cardinal,
or jugular veins, which form the upper branches of the sinuses of Cuvier on
either side, unite about the second month by a transverse anastomosing branch.
The left superior vena cava assumes an oblique position, and empties itself into
the lower and left end of the auricle. Finally, its trunk disappears, while its
orifice is transformed into the coronarj^ sinus, in which the great cardiac vein
opens.^
The right sinus of Cuvier, or superior vena cava, persists the transverse

—

:

A

—

;

Mr. Marshall has pomted out that in the adult the remains of the obliterated left superior cava
can be distinguished as a cord, or sometimes a small vein which passes down in front of the right
auricle to the coronary sinus, and that the projection of this cord forms a fold of the serous pericardium over the root of the left lung, which from that circumstance he has named " the vestigial
fold."
And he has figured a case in which the left superior vena cava remained pervious, forming
an anastomosis between the united left subclavian and internal jugular veins, and the coronary
sinus, the left brachio-cephalia being reduced to a small anastomosing branch.
The abnormal vein
^

ran along the vestigial

Anatomy,

vol.

ii.,

fold,

p. 798).

receiving the left superior intercostal vein (see the figure in Quain's
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anastomosing brancli between the two jugulars becomes the left innominate vein,
and the end of the right jugular the right innominate. The venous circulation
in the lower part of the embryo is at first carried on by the inferior cardinal
veins, which return the blood from the Wolffian bodies, and receive branches
corresponding to the intercostal, lumbar, and crural veins.
Between the fourth and fifth week the inferior vena cava begins to appear
the form of a vessel, which passes upwards behind the liver and between the
two Wolffian bodies. It anastomoses below with the two cardinal veins, and
with the crural veins, which gradually come to open into it.

m

Fig. 102.

Diagram of the formation of the main systemic
venae cavae superiores, posterior view.

veins.

A. Heart and venous system at the period

when

there

n-re

two

Right superior cava. 3. Inferior cava. 4. Left inferior
cardinal. 5. Kight inferior cardinal. 6. Right jugular. 7. Anastomosing branch between the jugulars (left innominate).
8. Subclavian.
10. External jugular.
9. Internal jugular.
11. Middle obliterated portion of the posterior cardinal veins.
12. Newly formed posterior vertebral veins.
13. Anastomosis between the two vertebrals— trunk of small azygos.
14.
Iliac veins, proceeding from anastomosis between the inferior cava and posterior cardinals.
16. Hypo15. Crural.
gastric originally the distal ends of the cardinals. B. Heart and permanent veins, posterior view.
1. Obliterated left
superior cava. 6. Right innominate. 7. Left innominate. 8. Subclavian. 10. Jugular. 13. Trunk of the small azygos.
17. Coronary sinus receiving the coronary vein.
20. Inferior small
18. Superior intercostal.
19. Superior small azygos.
1.

Left superior cava.

2.

—

azygos.

The middle part of the

their distal extremities persist as the hypogastric veins, which open along with the crural into the vena
cava, forming the iliac and other veins of the lower extremities.
The termination of each cardinal vein above, in the sinus of Cuvier, or superior cava, also
persists.
The central atrophied portion of the cardinal veins is replaced by two

cardinal veins disappear

;

one on either side, called posterior vertebral, which receive the intercostal
and lumbar veins, and are soon united by an oblique anastomosing branch. The
right vertebral vein, together with the persistent termination of the right cardinal vein, forms the great azygos vein.
The distal portion of the left vertebral
vein, with the oblique anastomosing branch, forms the small azygos
and the
upper part of the left vertebral, with the persistent termination of the left cardinal, forms the left superior intercostal vein.
veins,

;

The

"foetal circulation " is

Development of
cavity

is,

9

as

the

spoken of

at p. 839.

—

Alimentary Canal. The development of the intestinal
(p. 110), one of the earliest phenomena of embryonic

shown above

*

;
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This original intestine is closed at either end, all the three blastodermic
layers being here in contact, and is at first in free communication with the umIt is divided into three parts
the anterior or cephalic
bilical vesicle (Fig. 103).
portion of the primitive intestine, the middle or abdominal, and the posterior or
From the first are formed the pharynx and oesophagus, with the trachea
pelvic.
and lungs from the second, the stomach, small intestine and large intestine, as
from the third, the middle third of the
far as the upper part of the rectum
life.

—

;

;

Th« buccal

cavity on the one hand, and. the lower portion of the
rectum on the other, are separate productions from the middle and external
layers of the blastodermic membrane, and do not communicate with the common cavity till a later period. The permanence of the foetal septum in either
imperforate oesophagus or imperforate
case constitutes a well-known deformity
rectum, as the case may be. The anal cavity is at first common to the urogenital and the dio-estive oro-ans.
The development of the palate has been spoken of above.
The tongue appears about the fifth week as a small elevation, behind the
inferior maxillary arch, to which is united another projection from the second
pharyngeal arch. The epithelial layer is furnished by the external blastodermic

rectum.

—

membrane.
The tonsils appear about the fourth month.

The middle portion of the primitive intestine is at first a groove communicatThe groove is early converted into a
ing freely with the umbilical vesicle.
straight tube, which, however, is still open where it communicates with the
umbilical vesicle.
This opening contracts more and more as the embryo
advances in development, and as the importance of the vitelline duct and yolksac diminishes, until at length all traces of the latter structures disappear in the
normal condition. Abnormally, however, a diverticulum is sometimes formed
from the small intestine near the ceecum, which is regarded with great probability as a pervious portion of the omphalomesenteric duct, and which has been
found passing into the umbilical cord. The peritoneal folds are furnished by the
splanchnopleural layer of the mesoblast, coated by the epithelial layer of hypoblast.
In the cephalic portion- of the primitive intestine these folds remain
separate on the two sides to form the pleurge, and a central portion is divided ofi'
from them to cover the heart and form the pericardium. While the abdominal
intestine is in the grooved condition, the two peritoneal cavities are also separate,
but they early communicate together.
As the tube of the abdominal intestine grows in length, it leaves the vertebral
column in the middle, and forms a curve attached to that column by the mesenportion of the intestine above this mesentery dilates into the stomach,
tery.
which gradually also acquires a mesentery of its own the rest remains attached
to the spine, and forms the duodenum.
The curva of the intestine appears as it
were drawn out from the body by its attachment to the vitelline duct, and lies
external to the parietes, and in the umbilical cord, until the end of the third
month, when it passes back again into the abdomen. While still forming a
portion of the cord, the intestine begins to be distinguished into large and small
for the anterior or upper part, corresponding to the small intestine, begins to
assume a convoluted arrangement about the eighth week whilst the lower part,
which had been posterior, passes to the front and right side of the other, and
becomes dilated at a short distance from the insertion of the vitelline duct, to
^brm the rudiment of the c«cum. When the intestine lies wholly in the belly,
che curve of the large intestine begins rapidly to form but the c^cum lies for
some time in the middle line, and the ascending colon is not fully formed till
the sixth month.
The source of each layer of the intestine, and the closure of the omphalomesenteric or vitelline duct, have been spoken of above, pp. 104, 109.
The liver appears after the Wolffian bodies, about the third week, in the form
of two depressions formed by the epithelial and fibro-intestinal layers of the

A

;

;

;

DEVELOPMENT OF ALIMENTARY CANAL.

131

blastodermic membrane, and projecting from the intestine at tbe part wliicli
Tliese depressions are developed into the right
afterwards forms tlie duodenum.
and left lobes. They grow very rapidly around the omphalomesenteric vein,
from which they receive the branches enunierated on p. 128, and about the third
month the liver almost fills the abdominal cavity. From this period the relative
development of the liver is less active, more especially that of the left lobe,
which now becomes smaller than the right; but the liver remains up to the end
of foetal life relatively larger than in the adult.
Fig. 103.

A

B

Early form of the alimentary canal (from Kolliker after BischofF). In A a front view, and in B an antero-posterior
b. The pharynx,
c, c. The commencing lungs,
d. The
a. Four pharyngeal or visceral plates,
stomach. /,/. The diverticula connected with the formation of the liver, g. The yolk-sac into which the middle intessection, are represented,

tinal groove opens,

The

h.

The

posterior part of the intestine.

gall-bladder appears about the second month, and bile

is

detected in the

month.
The pancreas is also an early formation, being far advanced in the second
month. It, as well as the other salivary glands, which appear about the same
period, originates in a projection from the epithelial layer, which afterwards
forms a cavity, from the ramifications of which the lobules of the gland are
intestine in the third

formed.
In the development both of the liver and pancreas it seems to be admitted
that the epithelial lining of the duct-passages is furnished by the hypoblast, and
the vessels by the mesoblast but authorities differ as to the mode of formation
of the parenchyma (cellular tissue, etc.), whether this is entirely mesoblastic, or
is contributed by both membranes.
The spleen is regarded as formed entirely from the mesoblast, proceeding,
according to Miiller (Strieker's " Handbook," vol. i.), in all Vertebrata from a
segment of the peritoneum.
;

Development of
than the liver.

the

They

Respiratory Organs.

— The

lungs appear somewhat later

are developed from a small crd-de-sac^ which is formed on
either side as a projection from the epithelial and fibrous laminae of the intestine.
During the fourth week these depressions are found on either side, opening
freely into the pharynx, and from the original pouches other secondary pouches
are given off, so that by the eighth week the form of the lobes of the lungs may
be made out.
The two primary pouches have a common pedicle of communication with the pharynx.
This is developed into the trachea (Fig. 100, b), the
cartilaginous rings of wiiich are perceptible about the seventh week.
The parts
which afterwards form the larynx are recognized as early as the sixth week, viz., a
projection on either side of the pharyngeal opening, the rudiment of the arytenoid

—
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and a transverse elevation from the third pharyngeal arch, which
afterwards becomes the epiglottis the vocal cords and ventricles of the larynx
The traces of the diaphragm appear early, in
are seen about the fourth month.
the form of a fine membrane, separating the lungs from the Wolffian bodies, the
stomach and liver. As the diaphragm extends forwards from the vertebral
column, with the muscular plates of which its development is probably connected, it separates the common pleuro-peritoneal cavity into two parts, a thoracic
and abdominal. The membrane which lines this common cavity has been
traced, above, as derived from the splanchnopleure, with an epithelial lining
of hypoblast.
cartilages,

;

—

Development of the Genito- urinary Organs. The internal genito-urinary organs
appear to be entirely of mesoblastic origin, and perhaps the easiest way of
rendering their formation intelligible is to commence with the description of the
Wolffian body.
The Wolffian hody^ or primordial kidney, is perceptible about the third week,
forming a mass of cells which soon give rise to a hollow organ, situated on either
side of the primitive vertebrse, and extending from the heart to the lower end of
the embryo, terminating above in a cul-de-sac and opening below into the
urogenital sinus.
The structure of the Wolffian body is in many respects
analogous to that of the permanent kidney. It is composed partly of an excretory canal or duct, into which open numerous " conduits," rectilinear at first, but
afterwards tortuous, and partly of a cellular or glandular structure, in which
Malpighian tufts are found. It is fixed to the diaphragm by a superior ligament,
and to the spinal column by an inferior or lumbar ligament. Its office is the
same as that of the kidneys, viz., to secrete fluid containing urea, which accumulates in the bladder.
When the permanent kidneys are formed, the greater part
of the Wolffian body disappears.
The rest takes part in the formation of t/ie
genital organs.
Fig. 104.

Enlarged view from the front of the left AVolthan body before the establishment of the distinction of sex (from Farre
a, a, b, d. Tubular structure of the Wolffian body.
e. Wolffian duct.
/. Its upper extremity,
g. Its
termination in x, the urogenital sinus, h. The duct of Muller. i. Its upper still closed extremity, k. Its lower end
terminating in the urogenital sinus. I. The mass of blastema for the reproductive organ, ovary, or testicle.
after Kobelt).

The

activity of function of the Wolffian bodies is very transitorj^, and they
development by the sixth week, after which time they begin
to decrease in size, and have nearly disappeared by the end of the third month.
attain their highest

The duct of the Wolffian body is the part first formed, and it makes its appearance in a mass of blastema which lies below the heart and behind the common
pleuro-peritoneal cavity, proceeding from the mesoblast at the point of separation
of its two layers. As this mass is situated below the epiblast (reflected from
the medullary cavity) at the side of the protovertebrge, and above the common
In
pleuro-peritoneal cavity, it has been named " the intermediate cell-mass."
this mass, first the Wolffian duct is hollowed out, then the tubes of the Wolffian
body begin to form as branches of the duct next occurs a thickening or ridge
and next a groove which is converted
the Wolffian ridge or germ-epithelium
into a duct, lying internal to the Wolffian duct, and called the duct of Miiller.
The Wolffian and Mlillerian ducts open (along with the ureter when formed)
into the common urogenital sinus, or cloaca, which is the termination of the

—

;
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common intestinal cavity, and into wliicli the allantois also opens in front. As
the allantois expands into the urinaiy bladder this common cavity is divided
into two by a septum, to form the bladder in
Fig. 105.
front and the rectum behind.
The Wolffian
Mlillerian
ducts
are soon connected by
and
cellular substance into a single mass
the
in which the Wolffian ducts
genital cord
lie side by side in front, and the ducts of
Miiller behind, at first separate, but later on

—

—

coalescing.

The

allantois

communicates

at first

with

the lower part of the primitive intestine by a
canal
the urachus.
After the second month
the lower part of the urachus dilates, so as
to form the bladder, which then communicates
above with the cavity of the urachus, and
below with the rectum, by a canal of com-

—

munication, which
into the urethra.

is'

afterwards transformed

The urachus

before the termination of foetal
cord formed by its obliteration

is

obliterated

but the
perceptible
throughout life, passing from the upper part
of the bladder to the umbilicus, and occasionally remains patent during life, constituting a
well-known deformity. The permanent kidneys are almost, if not entirely, independent
of the Wolffian bodies or primordial kidneys
in their development, though they originate
in the same mass of blastema, the intermediate cell-mass behind the Wolffian body.
As their distance from the bladder increases,
the ureters become developed, and the simple
culs-de-sac in which the foetal kidneys commence divide and sub-divide, so as to form
lobulated organs provided with calices in
their interior.
This lobulation is perceptible
life

;

is

some time after birth.
The mode of development of the ureters

Diagram of the primitive urogenital organs in
the embryo previous to sexual distinction. The
parts are

shown chiefly in profile, but the Mullerian

and Woltfian ducts are seen from the front. 3.
Ureter. 4. Urinary bladder. 5. Urachus. ot. The
mass of blastema from which ovary or testicle is
afterwards formed. W. Left Wolffian body. x.
Part at the apex from which the coni vasculosi
are afterwards developed, w, w. Eight and left
Wolffian ducts, m, m. Right and left Miillerian
ducts uniting together, and with the Wolffian

ducts in

gc,

the genital cord.

ug. Sinus urogeni-

Lower part of the intestine, c?. Common
opening of the intestine and urogenital sinus, cp.
Elevation which becomes clitoris or penis.
Is
talis.

i.

Ridge from which the labia majora or scrotum are
formed.

for

not exactly known. Some embryfrom the allantois upwards, so that
the proper tissue of the kidney would be developed upon projections, or buds,
out of the upper ends of the ureters.
Others describe the ureter as an offset
from the upper part of the Wolffian duct. Others teach that the kidney-tissue
is formed before the ureter, and that the ducts of the former are hollowed out
and open into the latter. Others, again, believe that the whole organ (kidney
and ureter) is laid down in the same mass of blastema, which is at first solid, and
that the various ducts or hollow spaces are formed in each part simultaneously.
What is admitted is that the solid blastema in which the kidney commences
comes to be arranged in a series of club-shaped bodies, which have their larger
ends directed towards the hilum, and that these afterwards become hollow and
open into the ureter, which, has then also assumed the condition of a tube, communicating with the part of the allantois afterwards converted into the bladder.
As the future uriniferous tubes grow, they become convoluted, so that the whole
tissvie of the kidney appears at first to consist of cortical substance.
Then the
ends of the tubes become straight, and the pyramidal structure is developed.
The suprarenal bodies are developed from the same mass as the kidney, and
" Kolliker has observed
are said at first to form a single organ in the middle line.
them in close connection with the substance in which the large sympathetic
plexus of the abdomen is produced, but it is not ascertained that they have a
ologists describe

them

is

as extending gradually
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common

Tliey are at first larger than the kidneys, but become equal in
origin."
about the tenth week, and from that time decrease relatively to the kidney,
thongh they remain throughout foetal life much larger in proportion than in the
adalt.
Meckel gives the proportion as 1 to 3 at birth, and 1 to 22 in mature life.
size

Adult ovary, parovarium, and Fallopian tube (from Farre after Kobolt). a, a. Epoophoron (parovarium) formed from
the upper part of the Wolffian body. b. Remains of the uppermost tubes, sometimes forming hydatids, c. Middle set
of tubes, d. Some lower atrophied tubes, e. Atrophied remains of the Wolffian duct. /. The terminal bulb or hydatid.
h.

The Fallopian

tube, originally the duct of Milller.

i.

Hydatid attached

to the extremity.

I.

The

ovary.

We must now follow the development of the genital organs in each sex.
Female Organs. The ovaries take their origin in the ridge of germ epithelium
which has been spoken of above as making its appearance in the intermediate
cell-mass from the cells of which epithelium, according to the most recent

—

;

Fig. 107.

Female genital organs of the embryo, with the remains of the Wolffian bodies (after J. Miiller). A. From a foetal
a. The kidneys.
e. Fallopian tubes.
6. The ureters,
d. Remains of Wolffian bodies,
/. Their
c. The ovaries,
abdominal openings, g. Their union in the body of the uterus. B. More advanced from a foetal deer. a. Body of the
uterus. 6. Cornua. c. Tubes, d. Ovaries, e. Remains of Wolffian bodies. C. Still more advanced from the human
foetus of three months, a. The body of the uterus. 6. The round ligament, c. The Fallopian tubes, d. The ovaries.
e. Remains of the Wolffian bodies.

sheep,

These ova are inclosed or incapsuled in
observations, the ova take their origin.
a fibrous stroma, developed from the deeper blastema of the same cell-mass, or,
according to earlier observers, from a part of tlie Wolffian body. According to
the latest account, the only remains of the Wolffian body in the complete condition
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tlie female organs are two rudimentary or vestigial structures, whicli can be
found in the round ligament near the ovary on careful search the parovarium,
The organ of Rosenmiiller consists
or organ of Bosenmiiller, and the epoophoron.
of a number of tubes which converge to a transverse portion (the epoophoron).
and this is sometimes prolonged into a distinct duct ruiming transversely the
duct of Gaertuer which is much more conspicuous and extends further in some
This is the remains of the Wolffian duct.
of the lower animals.
The Fallopian tube is formed by the portion of the duct of Mliller which lie?
above the lumbar ligament of the Wolffian body. This duct is at first completel}'
closed, and its closed extremity remains permanent, forming a small cystic body
attached to the fimbriated end of the Fallopian tube, and called the "hydatid of
Morgagni." Below this a cleft forms in the duct, and is developed into the
fimbriated opening of the Fallopian tube.
Below this portion of the duct of Muller, that body on either side, and the
ducts of the Wolffian body, are united together in a structure called " the genital
cord," in which the two Miillerian ducts approach each other, lying side by side,
and finally coalescing to form the cavity of the vagina and uterus. This coalescence
commences in the middle, corresponding to the body of the uterus. The upper
parts of the Miillerian ducts in the genital cord constitute the cornua of the uterus,
little developed in the human species.
The only remains of the Wolffian body
consist in the organ of Rosenmliller.
About the fifth month an annular constriction marks the position of the
neck of the uterus, and after the sixth month the walls of the uterus begin to

of

—

—

—

thicken.

The round ligament is derived from the lumbar ligament of the Wolffian body,
the peritoneum constitutes the broad ligaments
the superior ligament of the
Wolffian body disappears with that structure.
Male Organs. The testicles are developed from the intermediate cell-mass
(genital gland of the older embryologists) behind and to the inside of the Wolffian
bodies, from which the essential parts of the gland, the tubuli seminiferi, and
their contents take origin.
The tubuli seminiferi are early visible, being at first short and straight, and
then gradually assume a coiled arrangement. The tunica albuginea is formed
about the third month.
The Miillerian ducts disappear in the male sex, with the exception of their
loAver ends.
These unite in the middle line, and open by a common orifice into
the urogenital sinus.
This constitutes the utriculus hominis or si7ius prostaticus.
Occasionally, however, the upper end of the duct of Muller remains visible in the
male as it does in the female, constituting the little pedunculated body, called
the hydatid of Morgagni, sometimes found in the neighborhood of the epididymis,^
between the testis and globus major.
The head of the epididymis, its canal, the vas deferens and ejaculatory duct,
are formed from the canals and from the duct of the Wolffian body.
The remains of the Wolffian bodies also form the vas aberrans and a structure
described by Giraldes,^ and called after him "the organ of Giraldes," which bears
a good deal of resemblance to the organ of Rosenmliller in the other sex.
It
consists of a number of convoluted tubules lying in the cellular tissue in front of
the cord and close to the head of the epididymis.
The descent of the testis and the formation of the gubernaculum are described
the body of the work.
The external organs of generation^ like the internal, pass through a stage in
which there is no distinction of sex (Fig. 108, ii, ill).
must therefore first
describe this stage, and then follow the development of the female and male
organs respectively.
;

—

m

We

Mr. Osborn, in the St. Thomas's Hospital Reports, 1875, has written an interesting paper pointing out the probable connection between the foetal structure and one form of hydrocele.
Journ. de Phys., 1861.
'^
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As stated above, the anal depression at an early period is formed by an involution of the external epithelium apart from the intestine, which is still closed
When the septum between the two opens, which is about the
at its lower end.
fourth week, the urachus in front and the intestine behind both communicate

c

Development of the external genital organs. Indifferent type, I, II, III. Female. A i5. At the middle of the fifth
month. C. At the beginning of the sixth. Male. A'. At the beginning of the fourth month. B'. At the middle of the
fourth month.
At the end of the fourth month. 1. Cloaca. 2. Genital tubercle. 3. Glans penis or clitoridis. 4.
Genital furrow. 5. External genital folds (labia majora or scrotum). 6. Umbilical cord. 7. Anus. 8. Caudal extremity
or coccygeal tubercle. 9. Labia minora. 10. Urogenital sinus. 11. Frsenum clitoridis. 12. Preputium penis or clitoridis.
13. Opening of the urethra.
14. Opening of the vagina.
15. Hymen.
16. Scrotal raphe.

C

Abont the second month a transverse division (the perinasum)
cfoaca.
begins to form, and divides the cloaca into the anal cavity behind, and the urogenital sinus in front.
In the sixth week a tubercle, the genital tuhercle^ is
formed in front of the cloaca, and this is soon surrounded by two folds of skin,
the genital folds. Towards the end of the second month the tubercle presents,
with the
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on its lower aspect, a groove, the genital fur roio^ turned towards the cloaca. All
these parts are well developed at the period shown by No. III. of the preceding
diagrams, where the anus is separated from the urogenital sinus, yet no distinction of sex is possible.
Female Organs (Fig. 108, A, B, c). -The female organs are developed by an
The urogenital sinus persists as the vestieasy transition from the above form.
bule of the vagina, and forms a single tube with the upper part of the vagina,
which we have already seen developed from the united Miillerian ducts. The
genital tubercle forms the clitoris, the genital folds the labia majora, the lips of
the genital furrow the labia minora, the genital furrow remaining open, except
below, where it unites with the perinseum, constituting the raphe.
Male Organs. In the male the changes are greater from the indifferent type.
The genital tubercle is developed into the penis, the glans appearing in the third
month, the prepuce and corpora cavernosa in the fourth. The genital furrow
The urogenicloses, and thus forms a canal, the spongy portion of the urethra.
tal sinus becomes elongated, and forms the prostatic and membranous urethra.
The genital folds unite in the middle line, to form the scrotum, at about the
same time as the genital furrow closes, viz., between the third and fourth months.
The following table is translated from the work of Beaunis and Bouchard,

—

—

with some very unimportant alterations.^ It will serve to present a resume of
the above facts in an easily accessible form,
be noticed that the time assigned in this table for the appearance of the first rudiment
(e. g., the ihnm). varies in some cases from that assigned on p. 56.
This is a
point on wliich anatomists differ, and which probably varies in different cases.
^

of

It will

some

of the bones

OHROXOLOGIGAL TABLE
OF

THE DEVELOPMEl^T OF THE

FGSTUS,

(From Beaunis axd Bouchard.)

—

End

of second week. Formation of tlie amnion and umbilical vesicle. Chorda dorsalis and
medullary groove. Heart.
Beginning of third iveek.- The vitelline membrane has entirely disappeared. Protovertebral
First phai-yngeal arch.
Buccal depression. Primitive circulation.
disks.
End of tliird lueeJc. The allantois and Wolffian body appear. The amnion is closed. Cerebral
Primitive ocular and auditory vesicles.
Coalescence of the inferior maxillary
vesicles.
Liver.
Formation of the three last pharyngeal arches.
protuberances.
Eourth week. The umbilical vesicle has attained its full development. Projection of the caudal
Cloacal aperture. The heart sepaextremity. Projection of the upper and lower limbs.
Spinal ganglia and anterior roots.
Olfactory fossae.
rates into a right and left heart.
Lungs. Pancreas.
Eftli toeek. Vascularity of the allantois in its whole extent. First trace of hands and feet.
The primitive aorta divides into primitive aorta and pulmonary artery. Conduit of Muller
and genital gland. Ossification of clavicle and lower jaw. Cartilage of Meckel.
Sixth week. The activity of the umbilical vesicle ceases. The pharyngeal clefts disappear.
and ribs assume the cartilaginous condition.
'J'he vertebral column, primitive cranium,
Membranes of the nervous centres. Bladder. Kidneys.
Posterior roots of the nerves.
Germs of teeth. Genital tubercle and folds.
Tongue. Larynx. Thyroid gland.
Seventh week. The muscles begin to be perceptible.
Points of ossification of the ribs, scapula,
shafts of humerus, femur, tibia, intermaxillary bone, palate, upper jaw (its first four points).
Eighth week. Distinction of arm and forearm, and of thigh and leg. Appearance of the interCapsule of the lens and pupillary membrane. Completion of the intervendigital clefts.
Spleen.
Sutricular and commencement of the interauricular septum.
Salivary glands.
prarenal capsules.
The lai'ynx begins to become cartilaginous. All the vertebral bodies
are cartilaginous.
Points of ossification for the ulna, radius, fibula, and ilium. The two
halves of the bony palate unite.
Sympathetic nerve.
Ninth week. Corpus striatum. Pericardium. Distinction between ovary and testicle. Formation of the genital furrow.
Osseous nuclei of vertebral bodies and arches, frontal, vomer,
malar bone, shafts of metacarpal bones, metatarsal bones and phalanges. The union of the
hard palate is completed.
Gall-bladder.
Third month. —Formsitwn of the foetal placenta. The projection of the caudal extremity disappears.
It is possible to distinguish the male and female organs at the commencement of the
third month.
The cloacal aperture divided into two parts. The cartilaginous arches on
the dorsal region of the spine close.
Points of ossification for the occipital, sphenoid, os
Orbital centre of superior
unguis, nasal bones, squamous portion of temporal and ischium.
maxillary bone.
Commencement of formation of maxillary sinus. Pons Varolii. Fissure
Mammary gland. Epiglottis.
of Sylvius.
Formation of eyelids and of hairs and nails.
Union of the testicle with the canals of the Wolffian body. Prostate.
Fourth month. The closure of the cartilaginous arches of the spine is complete. Osseous
Ossification of the malleus and incus.
points for the first sacral vertebra and pubes.
Corpus callosum. Membranous lamina spiralis; cartilage of the Eustachian tube. TymClosure of genital furrow and
panic ring. Fat subcutaneous cellular tissue. Tonsils.
formation of scrotum and prepuce.
Fifth month.— The two layers of decidua begin to coalesce. Osseous nuclei of axis and odontoid
Osseous points
process.
Lateral points of first sacral vertebra median points of second.
Ossification of germs
of lateral masses of ethmoid.
Ossification of stapes and petrous bone.
of teeth.
Appearance of germs of permanent teeth. Organ of Corti. Eruption of hair
on head. Sudoriferous glands. Glands of Brunner. Follicles of tonsils and base of tongue.
Lymphatic glands. Commencement of limitation of uterus and vagina.

—

—

—

—

—

—

—

—

;
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Points of ossification for the anterior root of the transverse process of the seventh
Lateral points of second sacral vertebra median points of third. I'he
cervical vertebra.
Osseous points of the manubrium sterni and of the os calcis.
sa*ro- vertebral angle forms.
Papillai of the skin.
Sebaceous glands.
'I"he cerebral hemisphere covers the cerebellum.
The free border of the nail projects from the coriuin of the dermis. Peyer's patches. 'J'he
walls of the uterus thicken.
Seventh month. Additional points of first sacral vertebra; lateral points of third; median
First osseous point of body of sternum.
Osseous point for astragalus.
point of fourth.
Disappearance of Meckel's cartilage. Cerebral convolutions. Insula of Reil. Separation
Disappearance of pupillary membrane. The testicle passes
of tubercula quadrigemina.
into the vaginal process of tbe peritoneum.
Eighth month. Additional points for the second sacral vertebra lateral points for the fourth
median points for the fifth.
Ninth month.- Additional points for the third sacral vertebra; lateral points for the fifth.
Osseous point for the middle turbinated bone for the body and great cornu of the hyoid
for tlie second and third pieces of the body of the sternum; for the lower end of the femur.
Opening of the eyelids.
Ossification of the bony lamina spiralis and axis of the cochlea.
The testicles are in the scrotum.

Sixth month.

;

—

—
—

;

;

;
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DESCRIPTIVE AND SURGICAL ANATOMY.

The
ri1HE

Skeleton.

entire skeleton in tlie adult consists of

200 distinct bones.

The Spine or vertebral column (sacrum and coccyx included)
Cranium
Face

;

..........

Os hyoides, sternum, and
Upper extremities
Lower extremities

ribs

.

These
.

26
8

.

.

.

.

.

are-

14
26
64
62
200

In this enumeration, the patellse are included as separate bones, but the smaller
sesamoid bones, and the assicula auditus, are not reckoned. The teeth belong to
the tegumentarj system.
These bones are divisible into four classes Long^ Shorty Flai^ and Irreyular.
The Long Bones are found in the limbs, where they form a system of levers,
which have to sustain the weight of the trunk, and to confer the power of
long bone consists of a lengthened cylinder or shaft, and two
locomotion.
extremities. The shaft is a hollow cylinder, the walls consisting of dense compact
tissue of great thickness in the middle, and becoming thinner towards the
extremities; the spongy tissue is scanty, and the bone is hollowed out in its
interior to form the mef^?/?fa?'y canal.
The extremities are generally somewhat
expanded for greater convenience of mutual connection, for the purpose of articulation, and to aiibrd a broad surface for muscular attachment.
Here the bone
is made up of spongy tissue with only a thin coating of compact substance.
The
long bones are, the humerus^ radius ulna., femur tibia^ fibula^ metacarpal and
m,etatarsal bones, and the phalanges.
The clavicle is also usually reckoned as a
long bone.
Short Bones.
Where a part of the skeleton is intended for strength and compactness, and its motion is at the same time slight and limited, it is divided into
a number of small pieces united together by ligaments, and the separate bones
are short and compressed, such as the bones of the carpus and tarsus.
These
bones, in their structure, are spongy throughout, excepting at their surface, where
there is a thin crust of compact substance.
Flat Bones.
Where the principal requirement is either extensive protection,
or the provision of broad surfaces for muscular attachment, we find the osseous
structure expanded into broad flat plates, as is seen in the bones of the skull and
the shoulder-blade.
These bones are composed of two thin layers of compact
tissue, inclosing between them a variable quantity of cancellous tissue.
In the
cranial bones, these layers of compact tissue are familiarly known as the tables
of the skull; the outer one is thick and tough; the inner one thinner, denser,
and more brittle, and hence termed the vitreous table. The intervening cancellous tissue is called the diploe.
The flat bones are, the occipital., parietal., frontal,
nasal, lachrymal, vomer, scapulae, ossa innominata, sternum, ribs, and patella.
:

A

^

.^

(Ml)

:
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The

Irregular or

Mixed bones

grouped under either of

tlie

are such as, from tlieir peculiar form, camiot be
preceding heads. Their structure is similar to that

of other bones, consisting of a layer of compact tissue externally, and of spongy
cancellous tissue within.
The irregular bones are, the vertebrse^ sacrum^ coccyx^
temporal^ splienoid^ etlvmoid^ malar, superior maxillary, inferior maxillary, pjalate^
inferior turbinated, and hyoid.
Surfaces of Bones. If the surface of any bone is examined, certain eminences
and depressions are seen, to which descripitive anatomists have given the following names
prominent process projecting from the surface of a bone, which it has never
been separate from, or movable upon, is termed an apophysis (from a'7r6(puo'(c:, an
excrescence); but if such process is developed as a separate piece from the
rest of the bone, to which it is afterwards joined, it is termed an epnphysis (from

A

an accretion).
These eminences and depressions are of two kinds: articular and non-articular.
Well-marked examples of articular eminences are found in the heads of the
humerus and femur; and of articular depressions, in the glenoid cavity of the
scapula, and the acetabulum.
Non-articular eminences are designated according
to their form.
Thus, a broad, rough, uneven elevation is called a tuberosity ;
a small rough prominence, a tubercle ; a sharp, slender, pointed eminence, a
spine ; a narrow rough elevation, running some way along the surface, a ridge,.
iieiipudis,

or

line.

The

non-articular depressions are also of very variable form, and are described
These non-articular eminences
and depressions serve to increase the extent of surface for the attachment of
ligaments and muscles, and are usually well marked in proportion to the muscularity of the subject.
as fossae, grooves, furrows, fissures, notches, etc.

THE
The Spine

is

a flexuoas

SPINE.

and flexible column, formed of a

series of

bones called

Vertebrae.

The Yertebra3

are thirty-three in number, exclusive of those which form the
and have received the names cervical, dorsal, lumhar, sacral, and coccygeal,^
according to the position which they occupy seven being found in the cervical
region, twelve in the dorsal, five in the lumbar, five in the sacral, and four in the
skull,

;

coccygeal.

This number

sometimes increased by an additional vertebra in one region,,
in one region, the deficiency being supplied
by an additional vertebra in another. These observations do not apply to thes
cervical portion of the spine, the number of bones forming which is seldom

or the

is

number may be diminished

increased or diminished.
The vertebrge in the upper three regions of the spine are separate throughout the whole of life but those found in the sacral and coccygeal regions are,
in the adult, firmly united, so as to form two bones
five entering into the formation of the upper bone or sacrum, and four into the terminal bone of the spine
or coccyx.
;

—

General Chaeactees of a Yertebra.
Each vertebra consists of two essential parts, an anterior solid segment or
body, and a posterior segment or arch. The arch is formed of two pedicles, and
two laminse, supporting seven processes viz., four articular, two transverse, and
one spinous process.
The bodies of the vertebra are piled one upon the other, forming a strong
pillar, for the support of the cranium and trunk; the arches forming a hollow
cylinder behind for the protection of the spinal cord. The diiferent vertebrae
;
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are connected together bj means of the articular process, and the intervertebral
while the transverse and spinous processes serve as levers for the
cartilages
attachment of muscles which move the different parts of the spine. Lastly,
between each pair of vertebra3 apertures exist through which the spinal nerves
Bach of these constituent parts must now be separately
pass from the cord.
;

examined.
the largest and most solid part of a vertebra.
Above and below
rim around its circumference; and its upper
and lower surfaces are rough, for the attachment of the intervertebral fibro-

The Body

it is

is

slightly concave, presenting a

In front, it is convex from side to side, concave from above downBehind, it is flat from above downwards and slightly concave from side
Its anterior surface is perforated by a few small apertures, for the passage
to side.
whilst, on the posterior surface, is a single large irregular
of nutrient vessels
aperture, or occasionally more than one, for the exit of veins from the body of
cartilages.

wards.

;

the vertebra, the vense basis vertebrse.
The Pedicles project backwards, one on each side, from the upper part of the
body of the vertebra, at the line of junction of its posterior and lateral surfaces.
The concavities above and below the pedicles are the intervertebral notches ; they are
four in number, two on each side, the inferior ones being generally the deeper.
When the vertebrae are articulated, the notches of each contiguous pair of bones
form the intervertebral foramina which communicate with the spinal canal and
transmit the spinal nerves and blood-vessels.
The Laminse are two broad plates of bone, which complete the vertebral arch
behind, inclosing a foramen which serves for the protection of the spinal cord
they are connected to the body by means of the pedicles. Their upper and lower
borders are rough, for the attachment of the ligaraenta subfiava.
The Articular Processes^ four in number, two on each side, spring from the
junction of the pedicles with the laminge.
The two superior project upwards,
their articular surfaces being directed more or less backwards
the two inferior
project downwards, their articular surfaces looking more or less forwards.^
The Spinous Process projects backwards from the junction of the two laminje,
and serves for the attachment of muscles.
The Transverse Processes^ two in number, project one at each side from the
point where the articular processes join the pedicle.
They also serve for the
attachment of muscles.
;

;

Characters of the Cervical Vertebra

(Pig. 109).

The Body

is smaller than in any other region of the spine, and broader from
than from before backwards. The anterior and posterior surfaces are
flattened and of equal depth
the former is placed on a lower level than the latter,
and its inferior border is prolonged downwards so as to overlap the upper and
fore part of the vertebra below.
Its upper surface is concave transversely, and
presents a projecting lip on each side
its lower surface beino- convex from side
to side, concave from before backwards, and presenting laterally a shallow concavity, which receives the corresponding projecting lip of the adjacent vertebra.
The pedicles are directed obliquely outwards, and the superior intervertebral
notches are deeper, but narrower, thari the inferior.
The laminse are narrow,
long, thinner above than below, and overlap each other
inclosing the spinal
foramen, which is very large, and of a triangular form. The sjnnous processes
are short and bifid at the extremity, to afford greater extent of surface for the
attachment of muscles, the two divisions being often of unequal size. They
increase in length from the fourth to the seventh.
The transverse processes are
short, directed downwards, outwards, and forwards, bifid at their extremity, and
marked by a groove along their upper surface, which runs downwards and out-

side to side

:

;

;

^ It may,
perhaps, be as well to remind the reader that the direction of a surface
that of a line drawn at right angles to it.

is

determined by

THE SKELETON.

144

wards from the superior intervertebral notcli, and serves for the transmission of
one of the cervical nerves. The transverse processes are pierced at their base by
a foramen, for the transmission of the vertebral artery, vein, and plexus of nerves.
Each process is formed by two roots the anterior root arises from the side of the
:

Fig. 109.
Anterior TwhcTcle of

— Cervical Vertebra.

TvansTioc,
r^ ansverse Process.

I'oTameTv far VcTtchn-al Arl^
Posteri<rTuhrcU of Trans.

I rat
^wptTun Articwlwr

Brociss

'nferiorArtLculaT £roeess

body, and corresponds to the ribs; the posterior root springs from the junction
of the pedicle with the lamina, and corresponds with the transverse processes in
the dorsal region. It is by the junction of the two that the foramen for the
vertebral vessels is formed.
The extremities of each of these roots form the
anterior and posterior ttibercles of the transverse processes.
The articular processes
are oblique the superior are of an oval form, flattened and directed upwards and
backwards the inferior downwards and forwards.
The peculiar vertebrae in the cervical region are the first or Atlas ; the second
or Axis ; and the seventh or Vertebra prominens. The great modifications in the
form of the atlas and axis are designed to admit of the nodding and rotatory
movements of the head.
The Atlas (Fig. 110) is so named from supporting the globe of the head. The
:

;

Fig. 110.

— 1st Cervical Vertebra, or Atlas.

Tubercl^AntenArc},

m
ToTO/men

for

Vorteh-ralA//:?.

Trans. Froor

Groove far
^1?.'^

Art ^
Cerv.Aferva

Ver/^e^.

Spin. Proc.

chief peculiarities of this bone are, that it has neither body nor spinous process.
The body is detached from the rest of the bone, and forms the odontoid process
of the second vertebra; while the parts corresponding to the pedicles pass in front,
and join to form the anterior arch. The atlas consists of an anterior arch, a
The anterior arch forms about one-fifth
posterior arch, and two lateral masses.
of the bone its anterior surface is convex, and presents about its centre a tubercle,
posteriorly it is concave, and
for the attachment of the Longus colli muscle
marked by a smooth oval or circular facet, for articnlation with the odontoid
;

;

^

;;
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process of the axis. The ^^ostei-ior arch forms about two-fiftlis of the circumference
of the bone it terminates behind in a tubercle, which is the rudiment of a spinous
The diminutive
process, and gives origin to the Rectus capitis posticus minor.
size of this process prevents any interference in the movements between it and
The posterior part of the arch presents, above, a rounded edge
the cranium.
whilst in front, immediately behind each superior articular process, is a groove,
sometimes converted into a foramen by a delicate bony spiculum, which arches
backwards from the posterior extremity of the superior articular process. These
grooves represent the superior intervertebral notches, and are peculiar from being
situated behind the articular processes, instead of before them, as in the other
They serve for the transmission of the vertebral artery, which,
vertebrae.
-ascending through the foramen in the transverse process, winds round the lateral
mass in a direction backwards and inwards. They also transmit the sub-occipital
On the under surface of the posterior arch, in the same situation, are
nerves.
two other grooves, placed behind the lateral masses, and representing the inferior
intervertebral notches of other vertebrte.
They are much less marked than the
superior.
The latei-al masses are the most bulky and solid parts of the atlas, in
order to support the weight of the head they present two articulating processes
The two superior are of large size, oval, concave, and
above, and two below.
approach towards one another in front, but diverge behind they are directed
upwards, inwards, and a little backwards, forming a kind of cup for the condyles
of the occipital bone, and are admirably adapted to the nodding movements of
the head. ISTot unfrequently they are partially subdivided by a more or less deep
indentation, which encroaches upon each lateral margin.
The inferior articular
processes are circular in form, flattened or slightly concave, and directed downwards and inwards, articulating with the axis, and permitting the rotatory movements. Just below the inner margin of each superior articular surface is a small
tubercle, for the attachment of a ligament which, stretching across the ring of
the atlas, divides it into two unequal parts the anterior or smaller segment
receiving the odontoid process of the axis, the posterior allowing the transmission
of the spinal cord and its membranes.
This part of the spinal canal is of
considerable size, to afford space for the spinal cord
and hence lateral displacement of the atlas may occur without compression of the spinal cord. The
transverse processes are of large size, for the attachment of special muscles
which assist in rotating the head- long, not bifid, and perforated at their base
by a canal for the vertebral artery, which is directed from below, upwards and
;

;

;

;

;

—

backwards.
The Axis (Fig. Ill)

is so named from forming the pivot upon which the head
distinctive character of this bone is the strong prominent
process, tooth-like in form (hence the name odontoid), which rises perpendicularly

The most

jotates.

from the upper part of the body. The body is of a triangular form; deeper in
Ixont than behind, and prolonged downwards anteriorly so as to overlap the
upper and fore part of the adjacent vertebras. It presents in front a median
longitudinal ridge, separating two lateral depressions for the attachment of the
Longus colli muscle of either side. The odontoid process presents tw^o articulating surfaces
one in front of an oval form, for articulation with the atlas
another behind, for the transverse ligament; the latter frecj^uently encroaching
on the sides of the process. The apex is pointed just below it the process is
somewhat enlarged, and presents on either side a rough impression for the attachment of the odontoid or check ligaments, which connect it to the occipital bone
the base of the process, where it is attached to the body, is constricted, so as to
prevent displacement from the transverse ligament, which binds it in this situation to the anterior arch of the atlas.
Sometimes, however, this process does
become displaced, especially in children, in- whom the ligaments are more
relaxed instant death is the result of this accident. The pedicles are broad
and strong, especially their anterior extremities, which coalesce with the sides of
the body and the root of the odontoid process.
The laminas are thick and
10
;

;

:
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and tlie spinal foramen very large. The superior articular surfaces are
round, sliglitly convex, directed upwards and outwards, and are peculiar in being
supported on the body, pedicles, and transverse processes. The inferior articular
surfaces have the same direction as those of the other cervical vertebras.
The
strong,

Fig. 111.

—2d Cervical Vertebra, or Atlas.
0(/o ntoiJ froc.

Rovcfh

A.rtLc.

Surf for OAeeA Li(f^
.

Swrf.for Trajis.Liif*

Spin. Froc. J

Trans .Proe.
Imfcr.^A rtic.Ppoc.

superior intervertebral notches are very shallow and lie behind the articular
The
processes the inferior in front of them, as in the other cervical vertebrae.
transverse processes are very small, not bifid, and perforated by the vertebral
foramen, or foramen for the vertebral artery, which is directed obliquely
upwards and outwards. The spinous process is of large size, very strong, deeply
channelled on its under surface,
and presents a bifid tubercular
Fio-.112.— 7tli Cervical Vertebra, or Vertebra Prominens.
extremity for the attachment of
Bodv.
muscles, which serve to rotate the
head upon the spine.
Seventh Cervical (Fig. 112). The
most distinctive character of
this vertebra is the existence of
a very long and prominent spinous process
hence the name
;

;

"

Vertebra

prominens."
This
process is thick, nearly horizon
tal in direction, not bifurcated,
and has attached to it the liga-

mentum

nuchee.
The transverse
process is usually of large size,
especially its posterior root its
upper stirface has usually a shallow groove, and it seldom presents more than a trace of bifurThe
cation at its extremity.
vertebral foramen is sometimes
as large as in the other cervical
;

Procefs

vertebrae, usually smaller, on one or both sides, and sometimes wanting.
On
the left side it occasionally gives passage to the vertebral artery; more frequently
the vertebral vein traverses it on both sides
but the usual arrangement is
for both artery and vein to pass through the foramen in the transverse process
of the sixth cervical.
;

M
*
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Charactses of the Dorsal Vertebrj^;.
The bodies of the dorsal vertebras resemble those in the cervical and lumbar
regions at the respective ends of this portion of the spine but in the middle
of the dorsal region their form is very characteristic, being heart-shaped, and
They are thicker
as broad in the antero-posterior as in the lateral direction.
behind than in front, flat above and below, convex and prominent in front,
deeply concave behind, slightly constricted in front and at the sides, and marked
on each side, near the root of the pedicle, by two demi-facets, one above, the
These are covered with cartilage in the recent state and, when
other below.
articulated with the adjoining vertebrae, form oval surfaces for the reception of
The pedicles are directed backwards, and
the heads of the corresponding ribs.
the inferior intervertebral notches are of large size, and deeper than in any other
The laminee are broad and thick, and the spinal foramen
region of the spine.
small, and of a circular form.
The articular processes are flat, nearly vertical
in direction, and project from the upper and lower part of the pedicles, the
superior being directed backwards and a little outwards and upwards, the inferior
forwards and a little inwards and downwards. The transverse processes arise
from the same parts of the arch as the posterior roots of the transverse processes in the aeck; they are thick, strong, and of great length, directed obliquely
;

;

backwards and outwards, presenting a clubbed extremity, which is tipped on its
anterior part by a small concave surface, for articulation with the tubercle of a
rib.
Besides the articular facet for the rib, two indistinct tubercles may be
seen rising from the extremity of the transverse processes, one near the upper,
the other near the lower border.
In man, they are comparatively of small size,
and serve only for the attachment of muscles. But, in some animals, they attain
considerable magnitude, either for the purpose of more closely connecting the
Fig. 113.

— A Dorsal Vertebra.

Sajatrlo'r -Artec. I'votcii
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Demi facetfor Jiea-d/ ofRlh
Infe r. Artie

.
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segments of this portion of the spine, or for muscular and ligamentous attachment. The spinous processes are long, triangular in form, directed obliquely
downwards, and terminate in a tubercular extremity. They overlap one another
from the fifth to the eighth, but are less oblique in direction above and below.
The peculiar dorsal vertebrae are the first^ ninth^ tenth^ eleventh, and twelfth
(Fig. 114).

The

First Dorsal Vertebra presents, on each side of the body, a single entire
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articular facet for the head of the first rib, and a half facet for the upper half of
the second. The upper surface of the body is like that of a cervical vertebra,
being broad transversely, concave, and lipped on each side. The articular surfaces are oblique, and the sjyinous process thick, long, and almost horizontal.
The Ninth Dorsal has no demi-iacet below. In some subjects, however, the
ninth has two demi-facets on each side, then the tenth has a demi-facet at the
upper part none below.
;

Fig. 114.

— Peculiar Dorsal Vertebra.
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The Tenth Dorsal has (except

in the cases just mentioned) an entire articular
on each side above it has no demi facet below.
In the Eleventh Dorsal., the body approaches in its form and size to the lumbar.
The articular facets for the heads of the ribs, one on each side, are of large
size, and placed chiefly on the pedicles, which are thicker and stronger in this
and the next vertebra than in any other part of the dorsal region. The trans-

facet

;

;
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verse processes are very short, tubercular at their extremities, and have no articuThe spinous process is short, nearly horihir facets for the tubercles of the ribs.
zontal in direction, and presents a slight tendency to bifurcation at its extremity.

The Twelfth Dorsal has the same general characters as the eleventh, but may
be distinguished from it by the inferior articular processes being convex and
turned outwards, like those of the lumbar vertebr£e by the general form of the
body, laminae, and spinous process, approaching to that of the lumbar vertebra
and by the transverse processes being shorter and the tubercles at their extremi;

ties

more marked.

Characters of the Lumbar Yertebrje.
The Lumbar Yertebrse (Fig. 115) are the largest segments of the vertebral
column. The body is large, broader from side to side than from before backwards, slightly thicker in front than behind, flattened or slightly concave above
and below, concave behind, and deeply constricted in front and at the sides, presenting prominent margins, which afford a broad basis for the support of the
superincumbent weight. The pedicles are very strong, directed backwards from
consequently the inferior intervertebral notches
the upper part of the bodies
;

Fig. 115.

Super. Artec. jProc

—Lumbar Vertebra.

^

The laminse are short, but broad and strong and the foramen
than in the dorsal, smaller than in the cervical region. The
superior articular processes are concave, and look almost directly inwards the
inferior, convex, look outwards and a little forwards
the former are separated
by a much wider interval than the latter, embracing the lower articulating proare of large size.

;

triangular, larger

;

;

The transverse processes are long, slender, directed
transversely outwards in the upper three lumbar vertebrse, slanting a little
upwards in the lower two. By some anatomists they are considered homologous
with the ribs. Of the two tubercles noticed in connection with the transverse
processes in the dorsal region, the superior ones become connected in this region
with the back part of the superior articular processes. Although in man they
are comparatively small, in some animals they attain considerable size, and serve
to lock the vertebree more closely together.
The spinous processes are thick and
broad, somewhat quadrilateral, horizontal in direction, thicker below than above,
and terminating by a rough uneven border.
The Fifth Lumhar vertebra is characterized by having the body much thicker
in front than behind, .which accords with the prominence of the sacro-vertebral
articulation, by the smaller size of its spinous process, by the wide interval
between the inferior articulating processes, and by the greater size and thickness of its transverse processes.
Structure of the Vertebras.
The structure of a vertebra differs in different

cesses of the vertebra above.

—

—
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Fig. 116.

— Development of a Vertebra.

The body

parts.

is

composed of

light,

spongy, cancellous tissue, having a thin
coating of compact tissue on its external
surface perforated by numerous orifices,
some of large size, for the passage of
vessels its interior is traversed by one
or two large canals for the reception
of veins, which converge towards a

Body ( H^^! TiKek)

;

} for eaah

laviina

(6^-

wcfM^

single large irregular aperture, or several small apertures, at the posterior
part of the body of each bone. The arch
and processes projecting from it have,
on the contrary, an exceedingly thick
covering of compact tissue.

Fig. 117.
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Jt.Se.condarij

Centres

Development.

— Each

vertebra

is

formed of three primary cartilaginous
portions (Fig. 116), one for each lamina
and its processes, and one for the bodv.
Ossification commences in the laminae about the sixth week of foetal life,
in the situation where the transverse
Z aometimcs / jor Hjjin.proc (iSyVf'j
processes afterwards project, the ossific
granules shooting backwards to the
Y\<y. 118.
spine, forwards to the body, and outJBi/ 2 a ddit iona/ plates
wards into the transverse and articular
1 for upper surfaae\
Ossification in the body
processes.
of body
J2/
commences in the middle of the cartilage
!/"
about the eighth week. At birth these
—ifor itjidDT suTfaeA
uf body
three pieces are perfectly separate.
During the first year the laminas beFig. 119— Atlas.
come united behind, by a portion of carSy 3 eeirti'es
tilage in which the spinous process is
/ for arae?: e/rcA ('iultimately formed, and thus the arch is
i for cacA
completed. About the third year the
liiiicrcbl, mans)
body is joined to the arch on each side
in such a manner that the body is
formed from the three original centres
Fig. 120.— Axis.
of ossification, the amount contributed
Sy ceiitres
by the pedicles increasing in extent
moj
odontmd
proe
fC?^
Zfor
from below upwards. Thus the bodies
of the sacral vertebrse are formed almost
i'' Iv"
mass
eadilatcral
/for
J
entirely from the central nuclei, the
bodies of the lumbar are formed laterally
fjar body (6^ mo.)
and behind by the pedicles in the dorsal region the pedicles advance as far
Fig. 121
Lumbar Vertebra.
w forward as the articular depressions for
^ additionnl ccrTitr^^
the head of the ribs, forming these
cavities of reception
and in the neck
the lateral portions of the bodies are
formed entirely by the advance of the
pedicles.
Before puberty no other
changes occur, excepting a gradual increase in the growth of these primary
centres, the upper and under surfaces
for tuherclcs un Sap.Artic-.R-oc
of the bodies, and the ends of the transverse and
spinous processes, being
tipped with cartilage, in which ossiiic granules are not as yet deposited. At
/ -for ecteh
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sixteen years (Fig. 117), four secondary centres appear, one for the tip of each
transverse process, and two (sometimes united into one) for the end of tlie spinous
At twenty-one years (Fig. 118), a thin circular epiphjj^sal plate of bone
process.
is formed in the layer of cartilage situated on the upper and under surfaces of
All these become joined
the body, the former being the thicker of the two.
and the bone is completely formed about the thirtieth year of life.
Exceptions to this mode of development occur in the first, second, and seventh
cervical, and in the vertebras of the lumbar region.
The Atlas (Fig. 119) is developed by two primary centres, and by one or more
The two primary centres are destined for the two lateral or neural
epiphyses.
masses, the ossification of which commences before birth, near the articular prothese portions of bone are separated from one
cesses, and extends backwards
another behind, at birth, by a narrow interval filled in with cartilage. Between
the second and third years, they unite either directly or through the medium of
an epiphysal centre, developed in the cartilage near their point of junction. The
anterior arch, at birth, is altogether cartilaginous, and this portion of the atlas
is completed by the gradual extension forwards and ultimate junction of the two
Occasionally, a separate nucleus is developed in the anterior
neural processes.
arch, which, extending laterally, joins the neural processes in front of the pedicles;
or, there are two nuclei developed in the anterior arch, one on either side of the
median line, which join to form a single mass, afterwards united to the lateral
portions in front of the articulating processes.
The Axis (Fig. 120) is developed by six centres. The body and arch of this
bone are formed in the same manner as the corresponding parts in the other verone centre for the lower part of the body, and one for each lamina. The
tebrae
odontoid process consists originally of an extension upwards of the cartilaginous
At about the sixth month
mass, in which the lower part of the body is formed.
of foetal life, two osseous nuclei make their appearance in the base of this process:
they are placed laterally, and join before birth to form a conical bi-lobed mass
deeply cleft above the interval between the cleft and the summit of the process
the base of the process being
is formed by a wedge-shaped piece of cartilage
separated from the body by a cartilaginous interval, which gradually becomes
Finally, as Dr. Humphry
ossified, sometimes by a separate epiphysal nucleus.
has demonstrated, the apex of the odontoid process has a separate nucleus.
The Seventh Cervical. The anterior or costal part of the transverse process
of the seventh cervical is developed from a separate osseous centre at about the
sixth month of foetal life, and joins the body and posterior division of the transSometimes this process continues
verse process between the fifth and sixth years.
as a separate piece, and, becoming lengthened outwards, constitutes what is known
as a cervical rib.
The Lumbar Vertehrse (Fig. 121) have two additional ceiitres (besides those
peculiar to the vertebrae generally) for the tubercles, which project from the back
part of the superior articular processes.
The transverse process of the first
lumbar is sometimes developed as a separate piece, which may remain permanently
unconnected Avith the remaining portion of the bone thus forming a lumbar
rib, a peculiarity which is rarely met with.
Progress of OssificatiojSt in the Spine Gtenerally. Ossification of the
laminaB of the vertebrse commences at the upper part of the spine, and proceeds
gradually downwards hence the frequent occurrence of spina bifida in the lower
part of the spinal column.
Ossification of the bodies, on the other hand, commences a little below the centre of the spinal column (about the ninth or tenth
dorsal vertebrse), and extends both upwards and downwards.
Although, however, the ossific nuclei make their first appearance in the lower dorsal vertebra,
the lumbar and first sacral are those in which these nuclei are largest at birth.
Attachment of Muscles. To the Atlas are attached the Longus colli. Rectus
anticus minor, Rectus lateralis. Rectus posticus minor, Obliquus superior and
inferior, Splenius colli. Levator anguli scapulas, and Intertransverse.
:

:

;

;

;

—

;

—

;
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To the Axis are attached the Longus colli, Obliquus inferior, Eectus posticus
major, Semi-spiiialis colli, Multilidus spinas. Levator angali scapulas, Splenius colli,
Scalenus medius, Transversalis colli, Intertransversales, Interspinales.
To the remaining Vertebrae generally are attached, anteriorly^ the Eectus anticus
major, Longus colli. Scalenus anticus, medius, and posticus. Psoas magnus. Psoas
parvus, Quadratus lumborum, Diaphragm, Obliquus internus and transversalis
2Josterio7'ly, the Trapezius, Latissimus dorsi. Levator anguli scapulae, Ehomboideus
major and minor, Serratus posticus superior and interior, Splenius, Erector spinge,
Sacrodumbalis, Longissimus dorsi, Spinalis dorsi, Oervicalis ascendens, Transversalis colli, Trachelo-mastoid, Oomplexus, Biventor cervicis, Semi-spinalis dorsi
and colli, Multifidus spin;©, Eotatores spin^, Interspinales, Supra-spinales, Intertransversales, Levatores costarum.
Sacral and Coccygeal Vertebra.

The Sacral and Coccygeal Vertebrae consist, at an early period of life, of nine
separate pieces, which are united in the adult, so as to form two bones, five
entering into the formation of the sacrum, four into that of the coccyx. Occasionally, the coccyx consists of five bones.^
The Sacrum (Fig. 122) is a large triangular bone, situated at the lower part
Fig. 122.

— Sacrum, Anterior Surface.
JPromjontcru

of the vertebral column, and at the upper and back part of the pelvic cavity,
it is inserted like a wedge between the two ossa innominata
its upper
part, or base, articulating with the last lumbar vertebra, its apex with the coccyx.
The sacrum is curved upon itself, and placed very obliquely, its upper extremity
projecting forwards, and forming, with the last lumbar vertebra,' a very prominent

where

^Dr.

Humphry

;

describes this as the usual composition of the Coccyx.

On

the Skeleton, p. 456.
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angle, called the proTnontory or sacro-vertebral angle^ whilst its central part is
It
directed backwards, so as to give increased capacity to the pelvic cavity.

presents for examination an anterior and posterior surface, two lateral surfaces, a
base, an apex, and a central canal.
The Anterior Surface is concave from above downwards, and slightly so from
In the middle are seen four transverse ridges, indicating the origside to side.
The portions of bone interinal division of the bone into five separate pieces.
vening between the ridges correspond to the bodies of the vertebree. The body
of the first segment is of large size, and in form resembles that of a lumbar vertebra the succeeding ones diminish in size from above downwards, are flattened
;

from before backwards, and curved so as to
accommodate themselves to the form of the
sacrum, being concave in front, convex
At each end of the ridges above
behind.
mentioned are seen the anterior sacral
foramina^ analogous to the intervertebral
foramina, four in number on each side, somewhat rounded in form, diminishing in size
from above downwards, and directed outwards and forwards they transmit the anExterior branches of the sacral nerves.
ternal to these foramina is the latero.l mass,
consisting, at an early period of life, of
separate segments, which correspond to

Fig. 123.

—Vertical Section

of the Sacrum.

;

the

anterior

transverse

become blended, in the

processes

these
the
with the
;

adult, with

with each other, and
posterior transverse processes. Each lateral
bodies,

mass is traversed by four broad, shallow
grooves, which lodge the anterior sacral
nerves as they pass outwards, the grooves
being separated by prominent ridges of
bone, which give attachment to the slips
of the Pyriformis muscle.
If a vertical section is made through
the centre of the bone (Fig. 123), the bodies
are seen to be united at their circumference
by bone, a wide interval being left centrally,
which, in the recent state, is filled by intervertebral substance.
In some bones, this
union is more complete between the lower
segments than between the upper ones.
The Posterior Surface (Fig. 124) is
convex, and much narrower than the anterior.
In the middle line are three or four tubercles, which represent the rudimentary spinous processes of the sacral vertebras. Of these tubercles, the first
is usually prominent, and perfectly distinct from the rest
the second and third
are either separate, or united into a tubercular ridge, which diminishes in size
from above downwards; the fourth usually, and the fifth always, remaining
uucleveloped.
External to the spinous processes, on each side, are the laminse,
broad and well marked in the first three pieces, sometimes the fourth, and generally the fifth, being undeveloped
in this situation the lower end of the sacral
canal is exposed. External to the laminse is a linear series of indistinct tubercles
representing the articular processes ; the upper pair are large, well developed, and
correspond in shape and direction to the superior articulating processes of a
lumbar vertebra the second and third are small the fourth and fifth (usually
blended together) are situated on each side of the sacral canal they are called
;

;

;

;

:
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External to the
the sacral cornua^ and articulate with the cornua of the coccyx.
articular processes are the four posterior sacral foramina; tliey are smaller in
size and less regular in form than the anterior, and transmit the posterior branches
On the outer side of the posterior sacral foramina is a
of the sacral nerves.
series of tubercles, the rudimentary posterior transverse processes of the sacral
Fig. 124.

— Sacrum, Posterior Surface.

vertebra.
The first pair of transvei^se tubercles are of large size, very distinct,
and correspond with each superior angle of the bone the second, small in size,
enter into the formation of the sacro-iliac articulation the third give attachment to the oblique fasciculi of the posterior sacro-iliac ligaments and the
fourth and fifth to the great sacro-sciatic ligaments. The interspace between the
spinous and transverse processes on the back of the sacrum presents a wide, shallow concavity, called the sacral groove ; it is continuous above with the vertebral
groove, and lodges the origin of the Erector spinas.
The Lateral Surface^ broad above, becomes naiTowed into a thin edge below.
Its upper half presents in front a broad, ear-shaped surface for articulation with
the ilium. This is called the auricular surface, and in the fresh state is coated
with fibro-cartilage. It is bounded posteriorly by deep and uneven impressions,
for the attachment of the posterior sacro-iliac ligaments.
The lower half is thin
and sharp, and gives attachment to the greater and lesser sacro-sciatic ligaments,
and to some fibres of the Gluteus maximus below it presents a deep notch,
which is converted into a foramen by articulation with the transverse process of
the upper piece of the coccj^x, and transmits the anterior branch of the fifth
sacral nerve.
The Base of the sacrum, which is broad and expanded, is directed upwards
and forwards. In the middle is seen an oval articular surface, which corresponds
with the under surface of the body of the last lumbar vertebra, bounded behind
;

;

;

;

;
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by the large triangular orifice of the sacral canal. This orifice is formed behind
by the spinous process and lamince of the first sacral vertebra, whilst projecting
from it on each side are the superior articular processes they are oval, concave,
directed backwards and inwards, like the superior articular processes of a lumbar
vertebra and in front of each articular process is an intervertebral notch, which
;

;

forms the lower half of the last intervertebral foramen. Lastly, on each side of
the articular surface is a broad and flat triangular surface of bone, which extends
outwards, and is continuous on each side with the iliac fossa.
The Apex, directed downwards and
Fig. 125.
Development of Sacrum.
forwards, presents a small oval concave
surface for articulation with the coccyx.
A-djcLitioncbl centres
The Sacral Canal runs throughout the
Jvr the jvTst 3 nieces*

—

greater part of the bone it is large and
triangular in form above, small and flattened from before backwards below. In
this situation, its posterior wall is incomplete, from the non- development of the
lamiu* and spinous processes. It lodges
the sacral nerves, and is perforated by the
anterior and posterior sacral foramina,
through which these pass out.
Structure.
It consists of much loose
spongy tissue within, invested externally
by a thin layer of compact tissue.
;

"
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DiFFEEENCES IN THE SaCRUM OF THE
The sacrum in the

Male axd Female.

usually wider than in the male
and it is much less curved, the upper
half of the bone, being nearly straight,
the lower half presenting the greatest
amount of curvature. The bone is also
directed
more obliquely backwards
which increases the size of the pelvic

female

is

At

4t}

yea

•

)

;

and forms a more prominent sacrovertebral angle.
In the male, the curvature is more evenly distributed over the
whole leno-th of the bone, and is altoo'ether
greater than in the female.

cavity,

Peculiarities of the Sacrum.

Fig. 127.

2

EpipJiysal lammce

for each latercil surf

This

bone, in some cases, consists of six pieces
occasionally, the number is reduced to
four.
Sometimes the bodies of the first
and second segments are not joined, or the
lamina and spinous processes have not
-coalesced.
Occasionally, the upper pair
of transverse tubercles are not joined to
the rest of the bone on. one or both
sides
and lastly, the sacral canal may
be open for nearly the lower half of the
bone, in consequence of the imperfect
development of the laminge and spinous processes.
The sacrum, also, varies
considerably with respect to its degree of curvature.
From the examination of a large number of skeletons, it would appear that, in one set of cases,
the anterior surface of this bone was nearly straight, the curvature, which was
very slight, affecting only its lower end. In another set of cases, the bone was
curved throughout its whole length, but especially towards its middle. In a
;

;

;
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third set, the degree of curvature was less marked, and affected especially the
lower third of the bone.
Development (Fig. 125). The sacrum, formed by the union of five vertebrge,
has thirty-five centres of ossification.
The bodies of the sacral vertebra3 have each three ossific centres one for the
central part, and one for the epiphysal plates on its upper and under surface.
The arch of each sacral vertebra is developed by two centres, one for
each lamina. These unite with each other behind, and subsequently join the
body.
The lateral masses have six additional centres, two for each of the first three
These centres make their appearance above and to the outer side of
vertebrae.
the anterior sacral foramina (Fig. 125), and are developed into separate segments,
which correspond with the anterior transverse processes (Fig. 126); they are
subsequently blended with each other, and with the bodies and the posterior
;

transverse processes, to form the lateral mass.
Lastly, each lateral surface of the sacrum is developed by two epiphysal plates
(Fig. 127); one for the auricular surface, and one for the remaining part of the
thin lateral edge of the bone.
Period of Development. At about the eighth or ninth week of foetal life,
ossification of the central part of the bodies of the first three vertebrge commences and, at a somewhat later period, that of the last two. Between the
sixth and eighth months ossification of the laminas takes place and, at about
the same period, the characteristic osseous tubercles for the first three sacral
vertebrse make their appearance.
The laminae join to form the arch, and are
united to the bodies, first, in the lowest vertebree.
Coccyx.
Fig. 128.
This occurs about the second year, the uppermost
segment
appearing as a single piece about the fifth or
Corniia,
sixth year.
About the sixteenth year the epiphyses
for the upper and under surfaces of the bodies are
formed and, between the eighteenth and twentieth
years, those for each lateral surface of the sacrum
make their appearance. At about this period the last
two segments are joined to one another and this
process gradually extending upwards, all the pieces
become united, and the bone is completely formed
from the twenty-fifth to the thirtieth year of life.
Articulations.
With four bones the last lumbar
vertebra, coccyx, and the two ossa innominata.
Attachment of Muscles.
In front, the Pyriformis
jLnteTior S'lcTfaee
and Coccygeus, and a portion of the Iliacus to the
base of the bone; behind, the Gluteus maximus,
Latissimus dorsi, Multifidus spinae, and Erector spinae,
and sometimes the Extensor coccygis.
;

;

—

;

;

;

The Coccyx.
The Coccyx (xdxxug, cuckoo)^ so called from having
been compared to a cuckoo's beak (Fig. 128), is
"usually formed of four small segments of bone, the
most rudimentary parts of the vertebral column. In
each of the first three segments may be traced a rudimentary body, articular and transverse processes
the last piece (sometimes the third) is a mere nodule
All the segof bone, without distinct processes.
ments are destitute of laminee and spinous processes
and, consequently,
of spinal canal and intervertebral foramina.
The first segment is the
largest; it resembles the lowermost sacral vertebra, and often exists as a sepa;

:
;
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the last three, diminishing in size from above downwards, are usually
blended together so as to form a single bone. The gradual diminution in the
size of the pieces gives this bone a triangular form, the base of the triangle
It presents for examination an anterior and
joining the end of the sacrum.
The anterior surface is
posterior surface, two borders, a base, and an apex.
slightlj concave, and marked Avith three transverse grooves, indicating the
It has attached to it the anterior
points of junction of the different pieces.
sacro-coccjgeal ligament and Levator ani muscle, and supports the lower end of
The posterior surface is convex, marked by transverse grooves
the rectum.
and presents on each side a lineal row
similar to those on the anterior surface
Of
of tubercles, the rudimentary articular processes of the coccygeal vertebree.
and are called the cornua of the coccyx ;
these, the superior pair are very large
they project upwards, and articulate with the cornua of the sacrum, the junction
between these two bones completing the fifth sacral foramen for the transmission
The lateral borders are thin,
of the posterior branch of the fifth sacral nerve.
and present a series of small eminences, which represent the transverse processes
Of these, the first on each side is of large size,
of the coccygeal vertebras.
flattened from before backwards; and often ascends to join the lower part of the
thin lateral edge of the sacrum, thus completing the fifth sacral foramen the
The
others diminish in size from above downwards, and are often wanting.
borders of the coccyx are narrow, and give attachment on each side -to the sacroThe base presents an oval surface for
sciatic ligaments and Coccygeus muscle.
The apex is rounded, and has attached to it the
articulation with the sacrum.
tendon of the external Sphincter muscle. It is occasionally bifid, and sometimes
deflected to one or other side.
Development. The coccyx is developed hy four centres, one for each piece.
Occasionally, one of the first three pieces of this bone is developed by two centres,
The ossific nuclei make their appearance in the following
placed side by side.
order: in the first segment, at birth in the second piece, at from five to ten years
in the third, from ten to fifteen years in the fourth, from fifteen to twenty years.
As age advances, these various segments become united in the following order
the first two pieces join then the third and fourth and, lastly, the bone is completed by the union of the second and third.
At a late period of life, especially
in females, the coccyx often becomes joined to the end of the sacrum.
Articulation.
With the sacrum.
Attachment of Muscles. On either side, the Coccygeus behind, the Gluteus
maximus, and Extensor coccygis, when present at the apex, the Sphincter ani
-and in front, the Levator ani.

rate piece

;

;

;

;

;

;

;

;

;

;

Of the Spine

in general.

The spinal column, formed by the junction of the vertebra?, is situated in the
median line, at the posterior part of the trunk its average length is about two
feet two or three inches, measured along the curved anterior surface of the column.
Of this length the cervical part measures about five, the dorsal about eleven, the
lumbar about seven inches, and the sacrum and coccyx the remainder.
YicAved in front, it 23resents two pj^ramids joined together at their bases, the
upper one being formed by all the vertebrae from the second cervical to the last
lumbar the lower one by the sacrum and coccyx. When examined more closely,
the upper pyramid is seen to be formed of three smaller pyramids.
The uppermost of these consists of the six lower cervical vertebrse its apex being formed
by the axis or second cervical its base, by the first dorsal. The second pyramid,
which is inverted, is formed by the four upper dorsal vertebree, the base being at
the first dorsal, the smaller end at the fourth.
The third pyramid commences at
the fourth dorsal, and gradually increases in size to the fifth lumbar.
Viewed laterally (Fig. 129), the spinal column presents several curves, which
correspond to the different regions of the column, and are called cervical.^ dorsal,
:

;

;

;
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Fig. 129.

— Lateral View of the Spine.

%
(

;

the least marked of all the curves.
The dorsal curve, which is concave forwards, commences at the middle of the second and terminates at the middle of the twelfth dorsal.
Its most prominent point beliind corresponds
to the body of the seventh or eighth vertebra.
The lumbar curve commences at the middle
of the last dorsal vertebra, and terminates at
the sacro-vertebral angle. It is convex anteriorly
the convexity of the lower three vertebrae being much greater than that of the

^^

T
7

lumbar, and pelvic.
The cervical curve commences at the apex of the odontoid process,
and terminates at the middle of the second
dorsal vertebrae
it is convex in front, and is

'*A

T^* Dorsal

;

upper ones.

'4^'7-\

The

pelvic curve

commences

at

the sacro-vertebral articulation, and terminates
It is concave
at the point of the coccyx.
anteriorly. These curves are partly due to the
shape of the bodies of the vertebrae, and partly
to the intervertebral substance, as will be explained in the Articulations of the Spine.
The spine has also a slight lateral curvature,,
the convexity of which is directed towards the
right side.
This is most probably produced,
as Bichat first explained, chiefly by muscular
action
most persons using the right arm in
preference to the left, especially in making
long-continued eftbrts, when the body is curved
In support of this explato the right side.
nation, it has been found, bj^ Beclard, that in
one or two individuals who were left-handed,
the lateral curvature was directed to the left
;

io

>i7

ii-,

side.

The spinal column presents for examination
an anterior, a posterior, and two lateral surfaces
a base, summit, and vertebral canal.

l^ Lumba r-

;

The

anterior surface presents the bodies of
the vertebrge separated in the recent state by
The bodies are broad
the intervertebral disks.
in the cervical region, narrow in the upper
part of the dorsal, and broadest in the lambar
The whole of this surface is convex
region.

from above downwards
and convex in the same
direction in the cervical and lumbar regions.
The posterior surface presents in the median
These are short,
line the spinous processes.
horizontal, with bifid extremities, in the cervical region.
In the dorsal region, they are
directed obliquely above, assume almost a vertical direction in the middle, and are horizontal below, as are also the spines of the lumbar
transversely, concave
in the dorsal region,

"-K^

They are separated by considerable
vertebrae.
intervals in the loins, by narrower intervals
in the neck, and are closely approximated in
Occasionthe middle of the dorsal region.
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one of these processes deviates a little from tlie median line, a fact
be remembered in practice, as irregularities of this sort are attendant
On either side of the spinous
also on fractures or displacements of the spine.
processes, extending the whole length of the column, is the vertebral groove
formed by the lamince in the cervical and lumbar regions, where it is shallow, and
by the laminae and transverse processes in the dorsal region, where it is deep and
In the recent state, these grooves lodge the deep muscles of the back.
broad.
External to the vertebral grooves are the articular processes, and still more
In the dorsal region, the latter processes
externally the transverse processes.
stand backwards, on a plane considerably posterior to the same processes in the
In the cervical region, the transverse processes are
cervical and lumbar regions.
placed in front of the articular processes, and between the intervertebral foramina.
In the lumbar, they are placed also in front of the articular processes, but behind
In the dorsal region, they are posterior both to the
the intervertebral foramina.
articular processes and foramina.
The lateral surfaces are separated from, the posterior by the articular processes
in the cervical and lumbar regions, and by the transverse processes in the dorsal.
These surfaces present in front the sides of the bodies of the vertebra, marked
in the dorsal region by the facets for articulation with the heads of the ribs.
More posteriorly are the intervertebral foramina, formed by the juxtajDosition
of the intervertebral notches, oval in shape, smallest in the cervical and upper
part of the dorsal regions, and gradually increasing in size to the last lumbar.
They are situated between the transverse processes in the neck, and in front of
them in the back and loins, and transmit the spinal nerves. The hase of the
vertebral column is formed by the under surface of the body of the fifth lumbar
and the sumrrdt by the upper surface of the atlas.
vertebra
The vertebral or
spinal canal follows the different curves of the spine
it is largest in those regions
in which the spine enjoys the greatest freedom of movement, as in the neck and
loins, where it is wide and triangular, and narrow and rounded in the back, where
ally
to

;

;

motion

is

more

limited.

THE SKULL.
The

Skull, or superior expansion of the vertebral column, has been described
composed of four vertebrae, the elementary parts of which are specially
modified in form and size, and almost immovably connected, for the reception
of the brain, and special organs of the senses.
These vertebrse are the occipital,
parietal, frontal, and nasal.
Descriptive anatomists, however, divide the skull
into two parts, the Cranium and the face.
The Cranium (xpavoc:, a helmet) is
composed of eight bones: viz., the occipital^ two parietal^ frontal^ two temporal^
sphenoid^ and ethmoid.
The Face is composed of fourteen bones viz., the two
as if

:

nasal^ two superior rnaxillary^ two lachrymal^ two malar^ two palate^ tivo inferior
turbinated^ vomer and inferior maxillary.
The ossicula auditus, the teeth^ and
^

Wormian

bones^ are

not included in this enumeration.
Occipital.

Two Parietal,
Frontal.

Cranium, 8 bones.

Skull 22 bones.

Two Temporal.
Sphenoid.
Ethmoid.
/

(

777

Face,

U hones.
1

,1

7

Two
Two
Two

/Two
^

Two
Two

Nasal.

Superior Maxillary.

Lachrymal.
Malar.
Palate.
Inferior Turbinated.

Yomer.
Inferior Maxillary.
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The

Occipital Bone.

Bone (Fig. 130) is situated at tlie back part and base of the
trapezoid in form, curved upon itself, and presents for examination
two surfaces, four borders, and four angles.
The External Surface is convex. Midway betAveen the summit of the bone
and the posterior margin of tlie foramen magnum is a prominent tubercle, the
external occipital protuberance, for the attacbment of tbe Ligamentnm nuchse;
and descending from it as far as the foramen, a vertical ridge, the external
This tubercle and crest varj in prominence in different skulls.
occipital crest.
There is a semicircular ridge on each, side, passing outwards from the occipital
These are the superior curved lines and running parallel with
protuberance.
these from the middle of the crest, are the two inferior curved lines.
The surface
Tlie Occipital

cranium,

is

'

;

Fig. 130.

—

OccijDital

Bone.

Outer Surface.

of the bone above the superior curved lines is smooth on each side, and, in the
recent state, is covered by the Occipito-frontalis muscle, whilst the ridges, as
well as the surface of the bone between them, serve for the attachment of
numerous muscles. The superior curved line gives attachment internally to the
Trapezius, above which is the aponeurosis of the occipito-frontalis, externally to
the muscular origin of the Occipito-frontalis and to the Sterno-cleido-mastoid,
to the extent shown in Fig. 130
the depressions between the curved lines to
the Complexus internally, the Splenius capitis and Obliquus capitis superior
externally.
The inferior curved line, and the depressions below it, afford insertion to the Bectus capitis posticus, major and minor.
The Foramen maynum is a large oval aperture, its long diameter extending
from before backwards. It transmits the medulla oblongata and its membranes,
the spinal accessory nerves, and the vertebral arteries. Its back part is wide
;

;;
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for tlie transmission of the medulla, and the corresponding margin rough for the
the fore part is narrower, being
attachment of the dura mater inclosing it
encroached upon by the condyles it has projecting towards it from below the
odontoid process, and its margins are smooth and bevelled internally to support
On each side of the foramen magnum are the condyles,
the medulla oblongata.
they are convex, oblong, or reniform in shape,
for articulation with the atlas
and directed downwards and outwards they converge in front, and encroach
On the inner border of each
slightly upon the anterior segment of the foramen.
condyle is a rough tubercle for the attachment of the ligaments (check) which
connect this bone with the odontoid process of the axis whilst externally to
them is a rough tubercular prominence, the transverse or jugular process (the
representative of the transverse process of a vertebra), channelled in front by a
deep notch, which forms part of the jugular foramen, or foramen lacerum
The under surface of this process affords attachment to the Rectus
posterius.
its upper or cerebral surface presents a deep groove, which
capitus lateralis
lodges part of the lateral sinus, whilst its external surface is marked by a quadrilateral rough facet, covered with cartilage in the fresh state, and articulating
with a similar surface on the petrous portion of the temporal bone. On the
outer side of each condyle, near its fore part, is a foramen, the anterior condyloid
it is directed downwards, outwards, and forwards, and transmits the hypoglossal
nerve, and occasionally a meningeal branch of the ascending pharyngeal artery.
This foramen is sometimes double. Behind each condyle is a fossa,^ sometimes
perforated at the bottom by a foramen, the posterior condyloid, for the transIn front of the foramen magnum is a
mission of a vein to the lateral sinus.
strong quadrilateral plate of bone, the basilar process, wider behind than in front;
its under surface, which is rough, presenting in the median line a tubercular ridge,
the pharyngeal spine, for the attachment of the tendinous raphe and Superior
constrictor of the pharynx; and, on each side of it, rough depressions for the
attachment of the Recti capitis antici, major and minor.
The Internal or Cerebral Surface (Fig. 131) is deeply concave. The posterior
or occipital part is divided by a crucial ridge into four foss*..
The two superior
fossae receive the posterior lobes of the cerebrum, and present slight eminences
and depressions corresponding to their convolutions. The two inferior, which
receive the hemispheres of the cerebellum, are larger than the former, and comparatively smooth both are marked by slight grooves for the lodgment of
arteries.
At the point of meeting of the four divisions of the crucial ridge is
an eminence, the internal occipital protuberance. It nearly corresponds to that
on the outer surface, and is perforated by one or more large vascular foramina.
From this eminence the superior division of the crucial ridge runs upwards to
the superior angle of the bone it presents a deep groove for the superior longitudinal sinus, the margins of which give attachment to the falx cerebri.
The
inferior division, the internal occipital crest, runs to the posterior margin of the
foramen magnum, on the edge of which it becomes gradually lost this ridge,
which is bifurcated below, serves for the attachment of the falx cerebelli. It is
usually marked by two small grooves, which commence on either side of the
posterior margin of the foramen magnum, join together above, and run into the
depression for the Torcular Herophili.
They lodge the occipital sinuses. The
transverse grooves pass outwards to the lateral angles
they are deeply channelled, for the lodgment of the lateral sinuses, their prominent margins affording
attachment to the tentorium cerebelli.^ At the point of meeting of these grooves
;

;

;

;

;

;

;

;

;

;

This fossa presents many variations in size.
and the foramen small
It is usually shallow
occasionally wanting on one, or both sides.
Sometimes both fossa and foramen are large, but contined to one side only
more rarely, the fossa and foramen are very large on both sides.
Usually one of the transverse grooves is deeper and broader than the other occasionally, both
grooves are of equal depth and breadth, or both equally indistinct.
The broader of the two transverse grooves is nearly always continuous with the vertical groove for the superior longitudinal
:

;

;

smus, and occupies the corresponding side of the median line.
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a depression, the " Torcular Heropliili,"^ placed a little to one or the other side
of the internal occipital protuberance.
More anteriorly is the foramen magnum,
and on each side of it, but nearer its anterior than its posterior part, the internal
openings of the anterior condyloid foramina; the internal openings of the posterior condyloid foramina are a little external and posterior to them, protected by
At this part of the internal surface there is a very deep
a small arch of bone.
groove, in which the posterior condyloid foramen, when it exists, has its terminaThis groove is continuous in the complete skull with that
tion inside the skull.
which separates the upper from the lower fossae, and lodges the end of the same
In front of the foramen magnum is the basilar process, presinus, the lateral.
senting a shallow depression, the basilar groove, which slopes from behind
upwards and forwards, and supports the medulla oblongata and part of the Pons
IS

Fig. 131.

— Occipital Bone.

Inner Surface.

Su/ierior Aorgle

Vateval

dnqlg

loiferiof

An alp

Varolii, and on each side of the basilar process is a narrow channel, which, when
united with a similar channel on the petrous portion of the temporal bone, forms
a groove which lodges the inferior petrosal sinus.
Angles.
The superior angle is received into the interval between the posterior
superior angles of the two parietal bones it corresponds with that part of the
skull in the foetus which is called the "posterior fontanelle.
The inferior angle is
represented by the square-shaped surface of the basilar process. At an early
period of life, a layer of cartilage separates this part of the bone from the
:

^ The columns of blood coming in different directions were supposed to be pressed together at this
point {torcular, a wine press).

;
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sphenoid but in the adult, the union between them is osseous. The lateral
angles correspond to the outer ends of the transverse grooves, and are received
into the interval between the posterior inferior angles of the parietal and the
mastoid portion of the temporal.
The superior extends on each side from the superior to the lateral
Borders.
angle, is deeply serrated for articulation with the parietal bone, and forms, by
The inferior border extends from the lateral to
this union, the lambdoid suture.
the inferior angle its upper half is rough and articulates with the mastoid
portion of the temporal, forming the masto-occipital suture the inferior half
articulates with the petrous portion of the temporal, forming the petro-occipital
suture these two portions are separated from one another by the jugular proIn front of this process is a deep notch, which, with a similar one on
cess.
This
the petrous portion of the temporal, forms the foramen lacerum posterius.
notch is occasionally subdivided into two parts by a small process of bone, and it
sometimes presents an aperture at its upper part, the internal opening of the
posterior condyloid foramen.
The occipital bone consists of two compact laminae, called the outer
Structure.
and inner tables^ having between them the diploic tissue this bone is especially
thick at the ridges, protuber;

;

:

;

:

ances, condyles,

and anterior

Fig. 132.

part of the basilar process
whilst at the bottom of the
fossc'e, especially the inferior,
it is

thin, semitransparent,

— Development of

£4/

^

Occipital Bone.

de-ntres

/

and

destitute of diploe.

for ocoipiiaX
portion

Development (Yig.l?)'!). The
bone has four cenone for
tres of development
occipital

:

*>.

the posterior or occipital part,
which is formed in membrane
one for the basilar portion,

and one for each
portion,

at

f far

each eondylovd
porthon

separate.

condyloid

which are formed

iiriTi

in

^OT

owsiAiwr poriian

cartilage.

The centre for the occipital
portion appears about the tenth week of foetal life
and consists, according
to Blandin and Cruveilhier, of a small oblong plate, which appears in the
situation of the occipital protuberance.^
The condyloid portions then ossify,
and lastly the basilar portion.
At birth the bone consists of four parts,
separate from one another, the occipital portion being fissured in the
direction indicated in the plate above.
At about the fourth year, the occipital and the two condyloid pieces join
and about the sixth year the bone consists of a single piece.
At a later period, between the eighteenth and twentyfifth years, the occipital and sphenoid become united, forming a single bone.
Articulations. With six bones two parietal, two temporal, sphenoid, and atlas.
Attachment of Muscles. To the superior curved line are attached the Occipitofrontalis. Trapezius, and Sterno-cleido-mastoid.^
To the space between the
curved lines, the Complexus, Splenius capitis, and Obliquus superior; to the
inferior curved line, and the space between it and the foramen magnum, the
Rectus posticus major and minor to the transverse process, the Eectus lateralis
and to the basilar process, the Eectus anticus major and minor, and Superior
Constrictor of the pharynx.
;

;

:

;

;

^
Beclard considers this segment to have four centres of ossification, arranged in pairs, two above
and two below the curved lines, and Meckel describes eight, four of which correspond in situation
with those above described of the other four, two are placed in juxtaposition, at the upper angle
of the bone, and the remaining two, one at each side, in the lateral angles.
^ To these the
Biventer cervicis should be added, if it is regarded as a separate muscle.
;
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The Parietal Bones.
The Parietal Bones {^paries^ a wall) form by their union the sides and roof of
the skull. Each bone is of an irregular quadrilateral form, and presents for
examination two surfaces, four borders, and four angles.
The external surface (Fig. 133) is convex, smooth, and marked
Surfaces.
about its centre by an eminence, called the parietal eminence, which indicates
the point where ossification commenced.
Crossing the middle of the bone in an
arched direction is a curved ridge, the temporal ridge, for the attachment of the
temporal fascia. Above this ridge the surface of the bone is rough and porous,
and covered by the aponeurosis of the Occipito-frontalis below it the bone is
smooth, forms part of the temporal fossa, and affords attachment to the temporal
muscle. At the back part of the superior border, close to the sagittal suture, is
a small foramen, the parietal foramen, which transmits a vein to the superior
Its
longitudinal sinus, and sometimes a small branch of the occipital artery.
existence is not constant, and its size varies considerably.
The internal surface (Fig. 134), concave, presents eminences and depressions
for lodging the convolutions of the cerebrum, and numerous furrows for the
ramifications of the meningeal arteries the latter run upwards and backwards
from the anterior inferior angle, and from the central and posterior part of the
lower border of the bone. Along the upper margin is part of a shallow groove,
;

;

Fig. 133.

— Left Parietal Bone.
aob^es
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which, when joined to the opposite parietal, forms a channel for the superio
longitudinal sinus, the elevated edges of which afford attachment to the fab:
Near the groove are seen several depressions; they lodge the Pac'
cerebri.
chionian bodies. The internal opening of the parietal foramen is also seen whei:
that aperture exists.
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The superior^ tlie longest and thickest, is clentated to articulate with
Borders.
The inferior is
the opposite side, forming the sagittal suture.
of
fellow
its
divided into three parts of these, the anterior is thin and pointed, bevelled at
the expense of the outer surface, and overlapped by the tip of the great wing of
outer
the sphenoid the middle portion is arched, bevelled at the expense of the
the posterior
surface, and overlapped by the squamous portion of the temporal
portion is thick and serrated for articulation with the mastoid portion of the
The anterior border, deeply serrated, is bevelled at the expense of the
temporal.
it articulates with the frontal bone,
outer surface above and of the inner below
deeply denticnlated, articuborder,
posterior
1}\\q
suture.
coronal
the
forming
:

:

;

;

lates

with the occipital, forming the lambdoid suture.
Fig. 134.

—Left Parietal Bone.

Internal Surface.
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The

anterior superior., thin and pointed, corresponds with that portion
foetus is membranous, and is called the anterior fontanelle.
The anterior inferior angle is thin and lengthened, being received in the interval
between the great wing of the sphenoid and the frontal. This point will be found
about one inch behind the upper and outer angle of the orbit.
Its inner surface
is marked by a deep groove, sometimes a canal, for the anterior branch of the
middle meningeal artery.
The posterior superior angle corresponds with the
junction of the sagittal and lambdoid sutures.
In the foetus this part of the skull
is membranous, and is called the posterior fontanelle.
The posterior inferior angle
articulates with the mastoid portion of the temporal bone, and generally presents
on its inner surface a broad, shallow groove, for lodging part of the lateral sinus.
Development.
The parietal bone is formed in membrane, being developed by
rue centre, which corresponds with the parietal eminence, and makes its first
appearance about the fifth or sixth week of foetal life.
Ossification gradually
extends from the centre to the circumference of the bone
the angles are consequently the parts last formed, and it is in their situation that the fontanelles

Angles.

of the skull

which in the

:

3xist,

previous to the completion of the growth of the bone.

a
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Articulations.

With

five

temporal, and sphenoid.
Attachment of Muscles.

bones

One

:

the opposite parietal, the occipital, frontal,

only, the Temporal.

The Frontal Bone.

—

This bone, which resembles a cockle-shell in form, consists of two portions
cranium, forming
the forehead
and a horizontal or orhito-nasal portion, which enters into the
formation of the roof of the orbits and nasal fossse.
External Surface (Fig. 135). In the median line, traversing
Vertical Portion.
the bone from the upper to the lower part, is occasionally seen a slightly elevated
ridge, and in young subjects a suture, which represents the line of union of the
two lateral halves of which the bone consists at an earlj'- period of life in the
adult this suture is usually obliterated, and the bone forms one piece traces of
the obliterated suture are, however, generally perceptible at the lower part. On
either side of this ridge, a little below the centre of the bone, is a rounded emiThese eminences vary in size in different individuals,
nence, the frontal eminence.
and are occasionally unsymmetrical in the same subject. They are especially
prominent in cases of well-marked cerebral development. The whole surface of
vertical or frontal portion, situated at the anterior part of the
;

:

:

Frontal Bone.

Outer Surface.

/

^Internal

Angular JiroL

the bone above this part

Ejcierna/

Angular hroc.

smooth, and covered by the aponeurosis of the Occipitofrontal eminence, and separated from it by a slight
groove, is the superciliary ridge, broad internally where it is continuous with the
nasal eminence, but less distinct as it arches outwards.
These ridges are caused
by the projection outwards of the frontal sinuses,^ and give attachment to the

frontalis muscle.

is

Below the

Some confusion is occasioned to students commencingi; the study of anatomy, by the name
\
" sinuses " having been given to two perfectly different kinds of spaces connected with the skull. It

;
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Beneath tlie superciliary
Orbicularis palpebrarum and Oorrugator supercilii.
is the supra-orbital arch, a curved and prominent margin, which forms the
upper boundary of the orbit, and separates tlie vertical from the horizontal
The outer part of the arch is sharp and prominent, affording
portion of the bone.
to the eye, in that situation, considerable protection from injury; the inner part
At the inner third of this arch is a notch, sometimes converted
is less prominent.
into a foramen b}^ a bonj- process, and called the supra-orbital notch or foramen.
small aperture is seen
It transmits the supra-orbital artery, vein, and nerve.
in the upper part of the notch, which transmits a vein from the diploe to join
The supra-orbital arch terminates externally in the external
the ophthalmic vein.
The external
angular process, and internally in the internal angular process.
angular process is strong, prominent, and articulates with the malar bone running upwards and backwards from it is a sharp, curved crest, the temporal ridge,
and beneath it a slight concavity, that
for the attachment of the temporal fascia
forms the anterior part of the temporal fossa, and gives origin to the Temporal
The internal angular processes are less marked than the external, and
muscle.
Between the internal angular processes is
articulate with the lachrymal bones.
a rough, uneven interval, the nasal notch, which articulates in the middle line
Avith the nasal bone, and on either side with the nasal process of the superior
maxillary bone. The notch is continuous below with a long pointed process, the
ridge

A

;

;

no sal spine.
Fig. 136.

— Frontal Bone.

Inner Surface.
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Internal Surface (Fig. 136).
Along the middle line is a
which unite below to form a ridge, the frontal crest

vertical groove, the edges of

may^ be as well, therefore, to state here, at the outset, that the " sinuses " on the interior of the
cranium, marked by grooves on the inner surface of the bones, are venous channels along which the
blood runs in its passage back from the brain, while the " sinuses " on the outside of the cranium
(the frontal, ethmoidal, sphenoidal, and maxillary) are hollow spaces in the bones themselves, which
communicate with the nostrils, and contain air.
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the groove lodges the superior hingitudinal sinus, whilst its edges afford attachment to the falx cerebri. The crest terminates below at a small notch, which is
converted into a foramen by articulation with the ethmoid. It is called the /orame?2
it is sometimes partially or comcsecum^ and varies in size in different subjects
pletely impervious, lodges a process of the falx cerebri, and, when open, transmits
a, vein from the lining membrane of the nose to the superior longitudinal sinus.
On either side of the groove, the bone is deeply concave, presenting eminences
and depressions for the convolutions of the brain, and numerous small furrows
Several small,
for lodging the ramifications of the anterior meningeal arteries.
irregular fossEB are also seen on ei cher side of the groove, for the reception of the
;

Pacchionian bodies.
Horizontal Portion.

This portion of the bone consists of
orbits, separated from one another
by the ethmoidal notch. Each orbital vault consists of a smooth, concave, triangular
plate of bone, marked at its anterior and external part (immediately beneath the
external angular process) by a shallow depression, the lachrymal fossa, for lodging
the lachrymal gland and at its anterior and internal part, by a depression (sometimes a small tubercle) for the attachment of the fibro-cartilaginous pulley of
The ethmoidal notch separates the two orbital
the Superior oblique muscle.
and filled up, when the bones are united, by the cribriplates it is quadrilateral
form plate of the ethmoid. The margins of this notch present several half-cells,
which, when united Avith corresponding half-cells on the upper surface of the
ethmoid, complete the ethmoidal cells two grooves are also seen crossing these
edges transversely they are converted into canals by articulation with the ethmoid,
and are called the anterior and posterior ethmoidal canals they open on the
inner wall of the orbit.
The anterior one transmits the nasal nerve and anterior
ethmoidal vessels, the posterior one the posterior ethmoidal vessels. In front
of the ethmoidal notch is the nasal spine, a sharp-pointed eminence, which projects downwards and forwards, and articulates in front with the crest of the nasal
bones; behind, it is marked by two grooves, separated by a vertical ridge; the
ridge articulates with the perpendicular lamellae of the ethmoid, the grooves form
part of the roof of the nasal fossffi. On either side of the base of the nasal spine
These are two irregular cavities, which
are the openings of the frontal sinuses.
extend upwards and outwards, a variable distance, between the two tables of the
skull, and are separated from one another by a thin bony septum.
They give
rise to the prominences above the root of the nose, called the nasal eminences and
superciliary ridges.
In the child they are generally absent, and they become
gradually developed as age advances. These cavities vary in size in different
persons, are larger in men than in women, and are frequently of unequal size on
the two sides, the left being commonly the larger.
Occasionally, they are subdivided by incomplete bony lamina. They are lined by mucous membrane, and
communicate with the nose by the infundibulum, and occasionally with each
other by apertures in their septum.
l}\iQ Internal Surface of the Horizontal Portion presents the convex upper surfaces
of the orbital plates, separated from each other in the middle line by the ethmoidal
notch, and marked by eminences and depressions for the convolutions of the
anterior lobes of the brain.
Borders.
The border of the vertical portion is thick, strongly serrated, bevelled
at the expense of the internal table above, where it rests upon the parietal bones,
and at the expense of the external table at each side, where it receives the lateral
pressure of those bones this border is continued below into a triangular rough
surface, which articulates with the great wing of the sphenoid.
The border of
the horizontal portion is thin, serrated, and articulates with the lesser wing of
the sphenoid.
Structure.
The vertical portion and external angular processes are very thick,
consisting of diploic tissue contained between two compact laminse.
The horizontal portion is thin, translucent, and composed entirely of compact tissue;

two thin

plates,

External 8iirface.

which form the vault of the

;

;

;

;

;

;

;

:
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hence the facility with which instruments can penetrate the cranium through this
part of the orbit.
Development (Fig.

developed

b}^

The

137).
centres,

tivo

frontal

bone

is

formed in membrane, being

one for each

which make their appearance,
an early period of foetal life, in the sitFrom this
uation of the orbital arches.

137.— Frontal Bone

lateral half,

Fig.

at

Developed by two

at Birth.

lateral Halves.

point ossification extends, in a radiating
manner, upwards into the forehead, and
backwards over the orbit. At birth the
bone consists of two pieces, which afterwards become united, along the middle
line, by a suture which runs from the
This suvertex to the root of the nose.
ture usually becomes obliterated within
but it occasionally
a few years after birth
;

remains throughout
Articulations.

life.

With

twelve

bones

the sphenoid, the ethmoid:
nasal, two superior maxillary, two lachrymal, and two malar.
Attac]ime7it of Muscles.
The Gorrugator supercilii, Orbicularis palpebrarum,

two
two

parietal,,

and Temporal, on each

side.

Fig. 138.

—Left Temporal Bone.

Outer Surface,
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The Temporal Bones.
The Temporal Bones

are situated at the side and base of the skull, and present
examination a squamous^ mastoid^ and loetrous portion.
The Squamous Portion {squama^ a scale) (Fig. 138), the anterior and upper

for

part of the bone,

is

scale-like in

form and thin and translucent

in texture.

Its

^
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outer surface is smooth, convex, and grooved at its back part for tlie deep temporal arteries it affords attachment to the Temporal muscle, and forms part of
the temporal fossa. At its. back part may be seen a curved ridge part of the
temporal ridge it serves for the attachment of the temporal fascia, limits the
origin of the Temporal muscle, and marks the boundary between the squamous
and mastoid portions of the bone. Projecting from the lower part of the squamous
portion is a long arched outgrowth of bone, the zygomatic process. This process
is at first directed outwards, its two surfaces looking upwards and downwards; it
then appears as if twisted upon itself, and runs forwards, its surfaces now looking
inwards and outwards. The superior border of the process is long, thin, and
The inferior, short,
sharp, and serves for the attachment of the temporal fascia.
thick, and arched, has attached to it some fibres of the Masseter muscle.
Its
outer surface is convex and subcutaneous its inner is concave, and also affords
attachment to the Masseter. The extremit}^ broad and deeply serrated, articuThe zygomatic process is connected to the temporal
lates with the malar bone.
an anterior, middle, and posterior. The
bone by three divisions, called its roots
anterior, which is short, but broad and strong, runs transversely inwards into a
rounded eminence, the eminentia, articularis. This eminence forms the front
boimdary of the glenoid fossa, and in the recent state is covered with cartilage.
The middle root forms the outer margin of the glenoid cavity running obliquely
inwards, it terminates at the commencement of a well-marked fissure, the Glaserian fissure whilst the posterior root, which is strongly marked, runs from the
upper border of the zygoma, in an arched direction, upwards and backwards,
forming the posterior part of the temporal ridge. At the junction of the anterior root with the zygoma is a projection, called the tuhercle^ for the attachment
of the external lateral ligament of the lower jaw; and between the anterior and
middle roots is an oval depression, forming part of the glenoid fossa (^X^jvr), a
socket), for the reception of the condyle of the lower jaw.
This fossa is bounded,
in front, by the eminentia articularis
behind, by the vaginal process and externally, by the auditory process and middle root of the zygoma
and is divided
into two parts by a narrow slit, the Glaserian fissure.
The anterior part, formed
by the squamous portion of the bone, is smooth, covered in the recent state with
cartilage, and articulates with the condyle of the lower jaw.
This part of the
glenoid fossa is separated from the auditory process by a small tubercle, the postglenoid process, the representative of a prominent tubercle which, in some of the
mammalia, descends behind the condyle of the jaw, and prevents it being displaced backwards during mastication (Humphry).
The posterior part of the
glenoid fossa is formed chiefly by the vaginal process of the petrous portion, and
lodges part of the parotid gland.
The Glaserian fissure, which leads into the
tympanum, lodges the processus gracilis of the malleus, and transmits the Laxator tympani muscle and the tympanic branch of the internal maxillary artery.
The chorda tympani nerve passes through a separate canal, parallel to the
Glaserian fissure (canal of Huguier), on the outer side of the Eustachian tube,
in the retiring angle between the squamous and petrous portions of the temporal
;

—

;

;

—

;

;

;

;

;

bone.^

The internal surface of the squamous portion (Fig. 139) is concave, presents
numerous eminences and depressions for the convolutions of the cerebrum, and
two well-marked grooves for the branches of the middle meningeal artery.
The

is thin, bevelled at the expense of the internal
lower border of the parietal bone, forming the
squamous suture. The anterior inferior border is thick, serrated, and bevelled,
alternately at the expense of the inner and outer surfaces, for articulation with

Borders.

surface, so

the great

superior border

as to overlap the

wing of the sphenoid.

The Mastoid Portion

(//aCTog,

a nipple or

teat) is

situated at the posterior part

^ This small fissure must not be confounded with the large canal which
tube and transmits the Tensor tympani muscle.

lies

above the Eustachian

;
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of tlie bone its outer surface is rough, and perforated by numerous foramina
one of these, of large size, situated at the posterior border of the bone, is termed
the mastoid foramen ; it transmits a vein to the lateral sinus and a small artery.
The position and size of this foramen are very variable. It is not always present;
sometimes it is situated in the occipital bone, or in the suture between the temThe mastoid portion is continued below into a conical
poral and the occipital.
projection, the mastoid process, the size and form of which vary somewhat. This
jirocess serves for the attachment of the Sterno-mastoid, Splenius capitis, and
Trachelo-mastoid muscles. On the inner side of the mastoid process is a deep
and,
groove, the digastric fossa, for the attachment of the Digastric muscle
ruuuing parallel with it, but more internal, the occipital groove, which lodges
the occipital arterj^
The internal surface of the mastoid portion presents a deep
curved groove, which lodges part of the lateral sinus and into it may be seen
opening the mastoid foramen.
section of the mastoid process shows it to be
hollowed out into a number of cellular spaces, communicating with each other,
called the mastoid cells ; they open by a single or double orifice into the back of
;

;

;

A

Fig. 139.
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form some secondary part of the organ of hearing. The mastoid cells, like
the other sinuses of the cranium, are not developed until after puberty; hence
the prominence of this process in the adult.
Borders.
The superior border of the mastoid portion is broad and rough, its
serrated edge sloping outwards, for articulation with the posterior inferior angle
of the parietal bone.
The posterior border, also uneven and serrated, articulates
with the inferior border of the occipital bone between its lateral angle and juguably,

lar process..

The Petrous Portion ("TrsVpog, a stone)^ so named from its extreme density and
hardness, is a pyramidal process of bone, wedged in at the base of the skull
between the sphenoid and occipital bones. Its direction from without is inwards,
forwards, and a little downwards.
It presents for examination a base, an apex,
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three surfaces, and three borders and contains, in its interior, the essential parts
Tlie hase is applied against the internal surface of the
of the organ of liearing.
squamous and mastoid portions, its upper half being concealed but its lower
half is exposed by the divergence of those two portions of the bone which brings
into view the oval expanded orifice of a canal leading into the tympanum, the
This canal is situated in front of the mastoid prorqieatus auditorius externus.
its upper marcess and between the posterior and middle roots of the zygoma
gin is smooth and rounded, but the greater part of its circumference is surrounded
by a curved plate of bone, the auditory process, the free margin of which is
thick and rough, for the attachment of the cartilage of the external ear.
The apex of the petrous portion, rough and uneven, is received into the angular interval between the posterior border of the great wing of the sphenoid and
the basilar process of the occipital; it presents the anterior or internal orifice of
the carotid canal, and forms the posterior and external boundary of the foramen
;

;

;

lacerum medium.
Fig. 140.

—Petrous Portion.
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The anterior surface of the petrous portion (Fig. 139) forms the posterior part
of the middle fossa of the skull.
This surface is continuous with the squamous
portion, to which it is united by a suture, the temporal suture, the remains of
which are distinct even at a late period of life it presents six points for examination
1, an eminence near the centre, which indicates the situation of the
superior vertical semicircular canal
2, on the outer side of this eminence a
depression, indicating the position of the tympanum, the layer of bone which
separates the tympanum from the cranial cavity being extremely thin 3, a shallow groove, sometimes double, leading outwards and backwards to an oblique
opening, the hiatus Fallopii, for the passage of the petrosal branch of the Vidian
nerve 4, a smaller opening, occasionally seen external to the latter for the passage
of the smaller petrosal nerve
5, near the apex of the bone the termination of
:

:

;

;

;

;

:
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the carotid canal, the wall of which in this situation is deficient in front 6, above
this canal a shallow depression for the reception of the Casserian ganglion.
The posterior surface forms the front part of the posterior fossa of the skull,
and is continuous with the inner surface of the mastoid portion of the bone. It
presents three points for examination 1, about its centre, a large orifice, the
meatus auditorius internus, whose size varies considerably its margins are
smooth and rounded and it leads into a short canal, about four lines in length,
which runs directly outwards, and is closed by a vertical plate, divided by a
horizontal crest into two unequal portions the canal transmits the facial and
auditory nerves, and auditory artery, a branch of the basilar
2, behind the
meatus auditorius, a small slit, almost hidden by a thin plate of bone, leading
to a canal, the aquaeductus vestibuli, which transmits a small artery and vein,
and lodges a process of the dura mater 3, in the interval between these two
openings, but above them, an angular depression, which lodges a process of the
dura mater and transmits a small vein into the cancellous tissue of the bone.
The inferior or basilar surface (Fig. 140) is rough and irregular, and forms
Passing from the apex to the base, this surface
part of the base of the skull.
presents eleven points for examination
1, a rough surface, quadrilateral in form,
which serves- partly for the attachment of the Levator palati and Tensor tympaui muscles 2, the large circular aperture of the carotid canal, which ascends
at first verticall}^, and then, making a bend, runs horizontally forwards and
inwards; it transmits the internal carotid artery and the carotid plexus: 3, the
aquEeductus cochleae, a small triangular opening, lying on the inner side of the
latter, close to the posterior border of the petrous portion
it transmits a vein
from the cochlea, which joins the internal jugular: 4, behind these openings a
deep depression, the jugular fossa, which varies in depth and size in different
skulls; it lodges the lateral sinus, and, with a similar depression on the margin
of the occipital bone, forms the foramen lacerum posterius 5, a small foramen
for the passage of Jacobson's nerve (the t\^mpanic branch of the glosso-pharyngeal)
this foramen is seen in front of the bony ridge dividing the carotid canal
from the jugular fossa 6, a small foramen on the outer wall of the jugular fossa,
for the entrance of the auricular branch of the pneumogastric (Arnold's) nerve
7, behind the jugular fossa, a smooth, square-shaped facet, the jugular surface;
it is covered with cartilage in the recent state, and articulates with the jugular
process of the occipital bone
8, the vaginal process, a very broad, sheath-like
plate of bone, which extends from the carotid to the mastoid process
it divides
behind into two laminse, receiving between them the 9th point for examination,
the styloid process a long sharp spine, about an inch in length, continuous with
the vaginal process, between the laminee of which it is received it is directed
downwards, forwards, and inwards, varies in size and shape, and sometimes consists of several pieces united by cartilage
it affords attachment to three muscles,
the Stylo-pharyngeus, Stylo-glossus, and Stylo-hyoideus
and two ligaments, the
stylo-hyoid and stylo-maxillary: 10, the stylo-mastoid foramen, a rather large
orifice, placed between the styloid and mastoid processes; it is the termination
of the aquaeductus Fallopii, and transmits the facial nerve and stylo-mastoid
artery: 11, the auricular fissure, situated between the vaginal and mastoid processes, for the exit of the auricular branch of the pneumogastric nerve.
Borders of the petrous portion. The superior., the longest, is grooved for the
superior petrosal sinus, and has attached to it the tentorium cerebelli and its
inner extremity is a semilunar notch, upon which the fifth nerve lies.
The
posterior border is intermediate in length between the superior and the anterior.
Its inner half is marked by a groove, which, when completed by its articulation
with the occipital, forms the channel for the inferior petrosal sinus. Its outer
half presents a deep excavation
^the jugular fossa
which, with a similar notch
on the occipital, forms the foramen lacerum posterius.
projecting eminence
of bone occasionally stands out from the centre of the notch, and divides the
foramen into two parts. The anterior border is divided into two parts an
;
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;

;

:
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;

;

;
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squamous portion by

a suture, the remains of whicli are diswith the spinous process of the sphenoid. At
the angle of junction of the petrous and squamous portions are seen two canals,
separated from one another by a thin plate of bone, the processus cochleariformis
they both lead into the tympanum, the upper one transmitting the Tensor tympani muscle, the lower one the Eustachian tube.

outer joined to

tinct

;

an inner,

Structure.

tlie

free, articulating

The squamous

portion

is

like that of the other cranial bones, the

mastoid portion cellular, and the petrous portion dense and hard.
Development (Fig. 141). The temporal bone is developed by four centres,
One for the
exclusive of those for the internal ear and the ossicula, viz.
squamous portion including the zygoma, one for the petrous and mastoid parts,
one for the styloid, and one for the
Development of the Temporal Bone. auditory process (tympanic bone).
Fig. 141.
By Four Centres.
The first traces of the development of
this bone appear in the squamous
portion, about the time when ossi^ous
1 for Squamous
matter is deposited in the vertebree;
:

—

—

fOTtum inciudCnqP V

the auditory process succeeds next; it
consists of a curved piece of bone^
zn?
forming about three-fourths of a circle^
the deficiency being above it is grooved
along its concave surface for the attachment of the membrana tympani,,
I for Audctoru
and becomes united by its extremities
pToeess
to the squamous portion during the last
months of intra-uterine life.
The
petrous and mastoid portions then
become ossified, and lastly the styloid
I fcT Petrous
process, which remains separate a considerable period, and in some skulls is
pgTtion$
never united to the rest of the bone.
At birth, the temporal bone, excluding
Jifov Styloid pi
the styloid process, is formed of three
pieces
the squamous and zygomatic,,
the petrous and mastoid, and the auditory.
The auditory process joins with the
squamous about the time of birth. The petrous and mastoid join with the squamous during the first year, and the styloid process becomes united between the
second and third years. The subsequent changes in this bone are, that the auditory
process extends outwards, so as to form the meatus auditorius the glenoid
fossa becomes deeper
and the mastoid part, which at an early period of life
is quite flat, enlarges from the development of the cellular cavities in its interior.
Articulations.
With, five bones occipital, parietal, sphenoid, inferior maxillary, and malar.
Attachment of Muscles. To the squamous portion, the Temporal
to the
zygoma, the Masseter to the mastoid portion, the Occipito-frontalis, Sternomastoid, Splenius capitis, Trachelo-mastoid, Digastricus, and Ketrahens aurem
to the styloid process, the Stylo-pharyngeus, Stylo-hyoideus, and Stylo-glossus
and to the petrous portion, the Levator palati, Tensor tympani. Tensor palati,,
and Stapedius.
Zyaama.

;

—

;

;

—

;

;

The Sphekoid Bone.
The Sphenoid bone (cojjyv, a wedge) is situated at the anterior part of the baseof the skull, articulating with all the other cranial bones, which it binds firmly
and solidly together. In its form it somewhat resembles a bat, with its wings.
extended; and is divided into a central portion or body, two greater and two
lesser wings extending outwards on each side of the body; and two processes,,
the pterygoid processes, which project from it below.
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The Body

is of large size, cuboid in form, and hollowed out in its interior so
form a mere shell of bone. It presents for examination four surfaces a.
superior, an inferior, an anterior, and a posterior.
The superior surface (Fig. 142). In front is seen a prominent spine, the
ethmoidal spine, for articulation with the ethmoid behind this a smooth surface,
presenting, in the median line, a slight longitudinal eminence, with a depression
narrow transverse groove, the
on each side, for lodging the olfactory nerves.
it lodges the optic
optic groove, bounds the above-mentioned surface behind
commissure, and terminates on either side in the optic foramen, for the passage
Behind the optic groove is a small
of the optic nerve and ophthalmic artery.
eminence, olive-like in shape, the olivary process and still more posteriorly, a

—

as to

;

A

;

;

deep depression, the pituitar)^ fossa, or "sella Turcica," which lodges the pituitary
Fig. 142.

— Sphenoid Bone.
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This fossa is perforated by numerous foramina, for the transmission of
nutrient vessels to the substance of the bone.
It is bounded in front by two small
eminences, one on either side, called the middle clinoid processes (xXj'vrj, a hed)^
and behind by a square-shaped plate of bone, terminating at each superior angle
in a tubercle, the posterior clinoid processes, the size

and form of which vary

considerablj^ in different individuals.
These processes deepen the pituitary fossa;
and serve for the attachment of prolongations from the tentorium cerebelli.
The

bone supporting the posterior clinoid processes are notched
the passage of the sixth pair of nerves
and behind, this plate of bone presents a shallow depression, which slopes obliquely backwards, and is continuous
with the basilar groove of the occipital bone it supports the upper part of the
Pons Varolii. On either side of the body is a broad groove, curved something
like the italic letter/; it lodges the internal carotid artery and the cavernous
smus, and is called the cavernous groove.
The posterior surface^ quadrilateral in
form, is joined to the basilar process of the occipital bone.
During childhood
these bones are separated by a layer of cartilage
but in after-life (between the
eighteenth and twenty-fifth years) this becomes ossified, ossification commencing
above, and extending downwards
and the two bones then form one piece. The
anterior surface (Fig. 8§) presents, in the middle line, a vertical lamella of bone,
which articulates in front with the perpendicular plate of the ethmoid, formingpart of the septum of the nose.
On either side of it are the irregular openings
leading into the sphenoidal cells or sinuses.
These are two large irregular cavities,

sides of the plate of
for

;

;

;

;
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hollowed out of the interior of the body of the sphenoid bone, and separated from
one another by a more or less complete perpendicular bony septum. Their form
and size vary considerably they are seldom symmetrical, and are often partially
subdivided by irregular osseous laminae. Occasionally, they extend into the
basilar process of the occipital nearly as far as the foramen magnum. The septum
These
is seldom quite vertical, being commonly bent to one or the other side.
They
sinuses do not exist in children, but they increase in size as age advances.
are partially closed, in front and below, by two thin curved plates of bone, the
sphenoidal turbinated bones, leaving a round opening at their upper parts, by
which they communicate with the upper and back part of the nose, and occaThe lateral margins of
sionally with the posterior ethmoidal cells or sinuses.
this surface present a serrated edge, which articulates with the os planum of
the ethmoid, completing the posterior ethmoidal cells the lower margin, also
;

;

Fig. 143.

— Sphenoid Bone.
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rough and serrated, articulates with the orbital process of the palate bone and
the upper margin with the orbital plate of the frontal bone.
The inferior surface
presents, in the middle line, a triangular spine, the rostrum, which is continuous
with the vertical plate on the anterior surface, and is received into a deep fissure
hetween the ate of the vomer. On each side may be seen a projecting lamina
of bone, which runs horizontally inwards from near the base of the pterygoid
process these plates, termed the vaginal processes,' articulate with the edges of
the vomer. Close to the root of the pterygoid process is a groove, formed into
a complete canal when articulated with the sphenoidal process of the palate bone
it is called the pterygo-palatine canal, and transmits the ptery go-palatine vessels
and pharyngeal nerve.
The Greater Wings are two strong processes of bone, which arise from the sides
of the body, and are curved in a direction upwards, outwards, and backwards
being prolonged behind into a sharp-pointed extremity, the spimous process of the
sphenoid. Each wing presents three surfaces and a circumference. Tiie superior or
cerebral surface (Fig. 142) forms part of the middle fossa of the skull
it is deeply
concave, and presents eminences and depressions for the convolutions of the brain.
At its anterior and internal part is seen a circular aperture, the foramen rotundum,
for the transmission of the second division of the fifth nerve.
Behind and
external to this is a large oval foramen, the foramen ovale, for the transmission
of the third division of the fifth nerve, the small meningeal artery, and, some;

;

;

^ In this figure both the
anterior and inferior surfaces of the body of the sphenoid bone are shown,
the bone being held with the pterygoid processes almost horizontal.
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At tlie inner side of the foramen ovale, a small
times, the small petrosal nerve.^
aperture may occasionally be seen opposite the root of the pterygoid process it
Lastly, near to the spine of the
is the foramen Yesalii, transmitting a small vein.
sphenoid is a short canal, sometimes double, the foramen spinosum it transmits
The external surface (Fig. 143) is convex, and
the middle meningeal artery.
divided by a trai^sverse ridge, the pterygoid ridge, into two portions. The superior
or larger, convex from above downwards, concave from before backwards, enters
into the formation of the temporal fossa, and gives attachment to part of the
Temporal muscle. The inferior portion, smaller in size and concave, enters into
the formation of the zygomatic fossa, and affords attachment to the External
pterygoid muscle. It presents, at its posterior part, a sharp-pointed eminence of
bone, the spinous process, to which are connected the internal lateral ligament of
The pterythe lower jaw, and the Tensor palati and Laxator tympani muscles.
o-oid ridge, dividing the temporal and zygomatic portions, gives attachment to
At its inner and anterior extremity is a
part of the External pterygoid muscle.
tri angular spine of bone, which serves to increase the extent of origin of this
Tiie anterior or orbital surface, smooth, and quadrilateral in form, assists
muscle.
It is bounded above by a serrated edge,
in forming the outer wall of the orbit.
below, b}^ a rounded border, which enters
for articulation with the frontal bone
internally, it enters into the
into the formation of the spheno-maxillarj?' fissure
while externally it presents a serrated
formation of the sphenoidal fissure
margin, for articulation with the malar bone. At the upper part of the inner
border is a notch for the transmission of a branch of the ophthalmic artery and
at its lower part a small pointed spine of bone, which serves for the attachment
One or two small foramina
of part of the lower head of the External rectus.
mav occasionally be seen for the passage of branches of the deep temporal
Circumference of the
arteries; they are called the external orbital foramina.
commencing from behind, from the body of the sphenoid
great wing (Fig. 142)
to the spine, the outer half of this margin is serrated, for articulation with the
petrous portion of the temporal bone whilst the inner half forms the anterior
boundary of the foramen lacerum medium, and presents the posterior aperture
of the Vidian canal.
In front of the spine the circumference of the great wing
presents a serrated edge, bevelled at the expense of the inner table below, and
of the external above, which articulates with the squamous portion of the
temporal bone.
At the tip of the great wing a triangular portion is seen,
bevelled at the expense of the internal surface, for articulation with the anterior
inferior angle of the parietal bone.
Internal to this is a broad serrated surface,
for articulation with the frontal bone
this surface is continuous internally with
the sharp inner edge of the orbital plate, which assists in the formation of the
sphenoidal fissure.
The Lesser Wings (processes of Ingrassias) (Fig. 142) are two thin triangular
plates of bone, which arise from the upper and lateral parts of the body of the
sphenoid and, projecting transversely outwards, terminate in a sharp point.
The superior surface of each is smooth, flat, broader internally than externally,
and supports the anterior lobe of the brain. The inferior surface forms the back
part of the roof of the orbit, and the upper boundary of the sphenoidal fissure
or foramen lacerum anterius.
This fissure is of a triangular form, and leads from
the cavity of the cranium into the orbit it is bounded internally by the body
of the sphenoid
above, by the lesser wing; below, by the internal margin of
the orbital surface of the great wing
and is converted into a foramen by the
articulation of this bone with the frontal.
It transmits the third, the fourth, the
ophthalmic division of the fifth and the sixth nerves, some filaments from the
cavernous plexus of the sympathetic, and the ophthalmic vein. The anterior
border of the lesser wing is serrated for articulation with the frontal bone the
posterior, smooth and rounded, is received into the fissure of Sylvius of the brain,
;

;

;

;

;

;

:

;

;

;

—

;

—

;

^ The
small petrosal nerve sometimes passes through a special foramen between the foramen opale
and foramen spinosum.

12

THE SKELETON.

178

The lesser
of this border forms the anterior clinoid process.
connected to the side of the body by two roots, the upper thin and flat,
the lower thicker, obliquely directed, and presenting on its outer side, near its
junction with the body, a small tulDercle, for the attachment of the common
tendon of three of the muscles of the eye. Between the two roots is the optic
foramen, for the transmission of the optic nerve and ophthalmic artery.
The Pterygoid processes
Posterior Surface.
{'^'^^?^l, « wing ; gf^os:, likeness)
Fig. 144.— Sphenoid Bone.
(Fig. 144), one on each side,
descend perpendicularly from
the point where the body
The inner extremity

wing

is

and great wing unite.

Each

process consists of an external and an internal plate,
separated behind by an intervening notch, the pterygoid
but joined partially
fossa
in front.
The external pterygoid plate is broad and thin,
turned a little outwards, and
forms part of the inner wall
of the zygomatic fossa.
It
gives attachment, by its outer
surface, to the External pterygoid its inner surface forms part of the pterygoid fossa, and gives attachment to the
The internal pterygoid plate is much narrower and longer,
Internal pterygoid.
curving outwards, at its extremity, into a hook-like process of bone, the hamular
process, around which turns the tendon of the Tensor palati muscle. At the base of
this plate is a small, oval, shallow depression, the scaphoid fossa, from which arises
the Tensor palati, and above which is seen the posterior orifice of the Vidian canal.
The outer surface of this plate forms part of the pterygoid fossa, the inner surface
forming the outer boundary of the posterior aperture of the nares. The Superoir
The two pterygoid
constrictor of the pharynx is attached to its posterior edge.
plates are separated below by an angular interval, in which the pterygoid process, or
The anterior surface of the pterygoid
tuberosity, of the palate bone is received.
process is very broad at its base, and forms the posterior wall of the sphenomaxillary fossa. It supports Meckel's ganglion. It presents, above, the anterior
orifice of the Vidian canal
and below, a rough margin, which articulates with
the perpendicular plate of the palate bone.
Tne Sphenoidal Spongy Bones are two thin curved plates of bone, which exist
as separate pieces until puberty, and occasionally are not joined to the sphenoid
They are situated at the anterior and inferior part of the body of
in the adult.
the sphenoid, an aperture of variable size being left in their anterior wall, through
which the sphenoidal sinuses open into the nasal fossae. They are irregular in
form, and
taper to a point behind,
Plan of tlie Development of
Fig. 145.
being broader and thinner in front. Their
Sphenoid. By Four Centres.
inner surface, which looks towards the
bodij
./ far each Zesser vnnq la Ant ^jiajt
cavity of the sinus, is concave; their outer
surface convex.
Each bone articulates in
front with the ethmoid, externally with
the palate
behind, its point is placed
above the vomer, and is received between
the root of the pterygoid process on the
outer side and the rostrum of the sphenoid
e^xt.^terygjpli^fo
ick cjrlat w%ng
on the inner.

—

;

;

;

—
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Development. The sphenoid bone is developed by ten centres, six for the pos-
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and four for the anterior sphenoid. Tlie six centres
sphenoid are one for each greater wing and external pterj^goid
one for each internal pterygoid plate two for the posterior part of the
plate
body. The four for the anterior sphenoid are, one for each lesser wing and anterior
Ossification takes
part of the body, and one for each sphenoidal turbinated bone.
place in these pieces in the following order The greater wing and external pterygoid plate are first formed, ossific granules being deposited close to the foramen
rotundum on each side, at about the second month of foetal life from thence
ossification spreads outwards into the great wing, and downwards into the external
Each internal pterygoid plate is then formed, and becomes
pterygoid plate.
The two centres for the
united to the external about the middle of foetal life.
posterior part of the body appear as separate nuclei, side by side, beneath the
they join, about the middle of foetal life, into a single piece, which
sella Tarcica
remains ununited to the rest of the bone until after birth. Each lesser wing is
formed by a separate centre, which appears on the outer side of the optic foramen,
they become united and join with the body at about
at about the third month
At about the end of the third year, ossification
the eighth month of foetal life.
has made its appearance in the sphenoidal spongy bones.
At birth the sphenoid consists of three pieces, viz., the greater wing and pteryAt the first
goid processes on each side the lesser wings and body united.
year after birth the greater wings and body are united. From the tenth to the
twelfth year the spongy bones are partially united to the sphenoid, their juncLastly, the sphenoid joins the occiption being complete by the twentieth year.
terior sphenoidal division,

—

for tlie posterior

;

;

:

;

;

;

;

ital.

Articulations.
The sphenoid articulates with all the bones of the cranium
and five of the face; the two malar, two palate, and vomer the exact extent of
articulation with each bone is shown in the accompanying figures.
Attachment of Muscles. The Temporal, External pterygoid. Internal pterygoid,
Superior constrictor, Tensor palati, Laxator tympani. Levator palpebrse, Obliquus
superior, Superior rectus, Internal rectus. Inferior rectus. External rectus.
:

The Ethmoid Bone.
The Ethmoid (ri^iu-og, a sieve) is an exceedingly light spongy bone, of a cubical
form, situated at the anterior part of the base of the cranium, between the two
orbits, at the root of the nose,
and contributing to form each
of these cavities.
of three parts
a
:

It consists

Fig.

146.— Ethmoid Bone. Outer Surface
Mass (enlarged),

of

Right Lateral

horizontal

which forms part of the
base of the cranium a perpendicular plate, which forms
part of the septum nasi
and
plate,

;

;

two lateral masses of cells.
The Horizontal or Cribriform
Plate (Fig. 146) forms part
of the anterior fossa of the
base of the skull, and is re-

ceived into the
of the frontal
the

ethmoid notch
bone between

two orbital plates. Proupwards from the

jecting

middle line of this plate is a
thick, smooth, triangular prola^iih InfJ^turhlnatet/ 6cess of bone, the crista galli,
so called from its resemblance
to a cock's comb.
Its posterior border,
Its base joins the cribriform plate

;
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and slightly curved, serves for the attachment of the falx cerebri.
anterior border, short and thick, articulates with the frontal bone, and
presents two small projecting alse, which are received into corresponding
depressions in the frontal, completing the foramen cascum behind. Its sides are
smooth, and sometimes bulging in which case it is found to inclose a small sinus.
Gn each side of the crista galli, the cribriform plate is narrow, and deeply grooved,
to support the bulb of the olfactory nerve, and perforated by foramina for the
passage of its filaments. These foramina are arranged in three rows the innermost, which are the lai-gest and least numerous, are lost in grooves on the upper
part of the septum the foramina of the outer row are continued on to the surface
The foramina of the middle row are the smallest they
of the upper spongy bone.
nerves to the roof of the nose. At the front
transmit
and
perforate the bone,
long, tliin,

Its

;

;

;

;

part of the cribriform plate, on each side of the crista galli, is a small fissure
which transmits the nasal branch of the ophthalmic nerve and at its posterior
part a triangular notch, which receives the ethmoidal spine of the sphenoid.
Perpendicular
The
Shown by Plate (Fig. 147) is a
Fig. 147. -Perpendicular Plate of Ethmoid (enlarged),
thin, flattened lamella
removing the Right Lateral Mass.
of bone, which descends
from the under surface
of the cribriform plate,
and assists informing the
septum of the nose. It
,^lf^ EStiVUndetc
is much thinner in the
middle than at the circumference, and is generally deflected a little
to one side. Its anterior
;

border articulates with
the frontal spine and
crest of the nasal bones.
Its

posterior,

divided

two parts, is
nected by its upper
into

con-

half

the rostrum of
the sphenoid
by its
lower half with the vomer.
The inferior border serves for the attachment
of the triangular cartilage of the nose.
On each side of the perpendicular plate
numerous grooves and canals are seen, leading from foramina on the cribriform
plate they lodge filaments of the olfactory nerves.
The Lateral Masses of the ethmoid consist of a number of thin-walled cellular
cavities, the ethmoidal cells, interposed between two vertical plates of bone, the
outer one of which forms part of the orbit, and the inner one part of the nasal
In the disarticulated bone many of these cells
fossa of the corresponding side.
appear to be broken but when the bones are articulated, they are closed in at
every part. The upper surface of each lateral mass presents a number of
apparently half- broken cellular spaces these are closed in when articulated by
the edges of the ethmoidal notch of the frontal bone.
Crossing this surface are
two grooves on each side, converted into canals by articulation with the frontal
they are the anterior and posterior ethmoidal foramina, and open on the inner wall
of the orbit.
The posterior surface also presents large irregular cellular cavities,
which are closed in by articulation with the sphenoidal turbinated bones, and
orbital process of the palate.
The cells at the anterior surface are completed by
the lachrymal bone and nasal process of the superior maxillary, and those below
also by the superior maxillary.
The outer surface of each lateral mass is formed
of a thin, smooth, square plate of bone, called the os planum ; it forms part of the
inner wall of the orbit, and articulates above with the orbital plate of the frontal;

with

—

;

;

;

i
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below, with the superior maxillary and orbital process of the palate in front,
with the lachrymal and behind, with the sphenoid.
From the inferior part of each lateral mass, immediately beneath the os planum,
there projects downwards and backwards an irregular lamina of bone, called the
unciform process^ from its hook-like form it serves to close in the upper part of
the orifice of the antrum, and articulates with the ethmoidal process of the inferior
It is often broken in disarticulating the bones.
turbinated bone.
The inner surface of each lateral mass forms part of tiie outer wall of the
It is formed of a thin lamella of bone,
nasal fossa of the corresponding side.
which descends from the under surface of the cribriform plate, and terminates
below in a free convoluted margin, the middle turbinated bone. The whole of
this surface is rough, and marked
Fig. 148.
Ethmoid Bone. Inner Surface of
above by numerous grooves, which
Right Lateral Mass (enlarged).
run nearly vertically downwards from
tliej^
lodge
the cribriform plate
branches of the olfactory nerve, which
are distributed on the mucous memThe back
brane covering the bone.
part of this surface is subdivided by
a narrow oblique fissure, the superior
meatus of the nose, bounded above by
the
a thin curved plate of bone
superior turbinated bone.
By means
of an orifice at the upper part of
this fissure, the posterior ethmoidal
cells open into the nose. Below, and in
front of the superior meatus, is seen the convex surface of the middle turbinated
bone.
It extends along the whole length of the inner surface of each lateral
mass its lower margin is free and thick, and its concavity, directed outwards,
assists in forming the middle meatus.
It is by a large orifice at the upper and
front part of the middle meatus, that the anterior ethmoidal cells, and through
them the frontal sinuses, communicate with the nose, by means of a funnelshaped canal, the infundibulum. The cellular cavities of each lateral mass, thus
walled in by the os planum on the outer side, and by the other bones already
mentioned, are divided by a thin transverse bony partition into two sets, which
do not communicate with each other; they are termed the anterior o^ndi posterior
ethmoidal cells^ or sinuses.
The former, more numerous, communicate with the
frontal sinuses above, and the middle meatus below, by means of a long flexuous
cellular canal, the infundibulum; the posterior, less numerous, open into the
superior meatus, and communicate (occasionally) with the sphenoidal sinuses.
Development. By three centres one for the perpendicular lamella, and one
for each lateral mass.
The lateral masses are first developed, ossific granules making their first
appearance in the os planum between the fourth and fifth months of foetal life,
and afterwards in the spongy bones. At birth, the bone consists of the two lateral
masses, which are small and ill-developed
but when the perpendicular and
horizontal plates begin to ossify, as they do about the first year after birth, the
lateral masses become joined to the cribriform plate.
The formation and increase
the ethmoidal cells, which complete the bone, take place about the fifth or
;

;

;

—

;

—

;

;

;

m

sixth year.
Articulations.
With fifteen bones the sphenoid, two sphenoidal turbinated,
the frontal, and eleven of the face
the two nasal, two superior maxillary, two
lachrymal, two palate, two inferior turbinated, and the vomer.

—

;

Development of the Cranium.
The development of the cranium commences at a very early period, on account of the importance
of the organ it is intended to protect.
In its most rudimentary state, it consists of a thin mem-

(
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branous capsule, inclosing the cerebrum, and accurately moulded upon its surface. This capsule is
placed external to the dura mater, and in close contact with it its walls are continuous with the
canal for the spinal cord, and the chorda dorsalis, or primitive part of the vertebral column, is continued forwards, from the spine, along the base, to its fore part, where it terminates in a tapering
point.
The next step in the process of development is the formation of cartilage. This is deposited
in the base of the skull, in two symmetrical segments, one on either side of the median line
these
subsequently coalesce, so as to inclose the chorda dorsalis the chief part of the cerebral capsule
Ossification first takes place in the roof, and is preceded by the
still retaining its membranous form.
deposition of a mem.branous blastema upon the surface of the cerebral capsule, in which the ossifying
process extends the primitive membranous capsule becoming the internal periosteum, and being
Although the bones of the vertex of the skull appear
ultimately blended with the dura mater.
before those at the base, and make considerable progress in their growth, at birth ossification is more
advanced in the base, this portion of the skull forming a solid, immovable groundwork.
;

;

—

;

The Fontanelles

(Figs. 149, 150).

Before birth, the bones at the vertex and side of the skull are separated from each other by membranous intervals, in which bone is deficient. These intervals, at certain parts, are of considerable
size, and are termed the fontanelles, so called from the pulsations of the bram, which are perceptible
The fontanelles are
at the anterior fontanelle, and were likened to the rising of water in a fountain.
four in number, and correspond to the junction of the four angles of the parietal with the contiguous
The anterior fontanelle is the largest, and corresponds to the junction of the sagittal and
bones.

Fig.

at Birth, showing the Anand Posterior Fontanelles.

149.— Skull
terior

Fig.

150.— The Lateral

Fontanelles.

coronal sutures the posterior fontanelle, of smaller size, is situated at the junction of the sagittal
and lambdoid sutures the two remaining ones are situated at the inferior angles of the parietal
bone.
The latter are closed soon after birth the two at the superior angles remain open longer; the
posterior being closed in a few months after birth the anterior remaining open until the first or
second year. These spaces are gradually filled in by an extension of the ossifying process, or by the
development of a Wormian bone.
Sometimes the anterior fontanelle remains open beyond two
years, and is occasionally persistent throughout life.
;

;

;

;

SUPEENUMERAKY OR WORMIAN^ BONES.
When

any of the tabular bones of the skull proves abortive, the membranous
interval which would be left is usually filled in by a supernumerary piece of bone. This is developed
from a separate centre, and gradually extends until it fills the vacant space. These supernumerary
pieces are called Wormian bones; they are called also, from their usual form, ossa triquetra; but
they present much variation in situation, number, and size.
They occasionally occupy the situation of the fontanelles. Bertin, Cruveilhier, and Cuvier have
each noticed the presence of one in the anterior fontanelle. There are two specimens in the Museum
of St. George's Hospital, which present Wormian bones in this situation.
In one, the skull of a
child, the supernumerary piece is of considerable size, and of a quadrangular form.
They are occasionally found in the posterior fontanelle, appearing to replace the superior angle of
the occipital bone.
Not unfrequently there is one replacing the extremity of the great wing of the
ossification of

sphenoid, or the anterior inferior angle of the parietal bone, in the fontanelle there situated.
^

Wormius, a physician

bones.

in Copenhagen,

is

said to have given the first detailed description of these

NASAL BONES.

183

They have been found in the different sutures on the vertex and side of the skull, and in some of
those at the base. They are most frequent in the lambdoid suture. Mr. Ward mentions an instance
" in which one-half of the lambdoid suture was formed by large Wormian bones disposed in a double
row, and jutting deeply into each other;" and refers to similar specimens described by Dumontier
and Bourgery.

A

deficiency in the ossification of the flat bones would appear in some cases to be symvietrical on
the two sides of the skull for it is not uncommon to find these supernumerary bones corresponding
Thus, in several instances, I have seen a pair of large
in form, size, and situation on each side.
Wormian bones symmetrically placed in the lambdoid suture in another specimen, a pair in the
coronal suture, with a supernumerary bone in the spheno-parietal suture of both sides.
The size of these supernumerary pieces varies, they being in some cases not larger than a pin's
head, and confined to the outer table in other cases so large, that one pair of these bones may form
the whole of the occipital bone above the superior curved lines, as described by Beclard and Ward.
the
Their number is generally limited to two or three but more than a hundred have been found
In their development, structure, and mode of articulaskull of an adult hydrocephalic skeleton.
tion, they resemble the other cranial bones.
;

;

;

m

;

Congenital Fissures and Gaps.

m

the
Dr. Humphrj^ has called attention to the not unfrec[uent existence of congenital fissures
These fissures have been noticed in the frontal,
cranial bones, the result of incomplete ossification.

and squamous portion of the temporal bones they extend from the margin towards the
middle of the bone, and are of great interest in a medico-legal point of view, as they are liable to
An arrest of the ossifying process may also give rise to the deficiencies
be mistaken for fractures.
Such deficiencies are said to occur most frequently
or gaps occasionally found in the cranial bones.
when ossification is imperfect, and to be situated near the natural apertures for vessels. Dr. Humphry describes such deficiencies to exist in a calvarium, in the Cambridge Museum, where a gap
sufficiently large to admit the end of the finger is seen on either side of the sagittal suture, in the
There is a specimen precisely similar to this in the Museum of St.
place of the parietal foramen.
the parietal bone of a young
George's Hospital and another, in which a small circular gap exists
Similar deficiencies are not unfrequently met with in hydrochild, just above the parietal eminence.
the frontal bones, and in the
cephalic skulls being most frequent, according to Dr. Humphry,
parietal bones on either side of the sagittal suture.
parietal,

;

m

:

m

;

Bones of the Face.
The

Facial Bones are fourteen in number, viz., the
Two Nasal,
Two Palate,
Two Superior Maxillary,
Two Inferior Turbinated,
Two Laclirjmal,
Vomer,
Two Malar,
Inferior Maxillary.

Nasal Bones.
The Nasal
individuals
Fig.

;

are

151.— Pdcrht
witJi

two small oblong bones, varying in size and form in different
by side at the middle and upper part of the

tliey are placed side
ISTasal

Bone.

Frontal B.

— Ojfposlte

hcn^

face, forming, by their
junction, "the bridge"
of the nose. Each bone
presents for examination
two surfaces and four
borders.
The outer surface is concave
from
above downwards, convex from side to side it

Left Nasal Bone.
iwjth
.FroTitaZ /Sfjyinc-

mtth

Rrpendundar
I

/MaMifEtliTtwiS,.

;

covered by the Pyramidalis and Compressor
c/Tuov^e for na^sal nerve
nasi muscles, marked by
numerous small arterial
Inner Surface
Outer Surfacefurrows, and perforated
about its centre by a foramen, sometimes double, for the transmission of a small vein. Sometimes this foramen is absent on one or both sides, and occasionally the foramen ceecum opens on
is
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this surface.

downwards

The inner

surface

is

concave from side to

side,

convex from above

traversed by a longitudinal groove (sometimes
a canal), for the passage of a branch of the nasal nerve.
The superior border is
narrow, thick, and serrated for articulation with the nasal notch of the frontal bone.
The inferior border is broad, thin, sharp, directed obliquel}'- downwards, outwards,
and backward's, and serves for the attachment of the lateral cartilage of the nose.
This border presents about its middle a notch, through which passes the branch of
the nasal nerve above referred to and is prolonged at its inner extremity into a sharp
spine, which, when articulated with the opposite bone, forms the nasal angle.
The external border is serrated, bevelled at the expense of the internal surface
above, and of the external below, to articulate with the nasal process of the
The internal border, thicker above than below, articulates
superior maxillary.
with its fellow of the opposite side, and is prolonged behind into a vertical crest,
which forms part of the septum of the nose this crest articulates with the
nasal spine of the frontal above, and the perpendicular plate of the ethmoid
below.
Development. By one centre for each bone, which appears about the same
period as in the vertebrge.
Articulations.
With four bones two of the cranium, the frontal and ethmoid,
and two of the face, the opposite nasal and the superior maxillary.
No muscles are directly attached to this bone.
;

in

which direction

it is

;

;

:

Superior Maxillary Bones.

The Superior Maxillary is one of the most important bones of the face in a
surgical point of view, on account of the number of diseases to which some of
Its minute examination becomes, therefore, a matter of
its parts are liable.
considerable interest.
It is the largest bone of the face, excepting the lower
jaw; and forms, by its union with its fellow of the opposite side, the whole of
Each bone assists in the formation of three cavities, the roof
the upper jaw.
of the mouth, the floor and outer wall of the nasal fossae, and the floor of the
orbit
and also enters into the formation of two fossas, the zygomatic and
spheno- maxillary and two fissures, the spheno-maxillary and pterygo-maxillary.
The bone presents for examination a body and four processes, malar, nasal,
alveolar, and palatine.
The body is somewhat cuboid, and is hollowed out in its interior to form a
large cavity, the antrum of Highmore.
Its surfaces are four
an external ,or
facial, a posterior or zygomatic, a superior or orbital, and an internal.
The external or facial surface (Fig. 153) is directed forwards and outwards.
Just above the incisor teeth is a depression, the incisive or myrtiform fossa,
which gives origin to the Depressor alse nasi, and internal to it the Orbicularis
oris is attached.
Above and a little external to it, the Compressor nasi arises.
More external is another depression, the canine fossa, larger and deeper than the
incisive fossa, from which it is separated by a vertical ridge, the canine eminence,
corresponding to the socket of the canine tooth. The canine fossa gives origin
to the Levator anguli oris.
Above the canine fossa is the infra-orbital foramen,
the termination of the infra-orbital canal it transmits the infra-orbital nerve
and artery. Above the infra-orbital foramen is the margin of the orbit, which
affords partial attachment to the Levator labii superioris proprius.
The posterior or zygomatic surface is convex, directed backwards and outwards, and forms part of the zygomatic fossa. It presents about its centre
several apertures leading to canals in the substance of the bone they are termed
the posterior dental canals^ and transmit the posterior dental vessels and nerves.
At the lower part of this surface is a rounded eminence, the maxillary tuberosity, especially prominent after the growth of the wisdom-tooth, rough on its
inner side for articulation with the tuberosity of the palate-bone. Immediately
above the rough surface is a groove, which, running obliquely down on the inner
;

;

—

;

.

;

,
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surface of the bone, is converted into a canal by articulation with the palate
bone, forming the posterior palatine canal.
The superior or orbital surface is thin, smooth, triangular, and forms part of
It is bounded internally by an irregular margin, which
the floor of the orbit.

with the lachrymal in the middle with the os planum of the
ethmoid; behind, with the orbital process of the palate bone; bounded externally
by a smooth, rounded edge, which enters into the formation of the spheno- maxillary fissure, and which sometimes articulates at its anterior extremity with the
orbital plate of the sphenoid; bounded, in front, by part of the circumference of
articulates, in front,

Fig. 153.

;

— Left Superior Maxillary Bone,
Outer

Surface

Outer Surface.

.

TENDO OCUL

Posterior Jiejital Cunali

Incisive fossoi
KilloLi-u

TuLerosity

Bicusiiids

the orbit, which is continuous, on the inner side with the nasal, on the outer side
with the malar process. Along the middle line of the orbital surface is a deep
groove, the infra-orbital, for the passage of the infra-orbital nerve and artery.
This groove commences at the middle of the outer border of the surface, and,
passing forwards, terminates in a canal which subdivides into two branches
one
of the canals, the infra-orbital, opens just below the margin of the orbit
the
other, which is smaller, runs into the substance of the anterior wall of the antrum
it is called the anterior dental canal, transmitting the anterior dental vessels and
nerves to the front teeth of the upper jaw.
At the inner and fore part of the
orbital surface, just external to the lachrymal canal, is a minute depression,
which gives origin to the Inferior oblique muscle of the eye.
The internal surface (Fig. 154) is unequally divided into two parts by a horizontal projection of bone, the palate process; the portion above the palate process forms part of the outer wall of the nasal fossas
that below it forms part of
the cavity of the mouth.
The superior division of this surface presents a large,
irregular opening, leading into the antrum of Highmore.
At the upper border
of this aperture are numerous broken cellular cavities, which, in the articulated
skull, are closed in by the ethmoid and lachrymal bones.
Below the aperture is
a smooth concavity, which forms part of the inferior meatus of the nose, traversed
by a fissure, the maxillary fissure, which runs from the lower part of the orifice
of the antrum obliquely downwards and forwards, and receives the maxillary
;

;

;

;

THE SKELETON.

186

Beliind it is a rough surface, which articulates with
process of the palate bone.
the perpendicular plate of the palate bone, traversed by a groove, which, commencing near the middle of the posterior border, runs obliquely downwards and
forwards, and forms, when completed by its articulation with the palate bone,
In front of the opening of the antrum is a deep
the posterior palatine canal.
groove, converted into a canal by the lachrymal and inferior turbinated bones,
Avhich is coated with mucous membrane, and called the lachrymal or nasal duct.
More anteriorly is a Avell-marked rough ridge, the inferior turbinated crest, for
Fig. 154.

marked in

— Left Superior Maxillary Bone.

Inner Surface.

outlln-e

EtJiT/mCd
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Ant. Jfas-al ShiTic
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articulation with the inferior turbinated bone.
The concavity above this ridge
forms part of the middle meatus of the nose whilst that below it forms part of
the inferior meatus.
The inferior division of this surface is concave, rough, and
uneven, and perforated by numerous small foramina for the passage of nutrient
;

vessels.

The Antrmn

of Highmore^ or Maxillary Sinus, is a large, triangular-shaped
body of the maxillary bone its apex, directed outwards, is formed by the malar process its base, by the outer wall of the nose.
Its walls are everywhere exceedingly thin, its roof being formed by the orbital
plate, its floor by the alveolar process, its anterior wall by the facial, and its
posterior by the zygomatic surface.
Its inner wall, or base, presents, in the disarticulated bone, a large irregular aperture, which communicates with the nasal
fossa.
The margins of this aperture are thin and ragged, and the aperture itself
is much contracted by its articulation with the ethmoid above, the inferior turbinated below, and the palate bone behind.^ In the articulated skull, this cavity
communicates with the middle meatus of the nose generally by two small apertures left between the above-mentioned bones.
In the recent state, usually only
one small opening exists, near the upper part of the cavity, sufficiently large to
admit the end of a probe, the other being closed by the lining membrane of
the sinus.

cavity, hollowed out of the

;

;

^

In some

cases, at

tion of the opening,

any rate, the lachrymal bone encroaches slightly on the anterior superior porand assists in forming the inner wall of the antrum.
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Crossing the cavity of the antrum, are often seen several projecting laminae of
bone, similar to those seen in the sinuses of the cranium and on its posterior
wall are the posterior dental canals, transmitting the posterior dental vessels and
Projecting into the floor are several conical processes, correnerves to the teeth.
sponding to the roots of the first and second molar teeth ^ in some cases the
It is from the extreme thinness
floor is perforated by the teeth iiL this situation.
of the walls of this cavity that we are enabled to explain how a tumor growing
from the antrum encroaches upon the adjacent parts, pushing up the floor of the
orbit, and displacing the eyeball, projecting inwards into the nose, protruding
forwards on to the cheek, and making its way backwards into the zygomatic
fossa, and downwards into the mouth.
The Malar Process is a rough, triangular eminence, situated at the angle of
separation of the facial from the zygomatic surface. In front it is concave, forming part of the facial surface behind, it is also concave, and forms part of the
zvgomatic fossa above, it is rough and serrated for articulation with the malar
bone whilst below, a prominent ridge marks the division between the facial and
small part of the Masseter arises from this process.
zygomatic surfaces.
The Nasal Process is a thick, triangular plate of bone, which projects upwards,
inwards, and backwards, by the side of the nose, forming part of its lateral
boundary. Its external surface is concave, smooth, perforated by numerous foramina, and gives attachment to the Levator labii superioris alaeque nasi, the
Its internal surface forms part of the
Orbicularis palpebrarum, and Tendo oculi.
outer wall of the nose; it articulates above with the frontal, and presents a rough,
uneven surface, which articulates with the ethmoid bone, closing in the anterior
ethmoidal cells below this is a transverse ridge, the superior turbinated crest, for
articulation with the middle turbinated bone of the ethmoid, bounded below by a
smooth concavity which forms part of the middle meatus below this again is the
inferior turbinated crest (already described), for articulation with the inferior
turbinated bone and still more inferiorly, the concavity which forms part of the
inferior meatus. The anterior border of the nasal process is thin, directed obliquely
downwards and forwards, and presents a serrated edge for articulation with the
nasal bone; its posterior border is thick, and hollowed into a groove for the
lachrymal duct of the two margins of this groove, the inner one articulates with
the lachrymal bone, the outer one forms part of the circumference of the orbit.
Just where the latter joins the orbital surface is a small tubercle, the lachrymal
tubercle this used to be taken as a guide in the performance of the operation
for fistula lachrymalis. The lachrymal groove in the articulated skull is converted
into a canal by the lachrymal bone, and lachrymal process of the inferior turbinated; it is directed downwards, and a little backwards and outwards, is about
the diameter of a goose-quill, slightl}^ narrower in the middle than at either
extremity, and lodges the lachrymal duct.
The Alveolar Process is the thickest and most spongy part of the bone, broader
behind than in front, and excavating into deep cavities for the reception of the
teeth.
These cavities are eight in number, and vary in size and depth according
to the teeth they contain.
That for the canine tooth is the deepest; those for
the molars are the widest, and subdivided into minor cavities those for the incisors
are single, but deep and narrow.
The Buccinator muscle arises from the outer
surface of this process, as far forward as the first molar tooth.
The Palate Process^ thick and strong, projects horizontally inwards from the
inner surface of the bone.
It is much thicker in front than behind, and forms a
considerable part of the floor of the nostril and the roof of the mouth.
Its upper
surface is concave from side to side, smooth, and forms part of the floor of the
nose.
In front is seen the upper orifice of the anterior palatine (incisor) canal,
;

;

;

;

;

A

;

;

;

:

;

;

^ The
number of teeth whose fangs are in relation with the floor of the antrum is variable. The
antrum "may extend so as to be in relation to all the teeth of the true maxilla, from the canine to
the dens sapienticp ."
See Mr. Salter on Abscess of the Antrum, in a System of Surgery, edited by

—

T.

Holmes, second

edition, vol. iv., p. 356.
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whicli leads into a fossa formed bj tlie junctioQ of the two superior maxillary
bones, and situated immediately behind the incisor teeth. It transmits the anterior
palatine vessels/ the naso-palatine nerves passing through the intermaxillary
suture.
The inferior surface, also concave, is rough and uneven, and forms part
This surface is perforated by numerous foramina for
of the roof of the mouth.
the passage of nutritious vessels, channelled at the back part of its alveolar
border by a longitudinal groove, sometimes a canal, for the transmission of the
posterior palatine vessels, and a large nerve, and presents little depressions for
the lodgment of the palatine glands. This surface presents anteriorly the lower
In some bones a delicate linear suture may
orifice of the anterior palatine fossa.
be seen extending from the anterior palatine fossa to the interval between the
This marks out the intermaxillary,
lateral incisor and the canine tooth.
or incisive bone, which in some animals exists permanently as a separate
piece.
It includes the whole
Development of Superior Maxillary Bone.
Fig. 155.
thickness of the alveolus, the
By Four Centres.
corresponding part of the floor
of the nose, and the anterior nasal
spine, and contains the sockets
1 for Na^aZ ij
of the incisor teeth.
The outer
border of the palate process is
incorporated with the rest of the
bone. The inner border is thicker
Oriital
± for
^
in front than behind, and is raised
Malar jiort-?
f^ >
above into a ridge, which, with
Surface.
Anterior
the corresponding ridge in the
at
opposite bone, forms a groove for
Birth
the reception of the vomer. The
anterior margin is bounded by
1 fur Incisive. jioH 7
the thin concave border of the
opening of the nose, prolonged
forwards internally into a sharp
/
for Palatal jiorf^
process, forming, with a similar
process of the opposite bone, the
anterior nasal spine.
The posterior border is serrated for articulation with the horizontal plate
of the palate bone.
Development. This bone is formed at such an early period, and ossification
proceeds in it with such rapidity, that it has been found impracticable hitherto
to determine with accuracy its number of centres.
It appears, however, probable
that it has /oi«' centres of development, viz., one for the nasal and facial portions,
one for the orbital and malar, one for the incisive, and one for the palatal portion,
including the entire palate except the incisive segment. The incisive portion is
indicated in young bones by a fissure, which marks off" a small segment of the
palate, including the two incisor teeth. In some animals, this remains permanently
and in the human subject,
as a separate piece, constituting the intermaxillary bone
where the jaw is malformed, as in cleft palate, this segment may be separated
from the maxillary bone by a deep fissure extending backwards between the two
into the palate.
If the fissure be on both sides, both segments are quite isolated
from the maxillary bones, and hang from the end of the vomer they are not
unfrequently much displaced, and the deformity is often accompanied by congenital
The
fissure of the upper lip, either on one or both sides of the median line.
maxillary sinus appears at an earlier period than any of the other nasal sinuses,
its development commencing about the fourth month of foetal life.
Artie alatio7is.
With nine bones; two of the cranium the frontal and ethmoid.

—

4

;

;

—

^

These are the anterior branch of the descending or posterior palatine artery of either

side.
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and seven of tlie face, viz., the nasal, malar, laclirymal, inferior turbinated, palate,
vomer, and its fellow of the opposite side. Sometimes it articulates with the
orbital plate of the sphenoid.

Orbicularis palpebrarum, Obliquus inferior oculi,
Attachment of Muscles.
Levator labii superioris alseque nasi, Levator labii superioris proprius. Levator
anguli oris, Compressor nasi, Depressor alse nasi, Dilatator naris posterior, Masseter,
Buccinator, External pterygoid and Orbicularis oris.

The Lachkymal Bones.
The Lachrymal are the smallest and most fragile bones of the face. They are
situated at the front part of the inner wall of the orbit, and resemble somewhat
hence they are termed the ossa unguis.
in form, thinness, and size, a finger-nail
Each bone presents, for examination, two surfaces and four borders. The external
The
(Fig. 156) or orbital surface is divided by a vertical ridge into two parts.
;

portion of bone in front of this ridge presents a smooth, concave, longitudinal
groove, the free margin of which unites with the nasal process of the superior
maxillary bone, completing the lachrymal groove. The upper part of this groove
lodges the lachrymal sac the lower part assists in the formation of the lachrymal
The portion of bone behind the ridge is smooth,
canal, and lodges the nasal duct.
slightly concave, and forms part of the inner wall of the orbit.
The ridge, with
a part of the orbital surface immediately behind it, affords attachment to the
Tensor tarsi the ridge terminates below in a small hook-like process, which
articulates with the lachrymal tubercle of the supeFig- 156
Left Lachrymal Bone,
rior maxillary bone and completes the upper orifice
;

:

—

External Surface.
of the lachrymal canal.
It sometimes exists as a
««^iVo?7A.^
separate piece, which is then called the /esser lachryw,al hone.
The internal or nasal surface presents
a depressed furrow, corresponding to the ridge on
its outer surface.
The surface of bone in front of
this forms part of the middle meatus; and that behind it articulates with the ethmoid bone, filling
in the anterior ethmoidal cells.
Of the/owr borders^
the anterior is the longest, and articulates with the
nasal process of the superior maxillary bone.
The
posterior, thin and uneven, articulates with the os
planum of the ethmoid. The superior, the shortest
/c/-"z
'^
^
and thickest, articulates with the internal angular
process of the frontal bone. The inferior is divided by
the lower edge of the vertical crest into two parts
the posterior part articuthe anterior porlates with the orbital plate of the superior maxillary bone
tion is prolonged downwards into a pointed process, which articulates with the
lachrymal process of the inferior turbinated bone, and assists in the formation
of the lachrymal canal.
Development. By a single centre, which makes its appearance soon after ossification of the vertebrge has commenced.
Articulations.
AVith four booes two of the cranium, the frontal and ethmoid,
and two of the face, the superior maxillary, and the inferior turbinated.
:

;

t

:

Attachment of Muscles.

The Tensor

tarsi.

The Malar Bones.
The Malar are two small quadrangular bones, situated at the upper and outer
part of the face they form the prominence of the cheek, part of the outer wall
and floor of the orbit^, and part of the temporal and zygomatic fossee. Each bone
presents for examination an external and an internal surface four processes, the
The external
frontal, orbital, maxillary, and zygomatic; and four borders.
:

;
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surface (Fig. 157) is smootli, convex, perforated near its centre by one or two
small apertures, the malar foramina, for the passage of nerves and vessels, covered
by the Orbicularis palpebrarum muscle, and aflbrds attachment to the Zygomaticus major and minor muscles.
The internal surface (Fig. 158), directed backwards and inwards, is concave,
presenting internally a rough triangular surface, for articulation with the superior
and externally, a smooth concave surface, which forms the
maxillary bone
anterior boundary of the temporal fossa above
and below, where it is wider,
forms part of the zygomatic fossa. This surface presents, a little above its centre,
the aperture of one or two malar canals, and affords attachment to part of two
muscles, the Temporal above, and the Masseter below.
Of the four processes,
the frontal is thick and serrated, and articulates with the external angular process
The orbital
of the frontal bone.
process is a thick and strong
Fig. 157.— Left Malar Bone.
Outer Surface.
plate, which projects backwards
from the orbital margin of the
bone. Its upper surface, smooth
and concave, forms, by its junction with the great ala of the
Br/stlfs parsed through
sphenoid, the outer wall of the
Tcmpcno- Knlar (inuiZs
;

;

Its under surface, smooth
and convex, forms part of the
temporal fossa.
Its anterior
margin is smooth and rounded,,
forming part of the circumfer-

orbit.

ence of the orbit. Its superior
margin, rough, and directed horizontally, articulates with the
frontal bone behind the external
angular process. Its posterior

margin

is

rough and serrated
with the sphe-

for articulation
Fig. 158.

— Left Malar Bone.

Inner Surface.

noid

;

internally it is also serrated

with the orbital
surface of the superior maxillary.
At the angle of junction
of the sphenoidal and maxillary portions, a short rounded
non-articular margin is generally seen
this forms the anterior boundary of the sphenomaxillary fissure occasionally^
no such non-articulkr margin
exists, the fissure being completed by the direct junction of
the maxillary and sphenoid
bones, or by the interposition
of a small Wormian bone in
the angular interval between
them. On the upper surface of
the orbital process are seen the orifices of one or two temporo-malar canals one
of these usually opens on the posterior surface, the other (occasionally two) on the
facial surface they transmit filaments (temporo-malar) of the orbital branch of the
superior maxillary nerve.
The maxillary process is a rough, triangular surface,,
which articulates with the superior maxillary bone. The zygomatic process, long,
narrow, and serrated, articulates with the zygomatic process of the temporal bone.
Of the/o?^r herders^ the superior or orbital is smooth, arched, and forms a considfor articulation

CftonfaZ

;

;

;

:

;
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tlie circumference of tlie orbit.
The inferior, or zygomatic, is continuous with the lower border of the zygomatic arch, aftbrding attachment by its rough
edge to the Masseter muscle. The anterior or maxillary border is rough, and
bevelled at the expense of its inner table, to articulate with the superior maxaffording attachment hj its outer margin to the Levator labii superiillary bone
The
oris proprius, just at its point of junction with the superior maxillary.
posterior or temporal border, curved like an italic /, is continuous above with
below, with the upper border of the
the commencement of the temporal ridge
-zygomatic arch it aftbrds attachment to the temporal fascia.
Development. By a single centre of ossification, which appears at about the
same period when ossification of the vertebrae commences.
Articulations.
With four bones three of the cranium, frontal, sphenoid, and
temporal and one of the face, the superior maxillary.
Attachment of Muscles. Levator labii superioris proprius, Zygomaticus major
and minor, Masseter, and Temporal.

erable part of

;

;

:

:

;

The Palate Bones.
The Palqte Bones are situated at the back part of the nasal fossae; they are
wedged in between the superior maxillary and the pterygoid process of the
sphenoid.
Each bone assists in the formation of three cavities the flioor and
outer wall of the nose, the roof of the mouth, and the floor of the orbit and enters
into the formation of three fossae; the zygomatic, spheno-maxillary, and pterygoid
and one fissure, the spheno-maxillary.
In form the palate bone somewhat resembles the letter L, and may be divided into an inferior or horizontal plate, and a
;

;

superior or vertical plate.

The Horizontal Plate is thick, of a quadrilateral form, and presents two surfaces
and four borders.
The superior surface, concave from side to side, forms the back
Dart of the floor of the nostril.
The inferior surface, slightly concave and rough,
forms the back part of the hard palate.
At its posterior part may be seen a
transverse ridge, more or less marked, for the attachment of the aponeurosis of
the Tensor palati muscle.
At the outer extremity of this ridge is a deep groove,
converted into a canal by its articulation with the tuberosity of the superior
maxillary bone, and formInternal View (enlarged).
Fig. 159.
Left Palate Bone.
ing the posterior palatine

—

canal.

Near

this groove,

J^lidjl V,'oc^

of one or two
small canals, accessory pos-

•the orifices

terior

palatine,

may

fre-

quently be seen. The anterior border is serrated,
bevelled at the expense of
its

inferior surface,

and

jSup ericr

Mc atu,s.

ar-

with the palate
process of the superior
maxillary bone. The posterior border is concave,
free, and serves for the
attachment of the soft
palate. Its inner extremity
is sharp and pointed, and
when united with the opposite bone forms a projecting process, the posteticulates

MaceiUary
JBrocess

HORIZONTAL

rior nasal spine, for the at-

tachment of the Azygos
iivulge.
The external border

is

united with the lower part of the perpendicular
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The internal border, the thickest, is serrated for
plate almost at right angles.
its superior edge is raised
articulation with its fellow of the opposite side
into a ridge, which, united with the opposite bone, forms a crest, in which the
;

vomer

received.
Vertical Plate (Fig. 159)

is

The

is thin, of an oblong form, and directed upwards
inwards.
It presents two surfaces, an external and an internal, and
four borders.
The internal surface presents at its lower part a broad, shallow depression, which
forms part of the inferior meatus of the nose. Immediately above this is a wellmarked horizontal ridge, the inferior turbinated crest, for articulation with the
inferior turbinated bone
above this, a second broad, shallow depression, which
forms part of the middle meatus, surmounted above by a horizontal ridge less
prominent than the inferior,. the superior turbinated crest, for articulation with
the middle turbinated bone. Above the superior turbinated crest is a narrow
horizontal groove, which forms part of the superior meatus.
The external surface is rough and irregular throughout the greater part of its
extent, for articulation with the inner surface of the superior maxillary bone, its
upper and back part being smooth where it enters into the formation of the
spheno-maxillary fossee it is also smooth in front, where it covers the orifice of
the antrum. Towards the back part of this surface is a deep groove, converted
into a canal, the posterior palatine, by its articulation with the superior maxillary bone.
It transmits the posterior, or descending palatine vessels, and a
large nerve.
The anterior border is thin, irregular, and presents opposite the inferior
turbinated crest a pointed projecting lamina, the maxillary process, which is
directed forwards, and closes in the lower and back part of the opening of the
antrum, being received into a fissure that exists at the inferior part of this aperture.
The posterior border (Fig. 160) presents a deep groove, the edges of which are
seriated for articulation with the pterygoid process of the sphenoid.
At the
lower part of this border is seen a pyramidal process of bone, the pteryyoid process
or tuberosity of the palate, which is received into the angular interval between
the two pterygoid plates of the sphenoid at their inferior extremity. This process
presents at its back part three grooves, a median and two lateral ones.
The
former is smooth, and forms part of the pterygoid fossa, affording attachment to
the Internal pterygoid muscle whilst the lateral grooves are rough and uneven,
for articulation with the anterior border of each pterygoid plate,
few fibres
of the External pterygoid muscle and of the Superior constrictor also arise from
the tuberosity of the palate bone.
The base of this process, continuous with the
horizontal portion of the bone, presents the apertures of the accessory descending
palatine canals
whilst its outer surface is rough for articulation with the inner
surface of the body of the superior maxillary bone.
Tlie superior border of the vertical plate presents two well-marked processes,
separated by an intervening notch or foramen.
The anterior, or larger, is called
the orhital process ; the posterior, the sphenoidal.
The Orhital Process, directed upwards and outwards, is placed on a higher
level than the sphenoidal.
It presents five surfaces, which inclose a hollow cellular cavity, and is connected to the perpendicular plate by a narrow constricted
neck. Of these five surfaces, three are articular, two non-articular, or free surfaces.
The three articular are the anterior or maxillary surface, which is directed forwards,
outwards, and downwards, is of an oblong form, and rough for articulation with
the superior maxillary bone.
The posterior or sphenoidal surface is directed
backwards, upwards, and inwards. It ordinarily presents a small open cell, which
communicates with the sphenoidal sinus, and the margins of which are serrated
The
for articulation with the vertical part of the sphenoidal turbinated bone.
internal or ethmoidal surface is directed inwards, upAvards, and forwards, and
articulates with the lateral mass of the ethmoid bone.
In some cases, the cellular
cavity above mentioned opens on this surface of the bone it then communicates

and a

little

;

;

;

A

;

;
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More rarel}^ it opens on both surfaces, and
•with, the posterior ethmoidal cells.
then communicates both with the posterior ethmoidal cells and the sphenoidal
The non-articular or free surfaces are the superior or orbital^ directed
sinus.
upwards and outwards, of triangular form,
Fig. 160. -Left Palate Bone.
Posterior
concave, smooth, and forming the back
View (enlarged).
part of the floor of the orbit, and the
external or zygomatic surface, directed
outwards, backwards, and downwards, of
an oblong form, smooth, lying in the
spheno-maxillary fossa, and looking into

The latter surface
the zygomatic fossa.
separated from the orbital by a smooth
rounded border, which enters into the
formation of the spheno-maxillary fissure.
The Sphenoidal Process of the palate
is

bone-

is

a thin, compressed

plate,

SfihcTwidal /iroccss.
M^t.Surf
•/mrt.

much

smaller than the orbital, and directed
upwards and inwards. It presents three
The superior
surfaces and two borders.
surface, the smallest of the three, articu-

with the horizontal part of the
sphenoidal turbinated bone it presents a
groove which contributes to the formaThe
tion of the ptery go-palatine canal.
internal surface is concave, and forms part
of the outer wall of the nasal fossa.
The external surface is divided into an articular and a non-articular portion the
former is rough for articulation with the inner surface of the pterygoid process
of the sphenoid; the latter is smootli, and forms part of the spheno-maxillar_y
fossa.
The anterior border forms the posterior boundary of the spheno-palatine
foramen. The posterior border, serrated at the expense of the outer table, articulates with the inner surface of the pterygoid process.
The orbital and sphenoidal processes are separated from one another by a deep
notch, which is converted into a foramen, the spheno-palatine, by articulation
with the sphenoidal turbinated bone. Sometimes the two processes are united
above, and form between them a complete foramen, or the notch is crossed by
one or more spicula of bone, so as to form two or more foramina. In the
articulated skull, this foramen opens into the back part of the outer wall of the
superior meatus, and transmits the spheno-palatine vessels and nerves.
Develop^nent.
From a single centre, which makes its appearance at the angle
of junction of the two plates of the bone.
From this point ossification spreads
inwards to the horizontal plate, downwards into the tuberosity, and upwards
into the vertical plate.
In the foetus, the horizontal plate is much longer than
the vertical and even after it is fully ossified, the whole bone is at first remark-

lates

;

;

;

able for its shortness.

With

six bones: the sphenoid, ethmoid, superior maxillary,
vomer, and opposite palate.
Attachment of Muscles. The Tensor palati, Azj^gos uvulge, Internal and External pterygoid, and Superior constrictor of the pharynx.
Articulations.

inferior turbinated,

The Inferior Turbinated Bones.
The Inferior Turbinated Bones are situated one on each side of the outer wall
of the nasal fossse.
Each consists of a layer of thin, spongy bone, curled upon
Itself like a scroll, hence its name " turbinated ;" and extends horizontally along
the outer wall of the nasal fossa, immediately below the orifice of the antrum.
Each bone presents two surfaces, two borders, and two extremities.
13
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The internal surface (Fig. 161) is convex, perforated by numerous apertures,
and traversed by longitudinal grooves and canals for the lodgment of arteries
and veins. In the recent state it is covered by the lining membrane of the nose.
The external surface is concave (Fig. 162), and forms part of the inferior meatus.
Its upper border is thin, irregular, and connected to various bones along the
of these, the
It may be divided iuto three portions
outer wall of the nose.
anterior articulates with the inferior turbinated crest of the superior maxillary
bone the posterior with the inferior turbinated crest of the palate bone the
middle portion of the superior border presents three well-marked processes, which
vary much in their size and form. Of these the anterior and smallest is situated
at the junction of the anterior fourth with the posterior three-fourths, of the
bone it is small and pointed, and is called the lachrymal process^ for it articulates with the anterior inferior angle of the lachrymal bone, and by its margins
;

;

;

;

Fig. 161.

— Right Inferior Turbinated Bone.

Fig. 162.

— Right Inferior Turbinated Bone.
Outer Surface.

Internal Surface.

with the groove on the back of the nasal process of the superior maxillary, and
thus assists in forming the lachrymal canal. At the junction of the two middle
fourths of the bone, but encroaching on its posterior fourth, a broad thin plate,
the ethmoidal process^ ascends to join the unciform process of the ethmoid; from
the lower border of this process a thin lamina of bone curves downwards and
outwards, hooking over the lower edge of the orifice of the antrum, which
it narrows below
it is called the maxillary process^ and fixes the bone firmly on
to the outer wall of the nasal fossa.
The inferior border is free, thick and cellular in structure, more especially in the middle of the bone.
Both extremities
are more or less narrow and pointed.
If the bone is held so that its outer concave surface is directed backwards {i. e. towards the holder), and its superior
border, from which the lachrymal and ethmoidal processes project, upwards, the
lachrymal process will be directed to the side to which the bone belongs.-^
Development. By a single centre, which makes its appearance about the
middle of foetal life.
Articulations.
With four bones one of the cranium, the ethmoid, and three
of the face, the superior maxillary, lachrymal, and palate.
No muscles are attached to this bone.
;

:

.

The Vomer.
The Vomer

is a single bone, situated vertically at the back part of the nasal
forming part of the septum of the nose. It is thin, somewhat like a
plowshare in form but it varies in difi'erent individuals, being frequently bent
to one or the other side it presents for examination tAvo surfaces and four
borders.
The lateral surfaces are smooth, marked by small furrows for the
lodgment of blood-vessels, and by a groove on each side, sometimes a canal, the
naso-palatine, which runs obliquely downwards and forwards to the intermax-

fossae,

;

;

^

If the

may

be

bone.

is broken off, as is often the case, the side to which the bone belongs
recollecting that the maxillary process is nearer the back than the front of the

lachrymal process

known by
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two anterior palatine canals it transmits tlie nasosuperior border, the thickest, presents a deep groove,
bounded on each side by a horizontal projecting ala of bone the groove receives
the rostrum of the sphenoid,
Fig- 163.
Vomer.
whilst the alse are overlapped
and retained by lamina (the
vaginal processes) which project from the under surface of
the body of the sphenoid at
base of the pterygoid
the
At the front of
processes.
the groove a fissure is left for
the transmission of blood-vessels to the substance of the
bone. The inferior border, the
lono-est, is broad and uneven in
between

illary suture

palatine

tlie

;

The

nerve.

;

—

•

•

•

1

where it articulates with
two superior maxillary

front,

the

thin and sharp behind,
^''T:l jSuf 'Ma^
joins with the palate
The upper half of the
bones.
anterior border usually consists of two laminee of bone, between which is received
the perpendicular plate of the ethmoid, the lower half consisting of a single rough
edge, also occasionally channelled, which is united to the triangular cartilage of
the nose.
The posterior border is free, concave, and separates the nasal fossae
behind.
It is thick and bifid above, thin below.
Development. The vomer at an early period consists of two laminae, separated
by a very considerable interval, and inclosing between them a plate of cartilage
which is prolonged forwards to form the remainder of the septum. Ossification
commences in it at about the same period as in the vertebrse (the coalescence of
the laminas taking place from behind forwards), but is not complete until after
puberty.
Articulations.
With six bones two of the cranium, the sphenoid and ethmoid and four of the face, the two superior maxillary and the two palate bones,
and with the cartilage of the septum.

bones

;

Avhere

it

:

;

The vomer has no muscles attached

to

it.

The Inferior Maxillary Bone.
The

Inferior Maxillary Bone, the largest and strongest bone of the face, serves
lower teeth. It consists of a curved horizontal portion,
the body, and two perpendicular portions, the rami, which join the back part of
the body nearly at right angles.
for the reception of the

The Horizontal portion, or body (Fig. 164), is convex in its general outline,
and curved somewhat like a horseshoe. It presents for examination two surfaces
and two borders. The eoiternal surface is convex from side to side, concave from
above downwards. In the median line is a vertical ridge, the symphysis, which
extends from the upper to the lower border of the bone, and indicates the point
of junction of the two pieces of which the bone is composed at an early period of
life.
The lower part of the ridge terminates in a prominent triangular eminence,
the mental process. On either side of the symphysis, just below the roots of the
incisor teeth, is a depression, the incisive fossa, for the attachment of the Levator
menti (or Levator labii inferioris) and still more externally, a foramen, the
mental foramen, for the passage of the mental nerve and artery. This foramen
is placed just below the root of the second bicuspid tooth.
Running outwards
from the base of the mental process, on each side^ is a well-marked ridge, the
'external oblique line.
The ridge is at first nearly horizontal, but afterwards

—

;

—

;
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inclines

upwards and backwards, and

the ramus
anguli oris

is

continuous with

tiie

anterior border of

affords attachment to the Depressor labii inferioris
below it the Plat^^sma mjoides is inserted.

it

;

;

Fig. 164.

— Inferior Maxillary Bone.

Outer Surface.

and Depressor

Side View.

,^f'<^

Me-niul_g^
/irocc.ss

Iff

'^o^-

_^^5t.

^.^eK•l:V8|r^^VFeP^;:r;.••y\s.'•^''''' ^.

Gtoovc Jor-JkclaZ arfJ

The internal surface (Fig. 165) is concave from side to side, convex from above
downwards. In the middle line is an indistinct linear depression, corresponding
to the symphysis externally on either side of this depression, just below its
centre, are four prominent tubercles, placed in pairs, two above and two below
they are called the genial tubercles^ and afford attachment, the upper pair to the
;

Fig. 165.
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CENtO-HYO-GLOSSUS

CENIO-HYOIDEUS

Genio-hyoglossi muscles, the lower pair to the Genio-hyoidei muscles. Sometimes the tubercles on each side are blended into one, or they all unite into an
irregular eminence of bone, or nothing but an irregularity may be seen on the
On either side of the genial tubercles is an
surface of the bone at this part.
_

;
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oval depression, the sublingual fossa, for lodging tlie sublingual gland
and
fossa, a rough depression on each side, which gives attachment
to the anterior bellj of the Digastric muscle. At the back part of the sublingual
it is at first faintly
fossa, the internal oblique line (mylo-hyoidean) commences
marked, but becomes more distinct as it passes upwards and outwards, and is
especially prominent opposite the last two molar teeth; it affords attachment
throughout its whole extent to the Mylo-hyoid muscle the Superior constrictor
of the pharynx with the pterygo-maxillary ligament, being attached above its
posterior extremity, nearer the alveolar margin.
The portion of bone above
this ridge is smooth, and covered by the mucous membrane of the mouth
whilst that below it presents an oblong depression, the submaxillary fossa, wider
behind than in front, for the lodgment of the submaxillary gland. The external
oblique line and the internal or mylo-hyoidean line divide the body of the bone
into a superior, or alveolar, and an inferior, or basilar, portion.
The superior or alveolar border is wider, and its margins thicker behind than
It is hollowed into numerous cavities for the reception of the teeth
in front.
these cavities are sixteen in number, and vary in depth and size according to the
teeth which they contain.
To its outer side, the Buccinator muscle is attached
The inferior border is rounded, longer
as far forward as the first molar tooth.
than the superior, and thicker in front than behind it presents a shallow groove,
just where the body joins the ramus, over which the facial artery turns.
The Perpendicular Portions^ or Rami^ are of a quadrilateral form. Each
presents for examination two surfaces, four borders, and two processes.
The
external surface is flat, marked with ridges, and gives attachment throughout
nearly the whole of its extent to the Masseter muscle.
The internal surface
presents about its centre the oblique aperture of the inferior dental canal, for the
passage of the inferior dental vessels and nerve.
The margin of this opening
is irregular
it presents in front a prominent ridge, surmounted by a sharp spine,
which gives attachment to the internal lateral ligament of the lower jaw and at
its lower and back part a notch leading to a groove, the mylo-hyoidean, which
runs obliquel}'' downwards to the back part of the submaxillar}'- fossa and lodges
the m3^1o-hyoid vessels and nerve
behind the groove is a rough surface, for the
insertion of the Internal pterygoid muscle.
The inferior dental canal runs
obliquely downwards and forwards in the substance of the ramus, and then horizontally forwards in the body it is here placed under the alveoli, with which it
communicates by small openings. On arriving at the incisor teeth, it turns back
;

beneath the

;

:
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;

;
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communicate with the mental foramen, giving off two small canals, which run
forward, to be lost in the cancellous tissue of the bone beneath the incisor teeth.
This canal, in the posterior two-thirds of the bone, is situated nearer the internal
surface of the jaw
and in the anterior third, nearer its external surface. Its
walls are composed of compact tissue at either extremity, and of cancellous in
the centre.
It contains the inferior dental vessels and nerve, from which branches
are distributed to the teeth through small apertures at the bases of the alveoli.
The upper border of the ramus is thin, and presents two processes, separated by
a deep concavity, the sigmoid notch.
Of these processes, the anterior is the
coronoid, the posterior the condyloid.
The Coronoid Process is a thin, flattened, triangular eminence of bone, which
varies in shape and size in different subjects, and serves chiefly for the attachment
of the Temporal muscle.
Its external surface is smooth, and affords attachment
to the Masseter and Temporal muscles.
Its internal surface gives attachment to
the Temporal muscle, and presents the commencement of a longitudinal ridge,
which is continued to the posterior part of the alveolar process. On the outer
side of this ridge is a deep groove, continued below on the outer side of the
alveolar process this ridge and part of the groove afford attachment, above, to
the Temporal below, to the Buccinator muscle.
The Condyloid Process^ shorter but thicker than the coronoid, consists of two
portions,
the condyle, and the constricted portion which supports the condyle,
to

;

;

;
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the neck.
The condyle is of an oblong form, its long axis being transverse, and
set obliquely on the neck in such a manner that its outer end is a little more
forward and a little higher than its inner. It is convex from before backwards,
and from side to side, the articular surface extending further on the posterior
than on the anterior surface. The neck of the condyle is flattened from before
backwards, and strengthened by ridges which descend from the fore part and
sides of the condyle.
Its lateral margins are narrow, and present externally a
tubercle for the external lateral ligament.
Its posterior sui^face is convex
its
anterior is hollowed out on its inner side by a depression (the pterygoid fossa)
for the attachment of the External pterygoid.
Tlie loioer border of the ramus is thick, straight, and continuous with the body
of the bone.
At its junction with the posterior border is the angle of the jaw,
which is either inverted or everted, and marked by rough oblique ridges on each
side for the attachment of the Masseter externally, and the Internal pterygoid
internally
the stylo-maxillary ligament is attached to the bone between these
muscles.
Tiie anterior border is thin above, thicker below, and continuous with
the external oblique line.
The posterior border is thick, smooth, rounded, and
covered by the parotid gland.
The Sigmoid Notch^ separating the two processes, is a deep semilunar depression,
crossed by the masseteric artery and nerve.
Development. This bone is formed at such an early period of life before,
indeed, any other bone except the clavicle
that it has been found impossible at
present to determine its earliest condition.
It appears probable, however, that
it is developed by two centres, one for each lateral half, the two segments
meeting at the symphysis, where they become united. Additional centres have
also been described for the coronoid process, the condyle, the angle, and the thin
plate of bone Avhich forms the inner side of the alveolus.
;

;

—

—
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Changes produced

in

the Lower Jaw by Age,

—

The changes which the Lower Jaw undergoes after birth, relate 1. To the alterations effected in
the body of the bone by the first and second dentitions, the loss of the teeth in the aged, and the
subsequent absorption of the alveoli. 2. To the size and situation of the dental canal and, 3. To
the angle at which the ramus joins with the body.
At Birth (Fig. 166), the bone consists of two lateral halves, unitexl b}^ fibro-cartilaginous tissue,
The body is a mere shell of bone containing
in which one or two osseous nuclei are generally found.
the sockets of the two incisor, the canine, and the two temporary molar teeth, imperfectly partitioned
from one another. The dental canal is of large size, and runs near the lower border of the bone,
the mental foramen opening beneath the socket of the first molar.
The angle is obtuse, from the
jaws not being as yet separated by the eruption of the teeth.
After Birth (Fig. 167), the two segments of the bone become joined at the symphysis, from below
upwards, in the first year but a trace of separation may be visible in the beginning of the second
year, near the alveolar margin.
The body becomes elongated in its whole length, but more especially
behind the mental foramen, to provide space for the three additional teeth developed in this part.
The depth of the body becomes greater, owing to increased growth of the alveolar part, to afford
room for the fangs of the teeth, and by thickening of the subdental portion, which enables the jaw
to withstand the powerful action of the masticatory muscles but the alveolar portion is the deeper
The dental
of the two, and, consequently, the chief part of the body lies above the oblique line.
canal, after the second dentition, is situated just above the level of the mylo-hyoid Hdge
and the
mental foramen occupies the position usual to it in the adult. The angle becomes less obtuse, owing
to the separation of the jaws by the teeth.
In the adult (Fig. 168), the alveolar and basilar portions of the body are usually of equal depth.
The mental foramen opens midway between the upper and lower border, of the bone, and the dental
canal runs nearly parallel with the mylo-hyoid line.
The ramus is almost vertical in direction, and
joins the body nearlj'' at right angles.
In old age (Fig. 169), the bone becomes greatly reduced in size for, wi^h the loss of the teeth,
the alveolar process is absorbed, and the basilar part of the bone alone remains consequently, the
chief part of the bone is heloiv the oblique line.
The dental canal, with the mental foramen opening
from it, is close to the alveolar border. The rami are oblique in direction, and the angle obtuse.
;

;

;

;

;
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Articulation.
With the glenoid fossae of the two temporal bones.
Attachment of Muscles. To its external surface, commencing at the symphysis,
and proceeding backwards Levator menti, Depressor labii inferioris. Depressor
:
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View of the lower jaw at different Periods of
Fio-.

Fig.

166.— At

Birth.

167.— At Puberty.

Fig. 168. -In the Adult.

Fig. 169.— Ill old Age.
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anguli

oris,

Platysma myoides, Buccinator, Masseter

:

a portion of the Orbicu-

To

laris oris (Accessorii Orbicularis inferiores) is also attached to this surface.
its

internal surface,

commencing

at the

hyoideus, Mylo-hyoideus, Digastric,
pterygoid, External pterygoid.

same point

Superior

Genio-hyo-glossus, Genioconstrictor. Temporal, Internal
:

THE SUTUEES.
The bones of the cranium and face are connected to each other by means of
The sutures are rows of dentated processes of bone projecting from the
Sutures.
edge of either bone, and locking into each other the dentations, however, are
confined to the external table, the edges of the internal table lying merel}^ in
apposition.
The Cranial Sutures may be divided into three sets: 1. Those at
the vertex of the skull.
2. Those at the side of the skull.
3. Those at the base.
The sutures at the vertex of the skull are three the sagittal, coronal, and
:

:

(ambdoid.

The Sagittal Suture {inter•parietaV) is formed by the junction of the two parietal
©ones, and extends from the middle of the frontal bone backwards to the superior
angle of tiie occipital. In childhood, and occasionally in the adult, when the two
iialves of the frontal bone are not united, it is continued forwards to the root of
This suture sometimes presents, near its posterior extremity, the
the nose.
parietal foramen on each side
and in front, where it joins the coronal suture, a
space is occasionally left, which incloses a large Wormian bone.
The Coronal Suture [fronto-parietal) extends transversely across the vertex of
the skull, and connects the frontal with the parietal bones.
It commences at the
extremity of the great wing of the sphenoid on one side, and terminates at the
same point on the opposite side. The dentations of this suture are more marked
at the sides than at the summit, and are so constructed that the frontal rests on
the parietal above, whilst laterally the frontal supports the parietal.
The Lamhdoid Suture {occipito-parietal)^ so called from its resemblance to the
Greek letter A, connects the occipital with the parietal bones. It commences on
each side at the mastoid portion of the temporal bone, and inclines upwards to
the end of the sagittal suture. The dentations of this suture are very deep and
distinct, and are often interrupted by several small Wormian bones.
The sutures at the side of the skull are also three in number the sphenoparietal, squamo-parietal, and masto-parietal.
They are subdivisions of a single
suture, formed between the lower border of the parietal and the temporal and
sphenoid bones, and which extends from the lower end of the lambdoid suture
behind to the lower end of the coronal suture in front.
The Spheno -parietal is very short it is formed by the tip of the great wing
of the sphenoid, which overlaps the anterior inferior angle of the parietal bone.
The Squamo-parietal^ or squamous suture, is arched. It is formed by the
squamous portion of the temporal bone overlapping the middle division of the
lower border of the parietal.
The Masto-parietal is a short suture, deeply dentated, formed by the posterior
inferior angle of the parietal, and the superior border of the mastoid portion of
;

:

;

the temporal.
The sutures at the base of the skull are the basilar in the centre, and on each
side, the petro-occipital, the masto-occipital, the petro-sphenoidal, and the squamosphenoidal.
The Basilar Suture is formed by the junction of the basilar surface of the
occipital bone with the posterior surface of the body of the sphenoid.
At an
early period of life, a thin plate of cartilage exists between these bones but
in the adult they become fused into one.
Between the outer extremity of the
basilar suture and the termination of the lambdoid, an irregular suture exists,
which is subdivided into two portions. The inner portion, formed by the union
:

;

;
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of the petrous part of the temporal with the occipital bone, is termed the 'petroThe outer portion, formed by the junction of the mastoid part of the
occipital.
temporal with the occipital, is called the masto-occipital. Between the bones
forming the petro-occipital suture, a thin plate of cartilage exists in the mastooccipital is occasionall}^ found the opening of the mastoid foramen.
Between
the outer extremity of the basilar suture and the spheno-parietal, an irregular
suture may be seen, formed by the union of the sphenoid with the temporal
The inner and smaller portion of this suture is termed the petro- sphenoidal
bone.
it is formed between the petrous portion of the temporal and the great wing of
the sphenoid the outer portion, of greater length, and arched, is formed between
the squamous portion of the temporal and the great wing of the sphenoid it is
called the sqiiamo- sphenoidal.
The cranial bones are connected with those of the face, and the facial bones
with each other, by numerous sutures, which, though distinctly marked, have
The only remaining suture deserving especial conreceived no special names.
This extends across the upper part of the face, and
sideration, is the transverse.
is formed by the junction of the frontal witli the facial bones: it extends from
the external angular process of one side to the same point on the opposite side,
and connects the frontal with the malar, the sphenoid, the ethmoid, the lachrj^mal,
the superior maxillary, and the nasal bones on each side.
The sutures remain separate for a considerable period after the complete formaIt is probable that they serve the purpose of permitting the
tion of the skull.
growth of the bones at their margins while their peculiar formation, together
with the interposition of the sutural ligament between the bones forming them,
prevents the dispersion of blows or jars received upon the skull.
Dr. Humphry
remarks, " that, as a general rule, the sutures are first obliterated at the parts in
which the ossification of the skull was last completed, viz., in the neighborhood
and the cranial bones seem in this respect to observe a similar
of the fontanelles
law to that which regulates the union of the epiphyses to the shafts of the longbones."
The same author remarks that the time of their disappearance is
extremely variable they are sometimes found well marked in skulls edentulous
with age, while in others which have only just reached maturity they can hardly
;

;

:

;

;

;

be traced.

THE SKULL.
The Skull, formed by the union of the several cranial and facial bones already
a superior
described, when considered as a whole, is divisible into five regions
region or vertex, an inferior region or base, two lateral regions, and an anterior
region, the face.
:

Vertex of the Skull.
The Superior Region.^ or Vertex^ presents two surfaces, an external and an internal.
The External Surface is bounded, in front, by the nasal eminences and superciliary ridges
behind, by the occipital protuberance and superior curved lines
of the occipital bone laterally, by an imaginary line extending from the outer
;

;

end of the superior curved line, along the temporal ridge, to the external angular
process of the frontal.
This surface includes the vertical portion of the frontal,
the greater part of the parietal, and the superior third of the occipital bone
it
is smooth, convex, of an elongated oval form, crossed transversely by the coronal
suture, and from before backwards by the sagittal, which terminates behind in
the lambdoid.
From before backwards may be seen the frontal eminences and
remains of the suture connecting the two lateral halves of the frontal bone on
each side of the sagittal suture are the parietal foramen and parietal eminence,
and still more' posteriorly the smooth convex surface of the occipital bone.
The Internal Surface is concave, presents eminences and depressions for the
convolutions of the cerebrum, and numerous furrows for the lodgment of branches
;

;
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Along the middle line of this surface is a longitudinal
of the meningeal arteries.
groove, narrow in front, where it terminates in the frontal crest, but broader
behind where it lodges the superior longitudinal sinus, and by its margin affords
attachment to the falx cerebri. On either side of it are several depressions for
the Pacchionian bodies, and at its back part, the internal openings of the parietal
foramina. This surface is crossed, in front, by the coronal suture from before
backwards, by the sagittal behind, by the lambdoid.
;

;

;
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Base of the Skull.
Inferior Region, or Base of the Skull, presents two surfaces, an internal or
and an external or basilar.
Tlie Internal or Cerebral Siirface (Fig. 170) presents three fossse, on each side,
called the anterior, middle, and posterior fossse of the cranium.
The Anterior Fossa is formed by the orbital plate of the frontal, the cribriform,
It is
plate of the ethmoid, the ethmoidal spine and lesser wing of the sphenoid.
the most elevated of the three fossa?, convex externally Avhere it corresponds to
the roof of the orbit, concave in the median line in the situation of the cribriform
It is traversed by three sutures, the ethmoido-frontal,
plate of the ethmoid.
ethmo-sphenoidal, and fronto-sphenoidal and lodges the anterior lobe of the
cerebrum. It presents, in the median line, from before backwards, the commencement of the groove for the superior longitudinal sinus, and the crest for the attachment of the falx cerebri the foramen csecum, an aperture formed by the frontal
bone and the crista galli of the ethmoid, which, if pervious, transmits a small
vein from the nose to the superior longitudinal sinus; behind the foramen caecum,
the crista galli, the posterior margin of Avhich affords attachment to the falx
on either side of the crista galli, the olfactory groove, which supports
cerebri
the bulb of the olfactory nerve, and is perforated by three rows of orifices for its
filaments, and in front by a slit-like opening, for the nasal branch of the ophthalmic
On the outer side of each olfactory groove are the internal openings of
nerve.
the anterior and posterior ethmoidal foramina the former, situated about the
middle of the outer margin of the olfactory groove, transmits the anterior ethmoidal
artery and the nasal nerve, which runs in a depression along the surface of the
ethmoid, to the slit-like opening above mentioned whilst the posterior ethmoidal
foramen opens at the back part of this margin under cover of the projecting
lamina of the sphenoid, and transmits the posterior ethmoidal artery and vein to
Further back in the middle line is the ethmoidal
the posterior ethmoidal cells.
spine, bounded behind by an elevated ridge, separating two longitudinal grooves
which support the olfactory nerves. The anterior fossa presents, laterally, eminences and depressions for the convolutions of the brain, and grooves for the
lodgment of the anterior meningeal arteries.
The Middle Fossa, somewhat deeper than the preceding, is narrow in the middle
It is bounded in front by the
and becomes wider as it expands laterally.
posterior margin of the lesser wing of the sphenoid, the anterior clinoid process,
and the anterior margin of the optic groove behind, by the upper border of the
petrous portion of the temporal, and basilar suture externally, by the squamous
portion of the temporal, and anterior inferior angle of the parietal bone, and is
separated from its fellow by the sella Turcica.
It is traversed by four sutures,
the squamous, spheno-parietal, spheno-temporal, and petro-sphenoidal.
In the middle line, from before backwards, is the optic groove, which supports
the optic commissure, and terminates on each side in the optic foramen, for the
passage of the optic nerve and ophthalmic artery; behind the optic groove is
the olivary process, and laterally the anterior clinoid processes, to which are
attached the folds of the dura mater, which form the cavernous sinuses.
Separating the middle fossas is the sella Turcica, a deep depression, which lodges the
pituitary gland, bounded in front by a small eminence on either side, the middle
clinoid process, and behind by a broad square plate of bone, surmounted at each
superior angle by a tubercle, the posterior clinoid process beneath the latte-r
process is a groove, for the sixth nerve.
On each side of the sella Turcica is
the cavernous groove it is broad, shallow, and curved somewhat like the italic
letter/; it commences behind at the foramen lacerum medium, and terminates
on the inner side of the anterior clinoid process. This groove lodges the
cavernous sinus, the internal carotid artery, and the nerves of the orbit. The
sides of the middle fossa are of considerable depth
they present eminences and
depressions for the middle lobes of the brain, and grooves for the branches of the
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middle meningeal artery the latter commence on the outer side of the foramen
spinosum, and consist of two large branches, an anterior and a posterior the
former passing upwards and forwards to the anterior inferior angle of the parietal
bone, the latter passing upwards and backwards.
The following foramina may
also be seen from before backwards.
Most anteriorly is the foramen lacerum
anterius, or sphenoidal fissure, formed above by the lesser wing of the sphenoid
below, by the greater wing internally, by the body of the sphenoid and com;

;

;

;

;

pleted externally by the orbital plate of the frontal bone.
It transmits the third,
fourth, the three branches of the ophthalmic division of the fifth, the sixth nerve,
and the ophthalmic vein. Behind the inner extremity of the sphenoidal fissure
is the foramen rotundum, for the passage of the second division of the fifth or
superior maxillary nerve still more posteriorly is seen a small orifice, the foramen Vesalii, an opening, situated between the foramen rotundum and ovale, a
little internal to both
it varies in size in different individuals, and is often absent;
when present, it transmits a small vein. It opens below in the pterygoid fossa,
just at the outer side of the scaphoid depression.
Behind and external to the
latter opening is the foramen ovale, which transmits the third division of the fifth
or inferior maxillary nerve, the small meningeal artery, and the small petrosal
nerve.
On the outer side of the foramen ovale is the foramen sjjinosum, for the
passage of the middle meningeal artery and on the inner side of the foramen
ovale, the foramen lacerum medium.
The lower part of this aperture is filled up
with cartilage in the recent state. The Vidian nerve pierces this cartilage. On
the anterior surface of the petrous portion of the temporal bone is seen, from
without inwards, the eminence caused bj^ the projection of the superior semicircular canal, the groove leading to the hiatus Fallopii, for the transmission of
the petrosal branch of the Yidian nerve beneath it, the smaller groove, for the
passage of the smaller petrosal nerve and, near the apex of the bone, the
depression for the Oasserian ganglion, and the orifice of the carotid canal, for the
passage of the internal carotid artery and carotid plexus of nerves.
The Posterior Fossa, deeply concave, is the largest of the three, and situated
on a lower level than either of the preceding. It is formed b}^ the occipital, the
petrous and mastoid portions of. the temporal, and the posterior inferior angle of
the parietal bone is crossed by three sutures, the petro-occipital, masto-occipital,
and masto-parietal and lodges the cerebellum, pons Varolii, and medulla oblongata.
It is separated from the middle fossa in the median line by the basilar
suture, and on each side by the superior border of the petrous portion of the
temporal bone. This border serves for the attachment of the tentorium cerebelli,
is grooved externally for the superior petrosal sinus, and at its inner extremity
presents a notch, upon which rests the fifth nerve.
The circumference of the
fossa is bounded posteriorly by the grooves for the lateral sinuses.
In the centre
of this fossa is the foramen magnum, bounded on either side by a rough tubercle,
which gives attachment to the odontoid ligaments and a little above these are
seen the internal openings of the anterior condyloid foramina. In front of the
foramen magnum is the basilar process, grooved for the support of the medulla
oblongata and pons Varolii, and articulating on each side with the petrous portion
of the temporal bone, forming the petro-occipital suture, the anterior half of
which is grooved for the inferior petrosal sinus, the posterior half being encroached
upon by the foramen lacerum posterius, or jugular foramen. This foramen
presents three compartments through the anterior the inferior petrosal sinus
passes, through the posterior the lateral sinus and some meningeal arteries, and
through the middle the eighth pair of nerves. Above the jugular foramen is the
internal auditory meatus, for the facial and auditory nerves and auditory artery;
behind and external to this is the slit-like opening leading into the aqugeductus
vestibuli
whilst between the two latter, and near the superior border of the
petrous portion, is a small triangular depression, which lodges a process of the
dura mater, and occasionally transmits a small vein into the substance of the bone.
Behind the foramen magnum are the inferior occipital foss«, which lodge the
;

;

;
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hemispheres of the cerebelhira, separated from one another by the internal
occipital crest, which serves for the attachment of the falx cerebelli, and lodges
The posterior fossae are surmounted, above, by the deep
the occipital sinuses.
These channels,
transverse grooves for the lodgment of the lateral sinuses.
in their passage outwards, groove the occipital bone, the posterior inferior angle
of the parietal, the mastoid portion of the temporal, and the occipital just behind
Where this sinus
the jugular foramen, at the back part of which they terminate.
grooves the mastoid part of the temporal bone, the orifice of the mastoid foramen maj^ be seen and, just previous to its termination, it has opening into it
Neither foramen is constant.
the posterior condyloid foramen.
The External Surface of the Base of the Skull (Fig. 171) is extremely
irregular.
It is bounded in front by the incisor teeth in the upper jaws; behind,
by the superior curved lines of the occipital bone and laterally by the alveolar
arch, the lower border of the malar bone, the zygoma, and an imaginary line,
extending from the zygoma to the mastoid process and extremity of the superior
curved line of the occiput. It is formed by the palate processes of the superior
maxillary and palate bones, the vomer, the pterygoid processes, under surface
of the great wing, spinous processes and part of the body of the sphenoid, the
under surface of the squamous, mastoid, and petrous portions of the temporal,
and the under surface of the occipital bone. The anterior part of the base of
the skull is raised above the level of the rest of this surface (when the skull is
turned over for the purpose of examination), surrounded by the alveolar process,
which is thicker behind than in front, and excavated by sixteen depressions for
lodging the teeth of the upper jaw the cavities varying in depth and size
according to the teeth they contain. Immediately behind the incisor teeth is
the anterior palatine fossa.
At the bottom of this fossa may usually be seen four
apertures, two placed laterally, which open above, one in the floor of each nostril,
and transmit the posterior palatine vessels, and two in the median line of the
intermaxillary suture, one in front of the other, the anterior transmitting the left,
and the posterior (the larger) the right nasopalatine nerve. These two latter
canals are sometimes wanting, or they may join to form a single one, or one of
them may open into one of the lateral canals above referred to. The palatine
vault is concave, uneven, perforated by numerous foramina marked by depressions
for the palatal glands, and crossed by a crucial suture, formed by the junction of
the four bones of which it is composed.
One or two small foramina, in the
alveolar margin behind the incisor teeth, occasionally seen in the adult, almost
constant in young subjects, are called the incisive foramina : they transmit nerves
and vessels to the incisor teeth. At each posterior angle of the hard palate is
the posterior palatine foramen, for the transmission of the posterior palatine
vessels and descending palatine nerves, and running forwards and inwards from
it a groove, which lodges the same vessels and nerve.
Behind the posterior
palatine foramen is the tuberosity of the palate bone, perforated by one or more
accessory posterior palatine canals, and marked by the commencement of a ridge,
which runs transversely inwards, and serves for the attachment of the tendinous
expansion of the Tensor palati muscle. Projecting backwards from the centre of
the posterior border of the hard palate is the posterior nasal spine, for the attachment of the Azygos uvulae. Behind and above the hard palate is the posterior
aperture of the nares, divided into two parts by the vomer, bounded above by the
body of the sphenoid, below by the horizontal plate of the palate bone, and
laterally by the pterygoid processes of the sphenoid.
Each aperture measures
about an inch in the vertical, and half an inch in the transverse direction. At
the base of the vomer may be seen the expanded alse of this bone, receiving
between them the rostrum of the sphenoid. Near the lateral margins of the
vomer, at the root of the pterygoid processes, are the pterygo-palatine canals.
The pterygoid process, which bounds the posterior nares on each side, presents
near its base the pterygoid or Yidian canal, for the Vidian nerve and artery.
Each process consists of two plates, which bifurcate at the extremity to receive
;

;

;

.
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the tuberosity of the palate bone, and are separated behind by the pterygoid
which lodges the luternal pterygoid muscle. The internal plate is long

fossa,
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and narrow, presenting on tlie outer side of its base the scaphoid fossa, for the
origin of the Tensor palati muscle, and at its extremity the hamular process,
around which the tendon of this muscle turns. The external pterygoid plate is
broad, forms the inner boundary of the zj^gomatic fossa, and affords attachment,
by its outer surface, to the External pterygoid muscle.
Behind the nasal fossae in the middle line is the basilar surface of the occipital
bone, presenting in its centre the pharyngeal spine for the attachment of the
Superior constrictor muscle of the pharynx, with depressions on each side for the
At the base of the
insertion of the Rectus capitis anticus, major and minor.
external pterygoid plate is tlie foramen ovale behind this, the foramen spinosum,
and the prominent spinous process of the sphenoid, which gives attachment to
the internal lateral ligament of the lower jaw and the Laxator tympani and
Tensor palati muscles. External to the spinous process is the glenoid fossa,
;

divided into two parts by the Grlaserian fissure (p. 170), the anterior portion concave, smooth, bounded in front by the eminentia articularis, and serving for the
the posterior portion rough,
articulation of the condyle of the lower jaw
bounded behind by the vaginal process, and serving for the reception of part of
the parotid gland. Emerging from between the laminae of the vaginal process is
the styloid process and at the base of this process is the stylo-mastoid foramen,
for the exit of the facial nerve and entrance of the stylo-mastoid artery. External
to the stylo-mastoid foramen is the auricular fissure for the auricular branch of
Upon the inner
the pneumogastric, bounded behind by the mastoid process.
and a little
side of the mastoid process is a deep groove, the digastric fossa
more internally, the occipital groove, for the occipital artery. At the base of
the internal pterygoid plate is a large and somewhat triangular aperture, the
foramen lacerum medium, bounded in front by the great wing of the sphenoid,
behind by the apex of the petrous portion of the temporal bone, and internally
by the body of the sphenoid and basilar process of the occipital bone it presents
in front the posterior orifice of the Vidian canal behind, the aperture of the
carotid canal. Tlie basilar surface of this opening is filled up, in the recent state,
by a fibro-cartilaginous substance across its upper or cerebral aspect pass the
internal carotid artery and Vidian nerve.
External to this aperture the petro•sphenoidal suture is observed, at the outer termination of which is seen the ori"fice of the canal for the Eustachian tube, and that for the Tensor tympani muscle.
Behind this suture is seen the under surface of the petrous portion of the temporal bone, presenting, from within outwards, the quadrilateral rough surface,
part of which affords attachment to the Levator palati and Tensor tympani
muscles; external to this surface, the onfices of the carotid canal and the aqute•ductus cochlese,
the former transmitting the internal carotid arterj^ and the
ascending branches of the superior cervical ganglion of the S3mipathetic, the
latter serving for the passage of a small artery and vein to the cochlea.
Behind
ihe carotid canal is a large aperture, the jugular fossa, formed in front by the
petrous portion of the temporal, and behind by the occipital it is generally
larger on the right than on the left side, and is divided into three compartments
by processes of dura mater. The anterior is for the passage of the inferior
petrosal sinus the posterior for the lateral sinus and some meningeal branches
from the occipital and ascending pharyngeal arteries the central one foj' the
three divisions of the eighth pair of nerves.
On the ridge of bone dividing the
carotid canal from the jugular fossa, is the small foramen for the transmission of
the tympanic nerve and on the outer wall of the jugular foramen, near the
root of the styloid process, is the small aperture for the transmission of Arnold's
nerve.
Behind the basilar surface of the occipital bone is the foramen magnum,
bounded on each side by the condyles, rough internally for the attachment of
the alar ligaments, and presenting externally a rough surface, the jugular process,
which serves for the attachment of the Rectus lateralis. On either side of each
condyle anteriorly is the anterior condyloid fossa, perforated by the anterior condyloid foramen, for the passage of the hypoglossal nerve.
Behind each condjde
;

;

;

;

;

;

—

;

;

;

;
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are the posterior condyloid fossae, perforated on one or both sides by the postecondyloid foramina, for the transmission of a vein to the lateral sinus.
Beliind the foramen magnum is the external occipital crest, terminating above
at the external occipital protuberance, whilst on each side are seen the superior
and inferior curved lines these, as well as the surfaces of bone between them,
are' rough, for the attachment of the muscles, which are enumerated on page 160.

rior

;

Lateral Eegion of the Skull,
The Lateral Region of the Skull is of a somewhat triangular form, the base of
the triangle being formed by a line extending from the external angular process
of the frontal bone, along the temporal ridge, backwards to the outer extremity
of the superior curved line of the occiput and the sides by two lines, the one
drawn downwards and backwards from, the external angular process of ,jthe
frontal bone to the angle of the lower jaw, the other from the angle of the jaw
upwards and backwards to the extremity of the superior curved line. This
temporal, mastoid, and zygomatic.
region is divisible into three portions,
;

—

The Temporal

Fossa.

The Temporal fossa is bounded above and behind by the temporal ridge, which
extends from the external angular process of the frontal upwards and backwards
Fig.

172.— Side View

of the Skull.

Ft o Tila I

across the frontal and parietal bones, curving downwards behind to terminate at
the posterior root of the zygomatic process. In front, it is bounded by the

;
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malar, and great wing of the sphenoid externally, by the zygomatic
formed conjointly by the malar and temporal bones below, it is separated
from the zj^gomatic fossa by the pterygoid ridge, seen on the enter surface of the
This fossa is formed by five bones, part of the
great wing of the sphenoid.
frontal, great wing of the sphenoid, parietal, squamous portion of the temporal,
and malar bones, and. is traversed by five sutures, the transverse facial, coronal,
It is deeply concave
spheno-i^arietal, squamo-parietal, and squamo-sphenoidal.
in front, convex behind, traversed by grooves which lodge branches of the deep
temporal arteries, and filled by the Temporal muscle.
The Mastoid Portion of the side of the skull is bounded in front by the anteabove, by a line which runs from the posterior root of
rior root of the zygoma
the zygoma to the end of the masto-parietal suture behind and below, by the
It is formed by the mastoid and part of the squamous
masto-occipital suture.
and petrous portions of the temporal bone its surface is convex and rough for
the attachment of muscles, and presents, from behind forwards, the mastoid
foramen, the mastoid process, the external auditory meatus, surrounded by the
auditory process, and, most anteriorly, the glenoid fossa, bounded in front by the
eminentia articularis, behind by the vaginal process.
frontal,

;

arch,

;

;

;

;

The Zygomatic
The Zygomatic

Fossa.

an irregularly shaped cavity, situated below and on the
bounded, in front, by the tuberosity of the superior
maxillary bone and the ridge which descends from its malar process behind, by
the posterior border of the pterygoid process
above, by the pterygoid ridge on
the outer surface of the great wing of the sphenoid and squamous portion of the
temporal below, by the alveolar border of the superior maxilla internally, by
the external pterygoid plate
and externally, by the zygomatic arch and ramus
of the jaw.
It contains the lower part of the Temporal, the External, and
Internal pterygoid muscles, the internal maxillary artery, the inferior maxillary
nerve, and their branches.
At its upper and inner part may be observed two
fissures, the spheno-maxillary and pterygo-maxillary.
The Spheno-maxillary fissure, horizontal in direction, opens into the outer and
back part of the orbit. It is formed above by the lower border of the orbital
surface of the great wing of the sphenoid
below, by the external border of the
orbital surface of the superior maxilla and a small part of the palate bone
externally, by a small part of the malar bone
internally, it joins at right angles
with the pterygo-maxillary fissure. This fissure opens a communication from
the orbit into three fossge, the temporal, zygomatic, and splieno-maxillary it
transmits the superior maxillary nerve and its orbital branch, the infraorbital
artery, and ascending branches from Meckel's ganglion.
The Pterygo-maxillary fissure is vertical, and descends at right angles from
the inner extremity of the preceding it is an elongated internal, formed by the
divergence of the superior maxillary bone from the pterygoid process of the
sphenoid.
It serves to connect the spheno-maxillary fossa with the zygomatic,
and transmits branches of the internal maxillary artery. It forms the entrance
from the zygomatic fossa to
inner side of the

fossa is

zygoma

;

;

;

;

;

;

;

;

;

;

The Spheno-Maxillaey

Fossa.

The Spheno-maxillary fossa is a small triangular space situated at the angle of
junction of the spheno-maxillary and pterygo-maxillary fissures, and placed
beneath the apex of the orbit. It is formed above by the under surface of the
body of the sphenoid or by the orbital plate of the palate bone in front, by the
superior maxillary bone behind, by the pterygoid process of the sphenoid
internally, by the vertical plate of the palate.
This fossa has three fissures terminating in it, the sphenoidal, spheno-maxillary, and pterygo-maxillary; it
;

;
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communicates with three fossce, the orbital, nasal, and zygomatic, and with the
Of these there
cavity of the cranium, and has opening into it five foramina.
are three on the posterior wall
the foramen rotundum above below, and
internal to this, the Vidian, and still more inferior and internal, the pter3^goOn the inner wall is the spheno-palatine foramen by which the sphenopalatine.
maxillary communicates with the nasal fossa, and below is the superior orifice
of the posterior palatine canal, besides occasionally the orifices of two or three
accessory posterior palatine canals.
;

;

Anterior Eegion of the Skull.
The Anterior Eegion of the Skull, which forms the face, is of an oval form,
presents an irregular surface, and is excavated for the reception of the two prinFig. 173.
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and the nose. It is bounded above by the nasal
eminences and margins of the orbit below, by the prominence of the chin on
each side, by the malar bone, and anterior margin of the ramus of the jaw. In
the median line are seen from above downwards, the nasal eminences, which
indicate the situation of the frontal sinuses
and diverging from which are the
superciliary ridges which support the eyebrows.
Beneath the nasal eminences
is the arch of the nose, formed by the nasal bones, and the nasal processes of the
superior maxillary.
The nasal arch is convex from side to side, concave from
cipal organs of sense, the eye

;

;

;
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above downwards, presenting in the median line tlie internasal suture, formed
between the nasal bones, laterally the naso-maxillary suture, formed between
the nasal bone and the nasal process of the superior maxillary bone, both these
sutures terminating above in that part of the transverse suture which connects
the nasal bones and nasal processes of the superior maxillary with the frontal.
Below the nose is seen the opening of the anterior nares, which is heart-shaped,
with the narrow end upwards, and presents laterally the thin, sharp margins
serving for the attachment of the lateral cartilages of the nose, and in the middle
line below, a prominent process, the anterior nasal spine, bounded by two deep
Below this is the intermaxillary suture, and on each side of it the
notches.
Beneath this fossa is the alveolar process of the upper and lower
incisive fossa.
jaw, containing the incisor teeth, and at the lower part of the median line, the
symphysis of the chin, the mental eminence, aiid the incisive fossa of the lower

On each side, proceeding from above downwards, is the supraorbital ridge,
terminating externally in the external angular process at its junction with the
towards the inner third
malar,, and internally in the internal angular process
of this ridge is the supraorbital notch or foramen, for the passage of the supraorbital vessels and nerve, and at its inner side a slight depression for the attachment of the pulley of the Superior oblique muscle. Beneath the supraorbital
ridge is the opening of the orbit, bounded externally by the orbital ridge of the
malar bone below, by the orbital ridge formed by the malar, superior maxillary^
and lachrymal bones; internally, by the nasal process of the superior maxillary,
and the internal angular process of the frontal bone. On the outer side of the
orbit is the quadrilateral anterior surface of the malar bone, perforated by one
or two small malar foramina.
Below the inferior margin of the orbit is the
iafraorbital foramen, the termination of the infraorbital canal, and beneath this
the canine fossa, which gives attachment to the Levator anguli oris bounded
below by the alveolar processes, containing the teeth of the upper and lower
jaw.
Beneath the alveolar arch of the lower jaw is the mental foramen for the
passage of the mental nerve and artery, the external oblique line, and at the
lower border of the bone, at the point of junction of the body with the ramus,
a shallow groove for the passage of the facial artery.
;

;

;

The

Orbits.

The Orbits (Fig. 173) are two quadrilateral pyramidal cavities, situated at the
upper and anterior part of the face, their bases being directed forwards and outwards, and their apices backwards and inwards.
Each orbit is formed of seven
bones the frontal, sphenoid, ethmoid, superior maxillary, malar, lachrymal, and
palate; but three of these, the frontal, ethmoid, and sphenoid, enter into the
formation of hoth orbits, so that the two cavities are formed of eleven bones only.
Each cavity presents for examination a roof, a floor, an inner and an outer wall,
four angles, a circumference or base, and an apex.
The ii'oq/' is concave, directed
downwards and forwards, and formed in front by the orbital plate of the
frontal; behind by the lesser wing of the sphenoid.
This surface presents internally the depression for the iibro- cartilaginous pulley of the Superior oblique
muscle externally, the depression for the lachrymal gland and posteriorly, the
suture connecting the frontal and lesser wing of the sphenoid.
The Floor is nearly flat, and of less extent than the roof; it is formed chiefly
by the orbital process of the superior maxillary in front, to a small extent, by
the orbital process of the malar, and behind, by the orbital surface of the palate.
This surface presents at its anterior and internal part, just external to the lachrymal
canal, a depression for the attachment of the Inferior oblique muscle
externally,
the suture between the malar and superior maxillary bones near its middle, the
infraorbital groove
and posteriorly, the suture between the maxillary and

—

;

;

;

;

;

;

palate bones.

;
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The Inner Wall is flattened, and formed from before backwards by tbe nasal
process of the superior maxillary, the lachrymal, os planum of the ethmoid, and a
This surface presents the lachrj^mal
small part of the body of the sphenoid.
groove, and crest of tlae lachrymal bone, and the sutures connecting the ethmoid
with the lachrymal bone in front, and the sphenoid behind.
'The Outer Wall is formed in front by the orbital process of the malar bone
On it are seen the orifices of one
behind, by the orbital plate of the sphenoid.
or two malar canals, and the suture connecting the sphenoid and malar bones.
Angles.
The superior external angle is formed by the junction of the upper
and outer walls it presents, from before backwards, the suture connecting the
frontal with the malar in front, and with the orbital plate of the sphenoid behind;
quite posteriorly is the foramen lacerum anterius, or sphenoidal fissure, which
transmits the third, fourth, the ophthalmic division of the fifth and the sixth
The superior internal angle is formed by the
nerves, and the ophthalmic vein.
junction of the upper and inner wall, and presents the suture connecting the
frontal bone with the lachrymal in front, and with the ethmoid behind.
This
suture is perforated by two foramina, the anterior and posterior ethmoidal, the
former transmitting the anterior ethmoidal artery and nasal nerve, the latter the
The inferior external angle^ formed by the
posterior ethmoidal artery and vein.
junction of the outer wall or floor, presents the spheno-maxillary fissure, which
transmits the infraorbital vessels and nerve, the ascending branches from the
spheno-palatine ganglion, and the orbital branch of the superior maxillary nerve.
The inferior internal angle is formed by the union of the lachrymal and os planum
of the ethmoid, with the superior maxillary and palate bones.
The circumference^
or base, of the orbit, quadrilateral in form, is bounded above by the supraorbital
arch below, by the anterior border of the orbital plate of the malar, superior
maxillary, and lachrymal bones externally, by the external angular process of
the frontal and the malar bones internally, by the internal angular process of
The circumference
the frontal, and the nasal process of the superior maxillary.
is marked by three sutures, the fronto- maxillary internally, the fronto-malar
externally, and the malo-maxillary below
it contributes to the formation of the
lachrymal groove, and presents above the supraorbital notch (or foramen), for
the passage of the supraorbital artery, veins, and nerve. The apex^ situated at
the back of the orbit, corresponds to the optic foramen, a short circular canal,
which transmits the optic nerve and ophthalmic artery. It will thus be seen that
there are nine openings communicating with each orbit, viz., the optic, foramen
lacerum anterius, spheno-maxillary fissure, supraorbital foramen, infraorbital canal,
anterior and posterior ethmoidal foramina, malar foramina, and lachrymal canal.
To these may be added the external orbital foramina, when present.
;

.

;

;

;

;

;

The Nasal

Fossae.

The Nasal Fossse are two large irregular cavities, situated on either side of the
middle line of the face, extending from the base of the cranium to the roof of
the mouth, and separated from each other by a thin vertical septum. They communicate by two large apertures, the anterior nares, with the front of the face
and with the pharynx behind by the two posterior nares. These fossse are much
narrower above than below, and in the middle than at the anterior or posterior
openings their depth, which is considerable, is much greater in the middle than
at either extremity.
Each nasal fossa communicates with four sinuses, the frontal
above, the sphenoidal behind, and the maxillary and ethmoidal on either side.
Each fossa also communicates with four cavities with the orbit by the lachrymal
canal, with the mouth by the anterior palatine canal, with the cranium by the
olfactory foramina, and with the spheno-maxillary fossa by the spheno-palatine
foramen and they occasionally communicate with each other by an aperture in
the septum.
The bones entering into their formation are fourteen in number:
three of the cranium, the frontal, sphenoid, and ethmoid, and all the bones of the
;

:

;

,
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excepting the malar and lower jaw. Eacli cavity is bounded by a roof, a
an inner and outer wall.
The upper wall, or roof (Fig. 174), is long, narrow, and concave from before
backwards it is formed in front by the nasal bones and nasal spine of the frontal,
which are directed downwards and forwards in the middle, by the cribriform
lamella of the ethmoid, which is horizontal
and behind, by the under surface
of the body of the sphenoid, and sphenoidal turbinated bones, which are directed
downwards and backwards. This surface presents, from before backwards, the
face,

floor,

;

;

;
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formed between
on their inner
side, the elevated crest which receives the nasal spine of the frontal, and the
perpendicular plate of the ethmoid, and articulates with its fellow of the opposite
side
whilst the surface of the bones is perforated by a few small vascular apertures, and presents the longitudinal groove for the nasal nerve
further back is
the transverse suture, connecting the frontal with the nasal in front, and the
ethmoid behind, the olfactory foramina and nasal slit on the under surface of the
cribriform plate, and the suture between it and the sphenoid behind
qu.ite pos-

internal aspect of the nasal bones
on their outer side, the suture
the nasal bone and the nasal process of the superior maxillary
:

;

;

:

:

teriorly are seen the sphenoidal turbinated bones, the orifices of the sphenoidal

and the articulation of the alse of the vomer with the under surface of
body of the sphenoid.
The floor is flattened from before backwards, concave from side to side, and
wider in the middle than at either extremity. It is formed in front by the
sinuses,

the

palate process of the superior maxillary

;

behind,

by the

palate process of the

palate bone.

This surface presents, from before backwards, the anterior nasal
spme behind this, the upper orifice of the anterior palatine canal internally,
the elevated crest which articulates with the vomer and behind, the suture
between the palate and superior maxillary bones, and the posterior nasal spine.
;

;

;

;
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The inner

septum (Fig. 175), is a tliin, vertical partition, wliicli sepafrom one another it is occasionally perforated, so that the
It is
fosscB communicate, and it is frequently deflected considerably to one side.
formed, in front, by the crest of the nasal bones and nasal spine of the frontal
in the middle, by the perpendicular lamella of the ethmoid behind, by the
vomer and rostrum of the sphenoid below, by the crest of the superior maxilIt presents, in front, a large triangular notch, which
lary and palate bones.
wall, or

rates tlie nasal fossas

;

;

;

receives the triangular cartilage of the nose above, the lower orifices of the
Its surface is
olfactory canals and behind, the guttural edge of the vomer.
marked by numerous vascular and nervous canals and the groove for the nasopalatine nerve, and is traversed by sutures connecting the bones of which it is
;

;

formed.

The

oute7'

wall (Fig. 174)

Fig. 175.

is

formed, in front, by the nasal process of the supe-
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and lachrymal bones in the middle, by the ethmoid and inner
surface of the superior maxillary and inferior turbinated bones
behind, by the
vertical plate of the palate bone, and the internal pterygoid plate of the sphenoid.
This surface presents three irregular longitudinal passages, or meatuses, formed
between three horizontal plates of bone that spring from it they are termed the
superior, middle, and inferior meatuses of the nose.
The superior meatus, the
smallest of the three, is situated at the upper and back part of each nasal fossa,
occupying the posterior third of the outer wall. It is situated between the
superior and middle turbinated bones, and has opening into it two foramina, the

rior maxillary

;

;

;

spheno-palatine at the back of its outer wall, and the posterior ethmoidal cells
at tTTe front "part of the upper wall.
The opening of the sphenoidal sinuses is
usually at the upper and back part of the nasal foss», immediately behind the
superior turbinated bone.
The middle meatus is situated between the middle
and inferior turbinated bones, and occupies the posterior two-thirds of the outer
wall of the nasal fossa.
It presents two apertures.
In front is the orifice of the

;
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infundibulum, by which the middle meatus commuDicates with the anterior ethmoidal cells, and through these with the frontal sinuses. At the centre of the
outer wall is the orifice of the antrum, which varies somewhat as to its exact
position in different skulls.
The inferior meatus^ the largest of the three is
the space between the inferior turbinated bone and the floor of the nasal fossa.
It extends along the entire length of the outer wall of the nose, is broader in
front than behind, and j^resents anteriorly the lower orifice of the lachrjanal canal.

Os Hyoides.

The Hyoid bone

named from

resemblance to the Greek Upsilon it is
supports the tongue, and gives attachment
to its numerous muscles.
It is a bony arch, shaped like a horseshoe, and consisting of five segments,
a bodj-, two greater cornua, and two lesser cornua.
The Body forms the central part of the bone, and is of a quadrilateral form
its anterior surface (Fig. 176), convex, directed forvyards and upFig. 176.— Hyoid Bone.
Anterior Surface (enlarged),
wards, is divided into two parts
by a vertical' ridge, which descends
along the median line, and is
crossed at right angles by a horizontal ridge, so that this surface
is divided
into four muscular
depressions.
At the point of
meeting of these two lines is a
prominent elevation, the tubercle.
The portion above the horizontal
Thyro-Hyoid
ridge is directed upwards, and is
Stylo-Hyoid
sometimes described as the suOmo-Hyoid
perior border.
The anterior surGenio-Hyoid
Stoiio-IIyoid
Mylo-Hyoid
face gives attachment to the Geniohyoid in the greater part of its extent; above, to the Genio-hyo-glossus
below, to the Mylo-hyoid, Stylo-hyoid,
and aponeurosis of the Digastric (supra-hyoid aponeurosis) and between these
to part of the Hyo-glossus.
The posterior surface is smooth, concave, directed
backwards and downwards, and separated from the epiglottis by the thyro-hyoid
membrane, and by a quantity of loose areolar tissue. The superior border is
rounded, and gives attachment to the thyro-hyoid membrane, and part of the
Genio-hyo-glossi muscles.
The inferior border gives attachment, in front, to the
Sterno-hyoid behind, to part of the Thyro-hyoid, and to the Omo-hyoid at its
junction with the great cornu.
The lateral surfaces are small, oval, convex
facets, covered with cartilage for articulation with the greater cornua.
The Greater Cornua project backwards from the lateral surfaces of the body;
they are flattened from above downwards, diminish in size from before backwards, and terminate posteriori}^ in a tubercle for the attachment of the thyrohyoid ligament. Their outer surface gives attachment to the Hyo-glossus their
upper border, to the Middle constrictor of the pharynx their lower border, to
part of the Thyro-hyoid muscle.
The Lesser Cornua are two small conical-shaped eminences, attached by their
bases to the angles of junction between the body and greater cornua, and giving
attachment by their apices to the stylo-hyoid ligaments. In youth, the cornua
are connected to the body by cartilaginous surfaces, and held together by ligaments in middle life, the body and greater cornua usually become joined and
old age, all the segments are united together, forming a single bone.
Development. By five centres one for the body, and one for each cornu
Ossification commences in the body and greater cornua towards the end of foetal life,
jilso

is

its

called the lingual hone^ because

;

it

—

;

;

;

;

;

m

;

;

:
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Fig.

177.— Sternum and Costal Cartilages.
SIERNO-ClEfDO. MASTOID

SUBCLAVIUS

Fiff.

178.— Posterior Surface of Sternum.

a

THE STERNUM.
those of the cornua

some months

appearing.

first

Ossification of the lesser cornua
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commences

after birth.

Sterno-hj^oid, Thyro-hj^oid, Omo-hyoid, aponeurosis
Attachment of Muscles.
of the Digastricns, Stylo-hyoid, Mylo-hyoid, Genio-hyoid, Genio-hyo-glossus,
Hyo-glossus, Middle constrictor of the pharynx, and occasionally a few fibres of
the Lingualis. Tt also gives attachment to the thyro-hyoidean membrane, and the
stylo-hyoid, thyro-hyoid, and hyo-epiglottic ligaments.

THE THOEAX.
The Thorax,

or chest, is an osseo-cartilaginous cage, intended to contain and
the principal organs of respiration and circulation. It is somewhat
conical in shape, and is formed by the sternum and costal cartilages in front, the
twelve ribs on each side, and the bodies of the dorsal vertebrae behind.
protect

The Steenum.
The Sternum

(Figs.

177, 178) is a flat, narrow bone, situated in the median
and consisting, in the adult, of three portions. It

line of the front of the chest,

has been likened to an ancient sword
the upper piece, representing the
handle, is termed the manubrium ; the middle and largest piece, which represents the chief part of the blade, is termed the gladiolus ; and the inferior piece,
which is likened to the point of the sword, is termed the ensiform or xiphoid
appendix. In its natural position, its inclination is oblique from above, downwards, and forwards.
It is flattened in front, concave behind, broad above,
becoming narrowed at the point where the first and second pieces are connected;
;

after which it again widens a little, and is pointed at its extremity.
Its average
length in the adult is six inches, being rather longer in the male than in the
female.
The First Piece of the sternum, or m,anubrium^ is of a somewhat triangular
form, broad and thick above, narrow below at its junction with the middle piece.
Its anterior surface^

convex from side

to side,

concave from above downwards,

is

smooth, and affords attachment on each side to the Pectoralis major and sternal
origin of the Sterno-cleido-mastoid muscle.
In well-marked bones, the ridges
limiting the attachment of these muscles are very distinct.
Its posterior surface^
concave and smooth, affords attachment on each side to the Sterno-hyoid and
Sterno-thyroid muscles. The superior border^ the thickest, presents at its centre
the interclavicular notch
and on each side, an oval articular surface, directed
upwards, backwards, and outwards, for articulation with the sternal end of the
clavicle.
The inferior border presents an oval, rough surface, covered in the
recent state with a thin layer of cartilage, for articulation with the second portion of the bone.^
The lateral borders are marked above by an articular depression for the first costal cartilage, and below by a small facet, which, with a
similar facet on the upper angle of the middle portion of the bone, forms a notch
for the reception of the costal cartilage of the second rib.
These articular surfaces are separated by a narrow curved edge, which slopes from above downwards and inwards.
;

—

^ The
second piece of the sternum is united to the first either by an amphiarthrodial joint
single piece of true fibro-cartilage uniting the segments
or by a diarthrodial joint, in which each
_

—

bone

clothed with a distinct lamina of cartilage, adherent on one side, free and lined with synoother.
In the latter case, the cartilage covering the gladiolus is continued
without interruption on to the cartilages of the second ribs.
Mr. Rivington has found the diarthrodial form of joint in about one-third of the specimens examined by him, M. Maisonneuve more
frequently.
It appears to be rare in childhood, and is formed, in Mr. Rivington's opinion, from the
amphiarthrodial form, by absorption.
The diarthrodial joint seems to have no tendency to ossify at
any age, while the amphiarthrodial is very liable to do so, and has been found ossified as early as
thirty -four years of age.
(See Eivington in "Med. Chir. Trans.," vol. Ivii.)
vial

is

membrane on the
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The Second Piece of the sternum, or gladiolus^ considerably longer, narrower,
and thinner than the first piece, is broader below than above. Its anterior surface
is nearly flat, directed upwards and forwards, and marked by three transverse
lioes, which cross the bone opposite the third, fourth, and fifth articular depressions.
These lines are produced by the union of the four separate pieces of which
this part of the bone consists at an early period of life.
At the junction of the
third and fourth pieces is occasionally seen an orifice, the sternal foramen it
varies in size and form in different individuals, and pierces the bone from before
This surface affords attachment on each side to the sternal origin of
backAvards.
;

the Pectoralis major. The 'posterior surface^ slightly concave, is also marked by
three transverse lines but they are less distinct than those in front this surface
affords attachment below, on each side, to the Triangularis sterni muscle, and
occasionally presents the posterior opening of the sternal foramen.
The superior
border presents an oval surface for articulation with the manubrium.
The inferioi
border is narrow and articulates with the ensiform appendix.
Each lateral border
presents at each superior angle a small facet, which, with a similar facet on the
manubrium, forms a cavity for the cartilage of the second rib the four succeeding
angular depressions receive the cartilages of the third, fourth, fifth, and sixth
ribs, whilst each inferior angle presents a small facet, which, with a corresponding
one on the ensiform appendix, forms a notcli for the cartilage of the seventh rib.
These articular depressions are separated by a series of curved interarticular
intervals, which diminish in length from above downwards, and correspond to
the intercostal spaces. Most of the cartilages belonging to the true ribs, as will
be seen from the foregoing description, articulate with the sternum at the line of
This is well seen in
junction of two of its primitive component segments.
many of the lower animals, where the separate parts of the bone remain ununited
longer than in man. In this respect a striking analogy exists between the mode
of connection of the ribs with the vertebral column, and the connection of their
cartilages with the sternal column.
The Third Piece of the sternum, the ensiform or xiphoid appendix^ is the
smallest of the three it is thin and elongated in form, cartilaginous in structure
Its anterior
in youth, but more or less ossified at its upper part in the adult.
surface affords attachment to the costo-xiphoid ligament; iX^ posterior surface^ to
some of the fibres of the Diaphragm and Triangularis sterni muscles its lateral
borders^ to the aponeurosis of the abdominal muscles.
Above, it is continuous
with the lower end of the gladiolus below, by its pointed extremity, it gives
attachment to the linea alba, and at each superior angle presents a facet for the
lower half of the cartilage of the seventh rib. This portion of the sternum is
very various in appearance, being sometimes pointed, broad and thin, sometimes
bifid, or perforated by a round hole, occasionally curved, or deflected considerably
to one or the other side.
Structure.
The bone is composed of delicate cancellated texture, covered by
a thin laj^er of compact tissue, which is thickest in the manubrium, between the
articular facets for the clavicles.
Development. The sternum, including the ensiform appendix, is developed by
six centres: one for the first piece or manubrium, four for the second piece or
gladiolus, and one for the ensiform appendix.
Up to the middle of foetal life,
the sternum is entirely cartilaginous, and when ossification takes place, the ossific
granules are deposited in the middle of the intervals between the articular
depressions for the costal cartilages, in the following order (Fig. 179) In the
in the second and third, betAveen
first piece, between th.e fiftb and sixth months
the sixth and seventh months in tlie fourth piece, at the ninth month in the
and
fifth, within the first year, or betAveen the first and second years after birth
in the ensiform appendix, betAA^een the second and the seventeenth or eighteenth
years, by a single centre, which makes its appearance at the upper part, and proTo these may be added the occasional existence,
ceeds gradually doAvnwards.
as described by Breschet, of two small episternal centres, which make their
:

;

;

;

;

;

:

;

;

;

;

,

;

appearance one on each side
of the interclavicular notch.
These are regarded by him
as the anterior rudiments of
a rib, of which the posterior
rudiment is the anterior lamina of the transverse process
of the seventh cervical verIt occasionally haptebra.
]iens that some of the seg-
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may have

of the

Sternum, by Six Centres.
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Time
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ments are formed from more
than one centre, the number
and position of which vary
Thus the first
(Fig. 181).
piece
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^ss^r)-^-'-'^^-'Fig. 180.

two, three,

When
or even six centres.
two are present, they are
generall}' situated one above
the^ other, the upper one
being the larger the second

ra/rclij

unite

except' incldage

,

;

piece has seldom

35-1,0.

more than

the third, fourth, and
fifth pieces are often formed
from two centres placed laterally, the irregular union of
which will serve to explain
the occasional occurrence of
the sternal foramen (Fig. 182),
or of the vertical fissure which
occasionally intersects this
part of the bone.
Union of
the various centres commences from below, and proceeds upwards, taking place
in the following order (Fig.
The fifth piece is
180).
joined to the fourth soon
after puberty
the fourth to
the third, between the twentieth and twenty-fifth years
the third to the second, between the thirty-fifth and
fortieth years
the second is
occasionally joined to the

one

;

ZO-25fh ye^r

soon after paherty

<art'iy cart/lctqC/cous in,

advaiic^id life

Fig. 181.
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;

first,

especially at an advanced

age.

"With the
and seven costal
cartilages on each side.
Attachment of Muscles.
Articulations.

clavicles,

The Pectoralis major, Sternocleido-mastoid, Sterno-hyoid,
Sterno-thyroid, Triangularis
sterni,

aponeurosis of the Ob-

liquus externus, Obliquus in-
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&

;
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Fig. 183
Side.

Central Rib of Eight

Inner Surface.

The

Ribs.

Ribs

arches of
bone,
of the thoracic
walls.
They are twelve in number on each
side but this number may be increased by the
development of a cervical or lumbar rib, or may
be diminished to eleven. The first seven are connected behind with the spine, and in front with the
sternum, through the intervention of the costal
cartilages; they are called vertebrosternal, or true
ribs.
The remaining five are false ribs of these
the first three, being connected behind with the
spine and in front with the costal cartilages, are
usually called the vertehro-costal, but would be
better named the vertebra -chondral ribs the last
two are connected with the vertebree only, being
free at their anterior extremities they are termed
vertebral or floating ribs.
The ribs vary in their
direction, the upper ones being placed nearly at
right angles with the spine, the lower ones obliquely, so that the anterior extremity is lower
than the posterior.
The extent of obliquity
reaches its maximum at the ninth rib, and gradually decreases from that rib to the twelfth.
The
ribs are situated one below the other in such a
manner that spaces are left between them, which
Their length corare called intercostal spaces.
responds to the length of the ribs, their breadth
is more considerable in front than behind, and
between the U23per than between the lower ribs.
The ribs increase in length from the first to the
seventh, when they again diminish to the twelfth.
In breadth they decrease from above downwards
in the upper ten the greatest breadth is at the
sternal extremity.

which

form

are

.the

elastic

chief

part

;

;

:

;

A

Common characters of the ribs (Fig. 183).
rib from the middle of the series should be taken,
in order to study the common characters of the
53i

ribs.

Each

rib

presents two extremities^- a poste-

and an
intervening portion, the body or shaft. The^05terior or vertebral extremity presents for examination a head, neck, and tuberosity.
The head
(Fig. 184) is marked by a kidney-shaped articular surface, divided by a horizontal ridge into
two facets for articulation with the costal cavity
formed by the junction of the bodies of two contiguous dorsal vertebrge
the upper facet is
small, the inferior one of large size; the ridge
separating them serves for the attachment of the
interarticular ligament.
The neck is that flattened portion of the rib
which extends outwards from the head it is about
an inch long, and rests upon the transverse process of the lower of the two vertebrge with which
rior or vertebral, an anterior or sternal,

;

5^

;

^

;;
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Its anterior surface is flat and smooth, its posterior
the head articulates.
rough, for the attachment of the middle costo-transverse ligament, and
perforated by numerous foramina, the direction of which is less constant
than those found on the inner surface of the shaft. Of its two borders
the superior presents a rough crest for the attachment of the anterior costoOn the posterior surface of
transverse ligament its inferior border is rounded.
;

Fig, 184.

—Vertebral Extremity

of a Eib.

External Surface.
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it joins the shaft, and nearer the lower than the upper
border, is an eminence
the tuberosity, or tubercle it consists of an articular
and a non-articular portion. The articular portion^ the more internal and inferior of the two, presents a small oval surface for articulation with the extremity
of the transverse process of the lower of the two vertebra3 to which the head is
connected.
The non-articular portion is a rough elevation, which affords attachment to the posterior costo-transverse ligament. The tubercle is much more
prominent in the upper than in the lower ribs.

the neck, just where

—

;

The shaft is thin and flat, so as to present two surfaces, an external and an
internal and two borders, a superior and an inferior.
The external surface is
;

convex, smooth, and

marked

at its

back

part, a little in front of the tuberosit}^,

prominent line, directed obliquely from above, downwards and outwards
this gives attachment to a tendon of the Sacro-lumbalis muscle, or of one of its
accessory portions, and is called the angle.
At this point the rib is bent in two
directions.
If the rib is laid upon its lower border, it will be seen that the
•anterior portion of the shaft, as far as the angle, rests upon this margin, while
the vertebral end of the bone, beyond the angle, is bent inwards and at the same
time tilted upwards. The interval between the angle and the tuberosity increases
gradually from the second to the tenth rib.
The portion of bone between these
two parts is rounded, rough, and irregular, and serves for the attachment of the
Longissimus dorsi. The portion of bone between the angle and sternal extremity is also slightly twisted upon its own axis, the external surface looking downwards behind the angle, a little upwards in front of it. This surface presents,
towards its sternal extremity, an oblique line, the anterior angle. The internal
surface is concave, smooth, directed a little upwards behind the angle
a little
downwards in front of it. This surface is marked by a ridge which commences
•at the lower extremity of the head
it is strongly marked as far as the inner
side of the angle, and gradually becomes lost at the junction of the anterior with
the middle third of the bone. The interval between it and the inferior border
is deeply grooved, to lodge the intercostal vessels and nerve.
At the back part
of the bone, this groove belongs to the inferior border, but just in front of the
angle, where it is deepest and broadest, it corresponds to the internal surface.
The superior edge of the groove is rounded it serves for the attachment of the
Internal intercostal muscle.
The inferior edge corresponds to the lower margin
of the rib, and gives attachment to the External intercostal. Within the groove

by

a

;

;

;

are seen the orifices of numerous small foramina, which traverse the wall of the
shaft obliquely from before backwards.
The siqoerior horder^ thick and rounded,
is marked by an external and an internal lip, more distinct behind than in front
they serve for the attachment of the External and Internal intercostal muscles.
The inferior border, thin and sharp, has attached the External intercostal muscle.
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The anterior or sternal extremity is flattened, and presents a porous oval concave
depression, into wliicli the costal cartilage is received.
Peculiar

Eibs.

The ribs which require especial consideration are five in number, viz., the first,
second, tenth, eleventh, and twelfth.
The first rib (Fig. 185) is one of the shortest and the most curved of all the ribs
it is broad, flat, and placed horizontally at the upper part of the thorax, its surfaces
;

looking upwards and downwards and its borders inwards and outwards. The
head is of small size, rounded, and presents only a single articular facet for articulation with the body of the first dorsal vertebra.
The neck is narrow and
rounded. The tuberosity^ thick and prominent, rests on the outer border. There
is no angle, and the shaft is not twisted on its axis.
The upper surface of the
shaft is marked by two shallow depressions, separated from one another by a
ridge, which becomes more prominent towards the internal border, where it
terminates in a tubercle this tubercle and ridge serve for the attachment of the
Scalenus anticus muscle, the groove in front of it transmitting the subclavian
vein: that behind it, the subclavian artery. Between the groove for the subclavian artery and the tuberosity is a depression for the attachment of the Scalenus
The under surface is smooth, and destitute of the groove
medius muscle.
observed on the other ribs. The outer border is convex, thick, and rounded the
inner, concave, thin, and sharp, and marked about its centre by the tubercle
before mentioned.
The anterior extre'inity is larger and thicker than any of the
;

;

;

other ribs.
The second rib (Fig. 186) is much longer than the first, but bears a very considerable resemblance to it in the direction of its curvature.
The non-articular
portion of the tuberosity is occasionally only slightly marked. The angle is slight,
and situated close to the tuberosity, and the shaft is not twisted, so that both ends
touch any plane surface upon which it may be laid. The shaft is not horizontal,
like that of the first rib
its outer surface, which is convex, looking upwards and
a little outwards.
It presents, near the middle, a rough eminence for the attachment of the second and third digitations of the Serratus magnus. The inner
it
surface, smooth and concave, is directed downwards and a little inwards
presents a short groove towards its posterior part.
The tenth rib (Fig. 187) has only a single articular facet on its head.
The eleventh and twelfth ribs (Figs. 188 and 189) have each a single articular
facet on the head, which is of rather large size; they have no neck or tuberosity,
and are pointed at the extremity. The eleventh has a slight angle and a shallow
groove on the lower border. The twelfth has neither, and is much shorter than
the eleventh.
Structure.
The ribs consist of cancellous tissue, inclosed in a thin compact
;

:

layer.

Development. Each rib, with the exception of the last two, is developed by
one for the shaft, one for the head, and one for the tubercle. The
Ossification
last two have only two centres, that for the tubercle being wanting.
commences in the body of the ribs at a very early period, before its appearance
in the vertebr£e.
The epiphysis of the head, which is of a slightly angular shape,
and that for the tubercle, of a lenticular form, make their appearance between
the sixteenth and twentieth years, and are not united to the rest of the bone until
about the twenty-fifth year.
Attachment of Muscles.
The Internal and External Intercostals, Scalenus
anticus, Scalenus medius, Scalenus posticus, Pectoralis minor, Serratus magnus,
Obliquus externus, Transversalis, Quadratus lumborum. Diaphragm, Latissimus
dorsi, Serratus posticus superior, Serratus posticus inferior, Sacro-lum.balis,
Musculus accessorius ad sacro-lumbalem, Longissimus dorsi, Cervicalis ascendens,
Levatores costarum and infra-costales.
three centres

:
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The Costal Cartilages.
The

Costal Cartila<jes (Fig. 177, p. 216) are wliite elastic structures, wHicli serve

to prolong the ribs forward to the front of the chest, and contribute very materially
The first seven are connected with the sternum, the
to the elasticity of its walls.

The
next three with the lower border of the cartilage of the preceding rib.
cartilages of the last two ribs, which have pointed extremities, float freely in the
Peculiar Ribs.

P%. 186
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Fig. 187.
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fat.—

walls of the abdomen.
Like the ribs, the costal cartilages vary in their length,
breadth, and direction.
They increase in length from the first to the seventh, then
gradually diminish to the last.
They diminish in breadth, as well as the intervals
between them, from the first to the last. They are broad at their attachment to
the ribs, and taper towards their sternal extremities, excepting the first two, which

THE SKELETON.

224

are of the same breadth throughout, and the sixth, seventh, and eighth, which are
enlarged where their margins are in contact. In direction they also vary the first
descends a little, the second is horizontal, the third ascends slightly, whilst all the
rest follow the course of the ribs for a short extent, and then ascend to the sternum
or preceding cartilage. Each costal cartilage presents two surfaces, two borders,
The anterior surface is convex, and looks forwards and
and two extremities.
upwards that of the first gives attachment to the costo-clavicular ligament; that
of the second, third, fourth, fifth, and sixth, at their sternal ends, to the Pectoralis
The others are covered by, and give partial attachment to, some of the
major.'^
great flat muscles of the abdomen. The posterior surface is concave, and directed
backwards and downwards, the six or seven inferior ones affording attachment to
the Transversalis muscle, and the Diaphragm. Of the two borders, the superior
is concave; the inferior, convex; they afford attachment to the Intercostal muscles,
the upper border of the sixth giving attachment to the Pectoralis major muscle.
The contiguous borders of the sixth, seventh, and eighth, and sometimes the ninth
and tenth, costal cartilages present smooth, oblong surfaces at the points where
they articulate. Of the two extremities, the outer one is continuous with the
osseous tissue of the rib to which it belongs. The inner extremity of the first is
continuous with the sternum the six succeeding ones have rounded extremities,
which are received into shallow concavities on the lateral margins of the sternum.
The inner extremities of the eighth, ninth, and tenth costal cartilages are pointed,
and lie in contact with the cartilage above. Those of the eleventh and twelfth
are free, and pointed.
The costal cartilages are most elastic in youth, those of the false ribs being
more so than the true. In old age, they become of a deep yellow color. Under
certain diseased conditions, they are prone to ossify.
Dr. Humphry's observations on this subject have led him to regard the ossification of the costal carti" The ossification takes place in
lages as a sign of disease rather than of age.
the first cartilage sooner than in the others and in men more frequently, and at
an earlier period of life, than in Avomen."
Attachment of Muscles. The Subclavius, Sterno-thyroid, Pectoralis major,
Internal oblique, Transversalis, Eectus, Diaphragm, Triangularis sterni, and
Internal intercostals.
;

;

;

;

OF THE EXTREMITIES.
The extremities, or limbs, are those long jointed appendages of the body which
are connected to the trunk by one end, and free in the rest of their extent. They
are four in number
an tipper or thoracic pah\ connected with the thorax
through the intervention of the shoulder, and subservient mainly to tact and
prehension and a lower pair, connected with the pelvis, intended for support and
locomotion. Both pairs of limbs are constructed after one common type, so
that they present numerous analogies while at the same time certain differences
are observed in each, dependent on the peculiar offices they perform.
:

;

;

Of the Upper Extremity.
The upper extremity consists of the arm, the forearm, and the hand.
tinuity with the trunk is established by means of the shoulder, which
ogous with the innominate or haunch bone in the lower limb.

Its conis

homol-

Of the Shoulder.
The Shoulder is placed upon the upper part and side of the chest, connecting the upper extremity to the trunk it consists of two bones the clavicle,
and the scapula.
;

^

The

first

and seventh

also, occasionally,

—

give origin to the same muscle.
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The Clavicle.
The Clavicle [clavis, a key), or collar-bone, forms the anterior portion of the
It is a long bone, curved somewhat like the italic letter/, and placed
shoulder.
nearly horizontall}^ at the upper and anterior part of the thorax, immediately
It articulates by its inner extremity with the upper border
abov'e the first rib.
of the sternum, and, by its outer extremity, with, the acromion process of the
scapula serving to sustain the upper extremity in the various positions which
it assumes, whilst, at the same time, it allows of great latitude of motion in the
arm. The clavicle is nearly horizontal. It presents a double curvature, when
looked at in front the convexity being forwards at the sternal end, and the conIts outer third is flattened from above downwards,
cavity at the scapular end.
and extends, in the natural position of the bone, from a point opposite the coraIts inner two-thirds are of a cylindrical form,
coid process to the acromion.
and extend from the sternum to a point 023posite the coracoid process of the
scapula,
External or Flattened Portion. The outer third is flattened from above downwards, so as to present two surfaces, an upper and a lower and two borders, an
The upper surface is flattened, rough, marked by
anterior and a posterior.
impressions for the attachment of the Deltoid in front, and the Trapezius behind:
between these two imjjressions, externally, a small portion of the bone is subcutaneous.
The under surface is flattened. At its posterior border, where the
prismatic joins with the flattened portion, is a rough eminence, the conoid tubercle ; this, in the natural position of the bone, surmounts the coracoid process of
the scapula, and gives attachment to the conoid ligament.
From this tubercle,
an oblique line, occasionally a depression, passes forwards and outwards to near
the outer end of the anterior border it is called the oblique line.^ and affords
attachment to the trapezoid ligament. The anterior border is concave, thin, and
jough it limits the attachment of the Deltoid, and occasionally presents, near
the centre, a tubercle, the deltoid tubercle^ which is sometimes distinct in the
living subject.
T^he posterior border is convex, rough, broader than the anterior,
and gives attachment to the Trapezius.
The cylindrical portion forms the inner twoInternal or Cylindrical Portion.
thirds of the bone.
It is curved, so as to be convex in front, concave behind,
and IS marked by three borders separating three surfaces. The anterior border
is continuous with the anterior margin of the flat portion.
At its commencement it is smooth and corresponds to the interval between the attachment of the
Pectoralis major and Deltoid muscles; at the inner half of the clavicle it forms
the lower boundary of an elliptical space for the attachment of the clavicular
portion of the Pectoralis major, and approaches the posterior border of the bone.
The superior border is continuous with the posterior margin of the flat portion, and
separates the anterior from the posterior surface.
At its commencement it is
smooth and rounded, becomes rough towards the inner third for the attachment of
the Sterno-mastoid muscle, and terminates at the upper angle of the sternal extrem'ity.
^\iQ, posterior or subclavian border separates the posterior from the inferior
surface, and extends from the conoid tubercle to the rhomboid impression.
It
forms the posterior boundary of the groove for the Subclavius muscle, and gives
attachment to the fascia which incloses that muscle. The anterior surface is
included between the superior and anterior borders. It is directed forwards and
a little upwards at the sternal end, outwards and still more upwards at the
acromial extremity, where it becomes continuous with the upper surface of the
flat portion.
Externally, it is smooth, convex, nearly subcutaneous, beingcovered only by the Platysma but corresponding to the inner half of the bone,
it is divided by a more or less prominent line into two parts
an anterior portion, elliptical in form, rough, and slightly convex, for the attachment of the
Pectoralis major and an upper part, which is rough behind, for the attachment
of the Sterno-cleido-mastoid. Between the two muscular impressions is a small
;

;

;

;

;

;

;

;
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subcutaneous interval. The posterior or cervical surface is smooth, flat, directed
It is limited,
vertically, and looks backwards towards the root of the neck.
above, bj the superior border below, by the subclavian border internally, by
the margin of the sternal extremity externally, it is continuous with the posteIt is concave from within outwards, and is in
rior border of the flat portion.
It gives attachiiient,
relation, by its lower part, with the suprascapular vessels.
near the sternal extremity, to part of the Sterno-hyoid muscle and presents, at
or near the middle, a foramen, directed obliquely outwards, which transmits the
Sometimes, there are two foramina on the
chief nutrient artery of the bone.
The
posterior surface, or one on the jDOsterior, the other on the inferior surface.
inferior or subclavian surface is bounded, in front, by the anterior border
behind, by the subclavian border. It is narrow internally, but gradually increases
in width externally, and is continuous with the under surface of the flat portion.
;

;

;

;

Fig. 190.

— Left

Clavicle.

Anterior Surface.
Acvu?ni(iL J^xty

Stt ^-ntU A'jare-riUty

Fig. 191.

—Left

Clavicle.

Inferior Surface.

Commencing at the sternal extremity may be seen a small facet for articulation
with the cartilage of the first rib. This is continuous with the articular surface
at the sternal end of the bone.
External to this is a broad, rough impression,
the rhomboid, rather more than an inch in length, for the attachment of the
costo-clavicular (rhomboid) ligament.
The remaining part of this surface is
occupied by a longitudinal groove, the subclavian groove, broad and smooth
externally narrow and more uneven internally it gives attachment to the Subclavius muscle, and, by its anterior margin, to the strong aponeurosis which
incloses it.
Not unfrequently this groove is subdivided into two parts, by a
longitudinal line, which gives attachment to the intermuscular septum of the
;

;

Subclavius muscle.

The internal or sternal end of the clavicle is triangular in form, directed
inwards, and a little downwards and forwards and presents an articular facet,
concave from before backwards^ convex from above downwards, which articulates
with the sternum through the intervention of an interarticular fibro-cartilage
the circumference of the articular surface is rough, for the attachment of
numerous ligaments. This surface is continuous with the costal facet on the
inner end of the inferior or subclavian surface, which articulates with the cartilage
of the first rib.
The outer or acromial extremity^ directed outwards and forwards, presents a
;

;
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downwards,

for articulation

with the acromion process of the scapula. The direction of this surface serves
to explain the greater frequency of dislocation upwards rather than downwards,
beneath the acromion process. The circumference of the articular facet is rough,
especially above, for the attachment of the acromio-clavicular ligaments.
In the female, the
Peculiarities of the Bone in the Sexes and in Individuals.
clavicle is generally less curved, smoother, and more slender than in the male.
In those persons who perform considerable manual labor, which brings into constant action the muscles connected with this bone, it acquires considerable bulk,
becomes shorter, more curved, its ridges for muscular attachment become promiThe right clavicle is
nently marked, and its sternal end of a prismatic form.
generally heavier, thicker, and rougher, and often shorter, than the left.
Structure.
The shaft, as well as the extremities, consists of cancellous tissue,
invested in a compact layer much thicker in the middle than at either end.
The
clavicle is highly elastic, by reason of its curves.
From the experiments of Mr.
"Ward, it has been shown that it possesses sufficient longitudinal elastic force to
project its own weight nearly two feet on a level surface, when a smart blow is
struck on it; and sufficient transverse elastic force, opposite the centre of its
This extent of elastic
anterior convexity, to throw its own weight about a foot.
power must serve to moderate very considerably the effect of concussions
received upon the point of the shoulder.
Development. By two centres
one for the shaft, and one for the sternal
extremity.
The centre for the shaft appears very early, before any other bone
the centre for the sternal end makes its appearance about the eighteenth or twentieth year, and unites with the rest of the bone a few years after.
Articulations.
With the sternum, scapula, and cartilage of the first rib.
Attachment of Muscles. The Sterno-cleido- mastoid, Trapezius, Pectoralis major,
Deltoid, Subclavius, Sterno-hyoid, and Platysma.
:

The Scapula.
The Scapula forms the back part of the sho alder.

It is a large, flat bone,
shape, situated at the posterior aspect and side of the thorax,
between the first and eighth ribs, its posterior border or base being about an inch
from, and nearly parallel with, the spinous processes of the vertebrae.
It presents
for examination two surfaces, three borders, and three angles.
The anterior surface^ or venter (Fig. 192), presents a broad concavity, the subscapular fossa.
It is marked, in the posterior two-thirds, by several oblique
ridges, which pass from behind obliquely outwards and upwards, the anterior
third being smooth.
The oblique ridges give attachment to the tendinous intersections, and the surfaces between them, to the fleshy fibres, of the Subscapularis
muscle.
The anterior third of the fossa, which is smooth, is covered by, but
does not afford attachment to, the fibres of this muscle.
This surface is separated
from the posterior border by a smooth, triangular margin at the superior and
inferior angles, and in the interval between these by a narrow edge which is often
deficient.
This marginal surface affords attachment throughout its entire extent
to the Serratus magnus muscle.
The subscapular fossa presents a transverse
depression at its upper part, called the subscapular angle; it is in this situation
that the fossa is deepest
so that the thickest part of the Subscapularis muscle
lies in a line perpendicular to the plane of the glenoid cavity, and must consequently operate most effectively on the humerus which is contained in that cavity.
The posterior surface^ or dorsum (Fig. 193), is arched from above downwards,
alternately concave and convex from side to side.
It is subdivided unequally
into two parts by the spine
the portion above the spine is called the su.praspinous fossa, and that below it the infraspinous fossa.
The supraspinous fossa^ the smaller of the two, is concave, smooth, and broader

triangular

in

;

;
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at the vertebral tliau at the humeral extremity.
It affords attachment by its
inner two-thirds to the Supraspinatus muscle.
The uifrasp inous fossa is much larger than the preceding; towards its vertebral mai'gin a shallow concavity is seen at its upper part
its centre presents a
;

Fig. 192.

—Left Scapula.

Anterior Surface, or Venter.

prominent convexity, whilst towards the axillary border is a deep groove, which
runs from the upper towards the lower part. The inner two-thirds of this surface
afford attachment to the lofraspinatus muscle the outer third is only covered
by it, without giving origin to its fibres. This surface is separated from the
axillary border by an elevated ridge, which runs from the lower part of the
glenoid cavity downwards and backwards to the posterior border, about an inch
above the inferior angle. The ridge serves for the attachment of a strong apoThe
neurosis, which separates the Infraspinatus from the two Teres muscles.
surface of bone between this line and the axillary border is narrow in the upper
two-thirds of its extent, and traversed near its centre by a groove for the passage
of the dorsalis scapulge vessels it affords attachment to the Teres minor. Its
lower third presents a broader, somewhat triangular surface, which gives origin
;

;
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Teres major, and over which ghdes the Latissimus dorsi sometimes the
muscle takes origin by a few fibres from this part. The broad and narrow
portions of bone above alluded to are separated by an oblique line, which runs
from the axillary border downwards and backwards to it is attached the aponeurosis separating the two Teres muscles from each other.
to tlie

;

latter

:

Fig. 193.

c

—-Left Scapula.

Co ra

ess

Posterior Surface, or Dorsum.

cdci

The Spine is a prominent plate of bone, which crosses obliquely the inner fourof the dorsum of the scapula at its upper part, and separates the supra from
the infraspinous fossa it commences at the vertebral border by a smooth, triangular surface, over which the Trapezius glides, separated from the bone by a
bursa and, gradually becoming more elevated as it passes forwards, terminates
m the acromion process which overhangs the shoulder -joint. The spine is triangular, and flattened from above downwards, its apex corresponding to the
posterior border
its base, which is directed outwards, to the neck of the scapula.
It presents two surfaces and three borders.
Its superior surface is concave,

fifths

;

;

;
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forming the supraspinous fossa, and affords attacliment to part of the
Supraspinatns muscle. Its inferior surface forms part of the infraspinous fossa,
gives origin to part of the Infraspinatus muscle, and presents near its centre the
Of the three borders, the anterior is attached to the
orifice of a nutrient canal.
dorsum of the bone the posterior^ or crest of the spine, is broad, and presents
two lips, and an intervening rough interval. To the superior lip is attached the
very rough tubercle is generTrapezius, to the extent shown in the figure.
allv seen occupying that portion of the spine which receives the insertion of the
middle and inferior fibres of this muscle. To the inferior lip, throughout its
whole length, is attached the Deltoid, The interval between the lips is also
partly covered by the fibres of these muscles. The external border^ the shortest
of the three, is slightly concave, its edges thick and round, continuous above
with the under surface of the acromion process, below with the neck of the
The narrow portion of bone external to this border serves to connect
scapula.
the supra- and infra-spinous fossee.
The Acromion process^ so called from forming the summit of the shoulder
(axpov, a summit
cVo^, the shoulder), is a large and somewhat triangular process,
flattened from behind forwards, directed at first a little outwards, and then
curving forwards and upwards, so as to overhang the glenoid cavity. Its upper
surface^ directed upwards, backwards, and outwards, is convex, rough, and gives
attachment to some fibres of the Deltoid and the Platysma. Its under surface
is smooth and concave.
Its outer border^ which is thick and irregular, affords
attachment to the Deltoid muscle. Its inner margin^ shorter than the outer, is
concave, gives attachment to a portion of the Trapezius muscle, and presents
about its centre a small oval surface, for articulation with the acromial end of
the clavicle. Its apex^ which corresponds to the point of meeting of these two
borders in front, is thin, and has attached to it the coraco-acromial ligament.
Of the three borders or costse of the scapula, the superior is the shortest and
thinnest; it is concave, terminating at its inner extremity at the superior angle,
at its outer extremity at the coracoid process.
At its outer part is a deep semi^
circular notch, the suprascapular, formed partly by the base of the coracoid
process.
This notch is converted into a foramen by the transverse ligament, and
serves for the passage of the suprascapular nerve.
The adjacent margin of the
superior border affords attachment to the Omo-hyoid muscle.
The external or
axillary border is the thickest of the three.
It commences above at the lower
margin of the glenoid cavity, and inclines obliquely downwards and backwards
to the inferior angle.
Immediately below the glenoid cavity is a rough impression, about an inch in length, which affords attachment to the long head of the
Triceps muscle to this succeeds a longitudinal groove, which extends as far as
The
its lower third, and affords origin to part of the Subscapularis muscle.
inferior third of this border, which is thin and sharp, serves for the attachment
of a few fibres of the Teres major behind, and of the Subscapularis in front.
The internal or vertebral border^ also named the base, is the longest of the three,
and extends from the superior to the inferior angle of the bone. It is arched,
intermediate in thickness between the superior and the external borders, and the
portion of it above the spine is bent considerably outwards, so as to form an
obtuse angle with the lower part. The vertebral border presents an anterior lip,
a posterior lip, and an intermediate space. The anterior lip affords attachment
to the Serratus magnus
the posterior lip^ to the Supraspinatns above the spine,
the Infraspinatus below the interval between the two lips, to the Levator anguli
scapulas above the triangular surface at the commencement of the spine the
Ehomboideas minor, to the edge of that surface; the Rhomboideus major being
attached by means of a fibrous arch, connected above to the lower part of the
triangular surface at the base of the spine, and below to the lower part of the
assists in

;

A

;

,

;

;

;

;

posterior border.
Of the three angles, the superior^ formed by the junction of the superior and
internal borders, is thin, smooth, rounded, somewhat inclined outwards, and
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gives attacliment to a few fibres of the Levator anguli scapulae muscle.
The
inferior angle, thick and rough, is formed by the union of the vertebral and
axillary borders, its outer surface affording attachment to the Teres major, and
The anterior angle is the
occasionally a few fibres of the Latissimus dorsi.
thickest part of the bone, and forms what is called the head of the scapula.
The
head presents a shallow, pj-riform, articular surface, the glenoid cavity {yXrivri^ a
socket)^ whose longest diameter is from above downwards, and its direction out-

wards and forwards. It is broader below than above at its apex is attached the
It is covered with cartilage in the recent
long tendon of the Biceps muscle.
state
and its margins, slightly raised, give attachment to a fibro-cartilaginous
structure, the glenoid ligament, by which its cavity is deepened.
The neck
of the scapula is the slightly depressed surface which surrounds the head it is
more distinct on the posterior than on the anterior surface, and below than
above.
In the latter situation, it has arising from, it a thick prominence, the
coracoid process.
The Coracoid process^ so called from its fancied resemblance to a crow's beak
(xopa^, a crovo)^ is a thick, curved process of bone, which arises by a broad base
from the upper part of the neck of the scapula it is directed at first upwards
:

;

;

;

and inwards then, becoming smaller, it changes its direction, and passes forwards and outwards. The ascending portion, flattened from before backwards,
presents in front a smooth, concave surface, over which passes the Subscapularis
muscle.
The horizontal portion is flattened from above downwards its upper
surface is convex and irregular its under surface is smooth its anterior border
is rough, and gives attachment to the Pectoralis minor
its posterior border is
also rough for the coraco- acromial ligament, while the apex is embraced by the
conjoined tendon of origin of the short head of the Biceps and of the Coracobracliialis.
At the inner side of the root of the coracoid process is a rough
impression, for the attachment of the conoid ligament; and, running from it
obliquely forwards and outwards on the upper surface of the horizontal portion,
an elevated ridge for the attachment of the trapezoid ligament.
Structure.
In the head, processes, and all the thickened parts of the bone, it
is cellular in structure, of a dense, compact tissue in the rest of its extent.
The
centre and upper part of the dorsum, but especially the former, are usually so
thin as to be semi-transparent occasionally the bone is found wanting in this
situation, and the adjacent muscles come into contact.
Development (Fig. 194:). By seven centres one for the body, two for the
coracoid process, two for the acromion, one for the posterior border, and one for
;

;

;

;

;

;

:

the inferior angle.
Ossification of the

body of the scapiila commences about the second month of
by the formation of an irregular quadrilateral plate of bone, immediately behind the glenoid cavity.
This plate extends itself so as to form the
chief part of the bone, the spine growing up from its posterior surface about the

fcetal life,

month. At birth, the chief part of the scapula is osseous, only the coraand acromion processes, the posterior border, and inferior angle being cartilaginous. About the first year after birth, ossification. takes place in the middle
of the coracoid process; which usually becomes joined with the rest of the bone
at the time when the other centres make their appearance.
Between the fifteenth
and seventeenth years, ossification of the remaining centres takes place in quick
succession, and in the following order first, near the base of the acromion, and
in the root of the coracoid process, the latter appearing in the form of a broad
scale
secondly, in the inferior angle and contiguous part of the posterior border;
thirdly, near the extremity of the acromion
fourthly, in the posterior border.
The acromion process, besides being formed of two separate nuclei, has its base
formed by an extension into it of the centre of ossification which belongs to the
spine, the extent of which varies in different cases.
The two separate nuclei
unite, and then join with the extension carried in from the spine.
These various
epipliyses become joined to the bone between the ages of twenty-two and twentythird
coid

:

;

;
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Sometimes failure of union between tlie acromion process and spine
occurs, tlie junction being eftectecl by fibrous tissue, or by an imperfect articulation
in some cases of supposed fracture of the acromion with ligamentous union,

five years.

;

it is

probable that the detached segment was never united to the rest of the bone.
Fig. 194.

— Plan of the Development of the Scapula.

By Seven

Centres.

^ferio'^

The epiphyses (except one for the Coracoid process) appear from fifteen
and unite between twenty-two and twenty-five years of

With

Articulations.

the

Attachment of Muscles.

humerus and

to seventeen years,
age.

clavicle.

To

the anterior surface, the Subscapularis posterioi
surface, Supraspinatus, Infraspinatus
spine. Trapezius, Deltoid
superior border,
Omo-hyoid vertebral border, Serratus magnus. Levator anguli scapulae, Ehomboideus, minor and major; axillary border, Triceps, Teres minor, Teres major;
glenoid cavity, long head of the Biceps coracoid process, short head of the Biceps,
Coraco-brachialis, Pectoralis minor
acromion process, the Platysma and to the
inferior angle occasionally a few fibres of the Latissimus dorsi.
;

;

;

;

;

;

;

The Humerus.
The Humerus is the longest and largest bone of the upper extremity it
presents for examination a shaft and two extremities.
The Upper Extremity is the largest part of the bone it presents a rounded
head, joined to the shaft by a constricted part, called the neck, and two other
eminences, the greater and lesser tuberosities (Fig. 195).
The head^ nearly hemispherical in form, is directed upwards, inwards, and a
little backwards
its surface is smooth, coated with cartilage in the recent state,
and articulates with the glenoid cavity of the scapula. The circumference of its
articular surface is slightly constricted, and is termed the anatomical nech^ in
The
contradistinction to the constriction which exists below the tuberosities.
It
latter is called the surgical nech^ from its often being the seat of fracture.
;

;

;
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should be remembered, however, that fracture of the anatomical neck does sometimes,

though

rarely, occur.

obliquely directed, forming an obtuse angle with the
marked in the lower half of its circumference than
in the upper half, where it presents a narrow groove, separating the head from
Its circumference affords attachment to the capsular ligament,
the tuberosities.
and is perforated by numerous vascular foramina.
The greater tuberosity is situated on the outer side of the head and lesser
Its upper surface is rounded and marked by three flat facets, separated
tuberosity.
by two slight ridges the anterior facet gives attachment to the tendon of the
Supraspinatus the middle one to the Infraspinatus the posterior facet, and the
The outer surface of the great
shaft of the bone below it, to the Teres minor.
tuberosity is convex, rough, and continuous with the outer side of the shaft.
The lesser tuberosity is more prominent, although smaller, than the greater it
Its summit
is situated in front of the head, and is directed inwards and forwards.
presents a prominent facet for the insertion of the tendon of the Subscapularis
The tuberosities are separated from one another by a deep groove, the
muscle.
bicipital groove^ so called from its lodging the long tendon of the Biceps muscle,
with which runs a branch of the anterior circumflex artery. It commences above
between the two tuberosities, passes obliquely downwards and a little inwards,
and terminates at the junction of the upper with the middle third of the bone.
It is deep and narrow at the commencement, and becomes shallow and a little
broader as it descends. In the recent state it is covered with a thin layer of
cartilage, lined by a prolongation of the synovial membrane of the shoulderjoint, and receives part of the tendon of insertion of the Latissimus dorsi about

The anatomical
It is more
shaft.

nech

is

distinctly

:

;

;

:

centre.

its

The Shaft
for

humerus is almost cylindrical in the upper half of its
and flattened below, and presents three borders and three surfaces

of the

extent, prismatic

examination.

The

anterior border runs from the front of the great tuberosity above to the
coronoid depression below, separating the internal from the external surface. Its
upper part is very prominent and rough, forms the outer lip of the bicipital groove,
and serves for the attachment of the tendon of the Pectoralis major. About its
centre it forms the anterior boundary of the rough deltoid impression
below, it
is smooth and rounded, affording attachment to the Brachialis anticus.
The external border runs from the back part of the greater tuberosity to the
external condyle, and separates the external from the posterior surface.
It is
rounded and indistinctly marked in its upper half, serving for the attachment of
the external head of the Triceps muscle its centre is traversed by a broad but
shallow oblique depression, the musculo-spiral groove its lower part is marked
by a prominent rough margin, a little curved from behind forwards, which presents
an anterior lip for the attachment of the Supinator longus above and Extensor
carpi radialis longior below, a posterior lip for the Triceps, and an interstice for
the attachment of the external intermuscular septum.
The internal border extends from the lesser tuberosity to the internal condyle.
Its upper third is marked by a prominent ridge, forming the inner lip of the
bicipital groove, and gives attachment from above downwards to the tendons of
the Latissimus dorsi. Teres major, and part of the origin of the inner head of the
Triceps.
About its centre is a rough ridge for the attachment of the Coracobrachialis, and just below this is seen the entrance of the nutrient canal directed
downwards. Sometimes there is a second canal higher up, which takes a similar
direction.
The inferior third of this border is raised into a slight ridge, which
becomes very prominent below it presents an anterior lip for the attachment
of the Brachialis anticus, a posterior lip for the internal head of the Triceps, and
an intermediate space for the internal intermuscular septum.
The external surface is directed outwards above, where it is smooth, rounded,
and covered by the Deltoid muscle forwards below, where it is slighxly concave
;

;

;

'

;

;
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Fie;. 195.

Sarcfical

— Left Humerus.

Anterior View.
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from above downwards, and gives origin to part of tlie Bracliialis anticus muscle.
of this surface is seen a rough, triangular impression for the
and below it the musculo-spiral groove, directed
insertion of the Deltoid muscle
obliquely from behind, forwards, and downwards, and transmitting the musculospiral nerve and superior profunda. arterj^
The internal surface, less extensive than the external, is directed forwards above,
forwards and inwards below at its upper part it is narrow, and forms the bicipital
The middle part of this surface is slightly rough for the attachment of
groove.
the Ooraco-brachialis; its lower part is smooth, concave, and gives attachment to
the Bracliialis anticus muscle.^
The posterior surface (Fig. 196) appears somewhat twisted, so that its upper
part is directed a little inwards, its lower part backwards and a little outwards.
ISTearl}^ the whole of this surface is covered by the external and internal heads
of the Triceps, the former of which is attached to its upper and outer part, the
latter to its inner and back part, the two being separated by the musculo-spiral

About the middle

;

:

groove.

The Loioer Extremity is flattened from before backwards, and curved slightly
forwards; it terminates below in a broad articular surface, which is divided into
two parts by a slight ridge. On cither side of the articular surface are the
The articular surface extends a little lower than
external and internal condyles.
the condyles, and is curved slightly forwards, so as to occupy the more anterior
part of the bone; its greatest breadth is in the transverse diameter, and it is
obliquely directed, so that its inner extremity occupies a lower level than the
The outer portion of the articular surface presents a smooth, rounded
outer.
eminence, which has received the name of the lesser or radial head of the
humerus it articulates with the cup-shaped de]3ression on the head of the radius,
and is limited to the front and lower part of the bone, not extending as far back
as the other portion of the articular surface.
On the inner side of this eminence
is a shallow groove, in which is received the inner margin of the head of the
radius.
The inner or trochlear portion of the articular surface presents a deep
depression between two well-marked borders.
This surface is convex from
before backwards, concave from side to side, and occupies the anterior, lower, and
posterior parts of the bone.
The external border, less prominent than the
internal, corresponds to the interval between the radius and the ulna.
The
internal border is thicker, more prominent, and consequently of greater length
than the external. The grooved portion of the articular surface fits accurately
within the greater sigmoid cavity of the ulna it is broader and deeper on the
posterior than on the anterior aspect of the bone, and is inclined obliquely from
behind forwards, and from without inwards. Above the back part of the
trochlear surface is a deep triangular depression, the olecranon fossa, in which
is received the summit of the olecranon process in extension of the forearm.
Above the front part of the trochlear surface is seen a smaller depression, the
coronoid fossa, which receives the coronoid process of the ulna during flexion of
the forearm.
These foss« are separated from one another by a thin, transparent
lamina of bone, which is sometimes perforated
their upper margins afi:brd
attachment to the anterior and posterior ligaments of the elbow-joint, and they
;

;

•

;

A

^
small, hook -shaped process of bone, varying- from 3^ to | of an inch in length, is not
Tinfrequently found projeeting from the inner surface of the shaft of the humerus two inches above
the internal condyle.
It is curved downwards, forwards, and inwards, and its pointed extremity is

connected to the mternal border, just above the inner condyle, by a ligament or fibrous band completing an arch, through which the median nerve and brachial artery pass, when these structures
deviate from their usual course.
Sometimes the nerve alone is transmitted through it, or the nerve
may be accompanied by the ulnar-interosseous artery, in cases of high division of the brachial.
well-marked groove is usually found behind the process, in which the nerve and artery are lodged.
This space is analogous to the supracondyloid foramen in many animals, and probably serves in them
to protect the nerve and artery from compression during the contraction of the muscles in this region.
detailed account of this process is given by Dr. Struthers, in his " Anatomical and Physiological
Observations," p. 202.
An accessory portion of the Coraco-brachialis muscle is frequently connected
with this process, according to Mr. J. Wood; Journal of Anat. and Phy., No. 1, Nov., 1866, p. 4.7.
;

A

A
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Fig. 196.

—Left
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Posterior

Surface.
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dyle is a small tubercular eminence, less prominent than the internal, curved a little forwards,
and giving attachment to the external lateral
ligament of the elbow-joint, and to a tendon
common to the origin of .some of the extensor
and supinator muscles. The internal condyle,
larger and more prominent than the external,
is directed a little backwards; it gives attachment to the internal lateral ligament, to the
Pronator radii teres, and to a tendon common
to the origin of some of the flexor muscles of
the forearm. The ulnar nerve runs in a groove
at the back of the internal condyle, or between
it and the olecranon process.
These eminences
are directly continuous above with the external and internal borders. The great prominence
of the inner one renders it more liable to

'4

n

are lined in the recent state by the synovial
of this articulation.
Above the
front part of the radial tuberosity is seen a
slight depression, which receives the anterior
border of the head of the radius when the
forearm is strongly flexed. The external con-

membrane

J

••^1
"^;

fracture.

Structure.
The extremities consist of cancellous tissue, covered with a thin, compact
layer the shaft is composed of a cylinder of
;

compact

tissue, thicker at the centre than at the
extremities, and hollowed out by a large me-

dullary canal, which extends along its whole
length.
Developvient.
By seve-yi centres (Fig. 197):
one for the shaft, one for the head, one for the
tuberosities, one for the radial head, one for
the trochlear portion of the articular surface,
and one for each condyle. The centre for the
shaft appears very early, soon after ossificatioa
has commenced in the clavicle, and soon extends
towards the extremities. At birth the humerus
is ossified nearly in its whole length, the ex-

remaining cartilaginous. Between
and second years ossification commences in the head of the bone, and between the
second and third years the centre for the tuberosities makes its appearance, usually by a
single ossific point, but sometimes, according to
Beclard, by one for each tuberosity, that for the
lesser being small, and not appearing until after
tremities

the

\;

first

the fourth year.

By

the

fifth 3^ear

the centres

head and tuberosities have enlarged
and become joined, so as to form a single large

for the

epiphysis.

The lower end of the humerus is developed
in the following manner
At the end of the
second year ossification commences in the radial
portion of the articular surface, and from this
point extends inwards, so as to form the chief part
:

\

J rock.

^;9^
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of the articular end of the bone, the centre for the inner part of the articular surface not appearing until about the age of twelve.
the internal concljde about the fifth year,

and in the external one not until about
the thirteenth or fourteenth year. About
sixteen or seventeen years, the outer condyle and both portions of the articulating
surface (having already joined) unite with
the shaft at eighteen years the inner condyle becomes joined, whilst the upper
epiphysis, although the first formed, is not
united until about the twentieth year.
Articulations.
With the glenoid cavity
of the scapula, and with the ulna and

Fig. 197.

Ossification

— Plan

of the

Humerus.
Epiphyses efHead

;

commences

Development

By Seven
fc

Tuierosities ilenH at

3*^ yV and unite

|

in

of the

Centres.

A'

I

I

with Shaft at zo*hj:\

radius.

To

Attachment of Muscles.

the greater

tuberosity, the Supraspinatus, Infraspinatus,

and Teres minor to the lesser tuberosit}^,
the Subscapularis to the anterior bicipital ridge, the Pectoralis major
to the posterior bicipital ridge and groove, the Latissimus dorsi and Teres major to the shaft,
the Deltoid, Coraco-brachialis, Brachialis
anticus, external and internal heads of the
Triceps, Subanconeus
to the internal condyle, the Pronator radii teres, and common
JTiiites witT},
tendon of the Flexor carpi radialis, PalShaft at
maris longus, Flexor digitorum sublimis,
and Flexor carpi ulnaris to the external
condyloid ridge, the Supinator longus, and
Extensor carpi radialis longior to the external condyle, the common tendon of the
Extensor carpi radialis brevior. Extensor
communis digitorum. Extensor minimi digiti, and Extensor carpi ulnaris, the
;

;

;

;

;

;

;

Anconeus, and Supinator brevis.

The Forearm is that portion of the upper extremity which is situated between
the elbow and wrist.
It is composed of two bones, the Ulna and the Eadius.

The Ulna.
The Ulna (Figs. 198, 199), so called from its forming the elbow (wXivr;), is a
long bone, prismatic in form, placed at the inner side of the forearm, parallel
Avitli the radius.
It is the larger and longer of the two bones.
Its upper
extremity, of great thickness and strength, forms a large part of the articulation
of the elbow-joint; it diminishes in size from above downwards, its lower
extremity being very small, and excluded from the wrist-joint by the interposition of an interarticular fibro-cartilage.
It is divisible into a shaft, and two
extremities.

The Upper Extremity., the strongest part of the bone, presents for examinatwo large curved processes, the Olecranon process and the Coronoid process;
and two concave articular cavities, the greater and lesser Sigmoid cavities.
The Olecranon Process [ufkevrj^ elbow ; xpavov, head,) is a large, thick, curved eminence, situated at the upper and back part of the ulna.
It rises somewhat higher
than the coronoid, and is curved forwards at the summit so as to present a
prominent tip, its base being contracted where it joins the shaft. This is the
tion

narrowest part of the upper end of the ulna, and, consequently, the most usual
seat of fracture.
The posterior surface of the olecranon, directed backwards, is

THE SKELETON.

288

by a bursa. Its upper surface,,
directed upwards, is of a quadrilateral form, marked beliind by a rough impression
for the attachment of the Triceps muscle; and in front, near the margin, bj a
slight transverse groove for the attachment of part of the posterior ligament of
the elbow-joint. Its anterior surface is smooth, concave, covered with cartilage
in,the recent state, and forms the upper and back part of the great sigmoid cavity.
The lateral borders present a continuation of the same groove that was seen on
the margin of the superior surface they serve for the attachment of ligaments^
viz., the back part of the internal lateral ligament internally, the posterior ligament externally. The Olecranon process, in its structure as well as in its position
and use, resembles the Patella in the lower limb; and, like it, sometimes exists
as a separate piece, not united to the rest of the bone.^
The Goronoid Process (xopwvyj, a crowds heak) is a rough triangular eminence of
bone, which projects horizontally forwards from the upper and front part of the
ulna, forming the lower part of the great sigmoid cavity.
Its base is continuous
with the shaft, and of considerable strength, so much so that fracture of it is an
accident of rare occurrence.
Its apex is pointed, slightly curved upwards, and
received into the coronoid depression of the humerus in flexion of the forearm.
Its upper surface is smooth, concave, and forms the lower part of the great sigmoid
cavity.
The under surface is concave, and marked internally by a rough impression for the insertion of the Brachialis anticus.
At the junction of this surface
with the shaft is a roug;h eminence, the tubercle of the ulna, for the attachment
of the oblique ligament. Its outer surface presents a narrow, oblong, articular
depression, the lesser sigmoid cavity.
The inner surface, by its prominent free
margin, serves for the attachment of part of the internal lateral ligament. At
the front part of this surface is a small, rounded eminence, for the attachment of
one head of the Plexor digitorum sublimis; behind the eminence, a depression
for part of the origin of the Plexor profundus digitorum, and, descending from
the eminence, a ridge, which gives attachment to one head of the Pronator radii
teres.
Occasionally, the Plexor longus pollicis arises from the lower part of the
Coronoid process by a rounded bundle of muscular fibres.
The Greater Sigmoid Cavity^ so called from its resemblance to the old shape
of the Grreek letter 2, is a semilunar depression of large size, formed by the
olecranon and coronoid processes, and serving for articulation with the trochlear
surface of the humerus.
About the middle of either lateral border of this cavity
is a notch, which contracts it somewhat, and serves to indicate the junction of
the two processes of which it is formed. The cavity is concave from above
downwards, and divided into two lateral parts by a smooth, elevated ridge, which
runs from the summit of the olecranon to the tip of the coronoid process. Of
these two portions, the internal is the larger it is slightly concave transversely,,
the external portion being convex above, slightly concave below.
The Lesser Sigmoid Cavity is a narrow, oblong, articular depression, placed on
the outer side of the coronoid process, and serving for articulation with the
head of the radius. It is concave from before backwards; and its extremities,
which are prominent, serve for the attachment of the orbicular ligament.
The Shaft is prismatic in form at its upper part, and curved from behind forwards, and from within outwards, so as to be convex behind and externally its
central part is quite straight; its lower part rounded, smooth, and bent a little
outwards it tapers gradually from above downwards, and presents for examination three borders and three surfaces.
The anterior border commences above at the prominent inner angle of the coronoid process, and terminates below in front of the styloid process. It is well
marked above, smooth and rounded in the middle of its extent, and affords attachment to the Flexor profundus digitorum its lower fourth, bounded by an oblique
triangular, smooth, subcutaneous, and covered

;

;

;

;

;

Owen regards tiie olecranon as homologous not with the patella, but with an extension
upper end of the fibula above the knee-joint, which is met with in the Ornithorhynchus,,
Echidna, and some other animals. (Owen "On the Nature of Limbs.")
^
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attachment of the Pronator quadratiis. It separates the
anterior from the internal surface.
The 'posterior border commences above at the apex of the triangular surface at
the back part of the olecranon, and terminates below at the back part of the
styloid process it is well marked in the upper three -fourths, and gives attachment to an aponeurosis common to the Flexor carpi ulnaris, the Extensor carpi
ulnaris, and the Flexor profundus digitorum muscles
its lower fourth is smooth
and rounded. This border separates the internal from the posterior surface.
The external or interosseous border commences above by two lines, which converge one from each extremity of the lesser sigmoid cavity, inclosing between
them a triangular space for the attachment of part of the Supinator brevis, and
terminates below at the middle of the head of the ulna. Its two middle fourths
are very prominent, and serve for the attachment of the interosseous membrane
its lower fourth is smooth and rounded.
This border separates the anterior from
the posterior surface.
The anterior surface^ much broader above than below, is concave in the upper
three-fourths of its extent, and affords attachment to the Flexor profundus digitorum its lower fourth, also concave, to the Pronator quadratus. The lower
fourth is separated from the remaining portion of the. bone by a prominent ridge,
directed obliquely from above doAvn wards and inwards this ridge marks the
extent of attachment of the Pronator above. At the junction of the upper with
the middle third of the bone is the nutrient canal, directed obliquely upwards
ridge, serves for the

;

;

;

;

and inwards.

The posterior surface^ directed backwards and outwards, is broad and concave
somewhat narrower and convex in the middle of its course, narrow, smooth,

above,

and rounded below. It presents above an oblique ridge, which runs from the
posterior extremity of the lesser sigmoid cavity downwards to the posterior
border the triangular surface above this ridge receives the insertion of the
Anconeus muscle, whilst the ridge itself affords attachment to the Supinator
brevis.
The surface of bone below this is subdivided by a longitudinal ridge,
sometimes called the perpendicular line, into two parts: the internal part is
smooth, concave, and gives origin to (occasionally is merely covered by) the
Extensor carpi ulnaris the external portion, wider and rougher, gives attachment from above downwards to part of the Supinator brevis, the Extensor ossis
metacarpi pollicis, the Extensor secundi internodii pollicis, and the Extensor
indicis muscles.
The internal surface is broad and concave above, narrow and convex below.
It gives attachment by its upper three-fourths to the Flexor profundus digitorum
;

;

muscle

lower fourth

is subcutaneous.
of the ulna is of small size, and excluded from the articulation of the wrist-joint.
It presents for examination two eminences, the outer
and larger of which is a rounded, articular eminence, termed the head of the ulna
the inner, narrower and more projecting, is a non-articular eminence, the styloid
process.
The head presents an articular facet, part of which, of an oval form, is
directed downwards, and plays on the surface of the triangular fibro-cartilage,
which separates this bone from the wrist-joint; the remaining portion, directed
outwards, is narrow, convex, and received into the sigmoid cavity of the radius.
The styloid process projects from the inner and back part of the bone, and descends
a little lower than the head, terminating in a rounded summit, which affords
attachment to the internal lateral ligament of the wrist. The head is separated
from the styloid process by a depression for the attachment of th.e triangular
interarticular fibro-cartilage and behind, by a shallow groove for the passage
of the tendon of the Extensor carpi ulnaris.
Structure.
Similar to that of the other long bones.
Development. By three centres one for the shaft, one for the inferior extremity, and one for the olecranon (Fig. 200).
Ossification commences near the
middle of the shaft about the fifth week, and soon extends through the greater
:

its

The Lower Extremity

;

:
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At birtli tlie ends are cartilaginous. About the fourth year,
osseous nucleus appears in the middle of the head, which soon
extends into the styloid pirocess. About the tenth year, ossific matter appears
in the olecranon near its extremity, the chief part of this process being formed
from an extension of the shaft of the bone into it. At about the sixteenth
year, the upper epiphysis becomes joined, and at about the twentieth year, the
part of tlie bono.

a separate

lower one.

With the humerus and radius.
Attachment of Muscles. To the Olecranon: the Triceps, Anconeus, and one
head of the Flexor carpi ulnaris. To
the coronoid process
the Brachialis
Fig. 200.— Plan of Development of the Ulna.
anticus, Pronator radii teres, Flexor subBy Three Centres.
limis cligitorum, and Flexor profundus
Oleerarion
digitorum, occasionally also the Flexor
A££ears <^'f^^y?^£^^^^<'im Shaft ac /<?# y-'
long us pollicis. To the shaft the Flexor
profundus digitorum. Pronator quadratus,
Flexor carpi ulnaris, Extensor carpi
ulnaris, Anconeus, Supinator brevis, Extensor ossis metacarpi pollicis. Extensor
secundi internodii pollicis, and Extensor
Articulations.

:

:

indicis.

The Eadius.
The Radius

Isk

situated on the outer side
of the forearm, lying parallel with the
ulna, which exceeds it in length and size.
Its upper end is small, and forms only a
small part of the elbow-joint but its lower
end is large, and forms the chief part of
the wrist. It is one of the long bones,
prismatic in form, slightly curved longitudinally, and, like other long bones, has
a shaft and two extremities.
The Up2:)er Extremity presents a head,
A^eare at ^^ y;r^ '!^^-Jbcns Sliafb at 20^ yneck, and tuberosity.
The head is of a
^ ^^
cylindrical form, depressed on its upper
surface into a shallow cup, which articulates with the radial or lesser head of the humerus in flexion of the joint.
Around the circumference of the head is a smooth articular surface, coated with
cartilage in the recent state, broad internally where it rotates within the lesser
sigmoid cavity of the ulna narrow in the rest of its circumference, to play in
the orbicular ligament.
The head is supported on a round, smooth, and constricted portion of bone, called the nech^ which presents, behind, a slight ridge
for the attachment of part of the Supinator brevis.
Beneath the neck, at the
inner and front aspect of the bone, is a rough eminence, the tuberosity. Its
surface is divided into two parts by a vertical line
a posterior rough portion,
for the insertion of the tendon of the Biceps muscle
and an anterior smooth
portion, on which a bursa is interposed between the tendon and the bone.
The Shaft of the bone is prismoid in form, narrower above than below, and
slightly curved, so as to be convex outwards.
It presents three surfaces, separated
by three borders.
The anterior border extends from the lower part of the tuberosity above to the
is

;

;

—

;

anterior part of the base of the styloid process below.
It separates the anterior
from the external surface. Its upper third is very prominent and, from its
oblique direction downwards and outwards, has received the name of the oblique
line of the radius.
It gives attachment, externally, to the Supinator brevis;
internally, to the Flexor longus pollicis, and between these to the Flexor digi;
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torum sublimis, Tlie middle third of the anterior border is indistinct and
rounded. Its lower fourth is sharp, prominent, affords attachment to the Pronator quadratus, and terminates in a small tubercle, into which is inserted the
tendon of the Supinator longus.
The posterior border commences above, at the back part of the neck of the
radius, and terminates below, at the posterior part of the base of the styloid
It is indistinct
it separates the posterior from the external surface.
process
above and below, but well marked in the middle third of the bone.
The internal or interosseous horder commences above, at the back part of the
tuberosity, where it is rounded and indistinct, becomes sharp and prominent as
it descends, and at its lower part bifurcates into two ridges, which descend to the
This border separates the
anterior and posterior margins of the sigmoid cavity.
anterior from the posterior surface, and has the interosseous membrane attached
to it throughout the greater part of its extent.
The anterior surface is narrow and concave for its upper two-thirds, and gives
attachment to the Flexor longus pollicis muscle below, it is broad and flat, and
At the junction of the upper and
gives attachment to the Pronator quadratus.
middle thirds of this surface is the nutrient foramen, which is directed obliquely
upwards.
The posterior surface is rounded, convex, and smooth, in the upper third of its
Its middle third is broad,
extent, and covered by the Supinator brevis muscle.
slightly concave, and gives attachment to the Extensor ossis metacarpi pollicis
Its lower third is broad,
above, the Extensor primi internodii pollicis below.
convex, and covered by the tendons of the muscles, which subsequently run in
the grooves on the lower end of the bone.
The external surface is rounded and convex throughout its entire extent. Its
upper third gives attachment to the Supinator brevis muscle. About its centre
is seen a rough ridge, for the insertion of the Pronator radii teres muscle.
Its
loAver part is narrow, and covered by the tendons of the Extensor ossis metacarpi
pollicis and Extensor primi internodii pollicis muscles.
The Lower Extremity of the radius is large, of quadrilateral form, and provided
with two articular surfaces, one at the extremity for articulation with the carpus,
and one at the inner side of the bone for articulation with the ulna. The carpal
articular surface is of triangular form, concave, smooth, and divided by a slight
antero-posterior ridge into two parts.
Of these, the external is large, of a triangular form, and articulates with the scaphoid bone the inner, smaller and
Quadrilateral, articulates with the semilunar.
The articular surface for the ulna
is called the sigmoid cavity of the radius
it is narrow, concave, smooth, and
articulates with the head of the ulna.
The circumference of this end of the bone
presents three surfaces, an anterior, external, and posterior.
The anterior surface^
rough and irregular, affords attachment to the anterior ligament of the wristjoint.
The external surface is prolonged obliquely downwards into a strong
conical projection, the styloid process, which gives attachment by its base to the
tendon of the Supinator longus, and by its apex to the external lateral ligament
of the wrist-joint.
The outer surface of this process is marked by two grooves,
which run obliquely downwards and forwards, and are separated from one another
by an elevated ridge.
The anterior one gives passage to the tendon of the
Extensor ossis metacarpi pollicis, the posterior one to the tendon of the Extensor
primi internodii pollicis.
The posterior surface is convex, affords attachment to
the posterior ligament of the wrist, and is marked by three grooves.
Proceeding from without inwards, the first groove is broad, but shallow, and subdivided into two by a slightly elevated ridge the outer of these two transmits
the tendon of the Extensor carpi radialis longior, the inner the tendon of the
-Hjxtensor carpi radialis brevior.
The second, which is near the centre of the
Done, is a deep but narrow groove, directed obliquely from above, downwards
and outwards it transmits the tendon of the Extensor secundi internodii pollicis.
The third, lying most internally, is a broad groove, for the passage of the
;

;

;

;

:

;
'

;
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tendons of the Extensor communis digitorum, Extensor indicis, and Extensor
minimi digiti the tendon of the last-named muscle passing through the groove
at the point of articulation of the radius with the ulna, and lying in a separate
sheath of the annular ligament.
Similar to that of the
Structure.
the
of
Development
Plan
of
the
201.—
Fig.
By Three Centres.
Radius.
other long bones.
Development (Fig. 201). By three cen^eaeg
Aj?j)ears at 5pi^tres one for the shaft, and one for each
extremity. That for the shaft makes its
appearance near the centre of the bone,
soon after the development of the hume;

:

.At birth the shaft is
rus commences.
ossified, but the ends of the bone are
About the end of the
cartilaginous.
second year, ossification commences in
the lower epiphysis and about the fifth
At the age of
year, in the upper one.
puberty, the upper epiphysis becomes
joined to the shaft the lower epiphysis
;

;

becoming united about the twentieth
year.
Articulations.
With four bones the
humerus, ulna, scaphoid, and semilunar.
A ttachment of Muscles. To the tuber:

osity, the Biceps to the oblique ridge,
the Supinator brevis, Flexor digitorum
Vmites with, S'hnft
Appears at Zv^yT
sublimis, and Flexor longus pollicis;
to the shaft (its anterior surface), the
,j,^ittTC'mi^^}
FJexor longus pollicis and Pronator
quadratus; (its posterior surface), the
Extensor ossis metacarpi pollicis and Extensor primi internodii pollicis
(its
outer surface), the Pronator radii teres and to the styloid process, the Supinator
;

a/i.t

.

;

;

longus.

THE HAND.

—

The skeleton of the Hand is subdivided into three segments the Carpus or
wrist bones, the Metacarpus or bones of the palm, and the Phalanges or bones of
the fingers.

The Carpus.
The bones of the Carpus, eight in number, are arranged in two rows. Those
of the upper row, enumerated from the radial to the ulnar side, are the scaphoid,
semilunar, cuneiform, and pisiform those of the lower row, enumerated in the
same order, are the trapezium, trapezoid, os magnum, and unciform.
;

Common Characters of the Carpal Bones.
Each bone (excepting the pisiform) presents

six surfaces.

Of

these, the ante-

palmar^ and the p)osterior or dorsal^ are rough, for ligamentous attachment,
the dorsal surface being generally the broader of the two.
The superior and
inferior are articular, the superior generally convex, the inferior concave
and
the internal and exteryial are also articular when in contact with contiguous bones,
otherwise rough and tubercular. Their structure in all is similar, consisting
within of cancellous tissue inclosed in a layer of compact bone. Each bone is
also developed from a single centre of ossification.
rior or

;
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(Figs. 202, 203.)

The Scaphoid
from

its

is tlie largest bone of the first row.
It has received its name
fancied resemblance to a boat, being broad at one end, and narrowed like

Fig.
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at tlie opposite.
It is situated at the upper and outer part of the carpus,
The supedirection being from above downwards, outwards, and forwards.
rior surface is convex, smooth, of trianguhxr shape, and articulates with the
lower end of the radius. The inferior surface^ directed downwards, outwards,
and backwards, is smooth, convex, also triangular, and divided by a slight ridge
into- two parts, the external of which articulates with the trapezium, the inner
with the trapezoid. The posterior or dorsal surface presents a narrow, rough
groove, which runs the entire breadth of the bone, and serves for the attach-

a

its

ment of ligaments. The anterior or palmar surface is concave above, and
elevated at its loAver and outer part into a prominent rounded tubercle, which
projects forwards from the front of the carpus, and gives attachment to the anterioi- annular ligament of the wrist.
The external surface is rough and narrow,
and gives attachment to the external lateral ligament of the wrist. The internal
sM?;/rtce presents two articular facets; of these, the superior or smaller one is
the inferior or
flattened, of semilunar form, and articulates with the semilunar
larger is concave, forming, with the semilunar bone, a concavity for the head of
the OS magnum.
Lay it with the dorsal surface, i. e., the narrow non-articular grooved surface,
on the table, and the convex radial articular surface towards you. The tubercle
is outwards, ^. e., points to the side to which the bone belongs,^
Articulations.
With five bones the radius above, trapezium and trapezoid
below, OS magnum and semilunar internally.
The Semilunar bone may be distinguished by its deep concavity and crescentic
outline.
It is situated in the centre of the upper row of the carpus, between
the scaphoid and cuneiform. The superior surface^ convex, smooth, and bounded
by four edges, articulates with the radius. The inferior surface is deeply concave, and of greater extent from before backwards than transversely it articulates with the head of the os magnum, and by a long narrow facet (separated by
The anterior or
a ridge from the general surface) with the unciform bone.
palmar and posterior or dorsal surfaces are rough, for the attachment of ligaments, the former being the broader, and of somewhat rounded form. The external
surface presents a narrow, flattened, semilunar facet, for articulation with the
scaphoid.
The internal surface is marked by a smooth, quadrilateral facet, for
articulation with the cuneiform.
Lay it with the broader non-articular surface upwards and the convex articular surface for the radius backwards (^. e., towards you).
The semilunar facet for
the scaphoid will be on the side to which the bone belongs or, again, the broader
of the two articular portions on the concave surface namely, that for the os
magnum will also be on the same side.
Articulations.
With five bones the radius above, os magnum and unciform
below, scaphoid and cuneiform on either side.
The Cuneiform (fOs Pyramidal) may be distinguished by its pyramidal shape,
and by its having an oval, isolated facet, for articulation with the pisiform bone.
It is situated at the upper and inner side of the carpus.
The superior surface
presents an internal, rough, non-articular portion
and an external or articular
portion, which is convex, smooth, and separated from the lower end of the ulna
by the interarticalar fibro-cartilage of the wrist. The inferior surface, directed
outwards, is concave, sinuously curved, and smooth for articulation with the
unciform. The posterior or dorsal surface is rough, for the attachment of ligaments.
The anterior or palmar surface presents, at its inner side, an oval facet,
for articulation with the pisiform
and is rough externally, for ligamentous
attachment. The external surface, the base of the pyramid, is marked by a flat,
quadrilateral, smooth facet, for articulation with the semilunar.
The internal
surface, the summit of the pyramid, is pointed and roughened, for the attachment of the internal lateral ligament of the wrist.
;

:

;

:

;

:

;

;

^ In
these directions each bone is supposed to be placed as it would be
supine on the table in front of the student, with the wrist towards him.

if

the hand were laid
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Lay it with, the surface on wliicli the pisiform facet is upwards, and the concavo-convex surface for the unciform in front. The base of the wedge (^. e., the
broad end of the bone) will be on the side to which it belongs.
With three bones: semilunar externally, the pisiform in front,
Articulations.
the unciform below, and with the triangular interarticular fibro-cartilage which
separates it from the lower end of the ulna.
Fig. 203.
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The Pisiform bone may be known by

its

small

size,

and by

its

presenting a

It is situated at the anterior and inner side of the carpus,
single articular facet.
is nearly ci]'cular in form, and presents on its posterior surface a smooth, oval

This facet approaches the
for articulation with the cuneiform bone.
The anterior or jiahnar
superior, but not the inferior, boi'der of the bone.
surface is rounded and rough, and gives attachment to the anterior annular liga-

facet,

ment.

The

outer

and inner surfaces are

also rough, the

former being convex, the

latter usually concave.

Lay

with the articular facet on the table, and the non-articular part of the
in front.
The concave (inner) surface is then on the side to which
the bone does not belong, i. e., on the ulnar side.
Articulation.
With one bone, the cuneiform.
Attachment of Muscles. To two; the Flexor carpi ulnaris, and aljductor
minimi digiti and to the anterior annular ligament.
it

same surface

;

Bones of the Lower Row.

(Figs. 202, 203.)

The Trapeziu'in is of very irregular form. It may be distinguished by a deep
groove, for the tendon of the Flexor carpi radialis muscle.
It is situated at the
external and inferior part of the carpus, between the scaphoid and first metacarpal bone.
The superior surface^ concave and smooth, is directed upwards and
inwards, and articulates with the scaphoid.
The inferior surface^ directed down
wards and outwards, is oval, concave from side to side, convex from before backwards, so as to form a saddle-shaped surface, for articulation with the base of the
first metacarpal bone.
The anterior or palmar surface is narrow and rough.
At its upper part is a deep groove, running from above obliquely downwards and
inwards; it transmits the tendon of the Flexor carpi radialis, and is bounded
externally by a prominent ridge, the oblique ridge of the trapezium. This
surface gives attachment to the Abductor ])ollicis. Flexor ossis metacarpi, and
Flexor brevis pollicis muscles; and the anterior ammlar ligament. The posterior
or dorsal surface is rough, and the external surface also broad and rough, for the
attachment of ligaments. The internal surface presents two articular facets the
upper one, large and concave, articulates with the trapezoid; the lower one,
narrow and flattened, with the base of the second metacarpal bone.
Lay it with its prominent ridge^ upAvards and towards yourself. The saddleshaped surface for the thumb is on the side to which the bone belongs.
Articulations.
With four bones: the scaphoid above, the trapezoid and second
metacarpal bones internally, the first metacarpal below.
Attachment of Muscles. Abductor ])ollicis, Flexor ossis metacarpi, and pai"t of
the Flexor brevis pollicis.
The Trapezoid is the smallest bone in the second row. It may be known by
its wedge-shaped fc^rm, the broad end of the wedge forming the doi-sal, the nai-row
end the palmar surface and by its having four articular surfaces touching each
other, and separated by sharp edges.
The superior swy/ace,' quadrilateral in form,
smooth and slightly concave, articulates Avith the sca})lioid. The inferior surface
articulates with the upper end of the second metacarj^al bone it is convex from
side to side, concave from before backwards, and subdivided, by an elevated ridge,
into two unequal lateral facets.
^Yiq p>osterior or dorsal ^^'\(\ anterior or palmar
surfaces are rough for the attachment of ligaments, the former being the larger
of the two.
The external surface^ convex and smooth, articulates Avith the
trapezium. The internal surface is concave and smooth beloAV, for articulation with the OS magnum
rough above, for the attachment of an interosseous
ligament.
Lay it Avith its smaller non-articular surface upwards, and the edge which
:

;

;

:

^ This prominent ridge
the non-articular surface.

is

between the deep grooA'e

for the

tendon of the Flexor carpi radiahs and

—

;
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Tlie lower end of the bone
separates the two concave articular facets forwards.
will then curve away from the side to which it belongs/
Articulations.
With four bones the scaphoid above, second metacarpal bone
below, trapezium externally, os magnum internally.
Attachment of Muscles. Part of the Flexor brevis pollicis.
The Os Magnum is the largest bone of the carpus, and occupies the centre of
the wrist.
It presents above a rounded portion or head, which is received into
the concavity formed by the scaphoid and semilunar bones a constricted portion
The superior surface is rounded, smooth, and
or neck and, below, the body.
The inferior surface is divided by two ridges into
articulates with the semilunar.
three facets, for articulation with the second, third, and fourth metacarpal bones
that for the third (the middle facet) being the largest of the three.
The posterior
or dorsal surface is broad and rough the anterior or palmar., narrow, rounded,
and also rough, for the attachment of ligaments. The external surface articulates
with the trapezoid by a small facet at its anterior inferior angle, behind which is
a rough depression for the attachment of an interosseous ligament.
Above this
is a deep and rough groove, which forms part of the neck, and serves for the
attachment of ligaments, bounded superiorly b}^ a smooth convex surface, for
articulation with the scaphoid.
The internal surface articulates with the unciform by a smooth, concave, oblong facet, which occupies its posterior and
superior parts and is rough in front, for the attachment of an interosseous
ligament.
Lay it on the table with the narrower (convex) non-articular surface upwards,
and the head towards you. The prominent corner at the lower anterior part of
the bone inclines aioay from the side to which it belongs.
Articulations.
With seven bones the scaphoid and semilunar above the
second, third, and fourth metacarpal below the trapezoid on the radial side and
the unciform on the ulnar side.
Attachment of Muscles. Part of the Flexor brevis pollicis.
The Unciform bone may be readily distinguished by its wedge-shaped form,
and the hook-like process that projects from its palmar surface. It is situated
at the inner and lower angle of the carpus, with its base downwards, resting on
the two inner metacarpal bones, and its apex directed upwards and outwards.
The superior surface.^ the apex of the wedge, is narrow, convex, smooth, and
articulates with the semilunar.
The inferior surface articulates with the fourth
and fifth metacarpal bones, the concave surface for each being separated by a
ridge, which runs from before backwards.
The posterior or dorsal surface is
triangular and rough, for ligamentous attachment. The anterior or palmar surface
jDresents, at its lower and inner side, a curved, hook-like process of bone, the
unciform process, directed from the palmar surface forwards and outwards. It
gives attachment, by its apex, to the annular ligament by its inner surface, to
the Flexor brevis minimi digiti, and the Flexor ossis metacarpi minimi digiti
and is grooved on its outer side, for the passage of the Flexor tendons into the
palm of the hand. This is one of the four eminences on the front of the carpus,
to which the anterior annular ligament is attached
the others being the pisiform
internally, the oblique ridge of the trapezium and the tuberosity of the
scaphoid externally. The internal surface articulates with the cuneiform by an
oblong facet, cut obliquely from above, downwards and inwards. The external
surface articulates with the os magnum by its upper and posterior part, the
remaining portion being rough, for the attachment of ligaments.
Lay it with the hooked process upwards, and the articular surface divided into
:

;

;

;

;

:

;

;

;

;

;

^If the bone be not well marked, the following method, suggested by Mr. E. J. Spitta, formerly
Demonstrator of Anatomy at St. George's Hospital School, will be found more simple. Let the
superior i. e., the smooth quadrilateral articular
surface be directed towards the student, and the
posterior
the larger rough non-articular surface upwards the latter will then be found to present
a wedge-shaped outline, the base of which points to the side to which the bone belongs.

—

—

—

;

:;
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The concavity of tlie process will
for tlie metacarpal bones forwards.
be on the side to which the bone belongs.
Articulations.
With five bones: the semilnnar above, the fourth and iifth
metacarpal below, the cuneiform internally, the os magnum externally.
Attachment of Muscles. To two the Flexor brevis minimi digiti, and Flexor
and to the anterior annular ligament.
ossis metacarpi minimi digiti
two parts

:

;

The Metacarpus.
The Metacarpal bones

are five in

number

:

they are long cylindrical bones,

presenting for examination a shaft, and two extremities.

Common Characters of the Metacarpal Bones.
The shaft is prismoid in form, and curved longitudinally, so as to be convex in
the longitudinal direction behind, concave in front. It presents three surfaces
two lateral, and one posterior. Tlie lateral surfaces are concave, for the attachment of the Interossei muscles, and separated from one another by a prominent
line.
The posterior or dorsal surface is triangular, smooth, and flattened below,
and covered, in the recent state, by the tendons of the Extensor muscles. In its
upper half it is divided by a ridge into two narrow lateral depressions, for the
attachment of the Dorsal interossei muscles. This ridge bifurcates a little above
the centre of the bone, and its branches run to the small tubercles on each side
of the digital extremity.
The carpal extremity., or hase^ is of a cuboidal form, and broader behind than
in front
it articulates above with the carpus, and on each side with the adjoining
metacarpal bones its dorsal and pahnar surfaces being rough, for the attachment
of tendons and ligaments.
The digital extremity., or head., presents an oblong surface, flattened at each side,
for articulation with the first phalanx
it is broader, and extends farther forwards
in front than behind, and is longer in the antero-posterior than in the transverse
diameter.
On either side of the head is a deep depression, surmounted by a
tubercle, for the attachment of the lateral ligament of the metacarpo-phalangeal
joint.
The posterior surface., broad and flat, supports the Extensor tendons
the anterior surface presents a median groove, bounded on each side by a tubercle,
for the passage of the Flexor tendons.
:

;

;

Peculiar Characters of the Metacarpal Bones.

The

m^etacarpal hone of the thumb is shorter and wider than the rest, diverges
from the carpus, and its palmar surface is directed inwards
towards the palm. The shaft is flattened and broad on its dorsal aspect, and does
not present the bifurcated ridge which is found on the other metacarpal bones
it is concave from before backwards on its palmar surface.
The carpal extremity
or 5«se, presents a concavo-convex surface, for articulation with the trapezium,
and has no lateral facets. The digital extremity is less convex than that of the
other metacarpal bones, broader from side to side than from before backwards,
and terminates anteriorly in a small articular eminence on each side, over which
play two sesamoid bones.
The side to which this bone belongs may be known by observing the little
facet, which is marked on the inner side of its posterior surface just above the
base, for the tendon of the Extensor ossis metacarpi pollicis.
Mr. Holden directs
that the bone be placed with its dorsal surface upwards, and its head towards the
student, which is the reverse of the ordinary position.
This facet will then mark
the side to which the bone belongs.
The ^metacarpal hone of the index finger is the longest, and its base the largest
of the other four.
Its carpal extremity is prolonged upwards and inwards.
The

to a greater degree

;

.,
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dorsal and palmar surfaces of this extremity are rough, for the attachment of
tendons and ligaments. It presents four articular facets the first, at the end of
the bone, is concave from side to side, convex from before backwards, and articulates with the trapezoid
the second, on the radial side, is a flat, quadrilateral facet,
for the trapezium.
The third and fourth are on the ulnar side of the extremity,
and are separated by a ridge the proximal one, long and narrow, articulates
with the OS magnum the distal one, considerably broader and notched, with the
third metacarpal bone.
The side to which this bone belongs is marked by the absence of the lateral
facet on the outer (radial) side of its head, so that if the bone be placed with its
base toAvards the student, and the palmar surface upwards, the side on which
there is no lateral facet will be that to which it belongs.
If the head of the
bone be indistinctly marked, the base can be recognized, its ulnar or inner surface
being marked by the two long narrow facets for the os magnum and third metacarpal, easily distinguishable from the single quadrangular facet on the radial
side for the trapezium, which will then mark the side to which the bone belongs.
The metacarpal hone of the middle finger is a little smaller than the preceding;
it presents a pyramidal eminence on the radial side of its base (dorsal aspect),
which extends upwards behind the os magnum. The carpal articular facet is
concave behind, flat and horizontal in front, and corresponds to the os magnum.
On the radial side is a smooth, concave facet, for articulation with the second
metacarpal bone and on the ulnar side two small oval facets, for articulation
with the fourth metacarpal.
The side to which this bone belongs is easily recognized by the j^rojecting angle
on the lower radial corner of its base, With the palmar surface uppermost, and
tlie base towards the student, this projection points toAvards the side tOAvhichthe
bone belongs.
The meiacaoyal hone of the ring-finger is shorter and smaller than the preceding,
and its base small and quadrilateral; the carpal surface of the base presenting
two facets, for articulation Avitli the unciform and os magnum. On the radial
side are tAVO oval facets, for articulation with the third metacarpal bone
and on
the ulnar side a single concave facet, for the fifth metacarpal.
If this bone is placed Avith the base toAvards the student, and the palmar surface
upAvards, the radial side of the base, which has two facets for articulation Avith
the third metacarpal bone, Avill be on the side to Avhich it belongs. If, as sometimes happens in badly marked bones, one of these facets is indistinguishable,
the side may be knoAvn by the greatly larger size in such cases of the facet for
the fifth metacarpal bone, Avhich is therefore situated on the side to Avhich the
bone does not belong.
The metacarpal hone of the little fimger may be distinguished by the concavocouA^ex form of its carpal surface, Avhich articulates Avith the unciform and by
its having only one lateral articular facet, Avhich corresponds with the fourth
metacarpal bone. On its ulnar side is a prominent tubercle, for the insertion of
the tendon of the Extensor carpi uhiaris.
The dorsal surface of the shaft is
marked by an oblique ridge, Avhich extends from near the ulnar side of the upper
extremity to the radial side of the loAver. The outer division of this surface
serves for the attachment of the fourth Dorsal intei'osseous muscle the inner
division is smooth, and covered by the Extensor tendons of the little finger.
If this bone is placed Avith its base toAvards the student, and its palmar surface
upAA^ards, the side of the head Avhich has a lateral facet Avill be that to Avhich the
bone belongs.
Articulations.
Besides the phalangeal articulations, the first metacarpal bone
articulates Avith the trapezium
the second Avith the trapezium, trapezoides, os
magnum, and third metacarpal bones the third Avith the os magnum, and second
and fourth metacai-pal bones; the fourtli with the os magnum, unciform, and
third and fifth metacarpal bones; and the fifth with the unciform and fourth
metacarpal.
;

;

;

;

:

;

;

;

;

;
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Attachment of Muscles. To the metacarpal bone of the thumb, three: the
Flexor ossis metacarpi pollicis, Extensor ossis metacarpi pollicis, and first Dorsal
interosseous.
To the second metacarpal bone, five the Flexor carpi radialis,
Extensor carpi radialis longior, first and second Dorsal interosseous, and first
Palmar interosseous.^ To the third, five: the Extensor carpi radialis brevior.
Flexor brevis pollicis, Adductor pollicis, and second and third Dorsal interosseous.
To the fourth, three: the third and fourth Dorsal and second Palmar interosseous.
To the fifth, five: the Extensor carpi ulnaris. Flexor carpi ulnaris. Flexor ossis
metacarpi minimi digiti, fourth Dorsal, and third Palmar interosseous.
;

Phalanges.

The Phalanges

are the bones of the fingers

;

they are fourteen in number, three

They are long bones, and present for
for each finger, and two for the thumb.
examination a shaft, and two extremities. The shaft tapers from above downwards, is convex posteriorly, concave in front from above downwards, flat from
and marked laterally by rough ridges, which give attachment to the
The metacarpal extremity or hase^ in the
fibrous sheaths of the Flexor tendons.
first row, presents an oval concave articular surface, broader from side to side

side to side,

than from before backwards; and the same extremity in the other two rows, a
double concavity separated by a longitudinal median ridge, extending from
before backwards.
The digital extremities are smaller than the others, and
terminate, in the first and second row, in two small lateral condyles, separated by
a slight groove; the articular surface being prolonged farther forwards on the
palmar than on the dorsal surface, especially in the first row.
The Ungual phalanges are convex on their dorsal, flat on their palmar surfaces;
they are recognized by their small size, and by a roughened, elevated surface of a
horseshoe form on the palmar aspect of their ungual extremitj;", which serves to
support the sensitive pulp of the finger.
Articulations.
The first row with the metacarpal bones, and the second row
of phalanges the second row with the first and third the third with the second
row.
Attachment of Muscles. To the base of the first phalanx of the thumb, four
muscles: the Extensor primi internodii pollicis, Flexor brevis pollicis. Abductor
pollicis, Adductor pollicis.
To the second phalanx, two: the Flexor longus
pollicis, and the Extensor secundi internodii.
To the base of the first phalanx
of the index finger, the first Dorsal and the first Palmar interosseous; to that
of the middle finger, the second and third Dorsal interosseous; to that of the
ring-finger, the fourth Dorsal and the second Palmar interosseous; and to that
of the little finger, the third Palmar interosseous, the Flexor brevis minimi
digiti, and Abductor minimi digiti.
To the second phalanges, the Flexor
sublimis digitorum, Extensor communis digitorum; and, in addition, the
Extensor indicis to the index finger, the Extensor minimi digiti to the little
finger.
To the third phalanges, the Flexor profundus digitorum and Extensor
communis digitorum.
;

;

Development of the Bones of the Hand.
The Carpal
cartilaginous.

hones are each developed by a single centre.
At birth, they are all
Ossification proceeds in the following order (Fig. 204): in the os

magnum and

unciform an ossific point appears during the first year, the former
preceding the latter; in the cuneiform, at the third year; in the trapezium and
semilunar, at the fifth year, the former preceding the latter; in the scaphoid, at
the sixth year in the trapezoid, during the eighth year and in the pisiform,
about the twelfth year.
The Metacarpal hones are each developed by tico centres one for the shaft, and
;

:

;

'

The

flexor brevis pollicis

is

also frequently attached to this bone.

;
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one for the digital extremity, for the four inner metacarpal bones; one for the
shaft, and one for the base, for the metacarpal bone of the thumb, which in this
Ossification commences in the centre of tlie
respect resembles the phalanges.
shaft about the sixth week, and gradually proceeds to either end of the bone
about the third year the digital extremities of the four inner metacarpal bones,
and the base of the first metacarpal, commence to ossify, and they unite about
the twentieth year.
Fig. 204.

— Plan of

the Development of the Hand.
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are each developed by two centres one for the shaft, and one
the base.
Ossification commences in the shaft, in all three rows, at about
the sixth week, and gradually involves the whole of the bone excepting the
upper extremity. Ossification of the base commences in the first row between
the third and fourth years, and a year later in those of the second and third
The two centres become united in each row, between the eighteenth and
rows.
twentieth years.
:

tor

Of the Lower Extremity.
The lower extremity consists of three segments, the thigh,, leg,, and /oo^, which
correspond to the arm,, forearm,, and hand in the upper extremity. It is connected
to the trunk through the os innominatum, or haunch, which is homologous with
the shoulder.

The Os Innominatum.
The Os Innominatuin,,
to

any known

or nameless bone, so called from bearing no resemblance
with its fellow of

object, is a large, irregular-shaped bone, which,
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opposite side, forms the sides and anterior wall of the pelvic cavity. In
subjects it consists of three separate parts, which meet and form the large
cup-like cavity, situated near the middle of the outer side of the bone and,
tlie

young

;

Fie. 205.

— Right Os Imiomiiiatuin.

External Suriace.

Fulies
JPotlparts

LIGAMENT

CCTUS AQUOMINIS
PTR/IMICALIS

although in the adult these have become united,
as divisible into three portions

it is

usual to describe the bone

—the ilium, the ischium, and the pubes.

The ilium^ so called from its supporting the flank (ilia), is the superior broad
and expanded portion which runs upwards from the upper and back part of the
acetabulum, and forms the prominence of the hip.
The ischium (iCx'-ov, the hip) is the inferior and strongest portion of the bone
it proceeds downwards from the acetabulum, expands into a large tuberosity, and
then, curving upwards, forms with the descending ramus of the pubes a large
;

aperture, the obturator foramen.
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The puhes is tliat portion which runs horizontally inwards from the inner side
of the acetabulum for about two inches, then makes a sudden bend, and descends
it forms the front of the pelvis, supports the external organs
to the same extent
of generation, aad has received its name from being covered with hair.
The Ilium presents for examination two surfaces, an external and an internal,
a crest, and two borders, an anterior and a posterior.
External Surface or Dorsum of the Ilium (Fig. 205). The back part of this
surface is directed backwards, downwards, and outwards its £ront part forwards,
:

;

Fig. 206.

— Right Os Innominatum.

Internal Surface.

downwards, and outwards. It is smooth, convex in front, deeply concave behind;
bounded above by the crest, below by the upper border of the acetabulum in
front and behind, by the anterior and posterior borders.
This surface is crossed
in an arched direction by three semicircular lines, the superior, middle, and inferior curved lines.
The superior curved line, the shortest of the three, commences at the crest, about two inches in front of its posterior extremity it is at
;

;

;
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distinctly marked, but as it passes downwards and outwards to the upper
part of the great sacro-sciatic notch, where it terminates, it becomes less marked,
and is often altogether lost. The rough surface included between this line and.
the crest affords attachment to part of the Gluteus maximus above, and a few
The middle curved line, the longest of the
fibres of the Pyriformis below.
three, commences at the crest, about an inch behind its anterior extremity, and,

first

taking a curved direction downwards and backwards, terminates at the upper
The space between the middle and supepart of the great sacro-sciatic notch.
rior curved lines and the crest is concave, and affords attachment to the Gluteus
medius muscle. Near the central part of this line may often be observed the
The inferior curved line, the least distinct of the
orifice of a nutrient foramen.
three, commences in front at the upper part of the anterior inferior spinous
process, and, taking a curved direction backwards and downwards, terminates at
The surface of bone included
the anterior part of the great sacro-sciatic notch.
between the middle and inferior curved lines is concave from above downwards,
convex from before backwards, and affords attachment to the Gluteus minimus
Beneath the inferior curved line, and corresponding to the upper part
muscle.
of the acetabulum, is a smooth eminence (sometimes a depression), to which is
attached the reflected tendon of the Eectus femoris muscle.
The Internal Surface (Fig. 206) of the ilium is bounded above by the crest,
below by a prominent line, the linea ilio-pectinea, and before and behind by the
anterior and posterior borders.
It presents anteriorly a large, smooth, concave
surface, called the internal iliac fossa^ or venter of the ilium, which lodges the
Iliacus muscle, and presents at its lower part the orifice of a nutrient canal.
Behind the iliac fossa is a rough surface, divided into two portions, a superior
and an inferior. The inferior or auricular portion, so called from its resemblance in shape to the ear, is coated with cartilage in the recent state, and
The
articulates with a surface of similar shape on the side of the sacrum.
superior portion is concave and rough, for the attachment of the posterior sacroiliac ligaments.
The crest of the ilium is convex in its general outline, and sinuously curved,
being bent inwards anteriorly, outwards posteriorly. It is longer in the female
than in the male, very thick behind, and -thinner at the centre than at the
extremities.
It terminates at either end in a prominent eminence, the anterior
superior and posterior superior spinous process.
The surface of the crest is
broad, and divided into an external lip, an internal lip, and an intermediate
space.
To the external lip is attached the Tensor vaginiB femoris, Obliquus
externus abdominis, and Latissimus dorsi, and by its whole length the fascia
lata
to the internal
to the interspace between the lips, the Internal oblique
lip, the Transversalis, Quadratus lumborum, and Erector spinas, also the fascia
;

;

iliaca.

The anterior border of the ilium is concave. It presents two projections,
separated by a notch.
Of these, the uppermost, situated at the junction of the
crest and anterior border, is called the anterior superior spinous process of the
ilium, the outer border of which gives attachment to the fascia lata, and the
origin of the Tensor vaginas femoris its inner border, to the Iliacus internus
whilst its extremity affords attachment to Poupart's ligament, and the origin of
the Sartorius.
Beneath this eminence is a notch, which gives attachment to the
Sartorius muscle, and across which passes the external cutaneous nerve.
Below
the notch is the anterior inferior spinous process, which terminates in the upper
lip of the acetabulum; it gives attachment to the straight tendon of the Rectus
femoris muscle.
On the inner side of the anterior inferior spinous process is a
broad, shallow groove, over which passes the Iliacus muscle.
The posterior
border of the ilium, shorter than the anterior, also presents two projections separated by a notch, the posterior superior and the posterior inferior spinous processes.
The former corresponds with that portion of the posterior surface of the
ilium which serves for the attachment of the oblique portion of the sacro-iliac
;

;;
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ligaments and the Multifidus spinas; the latter to the auricular portion which
Below the posterior inferior spinous process is a
articulates with the sacrum.
deep notch, the great sacro- sciatic.
The Ischium forms the lower and back part of the os innominatum. It is
divisible into a thick and solid portion, the body the tuberosity, a large, rough
eminence, on which the body rests in sitting; and a thin ascending part, the
ramus.
The body, somewhat triangular in form, presents three surfaces, external, interThe external surface corresponds to that portion of the acenal, and posterior.
tabulum formed by the ischium it is smooth and concave above, and forms a
its outer margin is bounded by a promlittle more than two-fifths of that cavity
Below the
inent rim or lip, to which the cotyloid fibro-cartilage is attached.
acetabulum, between it and the tuberosity, is a deep groove, along which the
tendon of the Obturator externus muscle runs, as it passes outwards to be inserted
Tlie internal surface is smooth, concave, and
into the digital fossa of the femur.
forms the lateral boundary of the true pelvic cavity it is broad above, and
separated from the venter of the ilium by the linea ilio-pectinea, narrow below
its posterior border presents, a little below its centre, a sharp process, the spine
of the ischium, above and below which are the greater and lesser sacro-sciatic
notches in front, it presents a sharp margin, which forms the outer boundary
This surface is perforated by two or three large vasof the obturator foramen.
cular foramina, and affords attachment to part of the Obturator internus muscle.
The posterior surface is quadrilateral in form, broad and smooth above, narrow
below, where it becomes continuous with the tuberosity it is limited, in front,
by the margin of the acetabulum behind, by the front part of the great sacroThis surface supports the Pyriformis, the two Gemelli, and the
sciatic notch.
Obturator internus muscles, in their passage outwards to the great trochanter.
The body of the ischium presents three borders, posterior, inferior, and internal.
The posterior border presents, a little below the centre, a thin and pointed triangular eminence, the spine of the ischium, more or less elongated in different subIts external surface gives attachment to the Gemellus superior, its internal
jects.
surface to the Coccygeus and Levator ani
whilst to the pointed extremity is
connected the lesser sacro-sciatic ligament. Above the spine is a notch of large
size, the great sacro-sciatic, converted into a foramen by the lesser sacro-sciatic
ligament it transmits the Pyriformis muscle, the gluteal vessels, and superior
gluteal nerve passing out of the pelvis above the muscle the sciatic vessels, the
greater and lesser sciatic nerves, the internal pudic vessels and nerve, and muscular branches from the sacral plexus below it.
Below the spine is a smaller
notch, the lesser sacro-sciatic it is smooth, coated in the recent state with cartilage, the surface of which presents numerous markings corresponding to the
eubdivisions of the tendon of the Obturator internus which winds over it.
It is
converted into a foramen by the sacro-sciatic ligaments, and transmits the
tendon of the Obturator internus, the nerve which supplies that muscle, and
ttie internal pudic vessels and nerve.
The inferior border is thick and broad
at its point of junction with the posterior is the tuberosity of the ischium.
The internal border is thin, and forms the outer circumference of the obturator
foramen.
The tuberosity presents for examination an external lip, an internal lip, and an
intermediate space.
The external lip gives attachment to the Quadratus femoris,
and part of the Adductor magnus muscles. The inner lip is bounded by a sharp
ridge, for the attachment of a falciform prolongation of the great sacro-sciatic
ligament it presents a groove on the inner side of this for the lodgment of the
internal pudic vessels and nerve
and, more anteriorly, has attached the Transversus peringei and Erector penis muscles.
The intermediate surface presents
four distinct impressions.
Two of these, seen at the front part of the tuberosity,
are rough, elongated, and separated from each other by a prominent ridge
the outer one gives attachment to the Adductor magnus, the inner one to the
17
;

;

;

;

;

;

;

;

;

;

;

;

;

;
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Two, situated at the back part, are smooth, larger
great sacro-sciatic ligament.
from the upper and outer arises
in size, and separated by an oblique ridge
the Semi-membranosus from the lower and inner, the Biceps and Semi-tendinosus. The uppermost part of the tuberosity gives attachment to the Gemellus
;

;

inferior.

The raonus^ or ascending ramus^ is the thin, flattened part of the ischium, which
ascends from the tuberosity upwards and inwards, and joins the ramus of the pubes
their point of junction being indicated in the adult by a rough eminence. The
outer surface of the ramus is rough, for the attachment of the Obturator externus
muscle, also some fibres of the Adductor magnus, and of the Grracilis its inner
surface forms part of the anterior wall of the pelvis.
Its inner border is thick,
rough, slightly everted, forms part of the outlet of the pelvis, and serves for the
attachment of the cms penis. Its outer border is thin and sharp, and forms part
of the inner margin of the obturator foramen.
The Pubes forms the anterior part of the os innominatum it is divisible into
a horizontal ramus or body, and a perpendicular ramus.
The body, or horizontal ramus, presents for examination two extremities, an
outer and an inner, and four surfaces.
The outer extremity, the thickest part of
the bone, forms one-fifth of the cavity of the acetabulum it presents, above, a
rough eminence, the ilio-pectineal, which serves to indicate the point of junction
of the ilium and pubes.
The inner extremity is the symphysis it is oval,
covered by eight or nine transverse ridges, or a series of nipple-like processes
arranged in rows, separated by grooves they serve for the attachment of the
connecting fibro-cartilage, placed between it and the opposite bone. The upper
surface, triangular in form, wider externally than internally, is bounded behind
by a sharp ridge, the pectineal line or linea ilio-pectina, which, running outwards, marks the brim of the true pelvis.
The surface of bone in front of the
pubic portion of the linea ilio-pectinea serves for the attachment of the Pectineus muscle. This ridge terminates internally at a tubercle, which projects forwards, and is called the spine of the pubes.
The portion of bone included
between the spine and inner extremity of the pubes is called the crest ; it serves
for the attachment of the Eectus, and conjoined tendon of the Internal oblique
and Transversalis. The point of junction of the crest with the symphysis is
called the angle of the pubes.
The inferior surface presents, externally, a broad
and deep oblique groove, for the passage of the obturator vessels and nerve
and, internally, a sharp margin, which forms part of -the circumference of the
obturator foramen. Its external surface, flat and compressed, serves for the
attachment of the Pyramidalis, Adductor longus, and Obturator externus. Its

—

;

;

;

;

;

;

internal surface,

convex from above downwards, concave from side

to side, is

smooth, and forms part of the anterior wall of the pelvis.
The descending ramus of the pubes passes outwards and downwards, becoming
thinner and narrower as it descends, and joins with the ramu.s of the ischium.
Its external surface is rough, for the attachment of muscles; the Adductor
brevis; the Gracilis along its inner border, the Compressor urethr^e towards its
internal aspect
and a portion of the Obturator externus where it enters into
the formation of the foramen of that name.
Its inner surface is smooth.
Its
inner border is thick, rough, and everted, especially in females.
In the male it
serves for the attachment of the cms penis.
Its outer border forms part of the
circumference of the obturator foramen.
The cotyloid cavity, or acetabulum, is a deep, cup-shaped, hemispherical depression
formed, internally, by the pubes, above by the ilium, behind and below
by the ischium a little less than two-fifths being formed by the ilium, a little
more than two-fifths by the ischium, and the remaining fifth by the pubes. It
is bounded by a prominent uneven rim, which is thick and strong above, and
serves for the attachment of a fibro-cartilaginous structure, which contracts its
orifice, and deepens the surface for articulation. It presents on its inner side a deep
notch, the cotyloid notch, which transmits the nutrient vessels into the interior
;

;

;
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of the joint, and is continuous with a circular depression at the bottom of the
cavity this depression is perforated by numerous apertures, lodges a mass of
The
fat, and its margins serve for the attachment of the ligamentum teres.
notch is converted, in the natural state, into a foramen by a dense ligamentous
Through this foramen the nutrient vessels and
band, which passes across it.
nerves enter the joint.
The obturator or thyroid foramen is a large aperture, situated between the
ischium and pubes. In the male it is large, of an oval form, its longest diameter
being obliquely from above downwards in the female it is smaller, and more
triangular.
It is bounded by a thin, uneven margin, to which a strong membrane
and presents, at its upper and outer part, a deep groove, which, runs
is attaclied
from the pelvis obliquely forwards, inwards, and downwards. This groove is
converted into a foramen by the obturator membrane, and transmits the obturator vessels and nerve.
Structure.
This bone consists of much cancellous tissue, especially where it
is thick, inclosed between two layers of dense compact tissue.
In the thinner
;

;

;

Fig. 207.
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parts of the bone, as at the bottom of the acetabulum and centre of the iliac
fossa, it is usually semi-transparent, and composed entirely of compact tissue.
Developmeyit (Fig. 207). By eight centres three primary one for the ilium,
one for the ischium, and one for the pubes and five secondary one for the
crest of the ilium, its whole length, one for the anterior inferior spinous process
'(said to occur more frequently in the male than the female), one for the tuberosity of the ischium, one for the symphysis pubis (more frequent in the female
than the male), and one for the Y-shaped piece at the bottom of the acetabulum.
These various centres appear in the following order First, in the ilium, at the
lower part of the bone, immediately above the sciatic notch, at about the same

—

:

;

:

—

THE SKELETON.

260

period tliat the development of the vertebras commences. Secondly, in the bod}?
Thirdly, in the body of
of the ischium, at about the third month of foetal life.
At birth, the three primary
the pubes, between the fourth and fifth months.
centres are quite separate, the crest, the bottom of the acetabulum, and the rami
At about the sixth year,
of the ischium and pubes, being still cartilaginous.
the rami of the pubes and ischium are almost completely ossified. About the
thirteenth or fourteenth year, the three divisions of the bone have extended their
growth into the bottom of the acetabulum, being separated from each other by
a Y-shaped portion of cartilage, which now presents traces of ossification.
The
ilium and ischium then become joined, and lastly the pubes, through the intervention of this Y-shaped portion. At about the age of puberty, ossification
takes place in each of the remaining portions, and they become joined to the
rest of the bone about the twenty- fifth year.
ArticuJations.
With its fellow of the opposite side, the sacrum and femur.
Attachment of Muscles. Ilium. To the outer lip of the crest, the Tenso vaginse
femoris, Obliquus externus abdominis, and Latissimus dorsi to the internal lip,
the Transversalis, Quadratus lumborum, and Erector spin;© to the interspace
between the lips, the Obliquus internus. To the outer surface of the ilium, the
Griuteus maximus. Gluteus medias. Gluteus minimus, reflected tendon of Eectus,
portion of Pyriformis to the internal surface, the Iliacus, and the Multifidus
spince to the internal surface of the posterior superior spine
to the anterior
Ischium.
border, the Sartorius and straight tendon of the Rectus,
To its outer
internal surface. Obturator internus
surface, the Obturator externus and Gracilis
and Levator ani. To the spine, the Gemellus superior. Levator ani, and Coccygeus.
To the tuberosity, the Biceps, Semi-tendinosus, Semi-membranosus, Quadratns femoris, Adductor magnus. Gemellus inferior, Transversus perinsei. Erector
Pubes.
The Obliquus externus, Obliquus internus, Transversalis, Rectus,
penis.
Pyramidalis, Psoas parvus, Pectineus, Adductor magnus. Adductor longus.
Adductor brevis. Gracilis, Obturator externus and internus, Levator ani. Compressor urethrse, and occasionally a few fibres of the Accelerator urinae.
;

;

;

;

;

The Pelvis

(Figs. 208, 209).

The Pelvis, so called from its resemblance to a basin, is stronger and more
massively constructed than either the cranial or thoracic cavity it is a bony
ring, interposed between the lower end of the spine, which it supports, and the
lower extremities, upon which it rests. It is composed of four bones the two
ossa innominata, which bound it on either side and in front and the sacrum and
coccyx, which complete it behind.
The pelvis is divided by a prominent line, the linea ilio-pectinea, into the false
;

:

;

and true pelvis.
The /a ^56 pelvis is all that expanded portion of the pelvic cavity which is
situated above the linea ilio-pectinea.
It is bounded on each side by the ossa
in front it is incomplete, presenting a wide interval between the spinous
ilii
processes of the ilia on either side, which is filled up in the recent state by the
parietes of the abdomen
behind, in the middle line, is a deep notch.
This
broad, shallow cavity is fitted to support the intestines, and to transmit part of
their weight to the anterior wall of the abdomen.
The true pelvis is all that part of the pelvic cavity which is situated beneath
the linea ilio-pectinea. It is smaller than the false pelvis, but its walls are more
perfect.
For convenience of description, it is divided into a, superior circumference or inlet, an inferior circumference or outlet, and a cavity.
The superior circamferenee forms the margin or brim of the pelvis, the included
space being called the inlet. It is formed by the linea ilio-pectinea, completed
in front by the spine and crest of the pubes, and behind by the anterior margin
of the base of the sacrum and sacro-vertebral angle.
;

;

The

inlet of

the pelvis

is

somewhat heart-shaped, obtusely pointed

in front.
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eitlier side, and encroaclied upon behind by the projection forwards
It has three principal diameters: anteroof the promontory of the sacrum.
The aotero -posterior extends
posterior (sacro-pubic), transverse, and oblique.
from the sacro-vertebral angle to the symphysis pubis its average measurement
The transverse extends across the greatest width of the inlet,
is four inches.

diverging on

;

.

Fig.

Fig.

208.— Male

Pelvis (Adult).

209.— Female

Pelvis (Adult).

from the middle of the brim on one side to the same point on the opposite its
average measurement is five inches. The oblique extends from the margin
of the pelvis, corresponding to the ilio-pectineal eminence on one side, to the
sacro-iliac symphysis on the opposite side
its average measurement is also five
;

;

inches.
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The cavity of tlie true pelvis is bounded in front by the symphysis pubis
behind by the concavity of the sacrum and coccyx, which, curving forwards above
and below, contracts the inlet and outlet of the canal and laterally it is bounded
by a broad, smooth, quadrangular plate of bone, corresponding to the inner
The cavity is shallow in front, measuring
surface of the body of the ischium.
at the symphysis an inch and a half in depth, three inches and a half in the
middle, and four inches and a half posteriorly. From this description, it will
be seen that the cavity of the pelvis is a short, curved canal, considerably deeper
on its posterior than on its anterior wall, and broader in the middle than at either
extremity, from the projection forwards of the sacro-coccj^geal column above and
This cavity contains, in the recent subject, the rectum, bladder, and part
below.
The rectum is placed at the back of the pelvis, and
of the organs of generation.
corresponds to the curve of the sacro-coccygeal column the bladder in front,
behind the symphysis pubis. In the female, the uterus and vagina occupy 'the
interval between these parts.
The lower circumference of the pelvis is very irregular, and forms what is
called the outlet.
one posterior,
It is bounded by three prominent eminences
formed by the point of the coccyx and one on each side, the tuberosities of the
ischia.
These eminences are separated by three notches one in front, the pubicarch, formed by the convergence of the rami of the ischia and pubes on each
side.
The other notches, one on each side, are formed by the sacrum and coccyx
behind, the ischium in front, and the ilium above they are called the s aero -sciaticnotches ; in the natural state they are converted into foramina by the lesser and
;

;

;

;

;

;

:

greater sacro-sciatic ligaments.
The diameters of the outlet of the pelvis are two, antero-posterior and trans-

—

Vertical section of the Pelvis,
Fig. 210.
with lines indicating the Axes of the Pelvis.

The

antero-posterior extends from
of the coccyx to the lower part
of the symphysis pubis, and the transverse
from the posterior part of one ischiatic
tuberosity to the same point on the opposite side
the average measurement of
both is four inches. The antero-posterior
diameter varies with the length of the
coccyx, and is capable of increase or diminution, on account of the mobility of
that bone.
Position of the Pelvis. In the erect
posture, the pelvis is placed obliquely
with regard to the trunk of the body :
the pelvic surface of the symphysis pubis
looking upwards and backwards, the concavity of the sacrum and coccyx looking
downwards and forwards the base of the
sacrum, in well-formed female bodies^
being nearly four inches above the upper
border of the symphysis pubis, and the
apex of the coccyx a little more than half
obliquity is much greater in the foetus, and

verse.
the tip

:

;

FUn

OatUt

an inch above its lower border. The
at an early period of life, than in the adult.
Axes of the Pelvis (Fig. 210). The plane of the inlet of the true pelvis will
be represented by a line drawn from the base of the sacrum to the upper margin
line carried at right angles with this at its middle,,
of the symphysis pubis.
would correspond at one extremity with the umbilicus, and at the other with the
middle of the coccyx; the axis of the inlet is therefore directed downwards
and backwards. The axis of the outlet produced upwards would touch the base
of the sacrum, and is therefore directed downwards and forwards.
The axis of
the cavity is curved like the cavity itself: this curve corresponds to the concavity

A

;
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of the sacrum and coccyx, the extremities being indicated by the central points
of the inlet and outlet.
knowledge of the direction of these axes serves to
explain the course of the foetus in its passage through the pelvis during parturiIt is also important to the surgeon, as indicating the direction of the
tion.
force required in the removal of calculi from the bladder, and as determining
the direction in which instruments should be used in operations upon the pelvic

A

viscera.

Differences hetiveen the Male and Female Pelvis.
In the male the bones are
thicker and stronger, and the muscular eminences and impressions on their
The male pelvis is altogether more massive
surface more strongly marked.
its cavity is deeper and narrower, and the obturator foramina of larger size.
In
i\\Q female the bones are lighter and more expanded, the muscular impressions
on their surfaces are only slightly marked, and the pelvis generally is less massive
The iliac fossse are broad, and the spines of the ilia widely
in structure.
separated hence the great prominence of the hips.
The inlet and the outlet
are larger the cavity is more capacious, and the spines of the ischia project
less into it.
The promontory is less projecting, the sacrum wider and less
curved,^ and the coccyx more movable.
The arch of the pubes is wider, and its
edges more everted. The tuberosities of the ischia and the acetabula are wider
;

;

apart.

In

t\\Q foetus^

and

for several years after birth, the pelvis is small in proportion

The cavity is deep, and the projection of the sacro-vertebral
angle less marked.
The antero-posterior and transverse diameters are nearly
About puberty^ the pelvis in both sexes presents the general characequal.
ters of the adult male pelvis, but after puberty it acquires its proper sexual
to that of the adult.

characters.

The Femur or Thigh-Bone.
The Femur is the longest, largest, and strongest bone in the skeleton, and
almost perfectly cylindrical in the greater part of its extent. In the erect posture
it is not vertical, being separated from its fellow above by a considerable interval,
which corresponds to the entire breadth of the pelvis, but inclining gradually
downwards and inwards, so as to approach its fellow towards its lower part,
for the purpose of bringing the knee-joint near the line of gravity of the
body. The degree of this inclination varies in different persons, and is greater
in the female than in the male, on account of the greater breadth of the
pelvis.
The femur, like other long bones, is divisible into a shaft, and two
extremities.

The Upper Extremity presents for examination a head, a neck, and the greater
and lesser trochanters.
The head^ which is globular, and forms rather more than a hemisphere, is
directed upwards, inwards, and a little forwards, the greater part of its convexity
bemg above and in front. Its surface is smooth, coated with cartilage in the
recent state, and presents, a little behind and below its centre, an ovoid depression, for the attachment of the ligamentum teres.
The nech is a flattened, pyramIt varies in
idal process of bone, which connects the head with the shaft.
length and obliquity at various periods of life, and under different circumstances.
Before puberty it is directed obliquely, so as to form a gentle curve from the axis
of the shaft.
In the adult male it forms an obtuse angle with the shaft, being
directed upwards, inwards, and a little forwards.
In the female it approaches
more nearly a right angle. Occasionally, in very old subjects, and more especially
in those greatly debilitated, its direction

so that the head
length diminishes to such a degree

becomes horizontal

sinks below the level of the trochanter, and

its

;

^ It is not unusual, however, to find the sacrum in the female presenting a considerable curve
extending throughout its whole length.
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Right Femur.

Anterior Surface

that the head becomes almost
contiguous with the shaft. The

08TVRAT0R

INTERNU5
PVRirORMIS

neck
Jiejiretrlon for

LICAMENTUM TERES

is

flattened

from before

backwards, contracted in the
middle, and broader at its
outer extremity, wdiere it is
connected with the shaft, than
at its

summit, where

it

is at-

tached to the head. It is much broader in
the vertical than in the antero-posterior
diameter, and mnch thicker below than
above, on account of the greater amount of
resistance required in sustaining the weight
of the trunk. The anterior surface oi' l\iQ
neck is perforated by numerous vascular
foramina. The posterior surface is smooth,
and is broader and more concave than the
anterior it receives towards its outer side
the attachment of the capsular ligament of
the hip. The superior harder is short and
thick, bounded externally by the great
;

its surface perforated by large
The inferior border^ long and
foramina.
narrow, curves a little backwards, to terminate at the lesser trochanter.
The Trochanters (Tpo^faw, to run or roll)
are prominent processes of bone which afford
leverage to the muscles which rotate the
thigh on its axis. They are two in number,
the greater and the lesser.
The Great Trochanter is a large, irregular,
quadrilateral eminence, situated at the outer
side of the neck, at its junction with the
upper part of the shaft. It is directed a
little outwards and backwards, and, in the
adult, is about three-quarters of an inch
lower than the head. It presents for examination two surfaces and four borders.
The
external surface^ quadrilateral in form, is
broad, rough, convex, and marked by a
prominent diagonal line, which extends from
the posterior superior to the anterior inferior
angle this line serves for' the attachment
of the tendon of the Gluteus medius.
Above the line is a triangular surface,
sometimes rough for part of the tendon of
the same muscle, sometimes smooth for the
interposition of a bursa between that tendon
and the bone. Below and behind the diagonal line is a smooth, triangular surface, over
which the tendon of the Grluteus maximus

trochanter, and

:

muscle plays, a

bursa being interposed.
internal surface is of much less extent
than the external, and presents at its base a
deep depression, the digital or trochanteric
fossa, for the attachment of the tendon of

The

the Obturator externus muscle.
'°'^yl.

The

supe-
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it is thick and irregular, and marked by impressions for
attackment of tke Piriformis behind, the Obturator internus and Gemelli
The inferior border corresponds to the point of junction of the base of
in front.
the trochanter with tlie outer surface of the sliaft it is rough, prominent, slightly
curved, and gives attachment to the upper part of- the Vastus externus muscle.
The anterior border is prominent, somewhat irregular, as Avell as the surface
of bone immediately below it it affords attachment by its outer part to the
Oluteus minimus. ^h.Q posterior border is very prominent, and appears as a free
rounded edge, which forms the back part of the digital fossa.
The Lesser Trochanter is a conical eminence, which varies in size in diiferent
subjects it projects from the lower and back part of the base of the neck.
Its
base is triangular, and connected with the adjacent parts of the bone by three
well-marked borders two of these are above the internal continuous with the
lower border of the neck the external with the posterior intertrochanteric line,
while the inferior border is continuous with the middle division of the linea
aspera.
Its summit, which is directed inwards and backwards, is rough, and
The Iliacus is inserted into
gives insertion to the tendon of the Psoas magnus.
the shaft below the lesser trochanter, between the Vastus internus in front, and
the Pectineus behind.
well-marked prominence, of variable size, which
projects from the upper and front part of the neck, at its junction with the great
trochanter, is called the tubercle of the femur ; it is the point of meeting of five
muscles, the Gluteus minimus externally, the Vastus externus below, and the
tendon of the Obturator internus and Gemelli above. Running obliquely downwards and inwards from the tubercle is the spiral line of the femur, or anterior
intertrochanteric line it winds around the inner side of the shaft, below the
lesser trochanter, and terminates in the linea aspera, about two inches below this
eminence. Its upper half is rough, and affords attachment to the capsular ligament of the hip-joint its lower half is less prominent, and gives attachment to
the upper part of the Vastus internus. The posterior intertrochanteric line is
very prominent, and runs from the summit of the great trochanter downwards
and inwards to the upper and back part of the lesser trochanter. Its upper half
forms the posterior border of the great trochanter.
slight ridge, sometimes,
commences about the middle of the posterior intertrochanteric line, and passes
vertically downwards for about two inches along the back part of the shaft; it
is called the linea quadratic and gives attachment to the Quadratus femoris, and
a few fibres of the Adductor magnus muscles.
The Shaft, almost perfectly cylindrical in form, is a little broader above than
in the centre, and somewhat flattened from before backwards below. It is slightly
arched, so as to be convex in front concave behind, where it is strengthened by
a prominent longitudinal ridge, the linea aspera.
It presents for examination
three borders separating three surfaces.
Of the three borders, one, the linea

rior border is free

;

tlie

;

;

;

—

:

;

A

;

;

A

;

the other two are placed laterally.
prominent longitudinal ridge or crest, presenting, on the middle third of the bone, an external lip, an internal lip, and a rough
intermediate space.
little above the centre of the shaft, this crest divides into
three lines :^ the most external one becomes very rough, and is continued almost
vertically upwards to the base of the great trochanter the middle one, the least
distinct, is continued to the base of the trochanter minor
and the internal one
is lost above in the spiral line of the femur.
Below, the linea aspera divides into
two ridges, which inclose between them a triangular space (the popliteal space),
upon which rests the popliteal artery. Of these two ridges, the outer one is the
more prominent, and descends to the summit of the outer condyle. The inner one
is less marked, presents a broad and shallow groove for the passage of the femoral artery, and terminates in a small tubercle at the summit of the internal condyle.
aspera, is posterior

The

;

linea aspera (Fig. 212) is a

A

;

;

Of these three lines, only the outer and inner are described by
then said to bifurcate above and below.
^

is

many

anatomists

;

the linea aspera
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To

Posterior Surface.

the inner lip of the linea aspera, along

whole length, is attached the Vastus internus; and to the whole length of the outer
lip, the Vastus externus. The Adductor magnus is also attached to the whole length of the
linea aspera, being connected with the outer
lip above, and the inner lip below.
Between
the Vastus externus and the Adductor rnagnus are attached two muscles, viz., the Gluteus maximus above, and the short head of
the Biceps below. Between the Adductor
magnus and the Vastus internus four muscles
are attached the Iliacus and Pectineus above
(the latter to the middle .of the upper divisions)
below these, the Adductor brevis and
Adductor longus. The linea aspera is perforated a little below its centre by the nutrient
canal, which is directed obliquely upwards.
The two lateral borders of the femur are
only slightly marked, the outer one extending
from the anterior inferior angle of the great
trochanter to the anterior extremity of the
external condyle; the inner one from the spiits

BTUBATOR EXTERNUS

:

;

tal line, at a point opposite to the trochanter
minor, to the anterior extremity of the inThe internal border marks
ternal condyle.
the limit of attachment of the Crareus mus-

cle internally.

The anterior surface includes that portion of
the shaft which is situated between the two
It is smooth, convex, broader
lateral borders.
above and below than in the centre, slightly
twisted, so that its upper part is directed forwards and a little outwards, its lower part
forwards and a little inwards. To the upper
three-fourths of this surface the Crureus is
attached the lower fourth is separated from
the muscle by the intervention of the synovial
membrane of the knee-joint, and affords attachment to tbe Subcrureus to a small extent.
The external surface includes the portion of
bone between the external border and the
outer lip of the linea aspera it is continuous
above with the outer surface of the great
trochanter, below with the outer
surface of the external condyle:
to its upper three-fourths is attached the outer portion of the
Crureus muscle. The internal
surface includes the portion of
bone between the internal border
and the inner lip of the linea asP0PI.ITEU5
pera it is continuous above with
the lower border of the neck, below with the inner side of the
;

;

V

;

internal condyle
it is covered
internus muscle.
;

by the Vastus
iLt^
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The Loioer extremity^ larger tlian the upper, is of a cuboid form, flattened from
before backwards, and divided into two large eminences, the condyles (x6v(5uXoj, a
hmxkle)^ by an interval which presents a smooth depression in front called the
trochlea, and a notch of considerable size behind, the inter condyloid notch.
The
external condyle is the more pi'ominent anteriorly, and is the broader both in the
The internal condyle is the narrower,
antero-posterior and transverse diameters.
This difference in the length of the two
longer, and more prominent internally.
condyles is only observed when the bone is perpendicular, and depends upon the
obliquity of the thigh-bones, in consequence of their separation above at the
If the femur is held obliquely, the surfaces of the
articulation with the pelvis.
two condyles will be seen to be nearly horizontal. The two condyles are directly
continuous in front, and form a smooth trochlear surface, the external border of
which is more prominent, and ascends higher than the internal one. This surface
It presents a median groove, which extends downarticulates with the patella.
wards and backwards to the intercondyloid notch and two lateral convexities,
of which the external is the broader, more prominent, and prolonged farther
upwards upon the front of the outer condyle. The intercondyloid notch lodges
the crucial ligaments it is bounded laterally by the opposed surfaces of the two
condyles, and in front by the lower end of the shaft.
Outer Condyle. The outer surface of the external condyle presents, a little
behind its centre, an eminence, the outer tuberosity ; it is less prominent than the
inner tuberosity, and gives attachment to the external lateral ligaments of the
knee.
Immediately beneath it is a groove, which commences at a depression a
little behind the centre of the lower border of this surface
the depression is for
the tendon of origin of the Popliteus muscle the groove in which this tendon
is contained is smooth, covered with cartilage in the recent state, and runs
upwards and backwards to the posterior extremity of the condyle. The inner
surface of the outer condyle forms one of the lateral boundaries of the intercondyloid notch, and gives attachment by its posterior part to the anterior crucial
ligament. The inferior surface is convex, smooth, and broader than that of the
internal condyle.
The posterior extremity is convex and smooth just above
the articular surface is a depression for the tendon of the outer head of the Gastrocnemius, above which is the orig-in of the Plantaris.
Inner Condyle. The inner surface of the inner condyle presents a convex eminence, the inner tuberosity.^ rough, for the
attachment of the internal lateral ligament. Fig. 213. Diagram showing the Structure
of the Neck of the Femur.
(Ward.)
Above this tuberosity, at the termination
of the inner bifurcation of the linea aspera,
is a tubercle, for the insertion of the tendon
of the Adductor magnus and behind and
beneath the tubercle a depression for the
tendon of the inner head of the Gastrocnemius. The outer side of the inner condyle forms one of the lateral boundaries of
the intercondyloid notch, and gives attachment by its anterior part to the posterior
crucial ligament.
Its inferior or articular
surface is convex, and presents a less extensive surface than the external condyle.
Structure.
The shaft of the femur is a
cylinder of compact tissue, hollowed by a
large medullary canal.
The cylinder is of
great thickness and density in the middle third of the shaft, where the bone is
narrowest, and the medullary canal well formed
but above and below this,
the cylinder gradually becomes tliinner, owing to a separation of the layers
of the bone into cancelli, which project into the medullary canal and finally
obliterate it, so that the upper and lower ends of the shaft, and the articular
;

;

:

;

:

—

;

;
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extremities more especially, consist of cancellated tissue, invested by a thin, compact layer.
The arrangement of the cancelli in the ends of the femur is remarkable. In
the upper end (Fig. 213), they run in parallel columns, a a, from the summit of
the head to the thick under wall of the neck, while a series of transverse fibres,
h 6, cross the parallel columns, and connect them to the thin upper wall of the
neck!
Another series of plates, c c, springs from the whole interior of the cylinder above the lesser trochanter these pass upwards and converge to form a
series of arches beneath the upper wall of the neck, near its junction with the
This structure is admirably adapted to sustain, with the
great trochanter.
greatest mechanical advantage, concussion or weight transmitted from above,
and serves an important ofhce in strengthening a part especially liable to frac;

ture.

In the lower end, the cancelli spring on all sides from the inner surface of the
cylinder, and descend in a perpendicular direction to the articular surface, the
cancelli being strongest, and having a more accurately perpendicular course above
the condvles.
Fig. 214.

— Plan of the Develojjment of the Femur.
By

Appears at ^yT

Fig.

215.— Right

Patella.

Anterior Surface.
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Fig. 216.

— Posterior Surface.

With three bones the os innominatum, tibia, and patella.
Development (Fig. 214). The femur is developed hj five centres: one for the
shaft, one for each extremity, and one for each trochanter. Of all the long bones,
except the clavicle, it is the first to show traces of ossification this commences
in the shaft, at about the fifth week of foetal life, the centres of ossification in
the epiphyses appearing in the following order First, in the lower end of the
bone, at the ninth month of foetal life from this the condyles and tuberosities
are formed in the head, at the end of the first year after birth
in the great
trochanter, during the fourth year and in the lesser trochanter, between the
thirteenth and fourteenth.
The order in which the epiphyses are joined to the
Articulations.

:

;

:

;

;

;

;

:
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shaft is the reverse of that of their appearance; their junction does not comuntil after pubert}^, the lessor trochanter being first joined, then the

mence

greater, then the liead, and, lastly, the inferior extremity (the first in
ossification commenced), which is not united until the twentieth year.

which

Attachment of Muscles. To the great trochanter the Gluteus medius, Gluteus
minimus, Pyriformis, Obturator internus, Obturator externus. Gemellus superior.
Gemellus inferior, and Quadratus femoris. To the lesser trochanter the Psoas
magnus, and the Iliacus below it. To the shaft, the Vastus externus. Gluteus
maximus, short head of the Biceps, Vastus internus. Adductor magnus, Pectineus,
Adductor brevis. Adductor longus, Orureus, and Subcrurens. To the condyles
the Gastrocnemius, Plantaris, and Popliteus.
:

:

THE

LEG.

The skeleton of the Leg consists of three bones the Patella, a large sesamoid
and the Tibia, and Fibula.
bone, placed in front of the knee
:

;

The Patella.
The

(Figs. 215, 216.)

triangular bone, situated at the anterior part of the kneesesamoid bones, from being developed in the tendon of
the Quadriceps extensor, and in its structure, being composed throughout of
dense cancellous tissue but it is generally regarded as analogous to the olecranon
process of the ulna, which occasionally exists as a separate piece, connected to
the shaft of the bone by a continuation of the tendon of the Triceps muscle.^
It serves to protect the front of the joint, and increases the leverage of the
Quadriceps extensor by making it act at a greater angle. It presents an anterior
and posterior surface, three borders, a base, and an apex.
The anterior surface is convex, perforated by small apertures, for the passage
of nutrient vessels, and marked by numerous rough longitudinal stri«.
This
surface is covered, in the recent state, by an expansion from the tendon of the
Quadriceps extensor, and separated from the integument by a bursa. It gives
attachment below to the ligamentum patellae. The posterior surface presents a
smooth, oval-shaped, articular surface, covered with cartilage in the recent state,
and divided into two facets by a vertical ridge, which descends from the superior
towards the inferior angle of the bone. The ridge corresponds to the groove on
the trochlear surface of the femur, and the two facets to the articular surfaces of
the two condyles the outer facet, for articulation with the outer condyle, being
the broader and deeper.
This character serves to indicate the side to which the
bone belongs. Below the articular surface is a rough, convex, non-articular
depression, the lower half of which gives attachment to the ligamentum patellie
the upper half being separated from the head of the tibia by adipose tissue.
The superior and lateral borders give attachment to the tendon of the Quadriceps extensor the superior border.^ to that portion of the tendon which is derived
from the Rectus and Crureus muscles and the lateral borders.^ to the portion
derived from the external and internal Vasti muscles.
The base or superior border is thick, directed upwards, and cut obliquely at the
expense of its outer surface it receives the attachment, as already mentioned,
of part of the Quadriceps extensor tendon.
The apex is pointed, and gives attachment to the ligamentum patelke.
Structure.
It consists of dense cancellous tissue, covered by a thin, compact
lamina.
joint.

Patella

is

a

flat,

It resembles the

;

;

;

;

;

;

^ Professor Owen states, that, "in certain bats, there is a development of a sesamoid bone in the
biceps bracchi, which is the true homotype of the patella in the leg," regarding the olecranon as
homologous, not with the patella, but with an extension of the upper end of the fibula above the
{On the Nature of Limbs, pp. 19, 24.)
knee-joint, which is met with in some animals.
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Fig.

217.— Bones

of the Right Leg.
Surface.

Development.

Anterior

Head
Styloid process

whicli

makes

By a single

centre,

appearance, according to Beclard, about the third
year.
In two instances, T have seen
this bone cartilaginous throughout,
at a much later period (six years).
More rarely, the bone is developed
by two centres, placed side by side.
Articulatio7is.
With the two
condyles of the femur.
Attachment of Muscles. The Rectus, Crureus, Vastus internus, and
Vastus externus.
These muscles
joined at their insertion constitute
the Quadriceps extensor cruris.

The

its

Tibia.

The Tibia

(Figs. 217, 218.)

situated at the front
leg, and, excepting the femur, is the longest
and largest bone in the skeleton.
It is prismoid in form, expanded
above, where it enters into the kneejoint, more slightly enlarged below.
In the male, its direction is vertical,
and parallel with the bone of the
opposite side but in the female it
is

and inner side of the

;

has a slight oblique direction downwards and outwards, to compensate
for the oblique direction of the
femur inwards. It presents for examination a shaft and two extremities.

The Upper

Extremity., or head,
large and expanded on each
side into two lateral eminences, the
Superiorly, the tubertuberosities.
osities present two smooth, concave surfaces, whicli articulate with
the condyles of the femur the internal articular surface is longer
than the external, and oval from
before backwards, to articulate with
the internal condyle the external
one being broader, flatter, and more
circular, to articulate with the external condyle.
Between the two
articular surfaces, and nearer the
posterior than the anterior aspect
of the bone, is an eminence, tiie
spinous process of the tibia, surmounted by a prominent tubercle
on each side, which gives attachment to the extremities of the
semilunar fibro-cartilages in front
and behind the spinous process is
is

;

;

Internal Malleolus.

External Malleolus.

;

:

TIBIA.
a rough depression for the attachment of the anterior and posterior crucial ligaments and the

semilnnar cartilages. The anterior surftices of the tuberosities
are continuous with one another,
forming a single large surface,

which

is

somewhat

flattened

:

Fig. 218.
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— Bones of the Right Leg.

Posterior Surface.

^em^''^

Sty loidji rocesi

it

above, and
perforated bj a large, vascular
foramen, narrow below, where it
terminates in a prominent oblong elevation of large size, the
tubercle of the tibia the lower
half of this tubercle is rough, for
the attachment of the ligamentum
patellae
the upper half is a
smooth facet, corresponding, in
the recent state, with a bursa
which separates the ligament from
the bone. Posteriorly, the tuberosities are separated from each
other by a shallow depression, the
popliteal notch, which gives attachment to the posterior crucial
ligament.
The posterior surface
of the inner tuberosity presents
a deep, transverse groove, for the
insertion of the tendon of the
Semi-membranosus and the posterior surface of the outer one, a
flat, articular facet, nearly circular
in
form, directed downwards,
backwards, and outwards, for aris

triangular, broad

;

;

;

ticulation with a fibula.
In front
of this facet the Extensor longus

•digitorum and a slip from the Biceps are attached.
The lateral
surfaces are convex and rough
the internal one, the most prominent, gives attachment to the internal lateral ligament.
The Shaft of the tibia is of a
triangular, prismoid form, broad
above, gradually decreasing in size
to the commencement of its lower
fourth, its most slender part where
fracture most frequently occurs
it then enlarges again towards its
lower extremities. It presents for
examination three surfaces and
three borders.
The anterior harder^ the most
prominent of the three, is called
the crest of the tibia^ or, in popular
language, the shin ; it commences above at the tubercle, and terminates below
at the anterior margin of the inner malleolus.
This border is very prominent
;

;
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It presents a
in the upper two-thirds of its extent, smooth and rounded below.
very flexuous course, being curved outwards above, and inwards below it gives
attachment to the deep fascia of the leg.
The internal border is smooth and rounded above and below, but more prominent in the centre; it commences at the back part of the inner tuberosit}^, and
terminates at the posterior border of the internal malleolus its upper part gives
attachment to the internal lateral ligament of the kuee to the extent of about
two inches, and to some fibres of the Popliteus muscle its middle third, to some
fibres of the Soleus and Flexor longus digitorum muscles.
The external border^ or interosseous ridge^ is thin and prominent, especially its
it commences
central part, and gives attachment to the interosseous membrane
above in front of the fibula articular facet, and bifurcates below, to form the
boundaries of a triangular, rough surface, for the attachment of the interosseous
ligament connecting the tibia and fibula.
The internal surface is smooth, convex, and broader above than below; its
upper third, directed forwards and inwards, is covered by the aponeurosis derived
from the tendon of the Sartorius, and by the tendons of the Gracilis and Semitendinosus, all of which are inserted nearly as far forwards as the anterior border
;

;

;

;

in the rest of its extent it is subcutaneous.
The external surface is narrower than the internal

upper two-thirds present
its lower third
is smooth, convex, curved gradually forwards to the anterior part of the bone, and
is covered from within outwards by the tendons of the following muscles
Tibialis
anticus. Extensor proprius pollicis, Peroneus tertius.
The posterior surface (Fig. 218) presents, at its upper part, a prominent ridge,
the oblique line of the tibia, which extends from the back part of the articular
facet for the fibula, obliquely downwards, to the internal border, at the junction
It marks the limit for the insertion of the
of its upper and middle thirds.
Popliteus muscle, and serves for the attachment of the popliteal fascia, and part
of the Soleus, Flexor longus digitorum, and Tibialis posticus muscles
the
triangular concave surface, above and to the inner side of this line, gives attachment to the Popliteus muscle. The middle third of the posterior surface is
;

its

a shallow groove for the attachment of the Tibialis anticus muscle

;

:

;

divided by a vertical ridge into two lateral halves the ridge is well marked at
commencement at the oblique line, but becomes gradually indistinct below i
the inner and broader half gives attachment the Flexor longus digitorum, the
The remaining part of the
outer and narrower to part of the Tibialis posticus.
bone is covered by the Tibialis posticus, Flexor longus digitorum, and Flexor
longus pollicis muscles. Immediately below the oblique line is the medullary
foramen, which is directed obliquely downwards.
The Lower Extremity^ much smaller than the upper, presents five surfaces it
is prolonged downwards, on its inner side, into a strong process, the internal
malleolus.
The inferior surface of the bone is quadrilateral, and smooth, for
This surface is narrow internally, where it
articulation with the astragalus.
becomes continuous with the articular surface of the inner malleolus, broader
externally, and traversed from before backwards by a slight elevation, separating
two lateral depressions. The anterior surface of the lower extremity is smooth
and rounded above, and covered by the tendons of the Extensor muscles of the
toes
its lower margin presents a rough transverse depression, for the attachment
of the anterior ligament of the ankle-joint the posterior surface presents a superficial groove directed obliquely downwards and inwards, continuous with a similar
groove on the posterior extremity of the astragalus, and serving for the passage
of the tendon of the Flexor longus pollicis
the external surface presents a
triangular, rough depression for the attachment of the inferior interosseous ligament connecting it with the fibula the lower part of this depression is smooth
in some bones, covered with cartilage in the recent state, and articulating with the
fibula.
This surface is bounded by two prominent ridges, continuous above with
the interosseous ridge they afford attachment to the anterior and posterior tibio:

its

;

;

:

:

;

;

:

FIBULA.
fibular ligaments.

The

downwards

a strong

to

form

the inner malleolus.

internal surface of the lower extremity is prolonged
pyramidal process, flattened from without inwards,
The inner surface of this process is convex and subcuta-

its outer surface^ smooth and
slightly concave, deepens the articular
its anterior
surface for the astragalus

neous
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;

Fig. 219.

— Plan

of the

By

Development

of the Tibia.

Three Centres.

;

is rough, for the attachment of
ligamentous fibres its posterior horder
presents a broad and deep groove, directed obliquely downwards and inwards, which is occasionally double
this groove transmits the tendons of
the Tibialis posticus and Flexor longus
digitorum muscles. The summit of the
internal malleolus is marked by a rough
depression behind, for the attachment of
the internal lateral ligament of the

^^^er

border

extre7,'uf^.

;

^oCtis

Ajrye'CCrs cot biTtk

Shaft

a,

boat

25 f! y•'

ankle-joint.

Like that of the other
Structure.
long bones.
Development. By three centres (Fig.
one for the shaft, and one for
219)
each extremity.
Ossification
commences in the centre of the shaft
about the same time as in the femur,
the fifth week, and gradually extends
^dCns Shitft ahoa,f
Appears at %Vf
towards either extremity. The centre
20^ vT
for the upper epiphysis appears at birth;
'^''^er extrtf^^^
it is flattened in form, and has a thin,
tongue-shaped process in front, which
forms the tubercle. That for the lower epiphysis appears in the second year. The
lower epiphysis joins the shaft at about the twentieth year, and the upper one
about the twenty-fifth year. Two additional centres occasionally exist, one for
the tongue-shaped ]3rocess of the upper epiphysis, the tubercle, and one for the
inner malleolus.
Articulations.
With three bones the femur, fibula, and astragalus.
Attachment of Muscles. To the inner tuberosity, the Semimembranosus: to
the outer tuberosity, the Tibialis anticus and Extensor longus digitorum and
Biceps to the shaft, its internal surface, the Sartorius, Gracilis, and Semitendinosus to its external surface, the Tibialis anticus to its posterior surface, the
Popliteus, Soleus, Flexor longus digitorum, and Tibialis posticus to the tubercle,
:

:

;

;

;

;

the ligamentum patellse.

The Fibula.

(Figs. 217, 218.)

The Fibula is situated at the outer side of the lear. It is the smaller of the two
bones, and, in proportion to its length, the most slender of all the long bones it
is placed nearly parallel with the tibia.
Its upper extremity is small, placed below
the level of the knee-joint, and excluded from its formation; the lower extremity
inclines a little forwards, so as to be on a plane anterior to that of the apper end,
projects below the tibia, and forms the outer ankle.
It presents for examination
a shaft and two extremities.
The Tipper Extremity.^ or Head^ is of an irregular rounded form, presenting
above a flattened articular facet, directed upwards and inwards, for articulation
with a corresponding facet on the external tuberosity of the tibia. On the outer
side is a thick and rough prominence, continued behind into a pointed eminence,
the styloid process, which projects upwards from the posterior part of the head.
;

18
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The prominence

gives attacliment to the tendon of the Biceps muscle, and to the
long external lateral ligament of the knee, the ligament dividing the tendon into
two parts. The summit of the styloid process gives attachment to the short
The remaining part of the circumference of the head
external lateral ligament.
is rough, for the attachment of the anterior superior tibio-fibular ligament, and
the upper and anterior part of the Peroneus longus in front and of the posterior
superior tibio-tibular ligament, and the upper fibres of the outer head of the
Soleus muscle behind.
The Lower Extreinity^ or external malleolus^ is of a pyramidal form, somewhat
flattened from without inwards, and is longer, and descends lower, than the internal
malleolus.
Its external surface is convex, subcutaneous, and continuous with a
triangular (also subcutaneous) surface on the outer side of the shaft.
The internal
surface presents in front a smooth, triangular facet, broader above than below, and
convex from above downwards, which articulates with a corresponding surface on
the outer side of the astragalus. Behind and beneath the articular surface is a
rough depression, which gives attachment to the posterior fasciculus of the
The anterior border is thick and rough,
external lateral ligament of the ankle.
and marked below by a depression for the attachment of the anterior fasciculus
of the external lateral ligament.
The posterior border is broad and marked by a
shallow groove, for the passage of the tendons of the Peroneus longus and brevis
muscles.
The summit is rounded, and gives attachment to the middle fasciculus
of the external lateral ligament.
The Shaft presents four surfaces, anterior, external, antero-internal, and posterointernal
and four borders, the anterior, the interosseous, the posterior, and the
oblique line.^
The anterior border commences above in front of the head, runs
vertically downwards to a little below the middle of the bone, and then, curving a little outwards, bifurcates below. The two lines so formed bound the
triangular subcutaneous surface immediately above the outer side of the external
malleolus.
This border gives attachment to an intermuscular septum, which
separates the muscles on the anterior surface from those on the external.
The internal border^ or interosseous ridqe^ is situated close to the inner side of
the preceding, and runs nearly parallel with it in the upper third of its extent,
but diverges from it so as to include a broader space in the lower two-thirds. It
commences above just beneath the head of the bone (sometimes it is quite indistinct for about an inch below the head), and terminates below at the apex of a
rough triangular surface immediately above the articular facet of the external
malleolus.
It serves for the attachment of the interosseous membrane, and separates the extensor muscles in front from the flexor muscles behind.
The portion
of bone included between the anterior and interosseous lines forms the anterior
;

—

surface.

The posterior border is sharp and prominent it commences above at the base
of the styloid process, and terminates below in the posterior border of the outer
malleolus.
It is directed outwards above, backwards in the middle of its course,
backwards and a little inwards below, and gives attachment to an aponeurosis
which separates the muscles on the outer from those on the inner surface of the
shaft.
The portion of bone included between this line and the interosseous ridge,
which includes more than lialf of the whole circumference of the fibula, is sub;

be noticed that this description varies from that in the former editions, which followed
Ward. In Ward's description the whole of the bone from the interosseous line to the posterior border was included under the name of " internal surface."
The objection to this is the awkwardness of describing as a single surface that which is really about two-thirds of the entire circumference, and has very different aspects at different parts of the bone.
At the same time, Ward's
appears an improvement on the older description of Cloquet, Cruveilhier, etc., in which the part
between the anterior and oblique lines is described as a single surface. This is exposed to the great
^

It will

that of

objection that it is unphysiological, since muscles belonging to opposed groups arise from either side
of the interosseous line.
But from its small
It is hoped that the above description will be plainer.
size, its twisted shape, and the multitude of muscles arising from it, the fibula is not an easy bone
to describe intelligibly, especially when the s]pecimen is not a well-marked one.

:

;
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divided, in its upper three-fourths, into two parts, an anterior and a posterior, by
a very prominent ridge, the oblique line of the fibula^ which commences above at
the inner side of the liead, and terminates by becoming continuous with the
The oblique line attaches
interosseous ridge at the lower fourtli of the bone.
an aponeurosis wliicli separates the Tibialis posticus from the Soleus above, and
This line sometimes ceases just before approachthe Flexor longus pollicis below.
ing the interosseous ridge.
The anterior surface is the interval between the anterior and interosseous
borders.
It is extrergely narrow and flat in the upper third of its extent
broader and grooved longitudinally in its lower third it serves for the attachment of three muscles, the Extensor longus digitorum, Peroneus tertius, and
;

Extensor proprius

pollicis.

external surface^ much broader than the preceding, and often deeply
grooved, is directed outwards in the upper two-thirds of its course, backwards in
the lower third, where it is continuous with the posterior border of the external
malleolus.
This surface is completely occupied by the Peroneus longus and
brevis muscles.
The antero -internal surface is the interval included between the interosseous
ridge and the oblique line. It is directed inwards, and is grooved for the attachment of the Tibialis posticus muscle. The •postero-internal surface is the space
included between the oblique line and the
posterior border
it is continuous below with
Fig. 220.— Plan of the Development
of the Fibula.
By Three Centres.
the rough triangular surface above the articular
facet of the outer malleolus it is directed backtxt?
wards above, backwards and inwards at its
Ajffp^ about It-t'-yS-f^fiVVTwUs aioat2^t^f^
middle, directly inwards below.
Its upper
third is rough, for the attachment of the
Soleus muscle its lower part presents a triangular rough surface, connected to the tibia by
a strong interosseous ligament, and between
these two points the entire surface is covered
by the fibres of origin of the Flexor longus
pollicis muscle.
At about the middle of this
surface is the nutrient foramen, which is directed

The

;

;

/

;

downwards.
In order to distinguish the side to which the
bone belongs, hold it with the lower extremity
downwards, and the broad groove for the Peronei
tendons backwards, towards the holder
the
triangular subcutaneous surface will then be
directed to the side to which the bone belongs.
Articulations.
With two bones the tibia
and astragalus.
;

:

Development. By three centres (Fig. 220)
4fnit£s aioutZO^yAppears atZ V^
one for the shaft, and one for each extremity.
Ossification commences in the shaft about the
^^ ^^tr^^
sixth week of foetal life, a little later than in the
tibia, and extends gradually towards the extremities.
At birth both ends are cartilaginous, Ossification commences in the
lower end in the second year, and in the upper one about the fourth year. The
lower epiphysis, the first in which ossification commences, becomes united to the
shaft first, contrary to the law which appears to prevail with regard to the junction of epiphyses with diaphyses
this takes place about the twentieth year; the
upper epiphysis is joined about the twenty-fifth year,^
;

^

It will

be observed that in the fibula, as in other long bones, the epiphysis towards which the
is directed is the one first joined to the shaft.

nutrient artery
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Biceps, Soleus, and Peroneus longus

to the shaft, its anterior surface, the Extensor longus digitorum, Peroneus tertius,
and Extensor proprius pollicis to the antero-internal surface, the Tibiahs posticus to the postero-internal surface, the Soleus and Flexor longus pollicis to
the external surface, the Peroneus longus and brevis.
;

:

:

THE FOOT.
The skeleton

(Figs. 221, 222.)

of the Foot consists of three divisions

:

the Tarsus, Metatarsus,

and Phalanges.

The Taksus.
The bones

of the Tarsus are seven in

number

astragalus, cuboid, scaphoid, internal, middle,

:

viz.,

the calcaneum, or os

calcis,

and external cuneiform bones.

The Calcaneum.
The Oalcaneum,

the largest and strongest of the tarsal bones.
and situated at the lower and back part of the
transmit the weight of the body to the ground, and forming a
or Os Calcis^

is

It is irregularly cuboidal in form,

serving to
strong lever for the muscles of the

foot,

examination six surfaces:
and posterior.
The superior surface is formed behind, of the upper aspect of that part of the
It varies in length in
OS calcis which projects backwards to form the heel.
diiferent individuals
is convex from side to side, concave from before backwards,
and corresponds above to a mass of adipose substance placed in front of the tendo
Achillis.
In the middle of the superior surface are two (sometimes three)
articular facets, separated by a broad shallow groove, which is directed obliquely
forwards and outwards, and is rough for the attachment of the interosseous ligament connecting the astragalus and os calcis. Of the two articular surfaces the
external is the larger, and situated on the body of the bone it is of an oblong
form, wider behind than in front, and convex from before backwards.
The
internal articular surface is supported on a projecting process of bone, called the
lesser process of the calcaneum (sustentaculum tali); it is also oblong, concave
longitudinally, and sometimes subdivided into two parts, which diifer in size and
shape.
More anteriorly is seen the upper surface of the greater p7'ocess, marked
by a rough depression for the attachment of numerous ligaments, and the origin
of the Extensor brevis digitorum muscle.
The inferior surface is narrow, rough, uneven, wider behind than in front,
and convex from side to side it is bounded posteriorly by two tubercles, separated
by a rough depression the external^ small, prominent, and rounded, gives
attachment to part of the Abductor minimi digiti the internal^ broader and
larger, for the support of the heel, gives attachment, by its prominent inner
margin, to the Abductor pollicis, and in front to the Flexor brevis digitorum
muscles the depression between the tubercles attaches the Abductor minimi
digiti and plantar fascia.
The rough surface in front of the tubercles gives
attachment to the long plantar ligament, and to the outer head of the Flexor accessorius muscle; and to a prominent tubercle nearer the anterior part of the bone, as
well as to a transverse groove in front of it is attached the short plantar ligament.
The external surface is broad, flat, and almost subcutaneous it presents near
its centre a tubercle, for the attachment of the middle fasciculus of the external
lateral ligament.
Above the tubercle is a broad, smooth surface, giving attachment, at its upper and anterior part, to the external calcaneo-astragaloid ligament and in front of the tubercle a narrow surface marked by two oblique
grooves, separated by an elevated ridge the superior groove transmits the tendon
of the Peroneus brevis; the inferior^ the tendon of the Peroneus longus; the
It presents for

calf.

superior, inferior, external, internal, anterior,

;

:

;

;

;

;

;

;

:
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intervening ridge gives attacliment to a prolongation from the external annular
lisfament.

The internal surface presents a deep concavity, directed obliquely downwards
and forwards, for the transmission of the plantar vessels and nerves and Flexor
tendons into the sole of the foot it affords attachment to part of the Flexor
This surface presents an eminence of bone, the lesser process^
accessorius muscle.
which projects horizontally inwards from its upper and fore part, and to which a
This process is concave
slip of the tendon of the Tibialis posticus is attached.
above, and supports the anterior articular surface of the astragalus below, it is
convex, and grooved for the tendon of the Flexor longus poUicis. Its free
margin is rough for the attachment of ligaments.
The anterior surface^ of a somewhat triangular form, is smooth, concavo-convex,
and articulates with the cuboid. It is surmounted, on its outer side, by a rough
prominence, which forms an important guide to the surgeon in the perforrhance
of Chopart's amputation.
The posterior surface is rough, prominent, convex, and wider below than above.
Its lower part is rough, for the attachment of the tendo Achillis, and of the
Plantaris muscle its upper part is smooth, and corresponds to a bursa which
separates the tendon from the bone.
With two bones the astragalus and cuboid.
Articulations.
Attachment of Muscles. Part of the Tibialis posticus, the tendo Achillis,
Plantaris, Abductor pollicis. Abductor minimi digiti. Flexor brevis digitorum,
Flexor accessorius, and Extensor brevis digitorum.
;

;

;

:

The
The Cuboid bone

is

Cuboid.

placed on the outer side of the foot, in front of the os

and behind the fourth and fifth metatarsal bones. It is of a pyramidal
shape, its base being directed upwards and inwards, its apex downwards and
outwards. It may be distinguished from the other tarsal bones by the existence
of a deep groove on its under surface, for the tendon of the Peroneus longus
muscle.
It presents for examination six surfaces
three articular and three noncalcis,

:

articular.

The non- articular

surfaces are the superior, inferior, and external.

upwards and outwards,

The

supe-

rough, for the attachment of numerous ligaments. The inferior or plantar surface presents in front
a deep groove, which runs obliquely from without forwards and inwards it
lodges the tendon of the Peroneus longus, and is bounded behind by a prominent
ridge, terminating externally in an eminence, the tuberosity of the cuboid, the
surface of which presents a convex facet, for articulation with the sesamoid bone
of the tendon contained in the groove.
The ridge and surface of bone behind it
are rough, for the attachment of the long and short plantar ligaments.
few
fibres of the Flexor brevis pollicis may be traced to this surface.
The external
surface^ the smallest and narrowest of the three, presents a deep notch, formed by
the commencement of the peroneal groove.
The articular surfaces are the posterior, anterior, and internal. The posterior
surface is smooth, triangular, and concavo-convex, for articulation with the anterior surface of the os calcis.
The anterior.^ of smaller size, but also irregularly
triangular, is divided by a vertical ridge into two facets
the inner facet, quadrilateral in form, articulates with the fourth metatarsal bone
the outer one, larger
rior or dorsal surface.^ directed

is

;

A

:

;

The internal surface
broad, rough, irregularly quadrilateral, presenting at its middle and upper
part a small oval facet, for articulation with the external cuneiform bone and
behind this (occasionally) a smaller facet, for articulation with the scaphoid it
is rough in the rest of its extent, for the attachment of strong interosseous ligaments.
To ascertain to which foot it belongs, hold the bone so that its under surface,
and more triangular, articulates with the

fifth

metatarsal.

is

;

;

ASTRAGALUS.
Fig;.

222.— Bones

of the

Eight Foot.
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marked by

tlie

peroneal groove, looks downwards, and the large concavo-convex

the narrow non-articular surface,
articular surface backwards, towards the holder
marked by the commencement of the peroneal groove, will point to the side to
:

which the bone belongs.

With four bones the os calcis, external cuneiform, and the
metatarsal bones, occasionally with the scaphoid.
Attachment of Muscles. Part of the Flexor brevis poUicis.
Articulations.

fourth and

:

fiftli

The Astkagalus.
The Astragalus
calcis.

(Fig. 221) is the largest of the tarsal bones, next to the os
middle and upper part of the tarsus, supporting the tibia

It occupies the

above, articulating with the malleoli on either side, resting below upon the os
This bone may easily be recognized
calcis, and joined in front to the scaphoid.
by its large, rounded head, by the broad articular facet on its upper convex surface, or by the two articular facets, separated by a deep groove, on its under
concave surface. It presents six surfaces for examination.
The superior surface presents, behind, a broad, smooth, trochlear surface, for
articulation with the tibia.
The trochlea is broader in front than behind, convex
from before backwards, slightly concave from side to side in front of it is the
upper surface of the neck of the astragalus, rough for the attachment of ligaments.
The inferior surface presents two articular facets, separated by a deep
The groove runs obliquely forwards and outwards, becoming gradually
groove.
broader and deeper in front it corresponds with a similar groove upon the upper
surface of the os calcis, and forms, when articulated with that bone, a canal, filled
up in the recent state by the calcaneo-astragaloid interosseous ligament. Of the
two articular facets, the posterior is the larger, of an oblong form, and deeply
concave from side to side the anterior, although nearly of equal length, is narrower, of an elongated oval form, convex longitudinally, aucl often subdivided
into two by an elevated ridge
of these the posterior articulates with the lesser
process of the os calcis the anterior, with the upper surface of the calcaneoscaphoid ligament. The internal surface presents at its upper part a pear-shaped
articular facet for the inner malleolus, continuous above with the trochlear surface
below the articular surface is a rough depression, for the attachment of the
deep portion of the internal lateral ligament. The external surface presents a
large triangular facet, concave from above downwards, for articulation with the
external malleolus it is continuous above with the trochlear surface, and in front
of it is a rough depression for the attachment of the anterior fasciculus of the
external lateral ligament.
The anterior surface^ convex and rounded, forms the
head of the astragalus it is smooth, of an oval form, and directed obliquely
inwards and downwards it is continuous below with that part of the anterior
facet on the under surface which rests upon the calcaneo-scaphoid ligament. The
head is surrounded by a constricted portion, the neck of the astragalus.' The
posterior surface is narrow, and traversed by a groove, which runs obliquely
downwards and inwards, and transmits the tendon of the Flexor longus pollicis,
external to which is a horizontal notch or depression, in which the posterior
fasciculus of the external lateral ligament is lodged.
To ascertain to which foot it belongs, hold the bone with the broad articular
surface upwards, and the rounded head forwards the lateral triangular articular
surface for the external malleolus will then point to the side to which the bone
;

;

;

;

;

;

;

;

;

;

belono's.

Articulations.

With

four bones

:

tibia, fibula, os calcis,

and scaphoid.

The Scaphoid.
The Scaphoid or Navicular bone, so called from its fancied resemblance to a
boat, is situated at the inner side of the tarsus, between the astragalus behind

;
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and the three cuneiform bones in front. This bone may be distinguished by its
form, being concave behind, convex and subdivided into three facets in front.
The anterior surface^ of an oblong form, is convex from side to side, and subdivided by two ridges into three facets, for articulation with the three cuneiform
The posterior surface is oval, concave, broader externally than internally,
bones.
and articulates with the rounded head of the astragalus. The superior surface is
convex from side to side, and rough for the attachment of ligaments. The inferior
is somewhat concave, irregular, and also rough for the attachment of ligaments.
The internal surface presents a rounded tubercular eminence, the tuberosity of
the scaphoid, which gives attachment to part of the tendon of the Tibialis posticus.
The external surface is broad, rough, and irregular, for the attachment of bgamentous fibres, and occasionally presents a small facet for articulation with the
cuboid bone.
To ascertain to which foot it belongs, hold the bone with the concave articular
surface backwards, and the convex dorsal surface upwards the broad external
surface will point to the side to which the bone belongs.
Articulations.
With four bones astragalus and three cuneiform occasionally
also with the cuboid.
Attachment of Muscles. Part of the Tibialis posticus.
The Cuneiform Bones have received their name from their wedge-like shape.
They form with the cuboid the most anterior row of the tarsus, being placed
between the scaphoid behind, the three innermost metatarsal bones in front, and
the cuboid externally.
They are called the first^ second., and third., counting from
the inner to the outer side of the foot, and, from their position, internal., middle.,
;

:

;

and external.

The Internal Cuneiform.
The Internal Cuneiform

is

the largest of the three.

It is situated at the inner

between the scaphoid behind and the base of the first metatarsal
may be distinguished from the other two by its large size, and its

side of the foot,

in front.

It

irregular wedge-like form.
Without the others, it may be known by the
large kidney-shaped anterior articulating surface, and by the prominence on the
non-articular surface (or base of the wedge), for the attachment of a large tendon.
It presents for examination six surfaces.
The internal surface is subcutaneous, and forms part of the inner border of the
it is broad, quadrilateral, and presents at its anterior inferior angle a smooth
foot
oval facet, over which the tendon of the Tibialis anticus muscle glides in the
rest of its extent it is rough, for the attachment of ligaments.
The external
surface is concave, presenting, along its superior and posterior borders, a narrow
surface for articulation with the middle cuneiform behind, and second metatarsal
bone in front in the rest of its extent, it is rough for the attachment of ligaments, and prominent below, where it forms part of the tuberosity.
The anterior
surface., kidney-shaped, articulates with the metatarsal bone of the great toe.
The posterior surface is triangular, concave, and articulates with the innermost
and largest of the three facets on the anterior surface of the scaphoid. The
inferior or plantar surface is rough, and presents a prominent tuberosity at its
back part for the attachment of part of the tendon of the Tibialis posticus. It
The
also gives attachment in front to part of the tendon of the Tibialis anticus.
superior surface is the narrow, pointed end of the wedge, which is directed
upwards and outwards; it is rough for the attachment of ligaments.
To ascertain to which side it belongs, hold the bone so that its superior narrow
edge looks upwards, and the long, kidney-shaped, articular surface forwards
the external surface, marked by its vertical and horizontal articular facets, will
point to the side to which it belongs.
Articulations.
With four bones: scaphoid, middle cuneiform, first and second

more

;

;

:

metatarsal bones.
Attachment of Muscles.

The

Tibialis anticus

and posticus.
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The Middle Cuneiform.
The Middle Cuneiform^ tlie smallest of the tlii-ee, is of very regular wedgelike form, the broad extremity being placed upwards, the narrow end downwards.
It is situated between the other two bones of the same name, and corresponds to
the scaphoid behind, and the second metatarsal in front. It may be distinguished
from the external cuneiform bone, which
ance,

by the

it

much

resembles in general appear-

which runs round the upper and
the two bones from the same foot are

articular facet, of angular form,

and if
its inner surface
together, the middle cuneiform is much the smaller.
The anterior surface, triangular in form, and narrower than the posterior,
The ]iosterior surface^
articulates with the base of the second metatarsal bone.
The internal surface presents an
also triangular, articulates with the scaphoid.
articular facet, running along the superior and posterior borders, for articula'tion
with the internal cuneiform, and is rough below for the attachment of ligaments.
Tlie external surface presents posteriorly a smooth facet for articulation with the
back part of

;

The superior surface forms the base of the wedge it
quadrilateral, broader behind than in front, and rough for the attachment of
The interior surface^ pointed and tubercular, is also rough for ligaligaments.
external cuneiform bone.

;

is

mentous attachment.
To ascertain to which foot the bone belongs, hold

its superior or dorsal
the smooth
surface upwards, the broadest edge being towards the holder
facet (limited to the posterior border) will then point to the side to which it
belongs.
Articulations.
With four bones scaphoid, internal and external cuneiform,
and second metatarsal bone.
Attachment of Muscle.
slip from the tendon of the Tibialis posticus is
attached to the bone.
:

:

A

The External Cuneiform.
The External Cuneiform^ intermediate in size between the two preceding, is of
a very regular wedge-like form, the broad extremity being placed upwards, the
narrow end downwards. It occupies the centre of the front row of the tarsus
betAveen the middle cuneiform internally, the cuboid externally, the scaphoid
behind, and the third metatarsal in front. It is distinguished from the internal
cuneiform bone by its more regular wedge-like shape, and by the absence of the
kidney-shaped articular surface from the middle cuneiform by the absence of
the bent, or angular, facet, and by the two articular facets which mark both its
inner and outer surfaces. It has six surfaces for examination.
The anterior surface^ triangular in form, articulates with the third metatarsal
bone, ^he posterior surface articulates with the most external facet of the scaphoid, and is rough below for the attachment of ligamentous fibres.
The internal
surface presents two articular facets, separated by a rough depression the anterior
one, situated at the superior angle of the bone, articulates with the outer side of
the base of the second metatarsal bone; the posterior one skirts the posterior
border, and articulates with the middle cuneiform; the rough depression between
the two gives attachment to an interosseous ligament.
The external surface also
presents two articular facets, separated by a rougli non-articular surface
the
anterior facet, situated at the superior angle of the bone, is small, and articulates
with the inner side of the base of the fourth metatarsal the posterior, and larger
one, articulates with the cuboid the rough non-articular surface serves for the attachment of an interosseous ligament. The three facets for articulation with the
three metatarsal bones are continuous with one another, and covered by a prolongation of the same cartilage
the facets for articulation with the middle
cuneiform and scaphoid are also continuous, but that for articulation with the
cuboid is usually separate. The superior or dorsal surface is of an oblong square
:

;

;

;

;

;

;
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posterior external angle being prolonged backwards.
The inferior or
an obtuse rounded margin, and serves for the attachment of
part of the tendon of the Tibialis posticus, part of the Flexor brevis pollicis, and
ligaments.
To ascertain to which side it belongs, hold the bone with the broad dorsal
surface upwards, the prolonged edge backvv^ards the separate articular facet for
the cuboid will point to the proper side.
With six bones the scaphoid, middle cuneiform, cuboid, and
Articulations.
second, third, and fourth metatarsal bones.
Attachment of Muscles. Part of Tibialis posticus, and Flexor brevis pollicis.

form

;

its

•plantar surface is

;

:

The Metatarsal Bones.
The Metatarsal Bones
into a shaft and

Common

are five in

number

;

they are long bones, and subdivided

two extremities.

characters.

The Shaft

tarsal to the phalangeal extremity,

prismoid in form, tapers gradually from the
and is slightly curved longitudinally, so as to

is

be concave below, slightly convex above. The Posterior J^xtremity^ or Base, is
wedge-shaped, articulating by its terminal surface with the tarsal bones, and by
its lateral surfaces with the contiguous metatarsal bones
its dorsal and plantar
surfaces being rough for the attachment of ligaments.
The Anterior Extremity,
or Head, presents a terminal rounded articular surface, oblong from above downwards, and extending further backwards below than above. Its sides are flattened, and present a depression, surmounted by a tubercle, for ligamentous
attachment. Its under surface is grooved in the middle line for the passage
of the Flexor tendon, and marked on each side by an articular eminence
continuous with the terminal articular surface.
Peculiar characters. The Pirst is remarkable for its great size, but it is the
shortest of all the metatarsal bones.
The shaft is strong, and of well-marked
prismoid form. The posterior extreonity presents no lateral articular facets; its
terminal articular surface is of large size, kidney-shaped, and its circumference
grooved for the tarso-metatarsal ligaments its inferior angle presents a rough,
oval prominence, for the insertion of the tendon of the Peroneus longus. The
head is of large size on its plantar surface are two grooved facets, over wdiich
glide sesamoid bones the facets are separated by a smooth, elevated ridge.
This bone is known by the single kidney-shaped articular surface on its base
the deeply grooved appearance of the plantar surface of its head; and its great
thickness, relatively to its length.
When it is placed in its natural position, the
concave border of the kidney-shaped articular surface on its base points to the
;

;

;

;

which the bone belongs.
is the longest and largest of the remaining metatarsal bones, being
prolonged backwards into the recess formed between the three cuneiform bones.
Its tarsal extremity is broad above, narrow and rough below.
It presents four

side to

The Second

articular surfaces: one behind, of a triangular form, for articulation with the
middle cuneiform
one at the upper part of its internal lateral surface, for
articulation with the internal cuneiform
and two on its external lateral surface,
;

;

superior and an inferior, separated by a rough depression.
Each of the latter
articular surfaces is divided by a vertical ridge into two parts; the anterior segment of each facet articulates with the third metatarsal the two posterior (sometimes continuous) with the external cuneiform.
The facets on the tarsal extremity of the second metatarsal bone serve at once
to distinguish it from the rest and to indicate the foot to which it belongs there
being one facet at the upper angle of the internal surface, and two facets, each
subdivided into two parts, on the external surface, pointing to the side to which
the bone belongs. The fact that the two posterior subdivisions of these external
facets sometimes run into one should not be forgotten.
The Third articulates behind, by means of a triangular smooth surface, with
a'

;

;
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the external cuneiform on its inner side, by two facets, with the second metaand on its outer side, by a single facet, with the third metatarsal. The
latter facet is of circular form, and situated at the upper angle of the base.
The third metatarsal is knoAvn by its having at its tarsal end two undivided
This distinguishes it
facets on the inner side, and a single facet on the outer.
fi'om the second metatarsal, in which the two facets, found on one side of its
The single facet (when the bone is put
tarsal' end, are each subdivided into two.
in its natural position) is on the side to which the bone belongs.
The Fourth is smaller in size than the preceding its tarsal extremity presents
a terminal quadrilateral surface, for articulation with the cuboid
a smooth facet
on the inner side, divided by a ridge into an anterior portion for articulation with
the third metatarsal, and a posterior portion for articulation with the external
cuneiform on the outer side a single facet, for articulation with the fifth meta;

tarsal

;

;

;

;

tarsal.

The fourth metatarsal is known by its having a single facet, on either side of
the tarsal extremity, that on the inner side being divided into two parts.
If this
subdivision be not recognizable, the fact that its tarsal end is bent somewhat outwards will indicate the side to which it belongs, as Mr. Holden points out.
The Fifth is recognized by the tubercular eminence on the outer side of its
base.
It articulates behind, by a triangular surface cut obliquely from without
inwards, with the cuboid and internally, with the four metatarsal.
The projection on the outer side of this bone at its tarsal end at once distinguishes it from the others, and points to the side to which it belongs.
Articulations.
Each bone articulates with the tarsal bones by one extremity,
and by the other with the first row of phalanges. The number of tarsal bones
with which each metatarsal articulates, is one for the first, three for the second,
one for the third, two for the fourth, and one for the fifth.
Attachment of Muscles. To the first metatarsal bone, three
part of the
Tibialis anticus, the Peroneus longus, and First dorsal interosseous.
To the
second, three the Adductor poUicis, and First and Second dorsal interosseous.
To the third, five the Adductor poUicis, Second and Third dorsal, and First
plantar interosseous, and a slip from the tendon of the Tibialis posticus.
To the
fourth, five
the Adductor pollicis. Third and Fourth dorsal, and Second plantar
interosseous, and a slip from the tendon of the Tibialis posticus.
To the fifth,
six the Peroneus brevis, Peroneus tertius. Flexor brevis minimi digiti, Transversus pedis, Fourth dorsal, and Third plantar interosseous.
:

:

:

:

:

:

Phalanges.
The Phalanges
those in the hand
other toes.

;

of the foot, both in number and general arrangement, resemble
there being two in the great toe, and three in each of the

closely those of the hand.
The shaft
compressed from side to side, convex above, concave below. The posterior
extremity is concave and the anterior extremity presents a trochlear surface, for
articulation with the second phalanges.
The phalanges of the second row are remarkably small and short, but rather
broader than those of the first row.
The ungual phalanges, in form, resemble those of the fingers; but they are
smaller, flattened from above downwards, presenting a broad base for articulation
with the second row, and an expanded extremity for the support of the nail and
end of the toe.
Articulation.
The first row, with the metatarsal bones, and second phalanges;
the second of the great toe, with the first phalanx, and of the other toes, with
the first and third phalanges the third with the second row.
Attachment of Muscles. To the first phalanges. Great toe innermost tendon
of Extensor brevis digitorum. Abductor pollicis. Adductor pollicis. Flexor brevis

The phalanges of the first row resemble

is

;

;

:

;
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Transversus pedis. Second toe First and Second dorsal interosseous.
Third dorsal and First plantar interosseous. Fourth toe Fourth
Second plantar interosseous. Fifth toe Flexor brevis minimi digiti,
minimi digiti, and Third plantar interosseous. Second phalanges.
Extensor longus pollicis, Flexor longus pollicis. Other toes Flexor
brevis digitorum, one slip of the common tendon of the Extensor longus and
Third phalanges two slips from the common tendon of
brevis digitorum.
the Extensor longus and Extensor brevis digitorum, and the Flexor longus
The phalanges of the little toe do not get a slip from the Extensor
digitorum.
brevis digitorum.
pollicis,

:

Third toe
dorsal and
Abductor
Great toe

:

:

:

—

:

:

—

:

Developmext of the Foot.
The Tarsal bones

(Fig. 223.)

are each developed by a single centre, excepting the os calcis,
The centres make their
for its posterior extremity.

which has an epipbysis

Fig. 223.

—Plan

of the

Development

of the Foot.

unites after puberty

Tarsus
/ Ce'ntre for ecteA
exciv t Os

T>o7be>

CalcM

Metatarsus
Z Centres for each bone
i fcr Shxxft
1 for Digital Extremity

Unite ta-ZO*^

esrcevt i.?P

,-

App.

7^a^

Wniu 18-ZOyA

V7iite^7-^8y'l

PiaZetngea
j^£j>,Z~lf.mo^-

ZCentresfifT

eaeJi,

ione

fforShajfl

f ivTMttdtarsalUxt.V
ir7Ute

q-18

y.V['

Unu^of7-iSy:(^M

appearance in tbe following order os calcis, at the sixth month of foetal life
astragalus, about the seventh month
external
cuboid, at the ninth month
cuneiform, during the first year internal cuneiform, in the third year middle
cuneiform and scaphoid, in the fourth year. The epiphysis for the posterior
tuberosity of the os calcis appears at the tenth year, and unites with the rest of
the bone soon after puberty.
:

;

;

;

;
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The Metatarsal bones are each developed by two centres one for the shaft,
and one for the digital extremity, in the four outer metatarsal one for the shaft,
and one for the base, in the metatarsal bone of the great toe. Ossification commences in the centre of the shaft about the seventh week, and extends towards
either extremity, and in the digital epiphyses about the third year
they become
joined between the eighteenth and twentieth years.
The Phalanges are developed by two centres for each bone one for the shaft,
and one for the metatarsal extremity.
:

;

;

:

Sesamoid Bones.
These are small rounded masses, cartilaginous in early life, osseous in the
which are developed in those tendons which exert a great amount of
It is said that they are more
pressure upon the parts over which they glide.
commonly found in the male than in the female, and in persons of an active
muscular habit than in those who are weak and debilitated. They are invested
throughout their whole surface by the fibrous tissue of the tendon in which
they are found, excepting upon that side which lies in contact with the part
over which thej^ play, where they present a free articular facet. They may be
divided into two kinds those which glide over the articular surfaces of joints,,
and those which play over the cartilaginous facets found on the surfaces of
adult,

:

certain bones.

The sesamoid bones of the joints are, in the lower extremity, the patella, which
developed in the tendon of the Quadriceps extensor two small sesamoid bones,
found in the tendons of the Flexor brevis poUicis, opposite the metatarso-phalangeal joint of the great toe, and occasionally one in the metatarso-phalangeal
joint of the second toe, the little toe, and, still more rarely, the third and fourth
is

;

toes.

In the upper extremity, there are two on the palmar surface of the metacarpophalangeal joint in the thumb, developed in the tendons of the Flexor brevis
pollicis, occasionally one or two opposite the metacarpo-phalangeal articulations
of the fore and little fingers, and, still more rarely, one opposite the same jointsof the third and fourth fingers.
Those found in the tendons which glide over certain bones occupy the following situations one in the tendon of the Peroneus longus, where it glides through
the groove in the cuboid bone one appears late in life in the tendon of the
Tibialis anticus, opposite the smooth facet on the internal cuneiform bone
one
is found in the tendon of the Tibialis posticus, opposite the inner side of the
astragalus one in the outer head of the Gastrocnemius, behind the outer condyle^
of the femur and one in the Psoas and Iliacus, where they glide over the body
of the pubes.
Sesamoid bones are found occasionally in the tendon of the Biceps,
opposite the tuberosity of the radius in the tendon of the Gluteus maximus, as
it passes over the great trochanter
and in the tendons which wind around the
inner and outer malleoli.
:

;

:

;

;

;

;

The

Articulations.

various bones of wliicli the Skeleton consists are connected together at
THEdifferent
designated by the
parts of their surfaces, and sucli a connection
is

name of Joint

or Articulation.
If the joint is immovable^ as between tlie cranial
and most of the facial bones, their adjacent margins are applied in almost close
contact, a thin layer of fibrous membrane, the sutural ligament.^ and, at the base
of the skull, in certain situations, a thin layer of cartilage being interposed.
Where slight movement is required, combined with great strength, the osseous
surfaces are united by, tough and elastic fibro-cartilages, as in the joints of the
but in the movable joints, the
spine, the sacro-iliac, and interpubic articulations
bones forming the articulation are generally expanded for greater convenience
of mutual connection, covered by cartilage^ held together by strong bands or
capsules of fibrous tissue, called ligo,ments^ and lined by a membrane, the
synovial memhrane^i which secretes a fluid to lubricate the various parts of which
the joint is formed: so that the structures which enter into the formation of a
joint are bone, cartilage, fibro-cartilage, ligament, and synovial membrane.
Bone constitutes the fundamental element of all the joints. In the long bones,
the extremities are the parts which form the articulations they are generally
somewhat enlarged, consisting of spongy cancellous tissue, with a thin coating of
compact substance. In the flat bones, the articulations usually take place at the
edges; and, in the short bones, at various parts of their surface.
The layer of
compact bone which forms the articular surface, and to which the cartilage is
attached, is called the articulur lamella.
It is of a white color, extremely dense,
and varies in thickness. Its structure differs from ordinary bone tissue in this
respect, that it contains no Haversian canals, and its lacunse are much larger than
in ordinary bone, and have no canaliculi.
The vessels of the cancellous tissue,
as they approach the articular lamella, turn back in loops, and do not perforate
it
this layer is consequently more dense and firmer than ordinary bone, and is
evidently designed to form a firm and unyielding support for the articular
;

;

;

cartilage.

The articular will be found described along with the other kinds of cartilage
in the Introduction.
Ligaments are found in nearly all the movable articulations; they consist of
bands of various forms, serving to connect together the articular extremities of
bones, and composed mainly of bundles of white fibrous tissue placed parallel with,
or closely interlaced with, one another, and presenting a white, shining silvery
aspect.
Ligament is pliant and flexible, so as to allow of the most perfect freedom
of movement, but strong, tough, and inextensile, so as not readily to yield under
the most severely applied force; it is consequently well adapted to serve as the
connecting medium between the bones. Some ligaments consist entirely of yellow
elastic tissue.^ as the ligamenta subflava, which connect together the adjacent
arches of the vertebrge, and the liganjentum nuchge in the lower animals. In
these cases, it will be observed tliat the elasticity of the ligament is intended to
act as a substitute for muscular power.
Synovial membrane is a thin, delicate membrane, arranged in the form of a
short wide tube, attached by its open ends to the margins of the articular
extremities of the bones, and covering the inner surface of the various ligaments
which connect the articulating surfaces. It resembles the serous membranes in
structure, but differs in the nature of its secretion, which is thick, viscid, and
glairy, like the white of egg
and hence termed synovia. The synovial mero:
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branes found iu the body admit of subdivision into three kinds, articular, bursal,

and vaginal.

The
In the

articular synovial
foetus, this

membranes are found in all the freely movable joints.
is said, by Toynbee, to be continued over the surface

membrane

of the cartilages; but in the adult it is wanting, excepting at their circumference,
upon which it encroaches for a short distance: it then invests the inner surface
of the capsular or other ligaments inclosing the joint, and is reflected over the
surface of any tendons passing through its cavity, as the tendon of the Popliteus
In most of the joints
in the knee, and the tendon of the Biceps in the shoulder.
the synovial membrane is thrown into folds, which project into the cavity.
Some of these folds contain large masses of fat. These are especially distinct in
Others are flattened folds, subdivided at their margins into
the hip and the knee.
fringe-like processes, the vessels of which have a convoluted arrangement.
The
latter generally project from the synovial membrane near the margin of the
They consist of connective tissue, covered
cartilage, and lie flat upon its surface.
with epithelium, and contain fat cells in variable quantity, and, more rarely,
isolated cartilage cells.
They are found in most of the bursal and vaginal, as
well as in the articular synovial membranes, and were described, by Clopton
Havers, as mucilaginous glands, and as the source of the synovial secretion.
Under certain diseased conditions, similar processes are found covering the entire
surface of the synovial membrane, forming a mass of pedunculated fibro-fatty
growths, which project into the joint.
The hursse are found interposed between surfaces which move upon each other,
producing friction, as in the gliding of a tendon, or of the integument over projecting bony surfaces.
They admit of subdivision into two kinds, the hursee
mucosBe^ and the synovial hursse.
The former are large, simple, or irregular
cavities in the subcutaneous areolar tissue, inclosing a clear viscid fluid.
They
are found in various situations, as between the integument and front of the patella,
over the olecranon, the malleoli, and other prominent parts. The syjiovial hursse
are found interposed between muscles or tendons as they play over projecting
bony surfaces, as between the Glutei muscles and the surface of the great trochanter.
They consist of a thin wall of connective tissue, partially covered by epithelium,
and contain a viscid fluid. Where one of these exists in the neighborhood of a
joint, it usually communicates with its cavity, as is generally the case with the
bursa between the tendon of the Psoas and Uiacus and the capsular ligament of
the hip, or the one interposed between the under surface of the Subscapulars
and the neck of the scapula.
The vaginal synovial merabranes (synovial sheaths) serve to facilitate the
gliding of tendons in the osseo-fibrous canals through which they pass. The
membrane is here arranged in the form of a sheath, one layer of which adheres to
the wall of the canal, and the other is reflected upon the outer surface of the contained tendon the space between the two free surfaces of the membrane being
partially filled with synovia.
These sheaths are chiefly found surrounding the
tendons of the flexor and extensor muscles of the fingers and toes, as they pass
through the osseo-fibrous canals in the hand or foot.
Synovia is a transparent, 3^ellowish-white, or slightly reddish fluid, viscid like
the white of egg, havhig an alkaline reaction, and slightly saline taste.
It consists, according to Frerichs, in the ox, of 94.85 water, 0.56 mucus and epithelium,
0.07 fat, 3.51 albumen and extractive matter, and 0.99 salts.
The articulations are divided into three classes SynaHhrosis, or immovable
Amphiarthrosis^ or mixed and Diarthrosis^ or movable joints.
;

:

;

;

1.

Synarthrosis.

Immovable Articulations.

Synarthrosis includes all those articulations in which the surfaces of the bones
are in almost direct contact, not separated by an intervening synovial cavity, and
immovably connected with each other, as the joints between the bones of the
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lace, excepting those of the lower jaw.
The varieties of synarthrosis
Sutura, Schindylesis, and Gomphosis.
are three in number
A¥liere the articulating surfaces are connected by a series
Sutu7-a (a seam).
of processes and indentations interlocked together, it is termed sutura vera ; of
which there are three varieties sutura dentata, serrata, and limbosa. The surfaces of the bones are not in direct contact, being separated by a l&jer of membrane, continuous externally with the pericranium, internally with the dura mater.
The sutura dentata [dens, a tooth) is so called from the tooth-like form of the
projecting articular processes, as in the suture between the parietal bones.
In
the sutura serrata (serra, a saw), the edges of the two bones forming the articulation are serrated like the teeth of a fine saw, as between the two portions of the
frontal bone.
In the sutura. limbosa [Umbus, a selvage), besides the dentated
processes, there is a certain degree of bevelling of the articular surfaces, so that
the bones overlap one another, as in the suture between the parietal and frontal
bones.
When the articulation is formed by roughened surfaces placed in apposition with one another, it is termed the false suture, sutura notha, of which there
are two kinds, the sutura squamosa {squama, a scale), formed by the overlapping
of two contiguous bones by broad bevelled margins, as in the temporo-parietal
(squam.ous) suture; and the sutura harm^onia (app^ov/a, a joining together), where
there is simple apposition of two contiguous rough bony surfaces, as in the
articulation between the two superior maxillary bones, or of the horizontal plates
of the palate bones.
Schindylesis {dxi^jhuX-ndig, a fissure) is that form of articulation in which a thin
plate of bone is received into a cleft or fissure formed by the separation of two
laminge of another, as in the articulation of the rostrum of the sphenoid and
perpendicular plate of the ethmoid with the vomer, or in the reception of the
latter in the fissure between the superior maxillary and palate bones.
Gomphosis (jofxcpog, a nail) is an articulation formed by the insertion of a conical
process into a socket, as a nail is driven into a board this is not illustrated by
any articulations between bones, properly so called, but is seen in the articulation
*
of the teeth with the alveoli of the maxillary bones.

cranium and

:

:

;

2.

Amphiarthrosis.

Mixed Articulations.

In this form of articulation, the contiguous osseous surfaces are either connected together by broad, flattened disks of fibro-cartilage, which adhere to the
end of each bone, as in the articulation between the bodies of the vertebrae, or
or else the articulating surfaces
that between the first two pieces of the sternum
are covered with fibro-cartilage, partially lined by synovial membrane, and connected together by external ligaments, as in the sacro-iliac and pubic symphyses
both these forms being capable of limited motion in every direction. The former
resemble the synarthrodial joints in the continuity of their surfaces, and absence
of synovial sac; the latter the diarthrodial.
These joints occasionally become
obliterated in old age
as is frequently the case in the pubic articulation, and
occasionally in the intervertebral and sacro-iliac.
;

;

;

3.

DiARTHRosis.

Movable Articulations.

This form of articulation includes the greater number of the joints in the
body, mobility being their distinguishing character.
They are formed hj the
approximation of two contiguous bony surfaces, covered with cartilage, connected by ligaments, and lined by synovial membrane. The varieties of joints
in this class have been determined by the kind of motion permitted in each
they are four in number Arthrodia, Enarthrosis, Gingly mus, Diarthrosis rotatoria.
Arthrodia is that form of joint which admits of a gliding movement it is
formed by the approximation of plane surfaces, or one slightly concave, the other
slightly convex the amount of motion between them being limited b}^ the
'19
;

:

:

;
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ligaments, or osseous processes, surrounding the articulation
as in the articular
processes of the vertebra?, temporo-maxillarj', sterno- and acromio-clavicular,
inferior radio-uluar, carpal, carpo-metacarpal, superior tibio-fibular, tarsal, and
tarso-metatarsal articulations.
Enarthrosis is that form of joint Avhich is capable of motion in all directions.
It is formed bv the reception of a globular head into a deep, cup-like cavity (hence
the name "ball and socket"), the parts being kept in apposition by a capsular
ligament strengthened by accessory ligamentous bands. Examples of this form
of articulation are found in the hip and shoulder.
In this form of joint, the articuGittglymus^ Hinge-joint {j'lj'y'ku^o^, a hinge).
lar sui'faces are moulded to each other in such a manner as to permit motion
only in two directions, forwards and backwards, the extent of motion at the
same time being considerable. The articular surfaces are connected together by
strong lateral ligaments, which form their chief bond of union. The most 'perthe knee is less perfect, as it
fect forms of ginglymus are the elbow and ankle
allows a slight degree of rotation in certain positions of the limb there are also
the metatarso-phalangeal and phalangeal joints in the lower extremity, and the
metacarpo-phalangeal and phalangeal joints in the upper extremity.
Diarthrosis rotatoria (Lateral Ginglymus).
Where the movement is limited
to rotation, the joint is formed by a pivot-like process turning within a ring, or
the ring on the pivot, the ring being formed partly of bone, partly of ligament.
In the articulatdon of the odontoid process of the axis with the atlas, the ring is
formed in front by the anterior arch of the atlas; behind, by the transverse
ligament here the ring rotates round the odontoid process. In the superior
radio- ulnar articulation, the ring is formed partly by the lesser sigmoid cavity
of the ulna in the rest of its extent, by the orbicular ligament here, the head
of the radius rotates within the ring.
Subjoined, in a tabular form, are the nameSj distinctive characters, and examples
of the different kinds of articulations.
;

;

:

;

;

;
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Dentata^
having
tooth-like processes.
As in interparietal
suture.
Serrata,
having
serrated edges, like
the teeth of a saw.
As in interfrontal
suture.

vera

articulate
indented bor-

(true)

by

ders.

Limhosa,
Sutura. Articulation

As

by

and
indentations
processes

Synarthrosis^ or
Joint.
Surfaces
separated
membj fibrous
brane, without any
intervening synovial

[

interlocked together.

f

As

notha

joints

by

Harmonia^ formed
by the apposition of
contiguous rough surfaces.

_^

1.

Mixed

Articulation.

As in intermaxillary suture.

Schindylesis.
Articulation formed by the reception of
a thin plate of one bone into a fissure of another..
As in articulation of rostrum of sphenoid with vomer.
Gomphosis. Articulation formed by the insertion of a
conical process into a socket.

The

Amphiarthrosis^

squamo-

parietal suture.

articulate
rough sur-

of

cranium and face
(except lower jaw).

in

(false)

faces.

and immov-

in

Squamosa^ formed
by thin bevelled marother.

Sutura

ably connected with
each other.

As

in fronto-parie-

tal suture.

ginSjOverlapping each

Immovable

cavity,

having

bevelled margins and
dentated processes,

teeth.

.

Surfaces connected

by

fibro-cartilage, not separated

by synovial membrane, and having limited motion.
in joints between bodies of vertebrae.

As

2. Surfaces covered by fibro-cartilage
lined by a partial
synovial membrane. As in sacro-iliac and pubic symphyses.
;

Arthrodia.
faces,

Diarthrosis^

Movable

Joint.

Gliding joint; articulations by plane sur-

which glide upon each

other.

As

in sterno-

and

acromio-clavicular articulations.
Enarthrosis. Ball-and-socket joint; capable of motion in
all directions.
Articulations by a globular head received
into a cup-like cavity.
As in hip and shoulder joints.
Gimjlymus. Hinge-joint; motion limited to two direcArticular surfaces fitted
tions, forwards and backwards.
together so as to permit of movement in one plane. As
in the elbow, ankle, and knee.
Diarthrosis rotatoria or Lateral Ginglymus.
Articulation by a pivot process turning within a ring, or ring
around a pivot. As in superior radio-ulnar articulation,
and atlo-axoid joint.
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The Kinds of Movement admitted

in Joints.

The movements admissible in joints may be divided into four kinds gliding,
angular movement, circumduction, and rotation.
Gliding movement is the most simple kind of motion that can take place in a
joint, one surface gliding over another.
It is common to all movable joints
but
in some, as in the articulations of the carpus and tarsus, it is the only motion perThis movement is not confined to plane surfaces, but may exist between
mitted.
any two contiguous surfaces, of whatever form, limited by the ligaments which
inclose the articulation.
Angular movement occurs only between the long bones, and may take place
forwards and backwards, constituting flexion and extension, or
in four directions
inwards and outwards, constituting adduction and abduction. The strictly ginglymoid or hinge joints admit of flexion and extension only. Abduction and adduction, combined with flexion and extension, are met with in the more movable
joints; as in the hip, shoulder, and metacarpal joint of the thumb, and partially
:

;

—

in the wrist.

Circumduction is that limited degree of motion which takes place between
the head of a bone and its articular cavity, whilst the extremity and sides of the
limb are made to circumscribe a conical space, the base of which corresponds
with the inferior extremity of the limb, the apex with the articular cavity this
kind of motion is best seen in the shoulder and hip joints.
Rotation is the movement of a bone upon its own axis, the bone retaining the
same relative situation with respect to the adjacent parts; as in the articulation
between the atlas and axis, where the odontoid process serves as a pivot around
which the atlas turns or in the rotation of the radius upon the humerus, and
also in the hip and shoulder.
The actions of the different joints of a limb are combined by means of the
long muscles which pass over more than one joint, and which act to a certain
extent as elastic ligaments in restraining certain actions of one joint, except
when combined with corresponding movements of the other these latter movements being usually in the opposite direction. Thus the shortness of the hamstring-muscles prevents complete flexion of the hip, unless the knee-joint be
The uses of this
also flexed so as to bring their attachments nearer together.
arrangement are threefold. 1. It co-ordinates the kinds of movement which are
the most habitual and necessary, and enables them to be performed with the least
" Thus in the usual gesture of the arms, whether in
expenditure of power.
grasping or rejecting, the shoulder and the elbow are flexed simultaneously, and
simultaneously extended," in consequence of the passage of the Biceps and Triceps
cubiti over both joints.
2. It enables the short muscles which pass over only
one joint to act upon more than one. " Thus if the Rectus femoris remain tonically of such length that, when stretched over the extended hip, it compels
extension of the knee, then the Gluteus maximus becomes, not only an extensor
of the hip, but an extensor of the knee as well."
3. It provides the joints with
ligaments which, while they are of very great power in resisting movements to
an extent incompatible with the mechanism of the joint, at the same time spon" Taxed beyond its strength a ligament will be
taneously yield when necessary.
ruptured, whereas a contracted muscle is easily relaxed also, if neighboringjoints be united by ligaments, the amount of flexion or extension of each must
remain in constant proportion to that of the other while, if the union be by
muscles, the separation of the points of attachment of those muscles ma}^ vary
considerably in different varieties of movement, the muscles adapting themselves
tonically to the length required."
The quotations are from a very interesting
paper, by Dr. Cleland, in the "Journal of Anatomy and Physiology," No. 1,
1866, p. 85 by whom I believe this important fact in the mechanism of joints
was first clearly pointed out, though it has been independently observed afterwards by other anatomists.
;

;

—

;

;

;

—
OF THE SPINE.

293

The articulations may be arranged into those of the trunk, those of the upper
extremity, and those of the lower extremity.

AETICULATIONS OF THE TEUNK.
These
I.

II.

III.

may

be divided into the following groups, viz.

Of the vertebral column.
Of the atlas with the axis.
Of the atlas with the occipital
bone.

IV. Of the axis with

the occipital
bone.
V. Of the lower jaw.
VI. Of the ribs with the vertebrge.

I.

:

VII. Of the cartilages of the ribs
with the sternum, and with
each other.
VIII. Of the sternum.
IX. Of the vertebral column with
the pelvis.

X. Of the

pelvis.

Articulations of the Vertebral CoLUMisr,

The different segments of the spine are connected together by ligaments, which
admit of the same arrangement as the vertebrge. They may be divided into five
sets.
1. Those connecting the bodies of the vertebrge.
2. Those connecting the
laminse.
4:.
3. Those connecting the articular processes.
Those connecting the
spinous processes.
5. Those of the transverse processes.
The articulations of the bodies of the vertebrge with each other form a series
of amphiarthrodial joints those between the articular processes form a series
;

of arthrodial joints.
1.

Anterior

Common

The Ligaments oy the
Ligament.

Bodies.

Posterior
Intervertebral Substance.

Common

Ligament.

The Anterior Common Ligament (Figs. 224, 225, 232, 235) is a broad and
strong band of ligamentous fibres, which extends along the front surface of the
bodies of the vertebrge, from the axis to the sacrum. It is broader below than
above, thicker in the dorsal than in the cervical or lumbar regions, and somewhat thicker opposite the front of the body of each vertebra than opposite the
intervertebral substance.
It is attached, above, to the body of the axis by a
pointed process, which is connected with the tendon of insertion of the Longus
and extends down as far as the upper bone of the sacrum. It concolli muscle
sists of dense longitudinal fibres, which are intimately adherent to the intervertebral substance, and the prominent margins of the vertebrae; but less closely
In the latter situation the fibres are exceedingly
to the middle of the bodies.
thick, and serve to fill up the concavities on their front surface, and to make the
anterior surface of the spine more even.
This ligaiuent is composed of several
layers of fibres, which vary in length, but are closely interlaced with each other.
The most superficial or longest fibres extend between four or five vertebra.
second subjacent set extend between two or three vertebrge; whilst a third set,
the shortest and deepest, extend from one vertebra to the next. At the side of
the bodies, the ligament consists of a few short fibres, which pass from one vertebra to the next, separated from the median portion by large oval apertures, for
the passage of vessels.
The Posterior Common Ligament (Figs. 224, 228) is situated within the spinal
canal, and extends along the posterior surface of the bodies of the vertebrge, from
the body of the axis above, where it is continuous with the occipito-axoid ligament, to the sacrum below. It is broader at the upper than at the lower part
of the spine, and thicker in the dorsal than in the cervical or lumbar regions.
;

A

;
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In the situation of the intervertebral substance and contiguous margins of the
Avhere the ligament is more intimately adherent, it is broad, and
presents a series of dentations with intervening concave margins
but it is
narrow and thick over the centre of the bodies, from which it is separated by
This ligament is composed of smooth, shining, longithe vense basis vertehrte.
tudinal fibres, denser and more compact than those of the anterior ligament, and
composed of a superficial layer occupying the interval between three or four vertebrae, and of a deeper layer which extends between one vertebra and the next
It is separated from the dura mater of the spinal cord by some
adjacent to it.
loose filamentous tissue, very liable to serous infiltration.
The Intervertebral Substance (Fig. 22-i) is a lenticular disk of fibro-cartilage,
interposed between the adjacent surfaces of the bodies of the vertebrse, from the
vertebr;:©,

;

Fig. 22-i.

— Vertical Section of
ANTERIOR

two Vertebras and

their Ligaments,

from the Lumbar Region.

POSTERIOR
COMNION

COMMON
LICT

axis to the sacrum, and forming the chief bond of connection between those
bones.
These disks vary in shape, size, and thickness, in different parts of the
spine.
In shape they accurately correspond with the surfaces of the bodies
between which they are placed, being oval in the cervical and lumbar regions,
and circular in the dorsal. Their size is greatest in the lumbar region. In
thickness they vary not only in the different regions of the spine, but in different
parts of the same region thus, they are nniformly thick in the lumbar region
thickest, in front, in the cervical and lumbar regions, which are convex forwards
and behind, to a slight extent, in the dorsal region. They thus contribute, in a
great measure, to the curvatures of the spine in the neck and loins whilst the
concavity of the dorsal region is chiefly due to the shape of the bodies of the
vertebrae.
The intervertebral disks form about one-fourth of the spinal column,
exclusive of the first two vertebrse they are not equally distributed, however,
between the various bones the dorsal portion of the spine having, in proportion
to its length, a much smaller quantity than in the cervical and lumbar regions,
which necessarily gives to the latter parts greater pliancy and freedom of movement. The intervertebral disks are adherent, by their surfaces, to the adjacent
parts of the bodies of the vertebrae and by their circumference are closely connected in front to the anterior, and behind to the posterior common ligament
whilst in the dorsal region, they are connected laterally, by means of the inter:

;

;

;

;

;
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articular ligament, to the heads of those ribs which articulate with two vertebras thej, consequently, form part of the articular cavities in which the heads
of these bones are received.
The intervertebral substance is composed, at its circumference, of laminge of
fibrous tissue and fibro-cartilage and, at its centre, of a soft, elastic, pulpy matter.
;

;

The

laminge are arranged concentrically one within the other, with their edges
turned towards the corresponding surfaces of the vertebrae, and consist of alternate
plates of fibrous tissue and fibro-cartilage.
These plates are not quite vertical in
their direction, those near the circumference being curved outwards and closely
approximated whilst those nearest the centre curve in the opposite direction,
aud are somewhat more widely separated. The fibres of which each plate is
composed are directed, for the most part, obliquely from above downwards the
fibres of an adjacent plate have an exactly opposite arrangement, varying in their
direction in ever}^ layer whilst in some few they are horizontal.
This laminar
arrangement belongs to about the outer half of each disk, the central part being
occupied by a soft, pulpy, highly elastic substance, of a yellowish color, which
rises up considerably above the surrounding level, when the disk is divided horizontally.
This substance presents no concentric arrangement, and consists of
white fibrous tissue, Avith cells of variable shape and size interspersed. The
pulpy matter, which is especially w^ell developed in the lumbar region, is separated from immediate contact with the vertebree by the interposition of thin
plates of cartilage.
;

;

;

2.

LiG-AMENTS CONNECTING THE LaMIN^.

Ligamenta Subflava.

The Ligamenta Subflava

(Fig. 224) are interposed between the laminge. of the
vertebrge, from the axis to the sacrum.
They are most distinct when seen from
the interior of the spinal canal when viewed from the outer surface, they appear
short, being overlapped by the laminas.
Each ligament consists of two lateral
;

which commence on each side at the root of either articular process,
and pass backwards to the point where the laminas converge to form the spinous
process, where their margins are thickest, and separated by a slight interval, filled
up with areolar tissue. These ligaments consist of yellow elastic tissue, the
portions,

which, almost perpendicular in direction, are attached to the anterior
surface of the margin of the laminse above, and to the posterior surface, as well
as to the margin of the laminae below.
In the cervical region, they are thin in
texture, but very broad and long
they become thicker in the dorsal region and
in the lumbar acquire very considerable thickness.
Their highly elastic property
serves to preserve the upright posture, and to assist in resuming it, after the spine
has been flexed. These ligaments do not exist between the occiput and atlas, or
between the atlas and axis.
fibres of

:

;

8.

Ligaments connecting the Articular Processes.
Capsular.

The Capsular Ligaments

and loose ligamentous sacs, attached
margins of the articulating processes of each vertebra, through
the greater part of their circumference, and completed internally by the ligamenta subflava. They are longer and more loose in the cervical than in the
dorsal or lumbar regions.
The capsular ligaments are lined on their inner surface by synovial membrane.
(Fig. 226) are thin

to the contiguous

4.

Ligaments connecting the Spinous Processes.
Inter-spinous.

The

Supra-spinous.

Lnter-spinous Ligaments (Fig. 224), thin and

membranous, are interposed
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between the spinous processes in tlie dorsal and lumbar regions. Each, ligament
extends from the root to near the summit of each spinous process, and connects
together their adjacent margins.
They are narrow and elongated in the dorsal
region; broader, quadrilateral in form, and thicker in the lumbar region.
The Supra-spinous Ligament is a strong fibrous cord, which connects together
the apices of the spinous processes from the seventh cervical to the spine of the
sacrum. It is thicker and broader in the lumbar than in the dorsal region, and
intimate!}' blended, in both situations, with the neighboring aponeuroses.
The
most superficial fibres of this ligament connect three or four vertebrae those
deeper seated pass between two or three vertebrse whilst the deepest connect
the contiguous extremities of neighboring vertebra3.
;

;

5.

Ligaments connecting the Transverse Processes.
Inter-transverse.

The Inter -transverse Ligaments consist of a few thin, scattered fibres, inter
posed between the transverse processes. They are generally wanting in the
cervical region
in the dorsal, they are rounded cords in the lumbar region they
are thin and membranous.
Actions.
The movements permitted in the spinal column are, Flexion, Extension, Lateral movement. Circumduction, and Rotation.
In Flexion^ or movement of the spine forwards, the anterior common ligament
while the
is relaxed, and the intervertebral substances are compressed in front
posterior common ligament, the ligamenta subflava, and the inter- and supra;

;

;

spinous ligaments, are stretched, as well as the posterior fibres of the intervertebral disks.
The interspaces between the laminae are widened, and the inferior
articular processes of the vertebrae above glide upwards, upon the articular
Flexion is the most extensive of all the moveprocesses of the vertebrae below.
ments of the spine.
In Extension., or movement of the spine backwards, an exactly opposite disposition of the parts takes place.
This movement is not extensive, being limited
by the anterior common ligament, and by the approximation of the spinous
processes.

Flfexion and extension are most free in the lower part of the lumbar, and in
the cervical regions extension in the latter region being greater than flexion,
the reverse of which is tlie case in the lumbar reoion.
These movements are
least free in the middle and upper part of the back.
In Lateral Movement., the sides of the intervertebral disks are compressed, the
extent of motion being limited by the resistance offered by the surrounding
ligaments, and by the approximation of the transverse processes.
This movement may take place in any part of the spine, but is most free in the neck and
;

loins.

Circumduction is very limited, and is produced merely by a succession of the
preceding movements.
Rotation \'& produced by the twisting of the intervertebral substances; this,
although only slight between any two vertebras, produces a great extent of movement, when it takes place in the whole length of the spine, the front of the
column being turned to one or the other side. This movement takes place only
to a slight extent in the neck, but is more free in the upper part of the dorsal
(region, and is altogether absent in the lumbar region.
It is thus seen that the cervical region enjoys the greatest extent of each variety
of movement, flexion and extension especially being very free.
In the dorsal
region., especially at its upper part, the movements are almost limited to flexion;
extension and lateral motion taking place only to a slight extent.

;
;
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Articulation of the Atlas with the Axis.

Tlie articulation of the anterior arch of the atlas with the odontoid process
forms a lateral ginglymus joint, whilst that between the articulating processes of
The ligaments which connect these
the two bones forms a double arthrodia.
bones are, the

Two Anterior Atlo-axoid.
Posterior Atlo-axoid.

Transverse.
Capsular.

Two

Of the Tioo Anterior Atlo-axoid Ligaments (Fig. 225), the more superficial is
rounded cord, situated in the middle line; it is attached, above, to the tubercle
on the anterior arch of the atlas below, to the base of the odontoid process and
body of the axis. The deeper ligament is a membranous layer, attached, above,
below, to the base of the
to the lower border of the anterior arch of the atlas
odontoid process and body of the axis. These ligaments are in relation, in front,
a

;

;

Avith the Eecti antici majores.

Occipito-atloid

and Atlo-axoid Ligaments.

Front View.

f

CAPSULAR LICT' St
SYNOVIAL MEMBRAME

CAPSULAR LICT «C
SYNOVIAL MEMBItaNE

The Posterior Atlo-axoid Ligament (Fig. 226) is a broad and thin membranous
layer attached, above, to the lower border of the posterior arch of the atlas
below, to the upper edge of the lamina3 of the axis.
This ligament supplies the
place of the ligamenta subflava, and is in relation, behind, with the Inferior
oblique muscles.
The Transverse Ligament^ (Figs. 227, 228) is a thick and strong ligamentous
band, which arches across the ring of the atlas, and serves to retain the odontoid
process in firm connection with its anterior arch.
This ligament is flattened
from before backwards, broader and thicker in the middle than at either
extremity, and firmly attached on each side of the atlas to a small tubercle on
^ It has been fonnd necessary
to describe the transverse hgament with those of the atlas and axis
but the student must remember that it is really a portion of the mechanism by which the movements of the head on the spine are regulated so that the connections between the atlas and axis
ought always to be studied together with those between the latter bones and the skull.
;
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the inner surface of its lateral mass. As it crosses the odontoid process a small
fasciculus is derived from its upper and lower borders
the former passing
upwards, to be inserted into the basilar process of the occipital bone the latter,
downwards, to be attached to the root of the odontoid process hence, the whole
ligament has received the name of cruciform. The transverse ligament divides
;

;

;

Fig. 226.

— Occipito-atloid and Atlo-axoid Ligaments.

Posterior View.

'

trch forjoasaage ofVerttinraZA.r

Fig 227.

—Articulation between Odontoid Process and Atlas.

the ring of the atlas into two unequal parts of these, the posterior and larger
serves for the transmission of the cord and its membranes the anterior and
smaller contains the odontoid process.
Since the lower border of the space
between the anterior arch of the atlas and the transverse ligament is smaller
than the upper (because the transverse ligament embraces firmly the narrow neck
of the odontoid process) this process is retained in firm connection with the atlas
when all the other ligaments have been divided.
The Gai^sular Ligaments are two thin and loose capsules, connecting the articu:

;
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lar surtaces of the atlas and axis, the fibres being strongest on the anterior and
external part of the articulation.
There are four Synovial Membranes in this articulation one lining the inner
one between the anterior surface of
surface of each of the capsular ligaments
the odontoid process and the anterior arch of the atlas and one between the
posterior surface of the odontoid process and the transverse ligament. The latter
often communicates with those between the condyles of the occipital bone and
the articular surfaces of the atlas.
:

;

;

Fir. 228.- -Occipito-axoid

and Atlo-axoid Ligaments. Posterior View, obtained by removing the
Vertebrae and the posterior part of the Skull.

arciaes of tlie

Uf

Vertical jiorfion

O/OOONTOIO LICT5

QCCiP'Tol CAPSULAR LICI &
Synovial memiranj
ATL
I
1

ATLOf CAPSULAR LICT

S,

Actions.
This joint is capable of great mobility, and allows the rotation of
the atlas (and, with it, of the cranium) upon the axis, the extent of rotation
being limited by the odontoid ligaments.

Akticulations of the Spine with the Cranium.

The ligaments connecting the spine with the cranium may be divided into
two sets, those connecting the occipital bone with the atlas, and those connecting
the occipital bone with the axis.
III.

Articulation of the Atlas with the Occipital Bone.

This articulation

is

a double arthrodia.

Two

Its ligaments are the

Anterior Occipito-atloid.

Posterior Occipito-atloid.
Two Lateral Occipito-atloid.
Two Capsular.

Of the Two Anterior Ligaments (Fig. 225),
rounded cord, attached, above, to the basilar
the tubercle on the anterior arch of the atlas
thin membranous layer, which passes between
;

the superficial is a strong, narrow,
process of the occiput below, to
the deeper ligament is a broad and
the anterior margin of the foramen
;
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magnum

above, and the whole length of the upper border of the anterior arch
This ligament is in relation, in front, with the Recti antici
of the atlas below.
minores; behind, with the odontoid ligaments.
The Posterior Occipito-atloid Ligament (Fig. 226) is a very broad but thin
membranous lamina, intimately blended with the dura mater. It is connected,
above, to the posterior margin of the foramen magnum below, to the upper
border of the posterior arch of the atlas. This ligament is incomplete at each
side, and forms, with the superior intervertebral notch, an opening for the passage
It is in relation, behind, with
of the vertebral artery and sub-occipital nerve.
the Recti postici minores and Obliqui superiores; in front, with the dura mater
of the spinal canal, to which it is intimatel}^ adherent.
The Lateral Ligaments are strong, fibrous bands, directed obliquely upwards
and inwards, attached, above, to the jugular process of the occipital bone; below,
to the base of the transverse process of the atlas.
The Capsular Ligaments surround the condyles of the occipital bone, and connect them with the articular surfaces of the atlas they consist of thin and loose
capsules, which inclose the synovial membrane of the articulation.
The synovial membranes between the occipital bone and atlas communicate occasionally
with that between the posterior surface of the odontoid process and transverse
ligament.
Actions.
The movements permitted in this joint are flexion and extension,
which give rise to the ordinary forward or backward nodding of the head, besides
slight lateral motion to one or the other side.
When either of these actions is
carried beyond a slight extent, the whole of the cervical portion of the spine
assists in its production.
According to Cruveilhier, there is a slight motion of
rotation in this joint.
;

;

lY. Aeticulation of the Axis with the Occipital Bone.

Three Odontoid.

Occipito-axoid.

To expose

these ligaments, the spinal canal should be laid open by removing
the posterior arch of the atlas, the laminae and spinous process of the axis, and
the portion of the occipital bone behind the foramen magnum, as seen in Fig.
228.
The Occipito-axoid Ligament (Apparatus ligamentosus colli) is situated at the
upper part of the front surface of the spinal canal. It is a broad and strong ligamentous band, which covers the odontoid process and its ligaments, and appears
to be a prolongation upwards of the posterior common ligament of the spine. It
is attached, below, to the posterior surface of the body of the axis, and, becoming
expanded as it ascends, is inserted into the basilar groove of the occipital bone,
in front of the foramen mamum.
Relations.
By its anterior surface, it is intimately connected with the transverse ligament by its posterior surface, with the dura mater.
By cutting this
ligament across, and turning its ends aside, the transverse and odontoid ligaments
are exposed.
The Odontoid or Check Ligaynents are strong, rounded, fibrous cords, which
arise one on either side of the apex of the odontoid process, and, passing
obliquely upwards and outwards, are inserted into the rough depressions on the
inner side of the condyles of the occipital bone.
In the triangular interval left
between these ligaments and the margin of the foramen magnum, a third strong
ligamentous band (ligamentum suspensorium) may be seen, which passes almost
perpendicularly from the apex of the odontoid process to the anterior margin of
the foramen, being intimately blended with the anterior occipito-atloid ligament,
and upper fasciculus of the transverse ligament of the atlas.
The odontoid ligaments serve to limit the extent to which rotation
Actions.
of the cranium may be carried hence they have received the name of check
ligaments.
;

•

:
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Y. Temporo-Maxillary Articulation.
an artlirodial joint tlie parts entering into its formation are, on each
part of the glenoid cavity of tlie temporal bone and the eminentia articnlaris above; with the condyle of the lower jaw below.
The ligaments are the following

This

is

;

side, the anterior

External Lateral.

Stylo-maxillary.
Internal Lateral.
Capsular.
Interarticular Fibro-cartilage.

The External Lateral Ligament

(Fig. 229) is a short, thin, and narrow fascicabove to the outer surface of the zj^goma and to the rough tubercle
on its lower border below, to the outer surface and posterior border of the neck
of the lower jaw.
This ligament is broader above than below its fibres are

ulus, attached

;

;

Fig. 229.

—Temporo -maxillary Articulation.

External View.

placed parallel with one another, and directed obliquely downwards and backwards. Externally, it is covered by the parotid gland, and by the integument.
Internally, it is in relation with the interarticular fibro-cartilage and the synovial

membrane.

The Laternal Lateral Ligament

(Fig. 230) is a long, thin, and loose band, which
attached above to the spinous process of the sphenoid bone, and, becoming
broader as it descends, is inserted into the inner margin of the dental foramen.
Its outer surface is in relation above with the External pterygoid muscle; lower
down it is separated from the neck of the condyle by the internal maxillary
artery and still more inferiorly the inferior dental vessels and nerve separate
it from the ramus of the jaw.
Internally, it is in relation with the Internal
is

;

pterygoid.^

The Stylo-maxillary Liyam.ent is a thin aponeurotic cord, which extends from
near the apex of the styloid process of the temporal bone to the angle and pos^ Dr. Humphry
describes the intei-nal portion of the capsular ligament separately, as the short
internal lateral ligament and it certainly seems as deserving of a separate description as the external
;

lateral ligament

is.
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border of tlie ramus of the lower jaw, between the Masseter and Internal
pterygoid muscles. This ligament separates the parotid from the sub-maxillary
gland, and has attached to its inner side part of the fibres of origin of the Styloglossus muscle. Although usually
Fig, 230.— Temporo-maxillary Articulation.
classed among the ligaments of
internal View.
^|-^q j^^^^ |^ ^^^^ only be considered
as an accessory in the articulation.
Along with the stjdo-maxiilary
ligament may be described the
stylo-hyoid ligament^ although it
is in no way connected with the
functions of the lower jaw.
This
is a fibrous cord, which continues
the styloid process down to' the
hyoid bone, being attached to
the tip of the former and the
small cornu of the latter. It is
terior

more or less ossified.
The Capsular Liyament forms

often

and

a thin
capsule,

loose

ligamentous

attached above to the
circumference of the glenoid cavity and the articular surface immediately in front below, to the
neck of the condyle of the lower
jaw. It consists of a few thin
scattered fibres, and can hardly
thickest at the back part of the artic;

be considered as a distinct ligament

;

it is

ulation.

The Inter articular Fihro-cartilage (Fig. 231) is a thin plate of an oval form,,
placed horizontally between the condyle of the jaw and the glenoid cavity.
Its upper surface is concave from before backwards, and a little convex transIts under
versely, to accommodate itself to the form of the glenoid cavity.
Its circumference
surface, where it is in contact with the condyle, is concave.
internally, to the capsuis connected externally to the external lateral ligament
and in front to the tendon of the External pterygoid muscle. It
lar ligament
is thicker at its circumference, especially behind, than at its centre, where it is
;

;

Fig. 231.

—Vertical Section

of Temporo-maxillary
Articulation.

....^

sometimes
of which
'

perforated.

The

fibres

-

-

composed have a
concentric arrangement, more appait

is

rent at the circumference than at
the centre. Its surfaces are smooth,
and divide the joint into two cavities,
each of which is furnished with a separate synovial membrane.
When
the fibro-cartilage is perforated, the
synovial membranes are continuous
with one another.

The Synovial Membranes^ two in
number, are placed one above and
the other below the fibro-cartilage.
The upper one, the larger and looser
of the two, is continued from the
margm of
ot the cartilage covering the glenoid cavity and eminentia articularis, over
the upper surface of the fibro-cartilage.
The lower one is
interposed between the under surface of the fibro-cartilage and the condyle
of the jaw, being prolonged dowuAvards a little further behind than in front.

—

;
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The Serves of this joint are derived from the auriculo-temporal and masseteric
branches of the inferior maxillary.
Actions.
The movements permitted in this articulation are very extensive.
Thus, the jaw may be depressed or elevated, or it may be carried forwards or
backwards, or from side to side. It is by the alternation of these movements
performed in succession, that a kind of rotatory movement of the lower jaw upon
the upper takes place, which materially assists in the mastication of the food.
If the movement of depression is carried only to a slight extent, the condyles
remain in the glenoid cavities, their anterior part descending only slightly but
if the depression is considerable, the condyles glide from the glenoid fossas on to
the articular eminences, carrying with them the interarticular fibro-cartilages.
When this movement is carried to too great an extent, as, for instance, during a
convulsive yawn, dislocation of the condyle into the zygomatic fossa may occur
the interarticular cartilage being carried forwards, and the capsular ligament
ruptured.
When the jaw is elevated, after forced depression, the condyles and
;

backwards into their original position. When the jaw
carried horizontally forwards and backwards, or from side to side, a horizontal
gliding movement of the fibro-cartilages and condyles upon the glenoid cavities
takes place in the corresponding direction.
fibro-cartilages are carried

is

VI. Articulations of the Ribs with the Veetebr^.
articulations of the ribs with the vertebral column may be divided into
Those which connect the heads of the ribs with the bodies of the
vertebrse
2. Those which connect the necks and tubercles of the ribs with the
transverse processes.

The

two

sets: 1.
;

1.

Articulations between the Heads of the Ribs and the Bodies
OF THE Vertebra. (Fig. 232.)

These constitute a series of ginglymoid joints, formed by the articulation of
the heads of the ribs with the cavities on the contiguous margins of the bodies
of the dorsal vertebra, connected together by the following ligaments
:

Anterior Costo-vertebral or Stellate.
Capsular.
Interarticular.

The Anterior Costo-vertehral or Stellate Ligament connects the anterior part of
the head of each rib with the sides of the bodies of two vertebrge, and the interIt consists of three flat bundles of ligamentous
vertebral disk between them.
The superior
fibres, which radiate from the anterior part of the head of the rib.
fasciculus passes upwards to be connected with the body of the vertebra above;
the inferior one descends to the body of the vertebra below and the middle one,
the smallest and least distinct, passes horizontally inwards to be attached to the
intervertebral substance.
Relations.
In front, with the thoracic ganglia of the sympathetic, the pleura,
and, on the right side, with the vena azygos major behind, with the interarticular
ligament and synovial membranes.
In the first rib, which articulates with a single vertebra only, this ligament
does not present a distinct division into three fasciculi its superior fibres, however, pass to be attached to the body of the last cervical vertebra, as well as to
the body of the vertebra with which the rib articulates. In the tenth, eleventh,
and twelfth ribs also, which likewise articulate with a single vertebra, the division
does not exist but the upper fibres of the ligament, in each case, are connected
with the vertebra above, as well as that with which the ribs articulate.
The Capsular Ligament is a thin and loose ligamentous bag, which surrounds
the joint between the head of the rib and the articular cavity formed by the
;

;

;

;

—
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very thin, firinly connected witli the anterior
upper and lower parts of the articulation.
The Inter articular LigCosto-vertebral and Costo-transverse Articulations.
ament is situated in the
Antenoi View
interior of the joint.
It
consists of a short band
of fibres, flattened from

junction of
lio-ament,
Fig. 232.

tlie

vertebrae.

and most

—

It is

distinct at the

above
downwards,
attached by one extremity
to the sharp crest on the
head of the rib, and by
the other to the interverteIt divides the
bral disk.
joint into two cavities,

which have no communication with one another,
but are each lined by a
separate synovial membrane.
In the first, tenth,
eleventh, and twelfth ribs,
ligathe interarticular
ment does not exist consequently, there is but
one synovial membrane.
The moveActions.
ments permitted in these
articulations are limited
;

l^er Symvud cavtty
INTER-ARTICULAR

IIC

^y

to elevation, depression, and a slight amount of movement forwards and backwards.
The mobility, however, of the different ribs varies very much. The 'first rib is
almost immovable, excepting in deep inspiration. The movement of the second
In the other ribs, their mobility increases sucrib is also not very extensive.
cessively down to the last two, which are very movable.
The ribs are generally
more movable in the female than in the male.

2.

Articulations of the Necks and Tubercles of the Ribs with the
Transverse Processes. (Fig. 233.)

The ligaments connecting

these parts are

Anterior Costo-transverse.
Middle Costo-transverse (Interosseous),
Posterior Costo-transverse.
Capsular.

The Anterior Costo-transverse Ligament is a broad and strong band of fibres,
attached below to the sharp crest on the upper border of the neck of each rib,
and passing obliquely upwards and outwards, to the lower border of the transverse process immediately above.
It is broader below than above, broader and
thinner between the lower ribs than between the upper, and more distinct in
This ligament is in relation, in front, with the intercostal
front than behind.
vessels and nerves behind, with the Longissimus dorsi.
Its internal border completes an aperture formed between it and the articular processes, through which
Its external
pass the posterior branches of the intercostal vessels and nerves.
border is continuous with a thin aponeurosis, which covers the External intercostal muscle.
The first and last ribs have no anterior costo-transverse ligament.
The Middle Costo-transverse or Interosseous Ligament consists of short, but
strong, fibres, which pass between the rough surface on the posterior part of the
;

—
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In
eacli rib, and the anterior surface of the adjacent transverse process.
order fully to expose this ligament, a horizontal section should be made across
the transverse process and corresponding part of the rib or the rib may be
forcibly separated from the transverse process, and its fibres put on the stretch.

neck of

;

Fig. 233.

ANTERIOR COSTO-TRANSVERSE

LI

— Costo-transverse Articulation.

Seen from above.

G

MIDDLE COSTO-TRANSVERSE Or
INTEROSSEOUS

SYNOVIAL CAVITY
POSTERIOR COSTO-TRANSVERSE

LIC''

CAPSULAR MEMBRANE

In the eleventh and twelfth

The

fasciculus,

ribs,

this ligament is quite rudimentary.

Ligament is a short, but thick and strong
which passes obliquely from the summit of the transverse process to

Posterior

Costo-transverse

the rough non-articular portion of the tubercle of the rib. This ligament is
shorter and more oblique in the upper than in the lower ribs.
Those corresponding to the superior ribs ascend, while those of the inferior ribs descend
slightly.

In the eleventh and twelfth

this ligament is wanting.
the tubercle of the rib, and adjacent transverse
process, form an arthrodial joint, provided with a thin Capsular Ligament
attached to the circumference of the articulating surfaces, and inclosing a small
synovial membrane.
In the eleventh and twelfth ribs, this articulation is wanting.
Actions.
The movement permitted in these joints is limited to a slight gliding
motion of the articular surfaces one upon the other.

The

ribs,

articular portion of

VII. Articulation of the Cartilages of the Ribs with the Sternum,
ETC. (Fig. 234.)

The articulations of the cartilages of the true ribs with
arthrodial joints.
The ligaments connecting them are

the sternum are

Anterior Costo-sternal.
Posterior Costo-sternal.
Capsular.

The Anterior Costo-sternal Ligament is a broad and thin membranous band,
that radiates from the inner extremity of the cartilages of the true ribs to the
anterior surface of the sternum.
It is composed of fasciculi, which pass in
20
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The sui:)erior fascicuii ascend obliquely, the inferior pass
different directions.
obliquely downwards, and the middle fasciculi horizontally.
The superficial fibres
of this ligament are the longest they intermingle with the fibres of the ligaments above and below them, with those of the opposite side, and with the
tendinous fibres of origin of the Pectoralis major forming a thick fibrous memThis is more distinct at the
bi'ane. which covers the surface of the sternum.
lower than at the upper part.
;

;

Fig. 234.

— Costo-sternal, Costo -xiphoid, and Intercostal Articulations.
7Z<;

by

(V

synovial

I'erttc/Til

Anterior View.
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section jftfu> Steriiam
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Cartila^ea
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INTER-ARTICULAR IIC?

Siv^ie
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The

Posterior Costo-sternal Lvjament^ less thick and
fibres which radiate from the posterior
of the cartilages of the true ribs to the posterior
becoming blended with the periosteum.
The Capsular Ligament surrounds the joints formed
is

composed of

distinct than the anterior,
surface of the sternal end
surface of the sternum,

between the cartilages of
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It is very tliin, intimately blended with the
true ribs and the sternum.
anterior and posterior ligaments, and strengthened at the upper and lower part
of the articulation by a few fibres, which pass from the cartilage to the side of
the sternum.
These ligaments protect the synovial membranes.
Synovial Membranes. The cartilage of the first rib is directly continuous with
the sternum, without any synovial membrane. The carti lage of the sefowfZ r//^
is connected with the sternum by means of an interarticular ligament, attached
by one extremity to the cartilage of the second rib, and by the other extremity
This
to the cartilage which unites the first and second pieces of the sternum.
That of the third rib
articulation is provided with two synovial membranes.
has also two synovial membranes and that of the fourth, fifth, sixth, and seventh,
each a single synovial membrane. Thus there are eight synovial cavities on each
side in the articulations between the costal cartilages of the true ribs and the
sternum. They may be demonstrated by removing a thin section from the
After midanterior surface of the sternum and cartilages, as seen in the figure.
dle life the articular surfaces lose their polish, become roughened, and the synovial membranes appear to be wanting.
In old age, the articulations do not exist,
The
the cartilages of most of the ribs becoming continuous with the sternum.
cartilage of the seventh rih^ and occasionally also that of the sixth^is connected to the
anterior surface of the ensiform appendix bj a band of ligamentous fibres, which
varies in length and breadth in different subjects.
It is called the costo-xiphoid
ligament.
Actioiis.
The movements which are permitted in the costo-sternal articulations
are limited to elevation and depression
and these only to a slight extent.

tlie

;

;

Articulations of the Cartilages of the Eibs with each other (Interchondral). (Fig. 234.)

The cartilages of the sixth, seventh, and eighth ribs articulate, by their lower
borders, with the corresponding margin of the adjoining cartilages, by means of
a small, smooth, oblong-shaped facet.
Each articulation is inclosed in a thin
capsular ligament lined by synovial membrane.^ and strengthened externally and
internally by ligamentous fibres (intercostal ligaments), which pass from one
cartilage to the other.
Sometimes the cartilage of the fifcli rib, more rarely that
of the ninth, articulates, by its lower border, with the adjoining cartilage by a
small oval facet more frequently they are connected together by a few ligamentous fibres. Occasionally, the articular surfaces above mentioned are wanting.
;

Articulations of the Eibs with their Cartilages (Costo-chondral).
(Fig. 234.)

The outer extremity of each costal cartilage is received into a depression in
the sternal end of the ribs, and held together by the periosteum.
VIII. Ligaments of the Sternum.

The first and second pieces of the sternum are united by a layer of cartilage,
which rarely ossifies, except at an advanced period of life. These two segments are connected by an anterior and posterior ligament. (See on this head
p. 217, note.)

The anterior sternal ligament consists of a layer of fibres, having a longitudinal
direction; it blends with the fibres of the anterior costo-sternal ligaments on
both sides, and with the aponeurosis of origin of the Pectoralis major. This
ligament is rough, irregular, and much thicker at the lower than at the upper
part of the bone.
The posterior sternal ligament is disposed in a somewhat similar manner on
the posterior surface of the articulation.

:
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IX. ARTICULATIOISr OF THE PeLVIS WITH THE SPINE.

The ligaments connecting

the last lambar vertebra with the sacrum are
which connect the segments of the spine with each other, viz.
1. The continuation downwards of the anterior and posterior common ligaments.
2. The intervertebral substance connecting the flattened oval surfaces of the two
bones, and forming an amphiarthrodial joint.
3. Ligamenta subflava, connecting
the arch of the last lumbar vertebra with the posterior border of the sacral canal.
4. Capsular ligaments connecting the articulating processes and forming a double
arthrodia.
5. Inter- and supra-spinous ligaments.
similar to those

Fig.

235.— Articulations

of Pelvis

and Hip.

Anterior View.

IIP

^hertwi'e of eoTmnu^ieatiOTi

Swrsa. of PSOAS

&.

ILIACU5

The two proper ligaments connecting the

pelvis with the spine are the lumboand ilio-lumbar.
The Lamho-sacral Ligament (Fig. 235) is a short, thick, triangular fasciculus,
which is connected above to the lower and front part of the transverse process
of the last lumbar vertebra, passes obliquely outwards, and is attached below to
the lateral surface of the base of the sacrum, becoming blended with the anterior
sacro-iliac ligament.
This ligament is in relation in front with the Psoas muscle.
The Ilio-lumhar Ligament (Fig. 235) passes horizontally outwards from the
apex of the transverse process of the last lumbar vertebra to the crest of the
ilium immediately in front of the sacro-iliac articulation. It is of a triangular
form, thick and narrow internally, broad and thinner externally. It is in relation,
in front, with the Psoas muscle
behind, with the muscles occupying the vertebral
groove above, with the Quadratus lumborum.
sacral

;

;

X. ARTICULATIOISrS OF THE PeLVIS.

The Ligaments connecting the bones of the pelvis Avith each other may be
divided into four groups
2. Those
1. Those connecting the sacrum and ilium.
:

—

.
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3. Those connecting the sacrum and
passing between the sacrum and ischium.
coccyx. 4. Those between the two pubic bones.

1.

The

Aeticulation" of the Sacrum and Ilium.

amphiarthrodial joint, formed between the
sacrum and ilium. The anterior or auricular portion of
each articular surface is covered with a thin plate of cartilage, thicker on the
sacrum than on the ilium. The surfaces of these cartilages in the adult are rough
and irregulai', and separated from one another by a'soft, yellow, pulpy substance.
At an early period of life, occasionally in the adult, and in the female during
pregnancy, they are smooth, and lined by a delicate synovial membrane. The
ligaments connecting these surfaces are the anterior and posterior sacro-iliac.
The Anterior Sacro-iliac Ligament (Fig. 235) consists of numerous thin ligamentous bands, which connect the anterior surfaces of the sacrum and ilium.
sacro-iliac articuhition is an

lateral surface of the

The

Posterior Sacro-iliac (Fig. 236)

is

a strong interosseous ligament, situated

in a deep depression between the sacrum and ilium behind, and forming the
It consists of numerous strong
chief bond of connection between those bones.
Three of these are
fasciculi, which pass between the bones in various directions.
of large size the two superior^ nearly horizontal in direction, arise from the first
;

and second transverse tubercles on the posterior surface of the sacrum, and are
inserted into the rough uneven surface at the posterior part of the inner surface
of the ilium.
The third fasciculus, oblique in direction, is attached by one
extremity to the third transverse tubercle on the posterior surface of the sacrum,
and by the other to the posterior superior spine of the ilium it is sometimes
;

called the ohlique sacro-iliac ligament.

2.

Ligaments

passing-

between the Sacrum and Ischium.

(Fig. 236.)

The Great Sacro-sciatic (Posterior),
The Lesser Sacro-sciatic (Anterior).

The Great

or Posterior Sacro-sciatic Ligament is situated at the lower andi
pelvis.
It is thin, flat, and triangular in form; narrower in
at the extremities
attached by its broad base to the posterior
inferior spine of the ilium, to the fourth and fifth transverse tubercles on the
sacrum, and to the lower part of the lateral margin of that bone and the
coccyx; passing obliquely downwards, outwards, and forwards, it becomes
narrow and thick; and at its insertion into the inner margin of the tuberosity
of the ischium, it increases in breadth, and is prolonged forwards along the inner
margin of the ramus, forming what is known as the falciform ligament. The
free concave edge of this ligament has attached to it the obturator fascia, with
which it forms a kind of groove, protecting the internal pudic vessels and nerve.
One of its surfaces is turned towards the perinaeum, the other towards the
Obturator internus muscle.
The posterior surface of this ligament gives origin, by its whole extent, to
fibres of the Gluteus maximus.
Its anterior surface is united to the lesser
sacro-sciatic ligament.
Its superior border forms the lower boundary of the
lesser sacro-sciatic foramen.
Its lower horder forms part of the boundary of
the perinseum. It is pierced by the coccygeal branch of the sciatic artery and
coccygeal nerve.
The Lesser or Anterior Sacro-sciatic Ligament^ much shorter and smaller than
the preceding, is thin, triangular in form, attached by its apex to the spine of
the ischium, and internally, by its broad base, to the lateral margin of the sacrum
and coccyx, anterior to the attachment of the great sacro-sciatic ligament, with
which its fibres are intermingled.
It is in relation, anteriorly^ with the Coccygeus muscle
posteriorly^ it is

back part of the
the middle than

;

•

;
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covered by the posterior ligament, and crossed by tlie internal pudic vessels and
Its superior harder Ibrms the lower boundary of the great sacro-sciatic
foramen; its inferior border^ part of the lesser sacro-sciatic foramen.
These two ligaments convert the sacro-sciatic notches into foramina. The
superior or great sacro-sciatic foramen is bounded, in front and above, by the
posterior border of the os innominatum behind, by the great sacro-sciatic ligament and below, by the lesser ligament. It is partially filled up, in the recent
Above this muscle, the gluteal vessels and
state, by the Pyriformis muscle.
superior gluteal nerve emerge from the pelvis and below it, the ischiatic vessels
and nerves, the internal pudic vessels and nerve, and muscular branches from the
sacral plexus.
The inferior or lesser sacro-sciatic foramen is bounded, in front.
nerve.

;

;

;

Fig. 236.

— Articulations of

Pelvis and Hip.

Posterior View.
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ischii
above, by the spine and lesser ligament behind, by the
It transmits the tendon of the Obturator internus muscle, its
greater ligament.
nerve, and the internal pudic vessels and nerve.

by the tuber

;

;

3.

Aeticulation of the Sacrum and Coccyx.

This articulation is an amphiarthrodial joint, formed between the oval surface
on the apex of the sacrum and the base of the coccyx. It is analogous to the
joints between the bodies of the vertebrae, and is connected by similar ligaments.
They are the
Anterior Sacro-coccj^geal.
Posterior Sacro coccygeal.
Interposed Fibro-cartilage,

The Anterior

Sacro-coccygeal Ligament

consists of a

few irregular

fibres,

SYMPHYSIS PUBIS.
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which descend from the anterior surface of the sacrum to the front of the coccyx,
becoming blended with the periosteum.
The Posterior Sacro-coccyyeal Ligament is a flat band of ligamentous fibres,
of a pearly tint, which arises from the margin of the lower orifice of the sacral
and descends to be inserted into the posterior surface of the coccyx. This
ligament completes the lower and back part of the sacral canal. Its superficial
the latter extend from the apex of
fibres are much longer than the deep-seated
This ligament is in relation in
the sacrum to the upper cornua of the coccyx.
front with the arachnoid membrane of the sacral canal, a portion of the sacrum,
and almost the whole of the posterior surface of the coccyx behind, with the
Gluteus maximus.
Fibro-cartilage is interposed between the contiguous surfaces of the sacrum
and coccyx it dift'ers from that interposed between the bodies of the vertebrae
in being thinner, and its central part more firm in texture.
It i-s somewhat
Occasionally, a synovial memthicker in front and behind than at the sides.
brane is found when the coccyx is freely movable, which is more especially the
case during pregnancy.
The different segments of the coccyx are connected together by an extension
downwards of the anterior and posterior sacro-coccygeal ligaments, a thin
annular disk of fibro-cartilage being interposed between each of the bones. In
the adult male, all the pieces become ossified but in the female, this does not
commonly occur until a later period of life. The separate segments of the
coccyx are first united, and at a more advanced age the joint between the sacrum
and coccyx is obliterated.
Actions.
The movements which take place between the sacrum and coccyx,
and between the different pieces of the latter bone, are slightly forwards and
backwards they are very limited. Their extent increases during pregnancy.
canal,

;

;

A

;

;

;

4.

Articulation of the Pubes.

(Fig. 237.)

The articulation between the pubic bones is an amphiarthrodial joint, formed
by the junction of the two oval articular surfaces of the ossa pubis. The articular surface has been described above under the name of symphysis^ and the same
name is given to the joint. The ligaments of this articulation are the
Anterior Pubic.
Posterior Pubic.
Superior Pubic.
Sub-pubic.
Interposed Fibro-cartilage.

The Anterior Puhic Ligament consists of several superimposed layers, which
The superficial fibres pass obliquely
pass across the front of the articulation.
from one bone to the other, decussating and forming an interlacement with the
fibres of the aponeurosis of the External oblique muscle.
The deep fibres pass
transversely across the symphysis, and are blended with the fibro-cartilage.
The Posterior Pubic Ligament consists of a few thin, scattered fibres, which
uniie the two pubic bones posteriorly.
The Superior Pubic Ligament is a band of fibres, which connects together the
two pubic bones superiorly.
The Subpubic Ligament is a thick, triangular arch of ligamentous fibres,
connecting together the two pubic bones below, and forming the upper boundary
of the pubic arch. Above, it is blended with the interarticular fibro-cartilage;
laterally, with the rami of the pubes.
Its fibres are of a yellowish color, closely
connected, and have an arched direction.
The Interposed Fibro-cartilage consists of two oval-shaped plates, one covering the surface of each symphysis pubis.
They vary in thickness in different
subjects, and project somewdiat beyond the level of the bones, especially behind.
The outer surface of each plate is firmly connected to the bone by a series of
nipple-like processes, which accurately fit within corresponding depressions on
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osseous surface.
Their opposed surfaces are connected in tlie greater part
of their extent by an intermediate elastic fibrous tissue and by their circumference to the various ligaments surrounding the joint. An interspace is left
between the plates at the upper and back part of the articulation, where the
fibrous tissue is deficient, and the surface of the fibro- cartilage is lined by epithelium.
This space is found at all periods of life, both in the male and female;
but it is larger in the latter, especially during pregnancy, and after parturition.
It is most frequently limited to the upper and back part of the joint
but it
occasionally reaches to the front, and may extend the entire length of the cartitlie

;

;

Fig. 237.

—Vertical Section of
TiL'o

the Sympliysis Pubis.

Made

near
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Fihro-CartUaglnaiis plates
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This structure may be easily demonstrated, by making a vertical section
of the symphysis pubis near its posterior surface.
^\iQ' Obturator Ligament is more properly regarded as analogous to the muscular fasciae, with which it will therefore be described.
lage.

ARTICULATIONS OF THE UPPER EXTREMITY.
Upper Extremity may be arranged in the following
Sterno-clavicular articulation.
II. Scapulo-clavicular articulation.
III. Ligaments of the Scapula.
lY. Shoulder-joint.
Y. Elbow-joint.
Radio-ulnar articulations.
YIII. Articulations of the
YII. Wrist-joint.
Carpal bones. IX. Carpo-metacarpal articulations. X. Metacarpo-phalangeal
articulations.
Articulations of the Phalanges.

The

articulations of the

groups:

—

I.

YL

XL

I.

Steeno-Clavicular Articulation.

(Fig. 238.)

The Sterno-clavicular is an arthrodial joint.
The parts entering into its
formation are the sternal end of the clavicle, the upper and lateral part of the
first piece of the sternum, and the cartilage of the first rib.
The articular surface of the clavicle is much larger than that of the sternum, and invested with
a layer of cartilage,^ which is considerably thicker than that on the latter bone.
The ligaments of this joint are the
Anterior Sterno-clavicular.

Inter-clavicular.

Posterior Sterno-clavicular.
Costo-clavicular (rhomboid).
Interarticular Fibro-cartilage,
^ According to Bruch, the sternal end of the clavicle
than cartilaginous in structure.

is

covered by a tissue, which

is

rather fibrous

STERNO-CLAVICULAR

JOINT.
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The Anterior Sterno-davicular Ligament is a broad band of fibres, wliicb
covers the anterior surface of the articulation, being attached, above, to the upper
and front part of the inner extremity of the clavicle and passing obliquely
downwards and inwards, is attached, below, to the front and upper part of the
This ligament is covered in front by the sternal
first piece of the sternum.
portion of the Sterno-clido-mastoid and the integument behind, it is in relation
Avith the interarticular fibro-cartilage and the two synovial membranes.
The Posterior Sterno-davicular Ligament is a similar band of fibres, which
covers the posterior surface of the articulation, being attached, above, to the posand which, passing obliquely
terior part of the inner extremity of the clavicle
downwards and inwards, is connected, below, to the posterior and upper part of
the sternum. It is in relation, in front, with the interarticular fibro-cartilage and
synovial membranes behind, with the Sterno-hyoid and Sterno-thyroid muscles.
;

;

;

;

Fig. 238.

— Sterno -clavicular Articulation.

Anterior View.

The

Interclavicular Ligament is a flattened band, which varies considerably in
size in different individuals: it passes from the iipper part of the inner
extremity of one clavicle to the other, and is closely attached to the upper margin of the sternum. It is in relation, in front, with the integument; behind,
with the Sterno-thyroid muscles.
The Costo-clavicular Ligament [rhomhoid] is short, flat, and strong it is of
a rhomboid form, attached, below, to the upper and inner part of the cartilage of
the first rib it ascends obliquely backwards and outwards, and is attached, above,
to the rhomboid depression on the under surface of the clavicle.
It is in relation, in front, with the tendon of origin of the Subclavius
behind, with the
subclavian vein.
The Interarticular Fibro-cartilage is a flat and nearly circular disk, interposed
between the articulating surfaces of the sternum and clavicle. It is attached,
above, to the upper and posterior border of the clavicle below, to the cartilage
of the first rib, at its junction with the sternum and by its circumference to the
anterior and posterior sterno-clavicular ligaments.
It is thicker at the circumference, especially its upper and back part, than at its centre, or below.
It
divides the joint into two cavities, each of which is furnished with a separate
synovial membrane
when the fibro-cartilage is perforated, which not unfrequently occurs, the synovial membranes communicate.
Of the tv)o Synovial Membranes found in this articulation, one is reflected from
the sternal end of the clavicle, over the adjacent surface of the fibro-cartilage,
and cartilage of the first rib the other is placed between the articular surface
of the sternum and adjacent surface of the fibro-cartilage the latter is the more
loose of the two.
They seldom contain much synovia.

form and

:

:

;

;

:

;

;

;
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Actions.
This articulation is the centre of the movements of the shoulder,
and admits of motion in nearly every direction upwards, downwards, backwards, forwards, as well as circumduction. " The movements attendant on elevation and depression of the shoulder take place between the clavicle and the
interarticular ligament, the bone rotating upon the ligament on an axis drawn
from before backwards through its own articular facet. When the shoulder is
moved forwards and backwards, the clavicle, with the interarticular ligament,
rolls to and fro on the articular surface of the sternum, revolving, with a slightly
sliding movement, round an axis drawn nearly vertically through the sternum.
In the circumduction of the shoulder, which is compounded of these two movements, the clavicle revolves upon the interarticular cartilage, and the latter, with
the clavicle, rolls upon the sternum."

—

^

II.

Scapulo-Clavicular Articulation.

(Fig. 239.)

The Scapulo-clavicular is an artlirodial joint, formed between the outer
extremity of the clavicle and the upper edge of the acromion process of the
scapula.
Its ligaments are the

A

Superior
cromio clavicular.
Inferior Acromio-clavicular,
(

Coraco-clavicular

<
(

Trapezoid
and
Conoid.

Interarticular Fibro-cartilaefe.

The Superior Acromio-clavicular Ligament is a broad band of a quadrilateral
form, which covers the superior part of the articulation, extending between the
upper part of the outer end of the clavicle and the adjoining part of the acromion.
It is composed of parallel fibres, which interlace v/ith the aponeurosis of the
Trapezius and Deltoid muscles below, it is in contact with the interarticular
fibro-cartilage and synovial membranes.
The Inferior Acromio-clavicular Ligament.^ somewhat thinner than the preceding, covers the under part of the articulation, and is attached to the adjoining
surfaces of the two bones.
It is in relation, above, with the interarticular fibrocartilage (when it exists) and the synovial membranes below, with the tendon
of the Supraspinatus.
These two ligaments are continuous with each other in
front and behind, and form a complete capsule around the joint.
The Coraco-clavicular Ligament serves to connect the clavicle with the coracoid
process of the scapula. It consists of two fasciculi, called the trapezoid and conoid
ligaments.
The trapezoid ligament^ the anterior and external fasciculus, is broad, thin, and
quadrilateral it is placed obliquely between the coracoid process and the clavicle.
It is attached, below, to the upper surface of the coracoid process
above, to the
oblique line on the under surface of the clavicle. Its anterior border is free its
posterior border is joined with the conoid ligament, the tAvo forming by their
junction a projecting angle.
The conoid ligament^ the posterior and internal fasciculus, is a dense band of
fibres, conical ij). form, the base being turned upwards, the summit downwards.
It is attached by its apex to a rough depression at the base of the coracoid
process, internal to the preceding
above, by its expanded base, to the conoid
tubercle on the under surface of the clavicle, and to a line proceeding internally
from it for half an inch. These ligaments are in relation, in front, with the Subclavius behind, with the Trapezius they serve to limit rotation of the scapula
;

;

:

;

;

;

:

•,

forwards and backwards.

The

Interarticular Fibro-ca.rtilage
'

Humphry, On

is

the

most frequently absent

Human

Skeleton, p. 402.

in this articula-

SCAPULO-CLAVICULAR JOINT.
When

tion.

it exists, it
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generally onl}^ partially separates the articular surfaces,

and occupies the upper part of the articulation. More rarely, it completely separates the joint into two cavities.
There are two Synovial Membranes when a complete interarticular cartilage
more frequently there is only one synovial membrane.
exists
gliding
The movements of this articulation are of two kinds. 1.
Actions.
motion of the articular end of the clavicle on the acromion. 2, Rotation of the
scapula forwards and backwards upon the clavicle, the extent of this rotation
being limited by the two portions of the coraco-clavicular ligament.
The scapulo-clavicular joint has important functions in the movements of the
upper extremity. It has been well pointed out by Prof. Humphry, that if there
had been no joint between the clavicle and scapula, the circular movement of the
scapula on the ribs (as in throwing both shoulders back or forward) would have
;

A

Fig. 239.

—The Left Shoulder

-joint,

Scapulo-clavicular Articulations,

and Proper Ligaments of Scapula.

been attended with a greater alteration in the direction of the shoulder than is
consistent with the free use of the arm in such positions, and it would have been
impossible to give a blow straight forward with the full force of the arm, that is
" This joint,"
to say, with the combined force of the scapula, arm, and forearm.
as he happily says, "is so adjusted as to enable either bone to turn in a hingelike manner upon a vertical axis drawn through the other, and it permits the
surfaces of the scapula, like the baskets in a roundabout swing, to look the same
way in every position, or nearly so." Again, when the whole arch formed by
the clavicle and scapula rises and falls (in elevation or depression of the shoulders),
the joint between these two bones enables the scapula still to maintain its lower
part in contact with the ribs.

;
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III.

Proper Ligaments of the Scapula.

The proper ligaments

of

tlie

(Fig. 239.)

scapula are, the

Transverse.

Coraco-acromial.

The, Coraco-acromial Ligament is a broad, thin, flat band, of a triangular
shape, extended transversely above the upper part of the shoulder-joint, between
It is attached, by its apex, to the summit
the coracoid and acromion processes.
of the acromion, just in front of the articular surface for the clavicle and by its
broad base, to the whole length of the outer border of the coracoid process. Its
posterior iibres are directed obliquely backwards and outwards, its anterior fibres
transversely.
Tiiis ligament completes the vault formed by the coracoid and
acromion processes for the protection of the head of the humerus.
It is in
relation, above, with the clavicle and under surface of the Deltoid
below, with
the tendon of the Supraspinatus muscle, a bursa being interposed. Its anterior
border is continuous with a dense cellular lamina that passes beneath the Deltoid
upon the tendons of the Supra- and Infra-spinatus muscles.
The Transverse or Coracoid Ligament converts the suprascapular notch into
a foramen.
It is a thin and flat fasciculus, narrower at the middle than at the
extremities, attached by one end to the base of the coracoid process, and by the
other to the inner extremity of the scapular notch. The suprascapular nerve
passes through the foramen the suprascapular vessels above it.
;

;

;

lY. Shoulder-Joint.

(Fig. 239.)

The Shoulder is an enarthrodial or ball-and-socket joint. The bones entering
into its formation are the large, globular head of the humerus, received into the
shallow glenoid cavity of the scapula, an arrangement which permits of very
considerable movement, whilst the joint itself is protected against disjDlacement
by the strong ligaments and tendons which surround it, and above by an arched
vault, formed by the under surface of the coracoid and acromion processes, and
the coraco-acromial ligament.
The articular surfaces are covered by a layer of
cartilage that on the head of the humerus is thicker at the centre than at the
circumference, the reverse being the case in the glenoid cavity.
The ligaments
of the shoulder are, the
:

Coraco-humeral.

Capsular.
Glenoid.^

The Capsular Ligament completely encircles the articulation being attached,
above, to the circumference of the glenoid cavity beyond the glenoid ligament
below, to the anatomical neck of the humerus, approaching nearer to the articular cartilao-e above than in the rest of its extent. It is thicker above than below,
remarkably loose and lax, and much larger and longer than is necessary to keep
the bones in contact, allowing them to be separated from each other more than an
inch, an evident provision for that extreme freedom of movement which is peculiar
to this articulation.
Its external surface is strengthened, above, by the Supraspinatus above and internally, by the coraco-humeral ligament below, by the
long head of the Triceps externally, by the tendons of the Infraspinatus and
Teres minor and internally, by the tendon of the Subscapularis. The capsular
ligament usually presents three openings one at its inner side, below the coracoid
process, partially filled up by the tendon of the Subscapularis
it establishes a
communication between the synovial membrane of the joint and a bursa beneath
;

;

;

;

;

:

;

^ The long tendon of origin of the Biceps muscle also acts as one of the ligaments of this joint.
See the observations, on p. 292, on the function of the muscles passing over more than one

joint.

SHOULDER-JOINT.
The

the tendon of that muscle.
part,

second,

where a communication sometimes
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which is not constant, is at the outer
between the joint and a bursal sac

exists

belonging to the Infraspinatus muscle. The third is seen in the lower border of
the ligament, between the two tuberosities, for the passage of the long tendon of
the Biceps muscle.
The Cor aco -humeral or Accessory Ligament is a broad band, which strengthens
the upper and inner part of the capsular ligament. It arises from the outer
border of the coracoid process, and passes obliquely downwards and outwards to
the front of the great tuberosity of the humerus, being blended with the tendon
This ligament is intimately united to the capsular
of the Supraspinatus muscle.
in the greater part of its extent.
The Glenoid Ligament is a fibro-cartilaginous

rim attached round the margin
of the glenoid cavity. It is triangular on section, the thickest portion being
fixed to the circumference of the cavity, the free edge being thin and sharp.
It
is continuous above with the long tendon of the Biceps muscle, which bifurcates
at the upper part of the cavity into two fasciculi, encircling the margin of the
This ligament deepens the cavity
glenoid, cavity and uniting at its lower part.
for articulation, and protects the edges of the bone.
It is lined by the synovial

membrane.

The Synovial Membrane lines the margin of the glenoid cavity and the fibrocartilaginous rim surrounding it it is then reflected over the internal surface of
the capsular ligament, covers the lower part and sides of the neck of the humerus,
and is continued a short distance over the cartilage covering the head of the bone.
The long tendon of the Biceps muscle, which passes through the capsular ligament,
is inclosed in a tubular sheath of synovial membrane, which is reflected upon it at
the point where it perforates the capsule, and is continued around it as far as the
summit of the glenoid cavity. The tendon of the Biceps is thus enabled to traverse
the articulation, but is not contained in the interior of the synovial cavity. The
synovial membrane communicates with a large bursal sac beneath the tendon of
the Subscapularis, by an opening at the inner side of the capsular ligament; it
also occasionally communicates with another bursal sac, beneath the tendon of
third bursal sac, which
the Infraspinatus, through an orifice at its outer part.
does not communicate with the joint, is placed between the under surface of the
Deltoid and the outer surface of the capsule.
The Muscles in relation with the joint are, above, the Supraspinatus below,
the long head of the Triceps internally, the Subscapularis externally, the InfraThe Deltoid
spinatus and Teres minor; within, the long tendon of the Biceps.
is placed most externally, and covers the articulation on its outer side, as well as
in front and behind.
The Arteries supplying the joint are articular branches of the anterior and
posterior circumflex, and suprascapular.
The Nerves are derived from the circumflex and suprascapular.
Actions. The shoulder joint is capable of movement in every direction, forwards,
backwards, abduction, adduction, circumduction, and rotation.
The most striking peculiarities in this joint are 1. The large size of the head
of the humerus in comparison with the depth of the glenoid cavity, even when
supplemented by the glenoid ligament. 2. The looseness of the capsule of the
joint.
3. The intimate connection of the capsule with the muscles attached
to the head of the humerus.
4. The peculiar relation of the biceps tendon to
;

A

;

;

;

:

the joint.
It is in consequence of the relative size of the two articular surfaces that the
these movejoint enjoys so free movement in every possible direction.
ments of the arm are arrested in the shoulder-joint by the contact of the bony
surfaces, and by the tension of the corresponding fibres of the capsule, together
with that of the muscles acting as accessory ligaments, they can be carried considerably further by the movements of the scapula, involving, of course, motion
at the coraco- and sterno-clavicular joints.
These joints are therefore to be

When
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regarded as accessory structures to the shoulder-joint.^ The extent of these
movements of the scapula is very considerable, especially in extreme elevation
of the arm, which movement is best accomplished when the arm is thrown somewhat forward, since the articular surface of the humerus is broader in the middle
than at either end, especially the lower, so that the range of elevation directly
forward is less, and that directly backward still more restricted. The great
width of the central portion of the humeral head also allows of very free horizontal movement when the arm is raised to a right angle, in which movement
the arch formed by the acromion, the coracoid process, and the coraco-acromial
ligament, constitutes a sort of supplemental articular cavity for the head of the
bone.

The

looseness of the capsule

is

so great that the

arm

will fall about an inch

from the scapula when the muscles are dissected from the capsular ligament, and
an opening made in it to remove the atmospheric pressure. The movements of
the joint, therefore, are not regulated by the capsule, so much as by the surrounding muscles and by the pressure of the atmosphere, an arrangement which
" renders the movements of the joint much more easy than they would otherwise
have been, and permits a swinging, pendulum-like vibration of the limb, when
the muscles are at rest.'
(Humphry.) The fact, also, that in all ordinary positions of the joint the capsule is not put on the stretch, enables the arm to move
freely in all directions.
Extreme movements are checked by the tension of
appropriate portions of the capsule, as well as by the interlocking of the bones.
Thus it is said that " abduction is checked by the contact of the great tuberosity
with the upper edge of the glenoid cavity, adduction by the tension of the coracohumeral ligament." (Beaunis et Bouchard.)

The intimate union of the tendons of the four short muscles with the capsule
converts these muscles into elastic and spontaneously acting ligaments of the joint,
and it is regarded as being also intended to prevent the folds into which all portions of the capsule would alternately fall in the varying positions of the joint
from being driven between the bones by the pressure of the atmosphere.
The peculiar relations of the biceps tendon to the shoulder-joint appear to subserve various purposes. In the first place, by its connection with both the shoulder
and elbow, the muscle harmonizes the action of the two joints, and acts as an
elastic ligament in all positions, in the manner previously adverted to.^
Next it
strengthens the upper part of the articular cavity, and prevents the head of the
humerus from being pressed up against the acromion process, when the deltoid
contracts, instead of forming the centre of motion in the glenoid cavity.
By its
passage along the bicipital groove it assists to render the head of the humerus
steady in the various movements of the arm and forearm.
To these offices Prof.
Humphry adds, that "it assists the supra- and infra-spinatus muscles to cause the
head of the humerus to revolve in the glenoid cavity when the arm is raised from
the side, and that it holds the head of the humerus iirmly in contact with
the glenoid cavity, and prevents its slipping over the lower edge of the cavity or
being displaced by the action of the latissimus dorsi and pectoralis major when
the arm is raised from the side, as in climbing and many other movements."
V. Elbow-Joint.

The Elbow is a ginglymus or hinge-joint. The bones entering into its formation are the trochlear surface of the humerus, which is received in the greater
sigmoid cavity of the ulna, and admits of the -movements peculiar to this joint,
those of flexion and extension, whilst the cup-shaped depression on the head of
the radius articulates with the lesser, or radial, head of the humerus, and the
circumference of the head of the radius with the lesser sigmoid cavit}^ of the
ulna, allowing of the movement of rotation of the radius on the ulna, the chief
action of the superior radio-ulnar articulation.
The articular surfaces are
^

See pp. 314, 315.

''
,

See

p.

292.

—

;

ELBOW-JOINT.
covered witb a thin layer of
ligaments

cartilage,
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and connected together by the following

:

Anterior.

Internal Lateral.

Posterior.

External Lateral.

The orbicular ligament of the upper radio-ulnar articulation must also be
reckoned among the ligaments of the elbow.
The Anterior Ligament (Fig. 240) is a broad and thin fibrous layer, which
covers the anterior surface of the joint. It is attached to the front of the
humerus immediately above the coronoid fossa; below, to the anterior surface of
the coronoid process of the ulna and orbicular ligament, being continuous on
each side with the lateral ligaments. Its superficial or oblique fibres pass from
the inner condyle of the humerus outThe Fig. 240.-— Left Elbow-joint, showing Anwards to the orbicular ligament.

middle fibres, vertical in direction, pass
from the upper part of the coronoid
depression, and become blended with the

terior

and Internal Ligaments.

A

third, or transverse set, inpreceding.
tersect these at right angles. This ligament
is in relation, in front, with the Brachialis
anticus; behind, with the synovial membrane.
The Posterior Ligament (Fig. 241) is a
thin and loose membranous fold, attached,
above, to- the lower end of the humerus,
immediately above the olecranon fossa
below, to the margin of the olecranon.
The superficial or transverse fibres pass
between the adjacent margins of the olecranon fossa. The deeper portion consists
of vertical fibres, which pass from the upper
part of the olecranon fossa to the margin of
the olecranon. This ligament is in I'elation,
behind, with the tendon of the Triceps and
the Anconeus in front, with the synovial
;

membrane.

The

Internal Lateral Ligament (Fig, 240)

a thick, triangular band consisting of two
distinct portions, an anterior and posterior.
is

The anterior portion.^ directed obliquely forwards, is attached, above, by its apex, to the
front part of the internal condyle of the
humerus and, below, by its broad base, to
the inner margin of the coronoid process.
The posterior portion^ also of triangular
form, is attached, above, by its apex, to the
lower and back part of the internal condyle
This ligament is in
below, to the inner margin of the olecranon.
relation, internally, with the Triceps and Flexor carpi ulnaris muscles, and the
ulnar nerve.
The External Lateral Ligament (Fig. 241) is a short and narrow fibrous fasciculus,
less distinct than the internal, attached, above, to the external condyle of the
humerus below, to the orbicular ligament, some of its most posterior fibres
passing over that ligament, to be inserted into the outer margin of the ulna.
This ligament is intimately blended with the tendon of origin of the Supinator
brevis muscle.
The Synovial Membrane is very extensive. It covers the margin of the artic;

;

;
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ular surface of tlie humerus, and lines the coronoid and olecranon fossse on that
from these points, it is reflected over the anterior, posterior, and lateral
ligaments and forms a pouch between the lesser sigmoid cavity, the internal
surface of the orbicular ligament, and the cirLeft Elbow-joint, showing
Fi.o;. 241.
cumference of the head of the radius.
Posterior and External Ligaments.
The Muscles in relation with the joint are,
in front, the Brachialis anticus
behind, the
Triceps and Anconeus externally, the Supinator brevis, and the common tendon of origin
of the Extensor muscles internally, the common tendon of origin of the Flexor muscles, and
the Flexor carpi ulnaris, with the ulnar nerve.
The Arteries supplying the joint are derived

bone

;

;

—

;

;

;

from the communicating branches between the
superior profunda, inferior profunda, and anastomotic branches of the brachial, with the
anterior, posterior, and interosseous recurrent
branches of the ulnar, and the recurrent branch
of the radial.
These vessels form a complete
chain of inosculation around the joint.
The Nerves are derived from the ulnar, as it
passes between the internal condyle and the
olecranon and a few filaments from the musculo;

cutaneous.

The

comprises three
between the
ulna and humerus, that between the head of
the radius and the humerus, and the superior
radio-ulnar articulation, described below. All
these articular surfaces are invested by a common synovial membrane, and the movements
of the whole joint should be studied together.
The combination of the movements of flexion
and extension of the forearm with those of pronation and supination of the hand, which is insured by the two being performed at the same joint, is essential to the accuracy
of the various minute movements of the hand.
The portion of the joint between the ulna and humerus is a simple hingejoint, and allows of movements of flexion and extension only.
The shape of
the trochlear surface of the humerus, with its prominences and depressions
accurately adapted to the opposing surfaces of the olecranon, prevents any lateral
movement. In the ordinary position assumed by the humerus, when resting on
the prominent internal condyle, this direct movement of flexion carries the hand
inwards, towards the chest and mouth.
The joint between the head of the radius and the capitellum or radial head
of the humerus is an arthrodial joint.
The bony surfaces would of themselves
constitute an enarthrosis and allow of movement in all directions, were it not for
the orbicular ligament by which the head of the radius is bound down firmly to
the sigmoid cavity of the ulna, and which prevents any separation of the two
bones laterally. It is to the same ligament that the head of the radius owes its
security from dislocation, which would otherwise constantly occur, as a consequence of the shallowness of the cup-like surface on the head of the radius.
In fact, but for this ligament, the tendon of the biceps would be liable to pull
the head of the radius out of the joint.^ In complete extension, the head of the
radius glides so far back on the outer condyle that its edge is plainly felt at the
back of the joint.
^ Humphry, op. cit.,
p. 419.
Actions.

elbow-joint

different portions, viz., the joint

;

RADIO-ULNAR.
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In combination with any position of flexion or extension, the head of the
radius can be rotated in the upper radio-ulnar joint, carrying the hand with it.
The hand is articuhited to the lower surface of the radius onlj^ and the concave
or sigmoid surface on tlie lower end of the radius travels round the lower end
of the ulna. The latter bone is excluded from the wrist-joint (as will be seen in
Thus, rotation of the head of the
the sequel) by the triangular fibro-cartilage.
radius round an axis which passes through the external condyle of the humerus,
imparts circular movement to the hand through a very considerable arc. If it
is necessary to turn the hand upwards and downwards without changing its place
(as in using a corkscrew), this circular movement is obviated by rapid instinctive
compensating changes in the position of the elbow.

VI. Eadio-ulnae Aeticulations.

The articulation of the radius with the ulna is effected by ligaments, which
connect together both extremities as well as the shafts of these bones. They
1. The superior radio-ulnar,
may, consequently, be subdivided into three sets
which is a portion of the elbow-joint 2. The middle radio-ulnar and, 3. The
inferior radio-ulnar articulations.
:

—

;

1.

;

Superior Radio-ulnar Articulation".

This articulation is a lateral ginglymus. The bones entering into its formation are the inner side of the circumference of the head of the radius rotating
within the lesser sigmoid cavity of the ulna. These surfaces are covered with
cartilage, and invested with a duplicature of synovial membrane, continuous
with that which lines the elbow-joint. Its only ligament is the annular or
orbicular.
The Orbicular Ligament (Fig. 241) is a strong, flat band of ligamentous fibres,
which surrounds the head of the radius, and retains it in firm connection with
the lesser sigmoid cavity of the ulnar. It forms about three-fourths of a fibrous
ring, attached by each end to the extremities of the lesser sigmoid cavity, and
is broader at the upper part of its circumference than below, by which means
the head of the radius is more securely held in its position. Its outer surface is
strengthened by the external lateral ligament of the elbow, and affords origin to
part of the Supinator brevis muscle.
Its inner surface is smooth, and lined by
synovial membrane.

The movement which takes place in this articulation is limited to
Actions.
rotation of the head of the radius within the orbicular ligament, and upon the
rotation forwards being called pronation
lesser sigmoid cavity of the ulna
rotation backwards, supination.
;

2.

Middle Radio-ulnar Articulation.

The interval between the shafts of the radius and ulna
ligaments.
Oblique.

is

occupied by two

Interosseous.

The Ohlique or Round Ligament (Fig. 240) is a small, round, fibrous cord,
which extends obliquely downwards and outwards, from the tubercle of the
ulna at the base of the coronoid process to the radius a little below the bicipital
tuberosity.
Its fibres run in the opposite direction to those of the interosseous
ligament; and it appears to be placed as a substitute for it in the upper part of
the interosseous interval.
This ligament is sometimes wanting.
The Interosseous Membrane is a broad and thin plane of aponeurotic fibres,
descending obliquely downwards and inwards, from the interosseous ridge on the
radius to that on the ulna.
It is deficient above, commencing about an inch

21
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beneath the tubercle of the radius; is broader in the middle than at either
extremity; and presents an oval aperture just above its lower margin for the
passage of the anterior interosseous vessels to the back of the forearm. This
ligament serves to connect the bones, and to increase the extent of surface for
Between its upper border and the oblique
the attachment of the deep muscles.
ligament an interval exists, through which the posterior interosseous vessels
pass.
Two or three fibrous bands are occasionally found on the posterior surface
of this membrane, which descend obliqaely from the ulna towards the radius,
and which have consequently a direction contrary to that of the other fibres.
It is in relation, in front^ by its upper three-fourths with the Flexor longus
pollicis on the outer side, and with the Flexor profundus digitorum on the inner,
lying upon the interval between which are the anterior interosseous vessels and
behind^ with the
nerve, by its lower foarth with the Pronator quadratus
Supinator brevis, Extensor ossis metacarpi pollicis. Extensor primi internodii
pollicis. Extensor secundi internodii pollicis. Extensor indicis; and, near the
wrist, with the anterior interosseous artery and posterior interosseous nerve.
;

Inferior Radio-ulnar Articulation.

8.

This is a lateral ginglymus, formed by the head of the ulna received into the
sigmoid cavity at the inner side of the lower end of the radius. The articular
surfaces are covered by a thin layer of cartilage, and connected together by the
following ligaments
Anterior Radio-ulnar.
:

Posterior Radio-ulnar.
Triangular Interarticular Fibro-cartilage.

The Anterior Radio-ulnar Ligament (Fig. 242) is a narrow band of fibres
extending from the anterior margin of the sigmoid cavity of the radius to the
anterior surface of the head of the ulna.
Fig. 242.

— Ligaments of Wrist and Hand.

Anterior View.

NFERIOR RADIO-ULNAR ARTtC
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WRIST-JOINT
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CARPO-METACARPAL ARTIC
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The Posterior Radio-ulnar Ligament (Fig. 243) extends between similar points
on the posterior surface of the articulation.
The Triangular Fibro-cartilage (Fig. 244, p. 328) is placed transversely beneath

WRIST-JOINT.
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the head of the ulna, binding the lower end of this bone and the radius firmly
together.
Its circumference is thicker than its centre, which is thin and
occasions^ J perforated. It is attached by its apex to a depression, which separates the styloid process of the ulna from the head of that bone; and, by its base,
which is thin, to the prominent edge of the radius, which separates the sigmoid
cavity from the carpal articulating surface.
Its margins are united to the ligaments of the wrist-joint. Its upper surface^ smooth and concave, is contiguous
with the head of the ulna; its under surface^ also concave and smooth, wdth the
cuneiform bone. Both surfaces are lined by a synovial membrane: the upper
Fig. 243.

— Ligaments of Wrist and

Hand.

Posterior View.

Iftfevicr
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—

Carpo-MJetO'CaTpa.Z

by one peculiar to the radio-ulnar articulation; the under surface, by the
synovial membrane of the wrist.
The Synovial Membrayie (Fig. 244) of this articulation has been called, from
its extreme looseness, the membrana sacciformis ; it covers the margin of the
articular surface of the head of the ulna, and where reflected from this bone on
to the radius, forms a very loose cul-de-sac; from the radius, it is continued over
the upper surface of the fibro-cartilage.
The quantity of sjmovia which it
contains is usually considerable.
When the fibro-cartilage is perforated, the
synovial membrane is continuous with that which lines the wrist.
Actions.
The arrangement in the inferior radio-ulnar articulation is just
the reverse of that between the two bones above; motion is limited to rotation
of the radius round' the head of the ulna; rotation forwards being termed
pronation^ rotation backwards supination.
In pronation the sigmoid cavity glides
forward on the articular edge of the ulna; in supination, it rolls in the opposite
direction, the extent of these movements being limited by the anterior and
posterior ligaments.
surface

YII. Eadio-carpal or Wrist-joint.

The Wrist presents some of the characters of an enarthrodial joint, but is more
correctly regarded as an arthrodia. The parts entering into its formation are, the
lower end of the radius, and under surface of the triangular interarticular fibrocartilage above
and the scaphoid, semilunar, and cuneiform bones below. The
articular surfaces of the radius and interarticular fibro-cartilage form a transversely elliptical concave surface.
The surface of the radius is subdivided into
;

—

— —
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two parts by a line extending from before backwards and these, togetlier with,
the interarticular cartilage, form three facets, one for each carpal bone.
The
three carpal bones are connected together, and form a convex surface, which is
received into the concavity above mentioned.
All the bony surfaces of the
articulation are covered with cartilage, and connected together by the following ligaments
External Lateral.
Anterior.
Internal Lateral.
Posterior.
;

:

The External Lateral Ligament {radio -carpal) (Fig. 242) extends from the
summit of the styloid process of the radius to the outer side of the scaphoid,
some of its fibres being prolonged to the trapezium and annular ligament.
The Internal Lateral Ligament {ulno-carpal) is a rounded cord, attached, above,
and dividing below into two
to the extremity of the styloid process of the ulna
fasciculi, which are attached, one to the inner side of the cuneiform bone, the
;

other to the pisiform bone and annular ligament.
The Anterior Ligament is a broad, membranous band, consisting of three fasciculi, attached, above, to the anterior margin of the lower end of the radius, its
styloid process, and the ulna; its fibres pass downwards and inwards, to be
inserted into the palmar surface of the scaphoid, semilunar, and cuneiform
This ligament is perforated by numerous apertures for the passage
bones.
of vessels, and is in relation, in front, with the tendons of the Flexor profundus
digitorum and Flexor longus pollicis behind, with the sjniovial membrane of
the wrist-joint.
The Posterior Ligament (Fig. 243), less thick and strong than the anterior,
its
is attached, above, to the posterior border of the lower end of the radius
fibres pass obliquely downwards and inwards to be attached to the dorsal surface of the scaphoid, semilunar, and cuneiform bones, being continuous with
those of the dorsal carpal ligaments. This ligament is in relation, behind, with the
extensor tendons of the fingers in front, with the synovial membrane of the wrist.
The Synovial Membrane (Fig. 244) lines the under surface of the triangular
interarticular fibro-cartilage above; and is reflected on the inner surface of the
ligaments just described.
Relations.
The wrist-joint is covered in front by the flexor, and behind by
the extensor tendons it is also in relation with the radial and ulnar arteries.
The Arteries supplying the joint are the anterior and posterior carpal branches
of the radial and ulnar, the anterior and posterior interosseous, and some ascending branches from the deep palmar arch.
The Nerves are derived from the ulnar and posterior interosseous.
Actions.
The movements permitted in this joint are flexion, extension, abduction, adduction, and circumduction.
It is totally incapable of rotation, one of
the characteristic movements in true enarthrodial joints. Its actions will be further studied with those of the carpus, with which they are combined.
;

;

;

;

YIII. Articulations of the Caepus.

These articulations
1.

2.
3.

1.

The
The
The

may

be subdivided into three

sets

;

Articulations of the First Row of Carpal Bones.
Articulations of the Second Row of Carpal Bones.
Articulations of the Two Rows with each other.

Articulatioxs of the First

Row

of Carpal Bones.

These are arthrodial joints. The articular surfaces are covered with cartilage,
and connected together by the following ligaments
:

Two

Two

Dorsal.

Two

Interosseous.

Palmar.

—

:
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The Dorsal Ligaments are placed transversely behind the bones of the first
row thej connect the scaphoid and semilunar, and the semilunar and cunei;

form.

The Palmar Ligaments connect the scaphoid and semilunar, and the semilunar
and cuneiform bones they are less strong than the dorsal, and placed very deep
under the anterior ligament of the wrist.
The Interosseous Ligaments (Fig. 244) are two narrow bundles of fibrous tissue,
connecting the semilunar bone, on one side with the scaphoid, on the other with
the cuneiform. They close the upper part of the interspaces between the
scaphoid, semilunar, and cuneiform bones, their upper surfaces being smooth,
and having attached to their extremities the synovial membrane of the wrist;

joint.

The articulation of the pisiform with the cuneiform is provided with a separate
synovial membrane, protected by a thin capsular ligament. There are also two
strong fibrous fasciculi, which connect this bone to the unciform and the base of
the fifth metacarpal bone (Fig. 242).
2.

Articulatio:n"s of the Second

Eow

of Carpal Bones.

These are also arthrodial joints. The articular surfaces are covered with
and connected by the following ligaments

carti-

lage,

Three Dorsal.

Three Palmar.

Two

Interosseods.

The three Dorsal Ligam^ents extend transversely from one bone to another on
the dorsal surface, connecting the trapezium with the trapezoid, the trapezoid
with the OS magnum, and the os magnum with the unciform.
The three Palmar Ligaments have a similar arrangement on the palmar surface.
The two Interosseous Ligaments, much thicker than those of the first row, are
placed one on each side of the os magnam, connecting it with the trapezoid
externally, and the unciform internally.
The former is less distinct than the
latter.

3.

Articulations of the

Two Rows

of Carpal Bones with each other.

The articulations between the two rows of the carpus consist of a joint in the
middle, formed by the reception of the head of the os magnum into a cavity
formed by the scaphoid and semilunar bones, and of an arthrodial joint on each
side, the outer one formed by the articulation of the scaphoid with the trapezium
and trapezoid, the internal one by the articulation of the cuneiform and unciform.
The articular surfaces are covered by a thin layer of cartilage, and connected by
the following ligaments
:

Anterior or Palmar.
Posterior or Dorsal.

External Lateral.
Internal Lateral.

The Anterior or Palmar Ligam,ents consist of short fibres, which pass obliquely
between the bones of the first and second row on the palmar surface.
The Posterior or Dorsal Ligaments have a similar arrangement on the dorsal
surface of the carpus.

The Lateral Ligannents are very short they are placed, one on the radial, the
other on the ulnar side of the carpus the former, the stronger and more distinct,
connecting the scaphoid and trapezium bones, the latter the cuneiform and unciform they are continuous with the lateral ligaments of the wrist-joint.
The common Synovial Membrane of the Carpus is very extensive it passes from
the under surface of the scaphoid, semilunar, and cuneiform bones to the upper
surface of the bones of the second row, sending upwards two prolongations
between the scaphoid and semilunar, and the semilunar and cuneiform sending
;

;

;

;

;

;
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downwards three prolongations between the four bones of the second row, which
are farther continued downwards into the carpo-metacarpal joints of the four
inner metacarpal bones.
There is a separate synovial membrane between the
pisiform and cuneiform bones.
The articulation of the hand and wrist, considered as a whole, is
Actions.
divided by Meyer ^ into three parts: 1. The Eadius and the triangular cartilage.
2. The hand proper, viz., the metacarpal bones with the four carpal bones on
which they are supported, the unciform, os magnum, trapezoid, and trapezium
and, 3. The meniscus^ formed by the cuneiform, semilunar, and scaphoid the
pisiform bone having no essential part in the movements of the hand.
These three elements form two joints 1. The anterior, between the hand and
meniscus (transverse carpal joint, as it may be called), mainly ginglymoid in character 2. The posterior (wrist-joint jDroper), between the meniscus and bones of
the forearm, chiefly arthrodial.
1. The joint between the meniscus and the other four bones of the carpus is
subdivided into three portions the central, formed between the deep cup of the
semilunar above and the head of the os magnum with the adjacent part of the
unciform below, is a ginglymoid joint, in which some rotation is allowed; the
radial portion, formed by the scaphoid articulating with a portion of the os
magnum, the trapezoid, and trapezium, represents also a ginglymoid joint in
which rotation is permitted while the ulnar portion, or articulation of the cuneiform Avith the unciform, partakes more of the arthrodial character. The axes of
movement of these joints are inclined to each other at a considerable angle, so
that in flexion of the hand on the forearm the carpal bones are brought together,
and on the contrary are separated in extension.
Extension of the hand on the forearm or dorsi -flexion Meyer divides into three
movements, corresponding to the three portions of the transverse joint. In the
first the semilunar moves in its hinge-joint around the head of the os magnum
and the edge of the unciform until its motion is checked by its bony surface
coming into contact with the adjoining portions of those bones. The second part
of the movement consists of a hinge-like motion of the scaphoid round the os
magnum, continued by a rotation of the same bone on a pivot formed by the head
of the OS magnum until it is checked by the tension of the ligaments uniting it
to the trapezium and trapezoid.
The third part is effected by the cuneiform,
Avhich glides outwards, or towards the radial side on the unciform to a certain
extent, and carries the semilunar with it, so that it is disengaged from its contact
with the OS magnum and unciform, and undergoes a further separation from
those bones towards the radial side.
Flexion of the hand on the forearm, or palmar flexion, is accompanied by the
semilunar (with the cuneiform) hinging around the os magnum and unciform,
and the scaphoid moving in the same sense until the movement is checked by
these two bones coming together.
It follows from this that the movement of extension in this joint is considerable, while that of flexion is but slight.^
very trifling rotation is permitted
around the head of the os magnum as a pivot but only to the extent which is
determined by the tension of tlie ligaments connected with that bone.
2. The articulation between the forearm and carpus is formed chiefly by the
radius articulating with the scaphoid and semilunar, the articulation between the
triangular cartilage and cuneiform being of subordinate importance.
The ridge
which divides the two concave surfaces on the end of the radius is the centre of
motion in the chief part of the joint. This ridge is so inclined as to represent a
portion of a spiral line passing from the point of the styloid process of the ulna
to the ridge on the scaphoid, which fits in between the trapezium and trapezoid.
;

:

;

—

;

A

;

^
^

Reicliert u
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to this transverse carpal jomt, and believes that extension in the wrist-joint
flexion.
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be amiss to note that Prof.

hand

than

Hwnan

CARPO-METACARPAL.
The

result of this

arrangement

radial border describes

more of

327

that in flexion and extension of the hand, its
a curve than its ulnar, which moves more paral-

is

the axis of the forearm. The ulnar border of the hand is also brought
more towards the middle line of the forearm than its radial the meniscus (carrying the hand with it) is displaced towards the radial side in extension and
lel to

—

towards the ulnar in flexion. As above noted, extension takes place to a considerable extent in the transverse carpal joint as well as in the wrist-joint, while
flexion takes place chiefly in the latter.
With regard to abduction and adduction of the hand (or "radial" and "ulnar"
flexion), these also are effected chiefly in the latter joint, or indeed entirely, if
considered accurately, ^. e., if the terms are limited, as in strictness they should
be, to movements in the plane which passes through the axis of the forearm and
the straight line joining the styloid processes of the radius and ulna when these
bones are at rest on each other. In abduction, or radial flexion, the tubercle of
the scaphoid glides towards the styloid process of the radias, carrying the meniscus towards the ulnar side, till its movement is stopped by the tension of the
internal lateral ligament of the wrist, and by atmospheric pressure.
The same
traction which pulls the hand to the radial side exerts, however, an influence
on the transverse carpal joint which produces a movement of extension or dorsiflexion, and as the meniscus follows this movement to a slight extent, the tubercle of the scaphoid is disengaged to some degree from its contact with the styloid
process of the radius, and the abduction can be then carried a little further.
From this it follows that any considerable abduction of the hand must also be
combined with extension. The force which produces abduction Meyer regards
as being usually the resultant of the action of the combined tendons of the
Flexor carpi radialis and the two Extensores carpi radiales, passing through the
posterior part of the axis of the scaphoid bone.
Adduction, or ulnar flexion, of the hand is less opposed than abduction. In
this niovement, the semilunar is drawn across the ridge on the radius, drawing
with it the cuneiform along the face of the triangular fibro-cartilage. This
.

to separate the scaphoid very much from the radius,
since the curved surface formed by the end of the radius and its styloid process
is much the same in shape as the opposed surface of the scaphoid
consequently,
the movement of adduction is much more extensive and uncomplicated than that
of abduction.
It is easily combined with flexion or extension, by preponderating actions of the Flexor or Extensor carpi ulnaris respectively, but extension
is much more easily permitted than flexion.

movement does not tend

;

IX.
1.

Carpo-metacarpal Articulations.

Articulation" of the Metacarpal

Bone of the Thumb with the

Trapezium.
This is an arthrodial joint, which enjoys great freedom of movement, on
account of the configuration of its articular surfaces, which are saddle-shaped,
so that, on section, each bone appears to be received into a cavity in the other,
according to the direction in which they are cut.
Hence this joint is sometimes
described as one " by reciprocal reception."
Its ligaments are a capsular and
synovial membrane.
The Capsular Ligament is a thick but loose capsule, which passes from the
circumference of the upper extremity of the metacarpal bone to the rough edge
bounding the articular surface of the trapezium; it is thickest exterually and
behind, and lined by a separate synovial membrane.
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2.

Articulations of the Metacarpal Bones of the Fingers with the
Carpus.

The joints formed between the carpus and four inner metacarpal bones are
connected together by dorsal, palmar, and interosseous ligaments.
The Dorsal Liyaments^ the strongest and most distinct, connect the carpal and
metacarpal bones on their dorsal surface. The second metacarpal bone receives
two fasciculi, one from the trapezium, the other from the trapezoid the third
metacarpal receives one from the os magnum the fourth two, one from the os
magnum, and one from the unciform the fifth receives a single fasciculus from
the unciform bone.
The Palmar Ligaments have a somewhat similar arrangement on the palmar
surface, with the exception of the third metacarpal, which has three ligaments,
an external one from the trapezium, situated above the sheath of the tendon of
the Flexor carpi radialis a middle one, from the os magnum and an internal
one, from the unciform.
The Interosseous Ligaments consist of short thick fibres, which are limited to
one part of the carpo-metacarpal articulation they connect the contiguous inferior angles of the os magnum and unciform with the adjacent surfaces of the
third and fourth metacarpal bones.
The Synovial Memhrane is a continuation of that between the two rows of
;

;

;

;

;

;

Fig. 244.

—Vertical Section through

the Articulations at the Wriat, showing the Five

Synovial Membranes.

Occasionally, the articulation of the unciform with the fourth
metacarpal bones has a separate synovial membrane.
The Synovial membranes of the wrist (Fig. 244) are thus seen to be five in
number. ^]iQfirst^ the membrana sacciformis, passes from the lower end of the
ulna to the sigmoid cavity of the radius, and lines the upper surface of the triangular fibro-cartilage. The second passes from the lower end of the radius and
interarticular fibro-cartilage above, to the bones of the first row below.
The
third, the most extensive, passes between the contiguous margins of the two rows
of carpal bones between the bones of the second row to the carpal extremities

carpal bones.

and

fifth

;

—

;

METACARPO-PHALANGEAL.
The fourth from the
of the four inner metacarpal bones.
to the metacarpal bone of the thumb.
The fifth

zium
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margin of the trapebetween the adjacent

margins of the cuneiform and pisiform bones.
Actions.
The movement permitted in the carpo-metacarpal articulations is
limited to a slight gliding of the articular surfaces upon each other, the extent
Thus the articulation of the metacarpal
of which varies in the different joints.
bone of the thumb with the trapezium is most movable, then the fifth metacarThe second and third are almost immovable. In the
pal, and then the fourth.
articulation of the metacarpal bone of the thumb with the trapezium, the movements permitted are flexion, extension, adduction, abduction, and circumduction.
3.

Articulations of the Metacarpal Bones with each other.

The carpal extremities of the metacarpal bones articulate with one another at
each side b}^ small surfaces covered with cartilage, and connected together by
dorsal, palmar, and interosseous ligaments.
The Dorsal and Palmar Ligav%ents pass transversely from one bone to another
on the dorsal and palmar surfaces. The Interosseous Liyaments pass between
their contiguous surfaces, just beneath their lateral articular facets.
The Synovial Membrane beFig- 245.— Articulations of the Phalanges.
tween the lateral facets is a
reflection

from that between

the two rows of carpal bones.
The digital extremities of
the metacarpal bones are connected together by a narrow
fibrous band, the transverse
ligament" (Fig. 245), which
passes transversely across their
anterior surfaces, and is blended
with the ligaments of the metacarpo- phalangeal
articulations.
Its anterior surface presents four grooves for the passage of the flexor tendons. Its
posterior surface blends with
the ligaments of the metacarpophalangeal articulations.

X.

LATERAL LICAME

JHetacarpt/ -pliula ngeal

Metacarpo-phalangeal

Articulations.

(Fig. 245.)

These articulations are of
the ginglymus kind, formed by
the reception of the rounded
head of the metacarpal bone
into a superficial cavity in the
extremity of the first phalanx.
They are connected by the following ligaments

^Ji

fit-

Za.naeal

A-Ttic Vf

:

Anterior.

The

Two

Anterior

Lateral.

Ligaments

{^Glenoid Ligaments of Cruveilhier) are thick, dense, and-

fibro-cartilaginous in texture.
Each is placed on the palmar surface of the
joint, in the interval between the lateral ligaments, to which they are connected

—

—
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they are loosely united to tlie metacarpal bone, but very firral^^ to the base of the
Their palmar surface is intimately blended with the transverse
phalanges.
ligament, forming a groove for the passage of tlie flexor tendons, the sheath surrounding which is connected to each side of the groove. By their deep surface,
thev form part of the articular surface for the bead of the metacarpal bone, and
are lined by a synovial membrane.
The Lateral Ligaments are strong, rounded cords, placed one on each side of
the joint, each being attached by one extremity to the tubercle on the side of
the head of the metacarpal bone, and by the other to the contiguous extremity
of the phalanx.
The -posterior ligament is supplied by the extensor tendon placed over the back
of each joint.
Actions.
The movements whicli occur in these joints are flexion, extension,
adduction, abduction, and circumduction the lateral movements are very limited.
first

;

XL

Aeticulatioxs of the PhALAjS^GES.

These are ginglymus

connected by the following ligaments:

joints,

Two

Anterior.

Lateral.

The arrangement of these ligaments is similar to those in the metacarpophalangeal articulations the extensor tendon supplies the place of a posterior
ligament.
Actions.
The only movements permitted in the phalangeal joints are flexion
and extension these movements are more extensive between the first and second
phalanges than between the second and third. The movement of flexion is very
considerable, but the extension is limited by the anterior and lateral ligaments.
:

;

ARTICULATIONS OP THE LOWER EXTREMITY.
The articulations of the Lower Extremity comprise tlie following groups
The hip-joint. II. The knee-joint. III. The articulations between the tibia
and fibula. IV. The ankle-joint. V. The articulations of the tarsus. VI. The
tarso- metatarsal articulations.
VII. The metatarso-phalangeal articulations.
VIII. The articulations of the phalanges.
:

I.

I.

Hip-joint.

(Fig. 246.)

This articulation is an enarthrodial, or ball-and-socket joint, formed by the
reception of the head of the femur into the cup-shaped cavity of the acetabulum.
The articulating surfaces are covered with cartilage, that on the head of the femur
being thicker at the centre than at the circumference, and covering the entire
surface, with the exception of a depression just below its centre for the ligamentum
teres
that covering the acetabulum is much thinner at its centre than at ths
circumference, being deficient in the situation of the circular depression at the
bottom of the cavity. The ligaments of the joint are the
:

Capsular.

Teres.
Cotyloid.

Ilio-femoral.

Transverse.

The Capsular Ligament is a strong, dense, ligamentous capsule, embracing the
margin of the acetabulum above, and surrounding the neck of the femur below.
Its upper circumference is attached to the acetabulum two or three lines external
to the cotyloid ligament but opposite the notch where the margin of this cavity
is deficient, it is connected with the transverse ligament, and by a few fibres to
the edge of the obturator foramen. Its loioer circumference surrounds the neck
;
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of the femur, being attaclied, in front, to the spiral or anterior intertrochanteric
above, to the base of the neck behind, to the middle of the neck of the
bone, about half an inch above the posterior intertrochanteric line.
It is much
thicker at the upper and fore part of the joint, where the greatest amount of
resistance is required, than below, where it is thin, loose, and longer than in any
line

;

;

Fig. 246.

— Left Hip-joint laid open.

other part. Its external surface (Fig. 235, p. 308) is rough, covered bj numerous muscles, and separated in front from the Psoas and Iliacus by a synovial
bursa, which not unfrequently communicates by a circular aperture with the
cavity of the joint.
It differs from the capsular ligament of the shoulder in
being much less loose and lax, and in not being perforated for the passage of a
tendon.
The llio-femoral Ligament (Fig. 235) is an accessory band of fibres, extending
obliquely across the front of the joint it is intimately connected with the capsular ligament, and serves to strengthen it in this situation.
It is attached,
above, to the anterior inferior spine of the ilium below, to the anterior intertrochanteric line. Its lower part is sometimes bifurcated, an arrangement which
Bigelow seems to regard as the usual one, so that he describes it under the name
of " the Y-ligament."^
The Liyamentiim Teres is a triangular band of fibres, implanted, by its apex,
into the depression a little behind and below the centre of the head of the femur,
and by its broad base, which consists of two bundles of fibres, into the margins
of the notch at the bottom of the acetabulum, becoming blended with the transIt is formed of a bundle of fibres, the thickness and strength of
verse ligament.
which are very variable, surrounded by a tubular sheath of synovial membrane.
;

;

^

Bigelow on the Hip-Joint.
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tlie synovial fold exists, or tlie ligament may be altogether
use of the round ligament is to check rotation outwards, as well as
adduction in the flexed position (Figs, 247, 248) it thus assists in preventing

Sometimes, only

The

absent.

:

Fig. 247.

—The Hip-joint

laid

open from the Pelvis, to show the Ligamentum Teres put on the

stretch

bv rotation

of the

Femur outwards.

dislocation of the head of the femur forwards and outwards, an accident likely to
occur from the necessary mechanism of the joint, if not provided against by this
ligament and the thick anterior part of the capsule.^
The Cotyloid Ligament is a fibro-cartilaginous rim attached to the margin of
the acetabulum, the cavity of which deepens at the same time it protects the
;

Fig. 248.

—The

same view

of the

Hip

as in the former figure, to

show the Ligamentum Teres put

on the stretch by adduction in the flexed

position.

edges of the bone and fills up the inequalities on its surface. It is prismoid in
form, its base being attached to the margin of the acetabulum, and its opposite
edge being free and sharp whilst its two surfaces are invested by synovial membrane, the external one being in contact with the capsular ligament, the internal
one being inclined inwards so as to narrow the acetabulum and embrace the
;

" On the Use of the Bound Ligament of the Hip-Joint," by Dr. J.
^ See an interesting paper,
Struthers, Edinburgh Medical Journal, 1858.
This ligament is best studied with the assistance
of a preparation in which the floor of the acetabulum has been removed with a trephine, and the
ligament exposed by cleaning away the fat. Mr. Savory, without denying the other uses attributed
to this ligament, says that it is always made tense in the upright jwsition, and is still further tightened in standing on one leg and therefore he maintains that its main function is to support the
weight of the bod}^ and distribute its pressure equally over the whole surface of the acetabulum
and head of the femur. Lancet, May 23, 1874.
;
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It is much thicker above and
cartilaginous surface of the liead of the femur.
behind than below and in front, and consists of close compact fibres, which arise
from different points of the circumference of the acetabulum, and interlace with
each other at very acute angles.
The Transverse Ligament is a strong, flattened band of fibres, which crosses the
notch at the lower part of the acetabulum, and converts it into a foramen. It is
interval is left beneath
continuous at each side with the cotyloid ligament.
the ligament for the passage of nutrient vessels to the joint.
The Synovial Membrane is very extensive. Commencing at the margin of
the cartilaginous surface of the head of the femur, it covers all that portion of
the neck which is contained within the joint; from the head it is reflected on
the internal surface of the capsular ligament, covers both surfaces of the cotyloid
ligament, and the mass of fat contained in the fossa at the bottom of the acetabulum, and is prolonged in the form of a tubular sheath around the ligamentum
teres, as far as the head of the femur.
The Muscles in relation with the joint are, in front, the Psoas and Iliacus,
separated from the capsular ligament by a synovial bursa above, the straight
head of the Eectus and Gluteus minimus, the latter being closely adherent to the
capsule.; internally, the Obturator externus and Pectineus
behind, the Pyriformis Gemellus superior, Obturator internus. Gemellus inferior, Obturator externus, and Quadratus femoris.
The Arteries supplying the joint are derived from the obturator, sciatic, internal circumflex and gluteal.
The Nerves are articular branches from the sacral plexus, great sciatic, obturator, and accessory obturator nerves.
Actions.
The movements of the hip, like all enarthrodial joints, are very
extensive they are, flexion, extension, adduction, abduction, circumduction, and

An

;

;

;

rotation.

The hip-joint presents a very striking contrast to the other great enarthrodial
joint
the shoulder in the much more complete mechanical arrangements for
In the shoulder, as we have
its security, and for the limitation of its motions.
seen, the head of the humerus is not adapted at all in shape to the glenoid cavity,
and is hardly restrained in any of its ordinary movements by the capsular ligament. In the hip-joint, on the contrary, the head of the femur is closely fitted
to the acetabulum for a distance extending over nearly half a sphere, and at the
margin of the bony cup it is still more closely embraced by the ligamentous ring
of the cotyloid ligament, so that the head of the femur is held in its place by
that ligament even when the fibres of the capsule have been quite divided
(Humphry). The anterior portion of the capsule, described as the ilio-femoral
or accessory ligament, is the strongest of all the ligaments in the body, and is put
on the stretch by any attempt to extend the femur beyond a straight line with
the trunk. That is to say, this ligament is the chief agent in maintaining the
erect position without muscular fatigue, the action of the extensor muscles of
the buttock being balanced by the tension of the ilio-femoral and capsular ligaments. The security of the joint is also provided for by the two bones being
directly united through the ligamentum teres.
Flexion of the hip-joint is
arrested by the soft parts of the thigh and abdomen being brought into contact;^
extension by the tension of the ilio-femoral ligament and front of the capsule
adduction by the upper part of the accessory ligament and of the capsule, and in
the flexed position of the limb b}^ the ligamentum teres abduction by the lower
portion of the ilio-femoral ligament and of the capsule rotation outwards by
the front part of the capsule and the ligamentum teres, and rotation inwards by
the back part of the ca]3sule.

—

—

;

;

;

^ The hip-joint cannot be completely flexed, in most persons, without at the same time flexing the
knee on account of the shortness of the ham -string muscles, Cleland, Journ. of Anal, and Phys.,
No. 1, Old Series, p. 87.
;
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II.

Knee-joint.

The knee

the bones entering into its formation
is a ginglymus, or hinge-joint
the condjdes of the femur above, the head of the tibia below, and the patella
The articular surfaces are covered with cartilage, and connected
in front.
together by ligaments, some of which are placed on the exterior of the joint,
whilst others occupy its interior.
;

are,

Exterior Ligaments.
Anterior, or

Ligamentum Pa-

Anterior, or External Crucial.
Posterior, or Internal Crucial.

Ligamentum Pos-

Two

tellae.

Posterior, or

ticum Winslowii.

The

Coronary.

Ligamentum mucosum.
Ligamenta

alaria.

Ligam,entum Patellse (Fig. 249), is that portion of
of the extensor muscles of the thigh which is continued

Ayiterior Ligament^ or

common tendon

Fig. 249.

Semilunar Fibro-cartilages.

Transverse.

Internal Lateral.
Two External Lateral.
Capsular.

the

Interior Ligaments.

— Right Knee-joint.

Anterior View.

Fig. 250.

—Right Knee-joint.

Posterior View.

patella to the tubercle of the tibia, supplying the place of an anterior
It is a strong, flat, ligamentous band, about three inches in length,
attached, above, to the apex of the patella and the rough depression on its posterior surface
below, to the lower part of the tuberosity of the tibia its super-

from the

ligament.

;

;

being continuous across the front of the patella with those of the
tendon of the Quadriceps extensor. Two synovial bursee are connected with this
ficial

fibres
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ligament and the patella one is interposed between the patella and the skin
covering its anterior surface; the other, of small size, between the ligamentum
The posterior surface
patellfB and the upper part of the tuberosity of the tibia.
of this ligament is separated above from the knee-joint by a large mass of adipose
its lateral margins are continuous with the aponeuroses derived from the
tissue
Yasti muscles.
The Posterior Ligament^ Ligamentum Posticum Winslowii (Fig. 250), is a broad,
flat, fibrous band, which covers over the whole of the back part of the joint.
It consists of a central and two lateral portions, the latter formed chiefly of vertical fibres, which arise above from the condyles of the femur, and are connected
below with the back part of the head of the tibia, being closely united with the
tendons of the Gastrocnemius, Plantaris, and Popliteus muscles the central portion is formed of fasciculi, obliquely directed and separated from one another by
;

;

;

The strongest of these fasciculi
apertures for the passage of vessels and nerves.
derived from the tendon of the Semi-membranosus, and passes from the back
part of the inner tuberosity of the tibia, obliquely upwards and outwards, to the
back part of the outer condyle of the femur. The posterior ligament forms
part of the floor of the popliteal space, and the popliteal artery rests upon it.
The Internal Lateral Ligament is a broad, flat, membranous band, thicker
behind than in front, and situated nearer to the back than the front of the joint.
below, to the inner
It is attached, above, to the inner tuberosity of the femur
tuberosity and inner surface of the shaft of the tibia, to the extent of about two
inches.
It is crossed, at its lower part, by the aponeurosis of the Sartorius and
the tendons of the Gracilis and Semitendinosus muscles, a synovial bursa being
interposed.
Its deep surface covers the anterior portion of the tendon of the
Semimembranosus, the synovial membrane of the joint, and the inferior internal
articular artery and nerve
it is intimately adherent to the internal semilunar
is

;

;

fibro-cartilasre.

The Long External Lateral Ligament is a strong, rounded, fibrous cord, situated
nearer to the back than the front of the joint. It is attached, above, to the outer
tuberosity of the femur below, to the outer part of the head of the fibula. Its
outer surface is covered by the tendon of the Biceps, which divides at its insertion
into two parts, separated by the ligament. The ligament has, passing beneath it, the
tendon of the Popliteus muscle, and the inferior external articular vessels and nerve.
The Short External Lateral Ligament is an accessory bundle of fibres, placed
behind and parallel with the preceding attached, above, to the lower part of
the outer tuberosity of the femur below, to the summit of the styloid process
of the fibula.
This ligament is intimately connected with the capsular ligament,
and has, passing beneath it, the tendon of the Popliteus muscle.
The Capsular Ligament consists of an exceedingly thin, but strong, fibrous
membrane, which fills in the intervals left by the preceding ligaments. It is
attached to the femur immediately above its articular surface below, to the
upper border and sides of the patella and the margins of the head of the tibia
and interarticular cartilages, and is continuous behind with the posterior ligament. This membrane is strengthened by fibrous expansions, derived from the
fascia lata, from the Vasti and Crureus muscles, and from the Biceps, Sartorius,
and tendon of the Semimembranosus.
The Crucial are two interosseous ligaments of considerable strength, situated
in the interior of the joint, nearer its posterior than its anterior part.
They are
called crucial^ because they cross each other, somewhat like the lines of the letter
and have received the names anterior and posterior from the position of their
attachment to the tibia.
The Anterior or External Crucial Ligament (Fig. 251), smaller than the posterior, is attached to the inner side of the depression in front of the spine of the
tibia, being blended with the anterior extremity of the external semilunar fibrocartilage, and passing obliquely upwards, backwards, and outwards, is inserted
into the inner and back part of the outer condyle of the femur.
;

;

;

;

X

;
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Posterior or Internal Crucial Ligament is larger in size, but less oblique
It is attached to the back part of the depression behind the spine of the tibia, to
251.
Right Knee-joint. Showing Inthe popliteal notch, and to the posterior
ternal Ligaments.
extremity of the external semilunar
and passes upwards, forfibro-cartilage
wards, and inwards, to be inserted into
the outer and fore part of the inner ccndyle of the femur. As it crosses the
anterior crucial ligament, a fasciculus is
given off from it, which blends with the
posterior part of that ligament.
It is
in relation, in front, with the anterior
crucial ligament behind, with the liga-

The

in its direction than the anterior.
Fig.

—

;

;

mentum posticum Winslowii.
The Semilunar

Fihro-cartilages (Fig.

252) are two crescentic lamellge, which
are attached to the margins of the head
of the tibia, and serve to deepen its
surface for articulation with the condyles
The circumference of
of the femur.
each cartilage is thick and convex the
inner free border, thin and concave.
Their upper surfaces are concave, and in
relation with the condyles of the femur
;

;

their lower surfaces are

flat,

and

rest

upon

the head of the tibia. Each cartilage
covers nearly the outer two-thirds of
the corresponding articular surface of the
tibia, leaving the inner third uncovered;
both surfaces are smooth, and invested
by synovial membrane.
The Internal Semihinar Fihro-cartilage is nearly semicircular in form, a little elongated from before backwards, and
broader behind than in front its convex border is united to the internal lateral
ligament, and to the head of the tibia, by means of the coronary ligaments its
anterior extremity, thin and pointed, is firmly implanted into a depression in
front of the inner articular
Fig. 252.— Head of Tibia, with Semilunar Cartilages, etc.
surface of the tibia its posSeen from above. Right Side.
terior extremity into the depression behind the spine,
between the attachment of
the external cartilage and
posterior crucial ligament.
The External Seyn.ihmar
Fibro-cartilage forms nearly
an entire circle, covering a
larger portion of the articular
surface than the internal one.
It is grooved on its outer
side, for the tendon of the
Popliteus muscle. Its circumference is held in connection
with the head of the tibia, by
means of the coronary ligaments; and its two extremities are firmly implanted in the depressions in front and behind the spine of the tibia.
These
extremities, at their insertion, are interposed between the attachments of the
;

;

;
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The external semilnnar fibro-cartilage gives off from its
interna] cartilage.
By its anterior
anterior border a fasciculus, wliich forms tlie transverse ligament.
Its posterior
extremity^ it is continuous with the anterior crucial ligament.
extremity (IWidiGQ into three slips; two of these pass upwards and forwards,
and are inserted into the outer side of the inner tuberosity of the tibia, one in
the third fasciculus is
front, the other behind the posterior crucial ligament
inserted into the back part of the anterior crucial ligament.
The Transverse Ligament is a band of fibres, which passes transversely from
the anterior convex margin of the external semilunar cartilage to the anterior
extremity of the internal cartilage its thickness varies considerably in different
;

;

subjects.

The Coronary Liyaments consist of numerous short fibrous bands, which connect the convex border of the semilunar cartilages with the circumference of the
head of the tibia, and with the other ligaments surrounding the joint.
The Synovial Membrane of the knee-joint is the largest and most extensive in
the body. Commencing at the upper border of the patella, it forms a large culthis is sometimes replaced by
cle-sac beneath the Extensor tendon of the thigh
a S)aiovial bursa interposed between the tendon and the front of the femur, which
in some subjects communicates with the synovial membrane of the knee-joint
by an orifice of variable size. On each side of the patella, the synovial membrane extends beneath the aponeurosis of the Vasti muscles, and more especially
beneath that of the Vastus internus and, below the patella, it is separated from
the anterior ligament by a considerable quantity of adipose tissue. In this situation it sends off a triangular prolongation, containing a few ligamentous fibres,
which extends from the anterior part of the joint below the patella to the front
of the intercondyloid notch.
This fold has been termed the liyamentum mucosum.
The ligamenta alaria consist of two fringe-like folds, which extend from the
sides of the ligamentum mucosum, upwards and outwards, to the sides of the
patella.
The synovial membrane invests the semilunar fibro-cartilages, and on
the back part of the external one forms a cid-de-sac between the groove on its
surface and the tendon of the Popliteus it is continued to the articular surface
of the tibia surrounds the crucial ligaments, and the inner surface of the ligaments which inclose the joint; lastly, it approaches the condyles of the femur,
and from them is continued on to the lower part of the front of the shaft. The
pouch of synovial membrane between the Extensor tendon and front of the
femur is supported, during the movements of the knee, by a small muscle, the
Subcrurt'eus, which is inserted into it.
The Arteries supplying the joint are derived from the anastomotic branch of
the femoral, articular branches of the popliteal, and recurrent branch of the
anterior tibial.
The Nerves are derived from the obturator, anterior crural, and external and
;

;

;

;

internal popliteal.
Actions.
The knee-joint allows of movements of flexion and extension, and of
slight rotation inwards and outwards.
The complicated mechanism of this joint
renders it necessary to study each of these movements separately, pointing out
incidentally the functions of each of the principal components of the joint.
The
tibia executes a rotatory movement during flexion around an imaginary axis drawn
transversely through its upper end.
This causes a change in the apposition of the
tibia and femur.
Thus, in extreme extension, it is the anterior portion of the tibia
wliich is in contact with the femur; in the semiflexed position, its middle in complete flexion, its posterior edge.^
Also, di\rcing flexion^ the articular surface of the
tibia, covered by the interarticular cartilages, glides backwards on the femur.
The
patella is attached by the inextensible ligamentum patellee to the tubercle of the
tibia, and as the tibia glides backwards the patella falls more and more into the
intercondyloid notch of the femur.
The ligamentum patellas is put on the stretch
;

^

09

See Plate

XLYII.

in

Humphry, on The

Skeleton.
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during flexion, as is also tlie posterior crucial ligament in extreme flexion. The
otlier ligaments are all relaxed bj flexion of the joint, though the relaxation of the
In partial flexion, before the ligaanterior crucial ligament is very trifling.
mentum patelkie comes upon the stretch, and while both crucial ligaments are
somewhat relaxed, some rota,tion of the joint is permitted. Flexion is only checked
during life by the contact of the leg with the thigh. In extension^ the ligamentum
patella? becomes relaxed, and, in extreme extension, completely so, so as to allow
free lateral movement to the patella, which then rests on the front of the condyles
The other ligaments are all on the stretch. When the limb has
of the femur.
been brought into a straight line extension is checked, mainly by the tension of
The movements of rotation of which the knee is
the posterior crucial ligament.
susceptible are permitted in the semiflexed condition by the partial relaxation of
both crucial ligaments, as well as the lateral ligaments. Eotation inwards (or
pronation of the leg) is checked by the anterior crucial ligament. The c'hief
agent in effecting this movement is the Popliteus muscle. Eotation outwards
It is effected mainly
(or supination) is checked by the posterior crucial ligament.
by the Biceps. The main function of the crucial ligaments is to act as a direct
bond of union between the tibia and femur, preventing the former bone from
being carried too far backwards or forwards. They also assist the lateral ligaments in resisting any lateral bending of the joint. The interarticular cartilages
are intended, as it seems, to adapt the surface of the tibia to the shape of the
femur to a certain extent, so as to fill up the intervals which would otherwise
be left in the varying positions of the joint, and to interrupt the jars which
would be so frequentl}^ transmitted up the limb in jumping or falls on the feet.^
The patella is a great defence to the knee-joint from any injury inflicted in front,
and it distributes upon a large and tolerably even surface during kneeling the
pressure which would otherwise fall upon the prominent ridges of the condyles:
it also affords leverage to the Quadriceps extensor muscle to act upon the tibia,
and Mr. Ward has pointed out^ how this leverage varies in the various positions
of the joint, so that the action of the muscle produces velocity at the expense of
force in the commencement of extension, and on the contrary, at the close of
extension tends to diminish the velocity, and therefore the shock to the ligaments
whilst in the standing position it draws the tibia powerfully forwards, and thus
maintains it in its place.
The folds of synovial membrane and the fatty processes contained in them act,
as it seems, mainly as padding to fill up interspaces and obviate concussions.
The bursse in connection with the synovial membrane will be found described
with the regional anatomy of the popliteal space.
;

III.

Articulations between the Tibia and Fibula.

The articulations between the tibia and fibula are effected by ligaments which
connect both extremities, as well as the shafts of the bones. They may, con1. The Superior Tibio-fibular articulasequently, be subdivided into three sets
:

tion.

2.

The Middle

—

Tibio-fibular articulation.

3.

The

Inferior Tibio-fibular

articulation.
1.

Superior Tibio-fibular Articulation.

This articulation is an arthrodial joint. The contiguous surfaces of the bones
present two flat oval facets covered with cartilage, and connected together by
the following ligaments
:

Humphry

teaches that the interarticular cartilages do not follow the movements of the
so that these movements take place between the tibia and the
cartilages, while the chief movements of the joint might be said to take place between the cartilages
and the femur. If this be so, it would establish an interesting analogy with other joints (such as
the lower jaw) in which interarticular cartilages are present.
^ " Human Osteology,"
p. 405.
^

Prof.

tibia in pronation

and supination

;

—

;
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Anterior Superior Tibio-iibular.
Posterior Superior Tibio-fibalar,

The

Anterior Superior Ligament (Fig. 251) consists of two or three broad and
bands, which pass obliquely upwards and inwards from the head of the fibula
to the outer tuberosity of the tibia.
The Posterior Superior Ligament is a single thick and broad band, which passes
from the back part of the head of the fibula to the back part of the outer tuberosity
of the tibia. It is covered by the tendon of the Popliteus muscle,
Synovial Membrane lines this articulation, which at its upper and back part
is occasionally continuous with that of the knee-joint.
flat

A

2.

Middle Tibio-fibular Articulation.

An

interosseous membrane extends between the contiguous margins of the tibia
and separates the muscles on the front from those on the back of the
leg.
It consists of a thin aponeurotic lamina composed of oblique fibres, which
It is broader above than
pass between the interosseous ridges on the two bones.
below, and presents at its upper part a large oval aperture for the passage of the
anterior tibial artery forwards to the anterior aspect of the leg
and at its lower
part an opening for the passage of the anterior peroneal vessels.
It is continuous
below with the inferior interosseous ligament and is perforated in numerous
parts for the passage of small vessels.
It is in relation in front with the Tibialis
anticus. Extensor longus digitorum, Extensor proprius poUicis, Peroneus tertius,
and the anterior tibial vessels and nerves behind, with the Tibialis posticus and

and

fibula,

;

;

;

Flexor longus

pollicis.

3.

Inferior Tibio-fibular Articulation.

This articulation is formed by the rough convex surface of the inner side of
the lower end of the fibula, connected with a similar rough surface on the outer
side of the tibia.
Below, to the extent of about two lines, these surfaces are
smooth and covered with cartilage, which is continuous with that of the anklejoint.
The ligaments of this join^- are
Inferior Interosseous.
Anterior Inferior Tibio-fibular.

Posterior Inferior Tibio-fibular.
Transverse.

The Inferior Interosseous Ligament consists of numerous short, strong, fibrous
bands, which pass between the contiguous rough surfaces of the tibia and fibula,
and constitute the chief bond of union between the bones. This ligament is
continuous, above, with the interosseous membrane.
The Ayiterior Inferior Ligament (Fig. 254) is a fiat, triangular band of fibres,
broader below than above, which extends obliquely downwards and outwards
between the adjacent margins of the tibia and fibula on the front aspect of the
articulation.
It is in relation, in front, with the Peroneus tertius, the aponeurosis
of the leg, and the integument behind, with the inferior interosseous ligament
and lies in contact with the cartilage covering the astragalus.
The Posterior Inferior Ligament^ smaller than the preceding, is disposed in a
similar manner on the posterior surface of the articulation.
The Transverse Ligament is a long, narrow band, continuous with the preceding, passing transversely across the back of the joint, from the external malleolus to the tibia, a short distance from its malleolar process.
This ligament
projects below the margin of the bones and forms part of the articulating surface
;

for the astragalus.

The Synovial Membrane

lining the articular surface

is

derived from that of the

ankle-joint.

Actions.
The movement permitted in these articulations is limited to a
slight gliding of the articular surfaces one upon another.

very
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lY.

Ankle

JOINT.

The AnJde is a ginglymus or hinge joint. The bones entering into its formation are the lower extremity of the tibia and its malleolus, and the external malThese bones are united above, and form an arch, to receive
leolus of the fibula.
the upper convex siurface of the astragalus and its two lateral facets. The bony
surfaces are covered with cartilage, and connected together by the following ligaments

:

Internal Lateral.

Anterior.

External Lateral.

The Anterior or TiUo-tarsal Ligament (Fig. 253) is a broad, thin, membranous
below,
layer, attached, above, to the margin of the articular surface of the tibia
It is in relation,
to the margin of the astragalus, in front of its articular surface.
;

Pig. 253.

—Ankle-joint

:

Internal View.

Tarsal and Tarso -metatarsal Articulations.

Right Side.

TABSO-MET
ARTIC

in front, with the Extensor tendons of the toes, with the tendons of the Tibialis
anticus and Peroneus tertius, and the anterior tibial vessels and nerve behind,
it lies in contact with the synovial membrane.
The Internal Lateral or Deltoid Ligament consists of two layers, superficial
and deep. The swperficial layer is a strong, flat, triangular band, attached, above,
The most
to the apex and anterior and posterior borders of the inner malleolus.
anterior fibres pass forwards to be inserted into the scaphoid the middle descend
almost perpendicularly to be inserted into the os calcis and the posterior fibres
pass backwards and outwards to be attached to the inner side of the astragalus.
The deeper layer consists of a short, thick, and strong fasciculus, which passes
from the apex of the malleolus to the inner surface of the astragalus, below the
articular surface.
This ligament is covered by the tendons of the Tibialis posticus and Flexor lons-us dieitorum muscles.
The External Lateral Ligament (Fig. 254) consists of three fasciculi, taking
different directions, and separated by distinct intervals
for which reason it is
described by some anatomists as three distinct ligaments.^
This would seem the
;

;

;

;

1

HuiiPHEY, on

Tlie Skeleton, p. 559.
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preferable description, were it not tliat tlie old nomenclature lias passed into
general use.
The anterior fasGiculus^ the shortest of the three, passes from the anterior margin of the summit of the external malleolus, downwards and forwards, to the
astragalus, in front of its external articular facet,'
The posterior fasciculus^ the most deeply seated, passes from the depression at
the inner and back part of the external malleolus to the astragalus, behind its
external malleolar facet.
Its fibres are almost horizontal' in direction.
The middle fasciculus^ the longest of the three, is a narrow rounded cord, passing from the apex of the external malleolus downwards and slightly backwards
to the middle of the outer side of the os calcis.
It is covered by the tendons of
the Peroneus longus and brevis.

Fig. 254.

—Ankle-joint

:

Tarsal and Tarso-metatarsal Articulations.

External View.

Right Side

INFERIOR TIQIO-riBULAR
ARTtCr!

ANKLE-JOINT
TARSAL «RTIC" =

TARSO-METATARSAL AHTICNS

There is no posterior ligament, its place being supplied by the transverse ligament of the inferior tibio-fibular articulation.
The Synovial Membrane invests the inner surface of the ligaments, and sends
a duplicature upwards between the lower extremities of the tibia and fibula for
a short distance.
Relations.
The tendons, vessels, and nerves in connection with the joint are
in front, from within outwards, the Tibialis anticus, Extensor proprius pollicis,

anterior tibial vessels, anterior tibial nerve. Extensor communis digitorum, and
tertius; behind, from within outwards, Tibialis posticus, Plexus longus
digitorum, posterior tibial vessels, posterior tibial nerve. Flexor longus pollicis;
and, in the groove behind the external malleolus, the tendons of the Peroneus
longus and brevis.
The Arteries supplying the joint are derived from the malleolar branches of the.
anterior tibial and peroneal.
The Nerves are derived from the anterior -tibial.
Actions.
The movements of the joint are limited to flexion and extension.
There is no lateral motion the astragalus being embraced by the two malleoli,
and held securely in its place in all positions of the foot. Of these the external
malleolus is longer than the internal, and is situated further backwards, an

Peroneus

'

;

—

—
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arrangement wliicli Prof. Ilumpliry connects with tlie direction in wliicli the
weight of the body appears to be transmitted to each side of the foot when
The lower tibio-fibular joint and the
pLinted on and raised off the ground.^
elasticity of the fibula permit of some separation of the two bones in flexion and
extension of the limb, corresponding to the varying size of the surface of the
astragalus; the latter is considerably wider in front than behind (Fig. 221, p.
276), in order to resist the tendency to dislocation of the foot backwards in
Of the ligaments, the internal, or deltoid, is of very great
alighting on the toes.

— so much so that

it usually resists a force which fractures the process of
Its middle portion, together with the middle
attached.
fasciculus of the external lateral ligament, binds the bones of the leg firmly to
Its anterior and posterior
the foot and resists displacement in every direction.
fibres limit extension and flexion of the foot respectively, and the anterior fibres
also limit abduction.
The posterior portion of the external lateral liga'ment
assists the middle portion in resisting the displacement of the foot backwards,
and deepens the cavity for the reception of the astragalus. The anterior fasciculus is a security against the displacement of the foot forwards, and limits
extension of the joint. The movements of abduction and adduction of the foot,
together with the minute changes in form by which it is applied to the ground,
or takes hold of an object in climbing, etc., are effected in the tarsal joints;
the one which enjoys the greatest amount of motion being that between the
This is
astragalus and os calcis behind, and the scaphoid and cuboid in front.
often called the transverse tarsal joint^ and it, with the subordinate joints of the
tarsus, can replace the ankle-joint in a great measure when the latter has become

power

bone to which

it

is

ankylosed.

Y. Articulations of the Tarsus.

—

may be subdivided into three sets: 1. The articulations
row of tarsal bones. 2. The articulations of the second row of tarsal
The articulations of the two rows with each other.

These articulations
of the
bones.

first
3.

1.

Articulations of the First

Eow

of Tarsal Bones.

The articulations between the astragalus and os calcis are two in number
They are Arthrodial joints. The bones are connected
anterior and posterior.
together by three ligaments:

External Calcaneo-astragaloicl.

Posterior Calcaneo-astragaloid.
Interosseous.

The External
ulus, passing

Calcaneo-astragaloid Lvjament (Fig. 254) is a short, strong fascicfrom the outer surface of the astragalus, immediately beneath its

external malleolar facet, to the outer surface of the os calcis. It is placed in
front of the middle fasciculus of the external lateral ligament of the ankle-joint,
fibres of which it is parallel.
Posterior Calcaneo-astragaloid Ligament (Fig. 253) connects the posterior
extremity of the astragalus with the upper contiguous surface of the os calcis;
it is a short, narrow band, the fibres of which are directed obliquely backwards
and inwards.
The Interosseous Ligmnent forms the chief bond of union between the bones.
It consists of numerous vertical and oblique fibres, attached by one extremity to
the groove between the articulating surface of the astragalus; by the other, to a
corresponding depression on the upper surface of the os calcis. It is very thick

with the

The

^ The fact should be remembered in operative surgery.
Thus the ankle-joint is more easily opened
at the inside than the outside, in consequence of the relative shortness of the internal malleolus.
Again, in cuttmg the flaps for Syme's amjDutation, if the knife is carried as far upwards and forwards
as the point of the inner malleolus, the posterior flap will be unmanageably long, and great difficulty
will be found in reflecthia; it over the os calcis.

—

—
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at least an incli in breadth from side to side, and serves to
unite tbe os calcis and astragalus solidly together.
The Synovial Membranes (Fig. 256) are two in number: one for the posterior
calcaneo-astragaloid articulation; a second for the anterior calcaneo-astragaloid
The latter synovial membrane is continued forwards between the conjoint.
tiguous surfaces of the astragalus and scaphoid bones.

and strong, being

2.

The
effected

Akticulations of the Second

articulations

Eow

of Taesal Bones.

between the scaphoid, cuboid, and three cuneiform are

by the following ligaments:
Plantar.

Dorsal.
Interosseous.

The Dorsal Ligaments are small bands of parallel fibres, which pass from each
bone to the neiafhboring bones with which it articulates.
The Plantar Ligam.ents have the same arrangement on the plantar surface.
The Interosseous Ligaments are four in number. They consist of strong transverse fibres, which pass between the rough non-articular surfaces of adjoining
There is one between the sides of the scaphoid and cuboid; a second
bones.
between the internal and middle cuneiform bones a third between the middle
and external cuneiform and a fourth between the external cuneiform and cuboid.
The scaphoid and cuboid, when in contact, present each a small articulating facet,
covered with cartilage, and lined either by a separate synovial membrane, or by
an offset from the great tarsal synovial membrane.
;

;

Articulations of the Two Rows of the Tarsus with each other.
These may be conveniently divided into three sets. The joint between the os
The ligaments connecting the os calcis with the scaphoid.
calcis and the cuboid.
The joint between the astragalus and the scaphoid.
The ligaments connecting the os calcis with the cuboid are four in number:
3.

-p.

1

j

j

PI

I

Superior Calcaneo-cuboid.
Internal Calcaneo-cuboid (Interosseous).
Long Calcaneo-cuboid,
Short Calcaneo-cuboid.

The Superior

Galcaneo-cuhoid Ligaonent (Fig. 254) is a thin and narrow fasciculus, which passes between the contiguous surfaces of the os calcis and cuboid,
on the dorsal surface of the joint.
The Internal Calcaneo-cuboid {^Interosseous) Ligament (Fig. 254) is a short, but
thick and strong, band of fibres, arising from the os calcis, in the deep hollow
which intervenes between it and the astragalus and closely blended, at its origin,
with the superior calcaneo-scaphoid ligament. It is inserted into the inner side
of the cuboid bone.
This ligament forms one of the chief bouds of" union
between the~first and second row of the tarsus.
The Long Calcaneo-cuboid {¥\g. 255), the more_ superficial of the two plantar
ligaments, is the longest of all the ligaments of the tarsus: it is attached to the
under surface of the os calcis, from near the tuberosities, as far forwards as the
anterior tubercle its fibres jiass forwards to be attached to the ridge on the under
surface of the cuboid bone, the more superficial fibres being continued forwards
to the bases of the second, third, and fourth metatarsal bones.
This ligament
crosses the groove on the under surface of the cuboid bone, converting it into a
canal for the passage of the tendon of the Peroneus longus.
The Short Calcaneo-cuboid Ligament lies nearer to the bones than the preceding, from which it is separated by a little areolar adipose tissue.
It is exceedingly broad, about an inch in length, and extends from the tubercle and the
depression in front of it on the fore part of the under surface of the os calcis, to
;

;

—

;
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surface of the cuboid bone beliind the peroneal groove.
synovial membrane is found in the calcaneo-cuboid articulation.
The ligaments connecting the os calcis with the scaphoid are two in

tlie inferior

Superior Calcaneo-scaphoid.

A

separate

number

:

Inferior Calcaneo-scaphoid.

The Superior Calcaneo-scaphoid (Fig. 254) arises, as already mentioned, with
the internal calcaneo- cuboid, in the deep hollow between the astragalus and os
it passes forwards from the inner side of the anterior extremity of the
calcis
These two ligaments resemble
OS calcis to the outer side of the scaphoid bone.
the letter Y, being blended together behind, but separated in front.
The Inferior Calcaneo-scaphoid (Fig. 255) is by far the larger and stronger of
the two ligaments of this articulation
Fig. 255. -Ligaments of Plantar surface of
it is a broad and thick band of fibres,
the Foot,
which passes forwards and iuAvards from
the anterior and inner extremity of the os
calcis to the under surface of the scaphoid
bone. This ligament not only serves to
connect the os calcis and scaphoid, but
supports the head of the astragalus, forming part of the articular cavity in which it
is received.
The upjper surface is lined by
the synovial membrane continued from
the anterior calcaneo-astragaloid articulation.
Its under surface is in contact
with the tendon of the Tibialis posticus
muscle.^
The articulation between the astragalus
and scaphoid is an arthrodial joint the
rounded head of the astragal as being received into the concavity formed by the
posterior surface of the scaphoid, the anterior articulating surface of the calcaneum, and the upper surface of the calcaneo-scaphoid ligament, which tills up th^
triangular interval between those bones.
The only ligament of this joint is the
superior astragalo-scaphoid, a broad band,
which passes obliquely forwards from the
neck of the astragalus to the superior surIt is thin and
face of the scaphoid bone.
weak in texture, and covered by the Extensor tendons.
The inferior calcaneoscaphoid supplies the place of an inferior
ligament.
The Synovial Membrane which lines the
joint is continued forwards from the anterior calcaneo-astragaloid articulation.
This articulation permits of considerable mobilit}^ but its feebleness is such as to allow occasionally of dislocation
of the astragalus.
The Synovial Membranes (Fig. 256) found in the articulations of the tarsus
are four in number: one for the posterior calcaneo-astragaloid articulation; a
second for the anterior calcaneo-astragaloid and astragalo-scaphoid articulations
a third for the calcaneo-cuboid articulation and a fourth for the articulations of
the scaphoid with the three cuneiform, the three cuneiform with each other, the
external cuneiform with the cuboid, and the middle and external cuneiform with
;

:

;

;

;

1 Mr. Hancock describes an extension of this ligament upwards on the inner side of the
which completes the socket of the joint in that direction. Lancet, 1866, vol. i., p. 618.

foot,
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The prolongation which
bases of the second and tliird metatarsal bones.
metatarsal bones passes forwards between the external and middle
small synovial membrane is sometimes found between the
cnneiform bones.
contiguous surfaces of the scaphoid and cuboid bones.
The movements permitted between the bones of the first row, the
Actions.
astragalus and os calcis, are limited to a gliding upon each other from before
backwards, and from side to side. The gliding movement which takes place
between the bones of the second row is very slight, the articulation between the
scaphoid and cuneiform bones being more movable than those of the cuneiform
with each other and Avith the cuboid. The movement which takes place between
the two rows is more extensive, and consists in a sort of rotation, by means

tlie

lines the

A

Fig. 256.

— Oblique Section of

the Articulations of the Tarsus and Metatarsus.

Showing the Six Synovial Membranes.

of which the sole of the foot

may

be slightly flexed, and extended, or carried

inwards and outwards.

VI. Taeso-metatarsal Articulations.

These are arthrodial

joints.

The bones

entering into their formation are four

and external cuneiform, and the cuboid,
which articulate with the metatarsal bones of the five toes. The metatarsal bone
of the o-reat toe articulates with the internal cuneiform that of the second is
deeply wedged in between the internal and external cuneiform, resting against
the middle cuneiform, and being the most strongly articulated of all the metatarsal bones; the third metatarsal articulates with the extremity of the external
cuneiform the fourth with the cuboid and external cuneiform and the fifth with
the cuboid. The articular surfaces are covered with cartilage, lined by synovial
membrane, and connected together by the following ligaments:
tarsal bones, viz., the internal, middle,

;

;

;

Plantar.

Dorsal.
Interosseous.

The Dorsal Ligaments

consist of strong, flat, fibrous bands, which connect the
with the metatarsal bones. The first metatarsal is connected to the internal
cuneiform by a single broad, thin, fibrous band the second has three dorsal ligaments, one from each cuneiform bone the third has one from the external cuneiform and the fourth and fifth have one each from the cuboid.
The Plantar Ligaments consist of longitudinal and oblique fibrous bands connecting the tarsal and metatarsal bones, but disposed with less regularity than on
the dorsal surface. Those for the first and second metatarsal are the most strongly
marked the second and third metatarsal receive strong fibrous bands, which pass
tarsal

;

;

;

;

—

;
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obliquely across from the internal cuneiform; tlie plantar ligaments of the fourth
and fifth metatarsal consist of a few scanty fibres derived from the cuboid.
The Interosseous Ligaments are three in number internal, middle, and external.
The internal one passes from the outer extremity of the internal cuneiform
The middle one, less strong than
to the adjacent angle of the second metatarsal.
the preceding, connects the external cuneiform with the adjacent angle of the
second metatarsal. The external interosseous ligament connects the outer angle
of the external cuneiform with the adjacent side of the third metatarsal.
The Synovial Membranes of these articulations are three in number: one for
the metatarsal bone of the great toe, with the internal cuneiform one for the
second and third metatarsal bones, with the middle and external cuneiform this
is a part of the great tarsal synovial membrane; and one for the fourth and fifth
The synovial membranes of the tarsus and
metatarsal bones witli the cuboid.
metatarsus are thus seen to be six in number (Fig. 256).
;

;

;

Aeticulations of the Metatarsal Bones with each other.

The

bases of the metatarsal bones, except the first, are connected together b}^
and interosseous ligaments. The dorsal and plantar ligam,ents pass
from one metatarsal bone to another.
The interosseous ligaments lie deeply
between the rough non-articular portions of their lateral surfaces. The articular
surfaces are covered with cartilage, and provided with synovial membrane, continued forwards from the tarso-metatarsal joints. The digital extremities of the
metatarsal bones are united by the transverse metatarsal ligament. It connects
the great toe with the rest of the metatarsal bones in this respect it differs from
the transverse ligament in the hand.
The movement permitted in the tarsal ends of the metatarsal bones
Actions.
is limited to a slight gliding of the articular surfaces upon one another
considerable motion, however, takes place in the digital extremities.

dorsal, plantar,

;

;

VII, Metatarso-phalangeal Articulations.

The heads of the metatarsal bones are connected with the concave
by the following ligaments

surfaces of the first phalanges

Plantar.

Their arrangement

is

articular

:

Tavo Lateral,

precisely similar to the corresponding parts in the hand.

The expansion of the Extensor tendon supplies the place of a dorsal ligament.
Actions.
The movements permitted in the metatarso-phalangeal articulations
are flexion, extension, abduction, and adduction.

VIII, Articulations of the Phalanges.

The ligaments of these articulations are similar to those found in the hand
each pair of phalanges being connected by a plantar and two lateral ligaments,
and their articular surfaces lined by synovial membrane. Their actions are also
similar.

The Muscles and

Fasciae.'

Muscles are connected with the bones, cartilages, ligaments, and skin,
either directly or through the intervention of fibrous structures, called
tendons or aponeuroses. Where a muscle is attached to bone or cartilage, the
fibres terminate in blunt extremities upon the periosteum or perichondrium, and
do not come into direct relation with the osseous or cartilaginous tissue.
Where muscles are connected with the skin, they either lie as a flattened layer
beneath it, or are connected with its areolar tissue by larger or smaller bundles

I^HE

the muscles of the face.
In the limbs they are of conin their form.
siderable length, especially the more superficial ones, the deep ones being generallv broad they surround the bones and form an important protection to the
various joints. In the trunk they are broad, flattened, and expanded, forming
the parietes of the cavities which they inclose hence the reason of the terms,
long, broad, short, etc., used in the description of a muscle.
There is a considerable variation in the arrangement of the fibres of certain
muscles with reference to the tendons to which they are attached. In some the
fibres are arranged longitudinally, and terminate at either end in a narrow tendon.
If the fibres converge, like the plumes of a pen, to one side of a tendon, which
runs the entire length of a muscle, the muscle is said to be penniform, as the
Peronei; if they converge to both sides of the tendon, the muscle is called hipenniform, as the Rectus femoris if they converge from a broad surface to a narrow
tendinous point, the muscle is said to be radiated, as the Temporal and Glutei
muscles.
They difi'er no less in size the Gastrocnemius forms the chief bulk of the
back of the leg, and the fibres of the Sartorius are nearly two feet in length,
whilst the Stapedius, a small muscle of the internal ear, weighs about a grain,
and its fibres are not more than two lines in length.
The names applied to the various muscles have been derived 1, from their
situation, as the Tibialis, Radialis, Ulnaris, Peroneus
2, from their direction, as
the Rectus abdominis, Obliqui capitis, Transversalis 3, from their uses, as Flexors, Extensors, Abductors, etc.
4, from their shape, as the Deltoid, Trapezius,
Rhomboideus 5, from the number of their divisions, as the Biceps, the Triceps;
6, from their points of attachment, as the Sterno-cleido- mastoid, Sterno-hj'oid,
Sterno-thyroid.
In the description of a muscle, the term origin is meant to imply its more
fixed or central attachment and the term insertion the movable point to which
the force of the muscle is directed but the origin is absolutely fixed in onl)^ a
very small number of muscles, such as those of the face, which are attached by
one extremity to the bone, and by the other to the movable integument in the
greater number, the muscle can be made to act from either extremity.
In the dissection of the muscles, the student should pay esj^ecial attention to
the exact origin, insertion, and actions of each, and its more important relations
with surrounding parts. An accurate knowledge of the points of attachment of
the muscles is of great importance in the determination of their action.
By a
knoAvledge of the action of the muscles, the surgeon is able to explain the causes
of

fibres, as in

The muscles vary extremely
;

;

;

;

:

;

;

;

;

;

;

;

^ The Muscles
and Fascise are described conjointly, in order that the Student may consider the
arrangement of the latter in his dissection of the former. It is rare for the student of anatomy in
this country to have the opportunity of dissecting the fascige separately
and it is for this reason, as
well as from the close connection that exists between the muscles and their investing aponeuroses,
that they are considered together.
Some general observations are first made on the anatomy of tlie
muscles and fascise, the special description being given in connection with the different regions.
;
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of displacement in varions forms of fractnre, and the causes which produce
distortion in various deformities, and, consequently, to adopt appropriate treatment in each case. The relations, also, of some of the muscles, especially those
in immediate apposition with the larger blood-vessels, and the surface-markings
they produce, should be especially remembered, as they form useful guides in the
applicatioD of a ligature to those vessels.
Tendons are white, glistening, fibrous cords, varying in length and thickness,
sometimes round, sometimes flattened, of considerable strength, and devoid of
elasticity.
They consist almost entirely of white fibrous tissue, the fibrils of
Avliich have an undulating course parallel with each other, and are firmly united
together.
They are very sparingly supplied with blood-vessels, the smaller
tendons presenting in their interior not a trace of them. Nerves also are not
present in the smaller tendons but the larger ones, as the tendo Achillis, receive
nerves which accompany the nutrient vessels. The tendons consist principally
of a substance which yields gelatine.
Aponeuroses are fibrous membranes, of a pearly- white color, iridescent, glistening, and similar in structure to the tendons.
They are destitute of nerves,
and the thicker ones only sparingly supplied with blood-vessels.
The tendons and aponeuroses are connected, on the one hand, with the muscles
and, on the other hand, with the movable structures, as the bones, cartilages,
ligaments, fibrous membranes (for instance, the sclerotic), and the sjmovial membranes (subcrurgeus, subanconeus).
Where the muscular fibres are in a direct
line with those of the tendon or aponeurosis, the two are directly continuous, the
muscular fibre being distinguishable from that of the tendon only by its striation.
But where the muscular fibre joins the tendon or aponeurosis at an oblique angle,
the former terminates, according to Kolliker, in rounded extremities, which are
received into corresponding depressions on the surface of the latter, the connective
tissue between the fibres being continuous with that of the tendon.
The latter
mode of attachment occurs in all the penniform and bipenniform muscles, and in
those muscles the tendons of which commence in a membranous form, as the
Gastrocnemius and Soleus.
The fascije {fascia^ a bandage) are fibro-areolar or aponeurotic laminge, of
variable thickness and strength, found in all regions of the body, investing the
softer and more delicate organs.
The fascite. have been subdivided, from the
structure which they present, into two groups
fibro-areolar or sujDerficial fasciae,
and aponeurotic or deep fasciae.
The fibro-areolar fascia is found immediately beneath the integument over
almost the entire surface of the body, and is generally known as the superficial
It connects the skin with the deep or aponeurotic fascia, and consists of
fascia.
fibro-areolar tissue, containing in its meshes pellicles of fat in varying quantity.
In the eyelids and scrotum, where adipose tissue is rarely deposited, this tissue
is very liable to serous infiltration.
The superficial fascia varies in thickness in
different parts of the body
in the groin it is so thick as to be ca]7arbl:e''of being
subdivided into several laminse, but in the palm of the hand it is of extreme
thinness, and intimately adherent to the integument.
The superficial fascia is
capable of separation into two or more layers, between which are found the
superficial vessels and nerves, and superficial lymphatic glands
as the superficial
epigastric vessels in the abdominal region, the radial and ulnar veins in the forearm, the saphenous veins in the leg and thigh certain cutaneous muscles also
are situated in the superficial fascia, as the Platysma myoides in the neck, and
the Orbicularis palpebrarum around the eyelids.
This fascia is most distinct at
the lower part of the abdomen, the scrotum, perinseum, and extremities; is very
thin in those regions where muscular fibres are inserted into the integument, as
on the side of the neck, the face, and around the margin of the anus and is
almost entirely wanting in the palms of the hands and soles of the feet, where
the integument is adherent to the subjacent aponeurosis.
The superficial fascia
connects the skin to the subjacent parts, facilitates the movement of the skin,
;

;

—

:

;

;

;
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serves as a soft nidus for the passage of vessels and nerves to tlie integument, and
retains the warmth of the body, since the adipose tissue contained in its areolas
is a bad conductor of caloric.
The aponeurotic or deep fascia is a dense, inelastic, unyielding fibrous membrane,
forming sheaths for the muscles, and affording them broad surfaces for attachment. It consists of shining tendinous fibres, placed parallel with one another,
and connected together by other fibres disposed in a reticular manner. It is
nsually exposed on the removal of the superficial fascia, forming a strong investment, which not only binds down collectively the muscles in each region, but
gives a separate sheath to each, as well as to the vessels and nerves. The fascias
are thick in unprotected situations, as on the outer side of a limb, and thinner on
the inner side. Aponeurotic fasciae are divided into two classes, ajDoneuroses of
insertion, and aponeuroses of investment.
The aponeuroses of insertion serve for the insertion of muscles. Some of these
are formed by the expansion of a tendon into an aponeurosis, as, for instance, the
tendon of the Sartorius others are connected directly to the muscle, as the
aponeuroses of the abdominal muscles.
The aponeuroses of investment form a sheath for the entire limb, as well as for
each individual muscle. Many aponeuroses, however, serve both for investment
and insertion. Thus the aponeurosis given off from the tendon of the Biceps of
the arm near its insertion is continuous with, and partly forms, the investing
The deep
fascia of the forearm, and gives origin to the muscles in this region.
fascise assist the muscles in their action, hj the degree of tension and pressure
they make upon their surface and, in certain situations, this is increased and
regulated by muscular action, as, for instance, by the Tensor vaginae femoris and
Oluteus maximus in the thigh, by the Biceps in the leg, and Palmaris longus in
the hand. In the limbs, the fascias not only invest the entire limb, but give off
septa, which separate the various muscles, and are attached beneath to the periosteum: these prolongations of fascia are usually spoken of as intermuscular septa.
The Muscles and Fascise may be arranged, according to the general division of
the bod}^, into those of the cranium, face, and neck those of the trunk those
and those of the lower extremity.
•of the upper extremity
•

;

:

;

;

;

MUSCLES AND FASCIJE OF THE CRANIUM AND FACE.
The muscles of the Cranium and Face consist of ten groups, arranged according
to the region in which they are situated.
1.

2.
8,

4.
5.

The

Cranial Region.
Auricular Region.
Palpebral Region.
Orbital Region.
Nasal Region.

7.

muscles contained in each of these groups are the following
1.

—-

Superior Maxillary Region.
Inferior Maxillary Region.
8. Intermaxillary Region.
9. Temporo-maxillary Region.
10. Pter3'-go Maxillary Region.
6.

Cranial Region.

4.

Orbital Region.

Occipito-frontalis.

—Levator

Auricular Region.
aurem.
Attrahens aurem.
Retrahens aurem.

.-^Rectus inferior.
^Rectus internus.
^-Rectus externus.
"^bliquus superior.

2.

— Attollens

:

palpebrte.
* Rectus superior.

.'—Obliquus inferior,

Palpebral Region.
*
Orbicularis palpebrarum.
-^ Corrugator supercilii.
3.

—

Tensor

Tarsi.

-s^

—

5. Nasal Region.
Pyramidalis nasi.
Levator labii superioris al^que nasi.
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Dilatator naris posterior.
Dilatator naris anterior.

Compressor nasi.
Compressor narium minor.
Depressor

alas nasi.

6. Superior Maxillary Region.
Levator labii superioris.
Levator anguli oris.
Zj^gomaticus major.
Zygomaticus minor.

Inferior Maxillary Region.

7.

Levator labii

inferioris.

1.

CeANIAL EeGION

Depressor labii inferioris.
-Depressor anguli oris.

v_^

8. Inter -maxillary Region.
•—Buccinator.
- Eisorius.
Orbicularis oris.
9.

Temporo-maxillary Region.

-Masseter.
"^Temporal.
10. Ptery go-maxillary Region.
Pterygoideus extern us.
Pterygoidens internus.

— OCCIPITO-FEONTALIS.

Dissection (Fig. 257).
The head being shaved, and a block placed beneath the back of the neck,
a vertical incision through the skin from before backwards, commencing at the root of the nose
in front, and terminating behmd at the occipital protuberance
make a second incision in a horizontal
direction along the forehead and round the side of the head, from the anterior to the posterior

make

;

Fig. 257.

— Dissection of the Head, Face, and Neck.

extremity of the preceding. Eaise the skin in front from the subjacent muscles from below upwards ;
this must be done with extreme care, removing the integument from the outer surface of the vessels
and the nerves which lie between the two.

The

superficial fascia in the cranial region is a tirm, dense layer, intimately

integument, and to the Occipito-frontalis and its tendinous apocontinuous, behind, with the superficial fascia at the back part of
and, laterally, is continued over the temporal aponeurosis it contains
between its layers the small muscles of the auricle, and the superficial temporal
vessels and superficial nerves.
The Occipito-frontalis (Fig. 258) is a broad, musculo-fibrous layer, which covers
the whole of one side of the vertex of the skull, from the occiput to the eyebrow. It consists of two muscular slips, separated by an intervening tendinous
aponeurosis.
The occipital portion^ thin, quadrilateral in form, and about an
inch and a half in length, arises from the outer two-thirds of the superior curved
line of the occipital bone, and from the mastoid portion of the temporal.
Its
fibres of origin are tendinous, but they soon become muscular, and ascend in a
parallel direction to terminate in the tendinous aponeurosis. The frontal portion

adherent to

neurosis
the neck

tlie

it is

;

;

:
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It is
is thin, of a quadrilateral form, and ultimately adherent to the skin.
broader, its fibres are longer, and their structure paler than the occipital portion.
Its internal fibres are continuous with those of the Pyramidalis nasi. Its middle
and the
fibres become blended with the Corrugator supercilii and Orbicularis
:

Fig.

CORRUGATOR SJPERC

258— Muscles

of the

Head, Face, and Neck.

Lll

DILATOR NARtS ANTE
DILATOR NARIS POSTE
KMPRESSOR MURIUM MINQ

DEPRESSOR AL>C

LEVATOR WENT

outer fibres are also blended with the latter muscle over the external angular
From this attachment, the fibres are directed upwards and join the aponeurosis below the coronal suture.
The inner margins of the frontal portions of
the two muscles are joined together for some distance above the roof of the nose
but between the occipital portions there is a considerable though variable
process.

;

interval.

The aponeurosis covers the upper part of the vertex of the skull, being continuous across the middle line with the aponeurosis of the opposite muscle.
Behind, it is attached, in the interval between the occipital origins, to the occipital protuberance and superior curved lines above the attachment of the Trape-

:
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forms a short angular prolongation between the frontal portions
connected with it the Attollens and Attrahens aurem
muscles; in this situation it loses its aponeurotic character, and is continued
over the temj^oral fascia to the zygoma as a layer of laminated areolar tissue.
This aponeurosis is closely connected to the integument by a dense fibro-cellular
tissue, which contains much granular fat, and in which ramify the numerous
vessels and nerves of the integument it is loosely connected with the pericranium by a quantity of loose cellular tissue, which allows of a considerable degree
of movement of the integument.
ziiis

;

in front,

and on

it

;

eacli side, it lias

;

Nerves.
The frontal portion of the Occipito-frontalis is supplied by the facial
nerve; its occipital portion by the posterior auricular branch of the facial, and
sometimes by the occipitalis minor.
Actions.
The frontal portion of the muscle raises the eyebrows and the skin
over the root of the nose at the same time throwing the integument of the
forehead into transverse wrinkles, a predominant expression in the emotions of
delight.
By bringing alternately into action the occipital and frontal portions,
the entire scalp may be moved from before backwards.
;

2.

AuKicuLAR Eegion.

Attollens

(Fig. 258.)

Attrahens Aurem.
Retrahens Aurem.

Aurem.

These three small muscles are placed immediately beneath the skin around the
external ear.
In man, in whom the external ear is almost immovable, they are
rudimentary. They are the analogues of large and important muscles in some
of the mammalia.
Dissection.
This requires considerable care, and should be performed in the following manner
To exjjose the Attollens aurem, draw the pinna or broad part of the ear downwards, when a tense
band will be felt beneath the skin, passing from the side of the head to the upper part of the concha
by dividing the skin over the tendon, in a direction from below upwards, and then reflecting it on each
side, the muscle is exposed.
To bring into view the Attrahens aurem, draw the helix backwards bymeans of a hook, when the muscle will be made tense, and may be exposed in a similar manner to
the preceding.
To expose the Eetrahens aurem, draw the pinna forwards, when the muscle, being
made tense, ma}^ be felt beneath the skin, at its insertion into the back part of the concha, and may
be exposed in the same manner as the other muscles.
;

Attollens Aurem the largest of the three, is thin and fan-shaped; its fibres
from the aponeurosis of the Occipito-frontalis, and converge to be inserted
by a thin, flattened tendon into the upper part of the cranial surface of the
l^]iQ

>!

arise

pinna.
Relations.
Externally.^ with the integument
internally.^ with the temporal
aponeurosis.
The Attrahens Aurem., the smallest of the three, is thin, fan-shaped, and its
fibres pale and indistinct
they arise from the lateral edge of the aponeurosis of
the Occipito-frontalis, and converge to be inserted into a projection on the front
of the helix.
Relations.
Externally., with the skin
internally., with the temporal fascia,
which separates it from the temporal artery and vein.
The Retrahens Aurem consists of two or three fleshy fasciculi, which arise
from the mastoid portion of the temporal bone by short aponeurotic fibres.
They are inserted into the lower part of the cranial surface of the concha.
Relations.
Externally., with the integument
internally., with the inastoid
portion of the temporal bone.
Nerves.
The Attollens aurem is supplied by the occipitalis minor the Attrahens aurem, by the facial; and the Eetrahens aurem, by the posterior auricular
branch of the facial.
Actions.
In man, these muscles possess very little action the Attollens aurem
slightly raises the ear the Attrahens aurem draws it forwards and upwards;
and the Retrahens aurem draws it backwards.
;

;

;

;

;

;

;
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Orbicularis Palpebrarum.
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(Fig. 258.)

Levator Palpebrae.
Tensor Tarsi.

Corrugator Supercilii.

In order to expose the muscles of the face, continue the longitudinal
Dissection (Fig. 257).
made in the dissection of the Occipito-frontalis, down the median line of the face to the tip
of the nose, and from this point onwards to the upper lip and carry another incision along the
margin of the lip to the angle of the mouth, and transversely across the face to the angle of the
jaw. Then make an incision in front of the external ear, from the angle of the jaw upwards, to join
These incisions include a squarethe transverse incision made in exposing the Occipito-frontalis.
shaped flap, which should be removed in the direction marked in the figure, with care, as the muscles
at some points are intimately adherent to the integument.
incision,

;

The Orbicularis Palpebrarum is a spbincter muscle, wliicli surrounds tlie circumference of the orbit and eyelids. It arises from the internal angular process
of the frontal bone, from the nasal process of the superior maxillary in front of
the lachrymal groove, and from the anterior surface and borders of a short
From
tendon, the tendo palpebrarum, placed at the inner angle of the orbit.
this origin, the fibres are directed outwards, forming a broad, thin, and flat layer,
which covers the eyelids, surrounds the circumference of the orbit, and spreads
out over the temple, and downwards on the cheek, becoming blended with the
Occipito-frontalis and Corrugator supercilii.
The palpebral portion (ciliaris) of
the Orbicularis is thin and pale it arises from the bifurcation of the tendo palpebrarum, and forms a series of concentric curves, which are united on the outer
side of the eyelids at an acute angle by a cellular raphe, some being inserted
into the external tarsal ligament and malar bone.
The orbicular portion (orbicularis latus) is thicker and of a reddish color
its fibres are well developed, and
form complete ellipses.
Relations.
By its superficial surface^ with the integument. By its deep surface^ above, with the Occipito-frontalis and Corrugator supercilii, with which it
is intimately blended, and with the supra-orbital vessels and nerve
below, it
covers the lachrymal sac, and the origin of the Levator labii superioris, and the
Levator labii superioris alseque nasi muscles. Interiially^ it is occasionally
blended with the Pyramidalis nasi. Externally^ it lies on the temporal fascia.
On the eyelids, it is separated from the conjunctiva by a fibrous membrane and
;

:

;

the tarsal cartilages.

The tendo palpebrarum (tendo oculi) is a short tendon, about two lines in length
and one in breadth, attached to the nasal process of the superior maxillary bone
in front of the lachrymal groove.
Crossing the lachrjanal sac it divides into
two parts, each division being attached to the inner extremit}^ of the corresponding tarsal cartilage. As the tendon crosses the lachrymal sac, a strong aponeurotic lamina is given off from the posterior surface, which expands over the sac,
and is attached to the ridge on the lachrymal bone. This is the reflected apo]ieurosis of the tendo palpebrarum.
The Corrugator Supercilii is a small, narrow, pyramidal muscle, placed, at the
inner extremity of the eyebrow, beneath the Occipito-frontalis and Orbicularis
palpebrarum muscles. It arises from the inner extremity of the superciliary
ridge from whence its fibres pass upwards and outwards, to be inserted into the
under surface of the orbicularis, opposite the middle of the orbital arch.
Relations.
By its anterior surface^ with the Occipito-frontalis and Orbicularis
palpebrarum muscles. By its p)osterior surface.^ with the frontal bone and supra;

trochlear nerve.

The Levator Palpebrse

will be

described with the muscles of the orbital

region.

The Tensor Tarsi is a small, thin muscle, about three lines in breadth and six
It
in length, situated at the inner side of the orbit, behind the tendo oculi.
arises from the crest and adjacent part of the orbital surface of the lachrjmial
bone, and passing across the lachrymal sac divides into two slips, which cover
the lachrymal canals, and are inserted into the tarsal cartilages near the puncta
23

;
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Its fibres appear to be continuous witli tiiose of the palpebral portion of the Orbicularis it is occasionally very indistinct.
The Orbicularis palpebrarum, Corrugator supercilii, and Tensor tarsi
Nerves.
are supplied by the facial nerve.
The Orbicularis palpebrarum is the sphincter muscle of the eyelids.
Actions.
The palpebral portion acts involuntarily in closing the lids, and independently
the entire muscle
of the orbicular portion, which is subject to the will.
is brought into action, the integument of the forehead, temple, and cheek is drawn
inwards towards the inner angle of the eye, and the eyelids are firmly closed.
The Levator palpebras is the direct antagonist of this muscle it raises the upper
The Corrugator supercilii draws the eyebrow
eyelid and exposes the globe.
downwards and inwards, producing the vertical wrinkles of the forehead. This
muscle may be regarded as the principal agent in the expression of grief. The
Tensor tarsi draws the eyelids and the extremities of the lachrj^mal canals
inwards, and compresses them against the surface of the globe of the eye thus
placing them in the most favorable situation for receiving the tears.
It serves,

laclirvmalia.

;

When

;

;

also, to

compress the lachrymal
i.

sac.

Orbital Eegion.

(Fig. 259.)

Levator Palpebrsfe Superioris.
Rectus Superior.
Rectus Inferior.
Obliquus Inferior.

Rectus Internus.
Rectus Externus.
Obliquus Superior.

Dissection.
To open the cavity of the orbit, remove the skull-cap and brain then saw through
the frontal bone at the inner extremity of the supraorbital ridge, and extei'nally at its junction with
the malar.
Break
pieces the thin roof of the orbit by a few slight blows of the hammer, and
take it away drive forward the superciliary portion of the frontal bone by a smart stroke, but do
When the fragments are
not remove it, as that would destroy the pulley of the Obliquus superior.
cleared away, the periosteum of the orbit will be exposed this being removed, together with the
fat which fills the cavity of the orbit, the several muscles of this region can be examined.
The dissection will be facilitated by distending the globe of the eye.
In order to effect this, puncture the
optic nerve, near the eyeball, Avith a curved needle, and push the needle onwards into the globe
insert the point of a blowpipe through this aperture, and force a little air into the cavity of the eyeThe globe being
ball; then apply a ligature around the nerve, s: as to prevent the air escaping.
now drawn forwards, the muscles will be put upon the stretch.
;

m

;

;

The Levator Palpehree

Superioris is thin, flat, and triangular in shape.
It
from the under surface of the lesser wing of the sphenoid, immediately
in front of the optic foi'amen; and is inserted, by a broad aponeurosis, into the
upper border of the superior tarsal cartilage. At its origin, it is narrow and
tendinous but soon becomes broad and fleshy, and finally terminates in a broad,
arises

;

aponeurosis.
Relations.
By its upper surface.^ with the frontal nerve and artery, the periosteum of the orbit and, in front, with the inner surface of the broad tarsal
ligament. By its under surface., with tlie Superior rectus and in the lid, with
the conjunctiva.
small branch of the third nerve enters its under surface.
The Rectus superior., the thinnest and narrowest of the four Recti, arises from
the upper margin of the optic foramen beneath the Levator Palpebr^ and Supeand is inserted, by
rior ol^lique, and from the fibrous sheath of the optic nerve
a tendinous expansion, into the sclerotic coat, about three or four lines from the
maroin of the cornea.
Relations.
By its upper surface^ with the Levator Palpebrae. By its under
surface., with the optic nerve, the ophthalmic artery, the nasal nerve, and the
branch of the third nerve, which supplies it and, in front, with the tendon of
the Superior oblique, and the globe of the eye.
The Inferior and Internal Recti arise by a common tendon (the ligament of
Zinn), which is attached round the circumference of the optic foramen, except at
its upper and outer part.
The External rectus has two heads the upper one
;

;

A

;

;

:
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arises from the outer margin of tlie optic foramen immediately beneath the Supethe lower head, partly from the ligament of Zinn, and partly from a
rior rectus
;

small, pointed process of

Each muscle

bone on the lower margin of the sphenoidal fissure.
by its name, to be inserted
_

passes forward, in the position implied
Fig.

259.— Muscles

of the

Right Orbit.

by a tendinous expansion (the tunica alhuginea) into the sclerotic coat, about
three or four lines from the margin to the cornea.
Between the two heads of
the External rectus is a narrow interval, through which pass the third, nasal
branch of the fifth, and sixth nerves, and
the ophthalmic vein.
Although nearly Fig. 260. The relative position and attachment of the Muscles of the Left Eyeball.
all of these muscles present a common
Sector /Su/perior
origin, and are inserted in a similar manner
into the sclerotic coat, there are certain
differences to be observed in them, as rel-'.rt''^^Obli^uMS Superior
gards their length and breadth. The Internal rectus is the broadest the External,
the longest and the Superior, the thinnest
and narrowest.
The Su'perior Oblique is a fusiform muscle,
placed at the upper and inner side of
the orbit, internal to the Levator palpebrse.
Xovier Mead
Rectus Injeruyr
It arises about a line above the inner margin of the optic foramen, and, passing forwards to the inner angle of the orbit,
terminates in a rounded tendon, which plays in a ring or pulley, formed by
fibro-cartilaginous tissue attached to a depression beneath the internal angular
process of the frontal bone, the contiguous surfaces of the tendon and ring being
lined by a delicate synovial membrane, and inclosed in a thin fibrous investment.
The tendon is reflected backwards and outwards beneath the Superior rectus to
the outer part of the globe of the eye, and is inserted into the sclerotic coat,
midway between the cornea and entrance of the optic nerve, the insertion of the
muscle lying between the Superior and External recti.
Relations.
By its upper surface^ with the periosteum covering the roof of the
orbit, and the fourth nerve.
The tendon, where it lies on the globe of the eye,
is covered by the superior rectus.
By its under surface^ with the nasal nerve and
the upper border of the Internal rectus.
The Inferior Oblique is a thin, narrow muscle, placed near the anterior margin
of the orbit.
It arises from a depression in the orbital plate of the superior

—

I

;

;

^
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maxillarj bone, external to tlie laclirymal groove. Passing outwards and backwards beneath the Inferior rectus, and between the eyeball and the External
rectus, it is inserted into the outer part of the sclerotic coat between the Superior
and External rectus, near the tendon of insertion of the superior oblique.
Relations.
By its ocular surface^ with the globe of the eye, and with the
By its orbital surface^ with the periosteum covering the floor of
Inferior rectus.
the orbit, and with the External rectus.
Its borders look forwards and backwards the posterior one receives a branch of the third nerve.
Nerves.
The Levator palpebrae. Inferior oblique, and all the recti excepting
the External, are supplied by the third nerve; the Superior oblique, by the
x\xO!-—
fourth; the External rectus, by the sixth.
Actions.
The levator palpebrae raises the upper eyelid, and is the direct
antagonist of the Orbicularis palpebrarum.
The four Recti muscles are attached
in such a manner to the globe of the eye, that, acting singly, they will turn it
either upwards, downwards, inwards, or outwards, as expressed by their names.
If any two Eecti act together, they carry the globe of the eye in the diagonal of
these directions, viz., upwards and inwards, upwards and outwards, downwards
and inwards, or downwards and outwards. The movement of circumduction, aa
in looking round a room, is performed by the alternate action of the four Recti.
By some anatomists, these muscles have been considered the chief agents in adjusting the sight at different distances, by compressing the globe, and so lengthening
The Oblique muscles rotate the eyeball on its
its antero-posterior diameter.
antero -posterior axis, this kind of movement being required for the correct viewing of an object, when the head is moved laterally, as frorn shoulder to shoulder,
in order that the picture may fall in all respects on the same part of the retina
of each eye.^
;

^

:

Surgical Anatomy. The position and exact point of insertion of the tendons of the Internal and
External recti muscles into the globe should be carefully examined from the front of the eyeball, as
In conthe surgeon is often required to divide one or the other muscle for the cure of strabismus.
vergent strabismus, which is the most common form of the disease, the eye is turned inwards,
requiring the division of the Internal rectus.
In the divergent form, which is more rare, the eye is
turned outwards, the External rectus being especially implicated. The deformity produced in either
case is to be remedied by division of one or the other muscle.
The operation is thus effected the
lids are to be well separated
the eyeball being drawn outwards, the conjunctiva should be raised by
a pair of forceps, and divided immediately beneath the lower border of the tendon of the Internal
rectus, a little behind its insertion into the sclerotic
the submucous areolar tissue is then divided,
and into the small aperture thus made, a blunt hook is passed upwards between the muscle and the
globe, and the tendon of the muscle and conjunctiva covering it divided by a pair of blunt-pointed
Or the tendon may be divided by a subconjunctival incision, one olade of the scissors
scissors.
being passed upwards between the tendon and the conjanctiva, and the other between the tendon
and the sclerotic. The student, when dissecting these muscles, should remove on one side of the
subject the conjunctiva from the front of the eye, in order to see more accurately the position of the
tendons, while on the opposite side the operation may be performed.
;

;

;

5.

Nasal Region.

(Fig. 258.)

Pyramidalis Nasi.
Levator Labii Superioris Aleeque Nasi.
Dilatator Naris Posterior.
Dilatator Naris Anterior.
Compressor Nasi.
Compressor Narium Minor.
Depressor A\m Nasi.

The Pyramidalis Nasi is a small pyramidal slip, prolonged downwards from
the Occipito-frontalis upon the side of the nose, where it becomes tendinous and

Man and Vertebrate Animals," by John Struthees,
Physiological Observations."
For a more full account of the various
co-ordniated actions of the muscles of a single eye and of both eyes than our space allows, the readei'
may be referred to Dr. M. Foster's Text-book of Physiology, pp. 385-388.
^
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blends witli the Compressor nasi.
As the two muscles descend, they diverge,
leaving an angular interval between them.
By its upper surface^ with the skin. By its under surface^ with
Relations.
the frontal and nasal bones.
The Levator Lahii Superioris Alseque Nasi is a thin, triangular muscle, placed
by the side of the nose, and extending between the inner margin of the orbit and
upper lip. It arises by a pointed extremity from the upper part of the nasal
process of the superior maxillary bone, and, passing obliquely downwards and
outwards, divides into two slips, one of which is inserted into the cartilage of the
ala of the nose; the other is prolonged into the upper lip, becoming blended
with the Orbicularis and Levator labii superioris proprius.
Relations.
In front, with the integument; and with a small part of the Orbicularis palpebrarum above.
Lying upon the superior maxillary bone, beneath this muscle, is a longitudinal
muscular fasciculus about an inch in length. It is attached by one end near the
origin of the Compressor nasi, and by the other to the nasal process about an inch
above it; it was described by Albinus as the "Musculus anomalus," and by
Santorini as the "Rhomboideus."
The Dilatator Naris Posterior is a small muscle, which is placed partly beneath
the proper elevator of the nose and lip. It arises from the margin of the nasal
notch of the superior maxillary, and from the sesamoid cartilages, and is inserted
into the skin near the margin of the nostril.
The Dilatator Naris Anterior is a thin, delicate fasciculus, passing from the
cartilage of the ala of the nose to the integument near its margin.
This muscle
is situated in front of the preceding.
The Compressor Nasi is a small, thin, triangular muscle, arising by its apex
from the superior maxillary bone, above and a little external to the incisive fossa
its fibres proceed upwards and inwards, expanding into a thin aponeurosis which
is attached to the fibro-cartilage of the nose, and is continuous on the bridge of
the nose with that of the muscle of the opposite side, and with the aponeurosis
of the Pyramidalis nasi.
The Compressor Narium. Minor is a small muscle, attached by one end to the
alar cartilage, and by the other to the integument at the end of the nose.
The Depressor Aide Nasi is a short, radiated muscle, arising from the incisive
fossa of the superior maxilla its fibres ascend to be inserted into the septum, and
back part of the ala of the nose. This muscle lies between the mucous membrane
and muscular structure of the lip.
Nerves.
All the muscles of this group are supplied by the facial nerve.
Actions.
The Pyramidalis nasi draws down the inner angle of the eyebrows
by some anatomists it is also considered as an elevator of the alar, and, consequently, a dilator of the nose.
The Levator labii superioris alaeque nasi draws
upwards the upper lip and ala of the nose its most important action is upon the
nose, which it dilates to a considerable extent.
The action of this muscle
produces a marked influence over the countenance, and it is the principal agent
in the expression of contempt.
The two Dilatatores nasi enlarge the aperture
of the nose, and the Compressor nasi appears to press upon the nose so as to
increase its breadth, and thus tends rather to open than to close the nostrils.
The Depressor alas nasi is a direct antagonist of the preceding muscles, drawing
the ala of the nose downwards, and thereby constricting the aperture of the
;

;

nares.
6.

Superior Maxillary Region.

Levator Labii Superioris.
Levator Anguli Oris.

The Levator Lahii
form.

It arises

(Fig. 258.)

Zygomaticus Major.
Zygomaticus Minor.

Superioris (proprius) is a thin muscle of a quadrilateral
from the lower margin of the orbit immediately above the infra-
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some of

malar bone
of the upper lip.
to -the

;
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being attached to the superior maxilla, others
converge to be inserted into the muscular substance

its fibres

its fibres

Relations.
By its superficial surface., with the lower segment of the Orbicularis
palpebrarum below, it is subcutaneous. By its deep surface it conceals the origin of the Compressor nasi and Levator anguli oris muscles, and the infraorbital
vessels' and nerves, as they escape from the infraorbital foramen.
The Levator Anguli Oris arises from the canine fossa, immediately below the
its fibres incline downwards and a. little outwards, to be
infraorbital foramen
inserted into the angle of the mouth, intermingling with those of the Zygomatici,
the Depressor anguli oris, and the Orbicularis.
Relations.
By its superficial surface., with the Levator labii superioris and the
By its deep surface with the superior maxilla,
infraorbital vessels and nerves.
the Buccinator, and the mucous membrane.
The Zygomaticus Major is a slender fasciculus, which arises from the malar
bone, in front of the zygomatic suture, and, descending obliquely downwards and
inwards, is inserted into the angle of the mouth, where it blends with the fibres
of the Orbicularis and Depressor anguli oris.
Relations.
By its superficial surface.^ with the subcutaneous adipose tissue.
By its deep surface., with the malar bone, and the Masseter and Buccinator
;

;

muscles.

The Zygomaticus Minor arises from the malar bone, immediatel}^ behind the
maxillary suture, and, passing downwards and inwards, is continuous with the
It lies in front of the preceding.
outer margin of the Levator labii superioris.
Relations.
By its superficial surface., with the integument and the Orbicularis
palpebrarum above. B}^ its deep surface., with the Levator anguli oris.
This group of muscles is supplied by the facial nerve.
Nerves.
Actions.
The Levator labii superioris is the proper elevator of the upper lip,
carrying it at the same time a little outwards. The Levator anguli oris raises
the angle of the mouth and draws it inwards whilst the Zygomatici raise the
upper lip and draw it somewhat outwards, as in laughing.
;

7.

Inferioe Maxillary Eegion.

(Fig. 258.)

Levator Labii Inferioris (Levator menti).
Depressor Labii Inferioris (Quadratus menti).
Depressor Anguli Oris (Triangularis menti).
Dissection.
The Muscles in this region may be dissected by making a vertical incision through
the integument from the margin of the lower lip to the chin a second incision should then be carried
along the margin of the lower jaw as far as the angle, and the integument carefully removed in the
:

direction

shown

in Fig. 257.

Lnferioris {Levator onenti) is to be dissected- by everting the
and raising the mucous membrane. It is a small, conical fasciculus,
placed on the side of the frsenum of the lower lip. It arises from the incisive
its fibres descend to be inserted
fossa, external to the symphysis of the lower jaw
into the integument of the chin.
Relations.
On its inner surface^ with the mucous membrane in the median
line., it is blended with the muscle of the opposite side
and on its oider side., with

The Levator Labii

lower

lip

:

;

;

the Depressor labii inferioris.
The Depressor Labii Inferioris [Quadratus menti) is a small, quadrilateral
muscle, situated at the outer side of the preceding. It arises from the external
oblique line of the lower jaw, between the sjTnphysis and mental foramen, and
passes obliquely upwards and inwards, to be inserted into the integument of the
lower lip, its fibres blending with the Orbicularis, and with those of its fellow
of the opposite side. It is continuous with the fibres of the Platysma at its origin.
This muscle contains much yellow fat intermingled with its fibres.
Relations.
By its superficicd surface., with part of the Depressor anguli oris,
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and with, the integument, to Avliich it is closely connected. Bj^ its deep surface,
with the mental vessels and nerves, the mucous membrane of the lower lip, the
labial glands, and the Levator menti, with which it is intimately united.
The Depressor Anguli Oris is triangular in shape, arising, by its broad base,
from the external oblique line of the lower jaw, from whence its fibres pass
upwards, to be inserted, by a narrow fasciculus, into the angle of the mouth. It
is continuous with the Platysma at its origin, and with the Orbicularis and Risorius at its insertion, and some of its fibres are directly continuous with those of
the Levator anguli oris.
Relations.
By its, superficial surface^ with the integument. B_7 its deep surface^
with the Depressor labii inferioris and Buccinator.
This group of muscles is supplied bj^ the facial nerve.
Nerves.
The Levator labii inferioris raises the lower lip, and protrudes it forActions.
wards, and at the same time wrinkles the integument of the chin. The Depressor
labii inferioris draws the lower lip directly downwards and a little outwards. The
Depressor anguli oris depresses the angle of the mouth, being the antagonist to
the Levator anguli oris and Zygomaticus major acting with these muscles, it
will draw the angle of the mouth directly backwards.
;

8.

Inter-maxillary Region.

Orbicularis Oris.
The

Buccinator.

Risorius.

may

be considerably facilitated by filling the cavity
of the mouth with tow, so as to distend the cheeks and lips the mouth should then be closed by a
few stitches, and the integument carefully removed from the surface.
Disseetion.

dissection of these Muscles

;

The

a sphincter muscle, elliptic in form, composed
orifice of the mouth.
It consists of two
thick, semicircular planes of muscular fibre, which interlace on either side with
those of the Buccinator and other muscles inserted into the lips. On the free
margin of the lips the muscular fibres are continued uninterruptedly from one
lip to the other, around the corner of the mouth, forming a roundish fasciculus
of fine pale fibres closely approximated.
To the outer part of each segment some
special fibres are added, by which, the lips are connected directly with the maxillary bones and septum of the nose.
The additional fibres for the upper segment consist of four bands, two of which (Accessorii orbicularis superiores) arise
from the alveolar border of the superior maxilla, opposite the incisor teeth, and
arching outwards on each side are continuous at the angles of the mouth with
the other muscles inserted into this part.
The two remaining muscular slips,
called the Nasolabialis, connect the upper lip to the septum of the nose
as they
descend from the septum, an interval is left between them, which corresponds to
that left by the divergence of the accessory portions of the Orbicularis above
described.
It is this interval which forms the depression seen on the surface of
Orbicularis Oris (Fig. 258)

of concentric

fibres,

is

which surround the

:

The additional fibres for the lower
segment (Accessorii orbicularis inferioris) arise from the inferior maxilla, externally to the Levator labii inferioris, and arch outwards to the angles of the mouth,
to join the Buccinator and the other muscles attached to this part.
Relations.
By its superfi.cial surface^ with the integument, to which it is closely
connected. By its deep surface., with the buccal mucous membrane, the labial
glands, and coronary vessels.
By its outer circumference it is blended with the
numerous muscles which converge to the mouth from various parts of the face.
Its inner circumference is free, and covered by the mucous membrane.

the skin beneath the septum of the nose.

The Buccinator

(Fig. 268, p. 374) is a broad, thin muscle, quadrilateral inform,

which occupies the interval between the jaws at the side of the face. It arises
from the outer surface of the alveolar processes of the upper and lower jaw, corresponding to the three molar teeth and, behind, from the anterior border of the
pterygo-maxillary ligament. The fibres converge towards the angle of the mouth,
where the central fibres intersect each other, those from below being continuous
;
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upper segment of the Orbicularis oris and those from above with the
segment; the highest and lowest fibres continue forward uninterruptedly
into the corresponding segment of the lip, without decussation.
By its superficial surface^ behind, with a large mass of fat, which
Relations.
separates it from the ramus of the lower jaw, the Masseter, and a small portion
of the Temporal muscle anteriorly, with the Zygomatici, Eisorius, Levator
anguli' oris, Depressor anguli oris, and Stenson's duct, which pierces it opposite
the second molar tooth of the upper jaw; the facial artery and vein cross it from
it is also crossed by the branches of the facial and buccal
below upwards
nerve.
By its internal surface^ with the buccal glands and mucous membrane of
the mouth.
The ptery go-maxillary ligament separates the Buccinator muscles from the
Superior constrictor of the pharynx. It is a tendinous band, attached by one
extremity to the apex of the internal pterygoid plate, and by the other to 'the
posterior extremity of the internal oblique line of the lower jaw. Its inner surface
corresponds to the cavity of the mouth, and is lined by mucous membrane. Its
outer surface is separated from the ramus of the jaw by a quantity of adipose
tissue.
Its -posterior harder gives attachment to the Superior constrictor of the
pharynx its aMerior border^ to the fibres of the Buccinator.
The Eisorius {Santorini) (Fig. 258) consists of a narrow bundle of fibres, which
Avith tlie

;

inferior

;

;

;

m

uscle, and, passing horizontally forwards, is
arises in the fascia over the Masseter
inserted into the angle of the mouth, joining with the fibres of the Depressor
anguli oris.
It is placed superficial to the Platysma, and is broadest at its outer
extremity. This muscle varies much in its size and form.
Nerves.
The Orbicularis oris is supplied by the facial, the Buccinator by the
facial and by the buccal branch of the inferior maxillary nerve, which latter,
however, is by many anatomists regarded as a sensor}^ nerve only.
Actions.
The Orbicularis oris is the direct antagonist of all those muscles
which converge to the lips from the various parts of the face, its ordinary action
producing the direct closure of the lips and its forcible action throwing the
inteo-ument into wrinkles, on account of the firm connection between the latter
and the surface of the muscle. The Buccinators contract and compress the
cheeks, so that, during the process of mastication, the food is kept under the
immediate pressure of the teeth.
;

9.

Tempoeo-maxillary Eegion.
Temporal.

Masseter.

The Masseter has been already exposed by the removal of the integument from
the side of the face (Fig. 258) it is a short, thick muscle, somewhat quadrilateral
in form, consisting of two portions, superficial and deep.
The superficial portion^
the larger, arises by a thick, tendinous aponeurosis from the malar process of the
superior maxilla, and from the anterior two-thirds of the lower border of the
zygomatic arch its fibres pass downwards and backwards, to be inserted into the
angle and lower half of the ramus of the jaw. The deep portion is much smaller
and more muscular in texture it arises from the posterior third of the lower
border and the whole of the inner surface of the zygomatic arch its fibres pass
downwards and forwards, to be inserted into the upper half of the ramus and
outer surface of the coronoid process of the jaw.
The deep portion of the
muscle is partly concealed, in front, by the superficial portion
behind it is
covered by the parotid gland. The fibres of the two portions are united at their
;

:

;

;

;

insertion.

Relations.
By its siiperficial surface, with, the integument; above, with the
Orbicularis palpebrarum and Zygomatici and with Steno's duct, the branches
of the facial nerve, and the transverse facial vessels, which cross it.
By its deep
surface, with the ramus of the jaw, and the Buccinator, from which it is separated
by a mass of fat. Its posterior margin is overlapped by the parotid gland. Its
;
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margin projects over tlie Buccinator muscle and the facial artery lies
below.
The temporal fascia is seen, at this stage of the dissection, covering in the
Temporal muscle. It is a strong aponeurotic investment, affording attachment,
by its inner snrface, to the superficial fibres of the muscle. Above, it is a single
layer, attached to the entire extent of the temporal ridge, but below, where it is
attached to the zygoma, it consists of two layers, one of which is inserted into
the outer, and the other into the inner border of the zygomatic arch.
small
quantity of fat, the orbital branch of the temporal artery, and a filament from
the orbital branch of the superior maxillary nerve, are contained between these
two layers. It is covered, on its outer surface, by the aponeurosis of the Occipito
frontalis, the Orbicularis palpebrarum, the AttoUens and Attrahens aurem muscles;
the temporal vessels and nerves cross it from below upwards.
anterior

on

;

it

A

Fig. 261.

—The Temporal Muscle, the Zygoma and Masseter having been removed.

In order to expose the temporal muscle, remove the temporal fascia, which may be
by separating it at its attachment along the u^jper border of the zygoma, and dissecting
it upwards from the surface of the muscle.
The zygomatic arch should then be divided, in front, at its
junction with the malar bone and, behind, near the external auditory meatus, and drawn downwards with the Masseter, which should be detached from its insertion into the ramus and angle of
the jaw.
The whole extent of the temporal muscle is then exposed.
Dissection.

effected

;

The Temporal (Fig. 261) is a broad, radiating muscle, situated at the side of
the head, and occupying the entire extent of the temporal fossa. It arises from
the whole of the temporal fossa, which extends from the external angular process
of the frontal in front to the mastoid portion of the temporal behind and from
the curved line on the frontal and parietal bones above to the pterygoid ridge
on the great wing of the sphenoid below. It is also attached to the inner surface
of the temporal fascia. Its fibres converge as they descend, and terminate in an
aponeurosis, the fibres of which, radiated at its commencement, converge into a
thick and flat tendon, which is inserted into the inner surface, apex, and anterior
border of the coronoid process of the jaw, nearly as far forwards as the last
;

molar tooth.
Relations.
By its superficial surface^ with the integument, the temporal fascia,
the aponeurosis of the Occipito-frontalis, the Attollens and Attrahens aurem
Bj^ its
muscles, the temporal vessels and nerves, the zygoma and Masseter.
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deep surface, witli tlie temporal fossa, tlie External pterygoid and part of the
Buccinator muscles, the internal maxillary artery, its deep temporal branches
and the temporal nerves.
Nerves.
Both muscles are supplied by the inferior maxillarjr nerve.
10.

Pterygo- MAXILLARY Eegion.

Internal Pterygoid.

(Fig. 262.)

External Pterygoid.

Dissection.
The Temporal muscle having been examined, saw through the base of the coronoid
process, and draw it ujDwards, together with the Temporal muscle, which shoiild be detached from
the surface of the temporal fossa.
Divide the ramus of the jaw just below the condyle, and also,
by a transverse incision extending aci'oss the commencement of its lower tliird, just above the dental

foramen

;

remove the fragment, and the Pterygoid muscles
Fig. 262.

—The Pter5^goid Muscles

will

be exposed.

the Zygomatic Arch and a portion of the
Ptamus of the Jaw having been removed.
;

The Internal Pterygoid is a thick, quadrilateral muscle, and resembles the
Masseter in form, structure, and the direction of its fibres. It arises from the
pterygoid fossa, being attached to the inner surface of the external pterygoid
plate, and to the grooved surface of the tuberosity of the palate bone
its fibres
pass dov\^nwards, outwards, and backwards, to be inserted, by strong tendinous
laminse, into the lower and back part of the inner side of the ramus and angle
of the lower jaw, as high as the dental foramen.
Relations.
By its external surface^ with the ramus of the lower jaw, from
which it is separated, at its upper part, by the External pterygoid, the internal
lateral ligament, the internal maxillary arter}'', and the dental vessels and nerves.
Bv its internal surface., with the Tensor palati, being separated from the Supe;

rior constrictor of the

pharjmx by

The External Pterygoid

is

a cellular interval.
a short, thick rnilscle, somewhat conical in form,

which extends almost horizontally between the zygomatic fossa and the condjde
of the jaw.
It arises from the pterj^goid ridge on the great wing of the sphenoid,
and the portion of bone included between it and the base of the pterygoid process
from the outer surface of the external pterygoid plate; and from the tuberosity of the palate and superior maxillary bones.
Its fibres pass horizontally
backwards and outwards, to be inserted into a depression in front of the neck of
;

the condyle of the lower jaw, and into the corresponding part of the interarticu-
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This muscle, at its origin, appears to consist of two portions
separated by a slight interval; hence the terms upper and lower head, sometimes
used in the description of the muscle.
Relations.
By its external surface.^ with the ramus of the lower jaw, the internal maxillary artery, which crosses it,^ the tendon of the Temporal muscle, and
the Masseter. By its internal surface, it rests against the upper part of the
Internal pterygoid, the internal lateral ligament, the middle meningeal artery,
and inferior maxillary nerve by its upper border it is in relation with the temporal and masseteric branches of the inferior maxillary nerve.
Nerves.
These muscles are supplied hj the inferior maxillarj^ nerve.
Actions.
The Temporal, Masseter, and Internal pterj^goid raise the lower, jaw
The superficial portion of the Masseter, and
against the upper with great force.
the Internal pterygoid, assist the External pterygoid in drawing the lower jaw
forwards upon the upper, the jaw being drawn back* again by the deep fibres of
The External pterygoid
the Masseter and posterior fiibres of the Temporal.
muscles are the direct agents in the trituration of the food, drawing the lower
jaw directly forwards, so as to make the lower teeth project beyond the upper.
If the muscle of one side acts, the corresponding side of the jaw is drawn forwards, and the other condyle remaining fixed, the symphysis deviates to the
opposite side.
The alteration of these movements on the two sides produces
lar fibro-cartilage.

;

.

trituration.

MUSCLES AND FASCIA OF THE NECK.
The muscles of the Neck may be arranged into groups, corresponding with
the region in which they are situated.
These groups are nine in number

:

2.

Superficial Region.
Depressors of the Os Hyoides and

8.

Elevators of the Os Hyoides and

4.

Larynx.
Muscles of the Tongue.

1.

Larynx.

6.

7.

9.

1.

5.

8.

Region.
Muscles of the Larynx

Stiperficial Region.

< Platysma myoides.

^

Lingual Region.
Muscles of the Tongue.
"Genio-hyo-glossus,
Hyo-glossus.
4.

Sterno-cleido-mastoid.

.

.,

Infra-hyoid Region.
Depressors of the Os Hyoides and

2.

Muscles of the Pharynx.
Muscles of the Soft Palate.
Muscles of the Anterior Vertebral
Region.
Muscles of the Lateral Vertebral

Lingualis.
Stylo-glossus,
Palato-glossus.

Larynx.

/^ Sterno-hyoid.

^ Sterno-thyroid.
y Thyro-hyoid.

^Omo-hyoid.

8.

Supra-hyoM Region.
Elevators of the Os Hyoides and

-'-

5. Muscles of the Pharynx.
Constrictor inferior.
Constrictor medius.
Constrictor superior.
Stylo-pharyngeus.
Palato-pharyngeus.

Laxynx.

X

Digastric.

6.

Stylo-hyoid.

,

Mylo-hyoid.
Genio-hyoid.
^

This

is

the usual relation

.

;

but in

many

Muscles of

the Soft Palate.

Levator palati.
Tensor palati.
Azygos uvul«.

cases the artery will be found below the muscle.

;
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Palato-glossus.

8.

Muscles of

Palato-pharyngeus.
7.

Muscles of

Scalenus anticus.
Scalenus medius.
Scalenus posticus.

Anterior Vertebral
Region.
Rectus capitis anticus major.
Rectus capitis anticus minor.

Rectus

the

9. Muscles of the Larynx.
Included in the description of
Larynx,

lateralis.

Longus

colli.

].

the Lateral Verlehral
Region.

Superficial Cervical

Platysma Myoides.

tlie

REGiOisr.

Sterno-cleido-mastoid.

A

Dissection.
block having been placed at the back of the neck, and the face turned to the side
opposite to that to be dissected, so as to place the parts upon the stretch, make two transverse
incisiefts-; -Qii^from the chin, along the margin of the lower jaw, to the mastoid process; and the
Connect these by an oblique incision made in the
other along the upper border of the clavicle.
course of the Sterno-mastoid muscle, from the mastoid process to the sternum the two flaps of
integument having been removed in the direction shown in Fig. 257, the superficial fascia will be
;

The superficial cervical fascia is exposed on the removal of the integument
from the side of the neck it is an extremely thin, aponeurotic lamina, which is
hardly demonstrable as a separate membrane. Beneath it are found the Platysma
myoides muscle, the external jugular vein, and some superficial branches of the
;

cervical plexus of nerves.

The Platysma Myoides (Fig. 258) is a broad, thin plane of muscular fibres,
placed immediately beneath the skin on each side of the neck. It arises from
the clavicle and acromion, and from the fascia covering the upper part of the
Pectoral, Deltoid, and Trapezius muscles its fibres proceed obliquely upwards
and inwards along the side of the neck, to be inserted into the lower jaw beneath
the external oblique line, some passing forwards to the angle of the mouth, and
The most anterior fibres
others becoming lost in the cellular tissue of the face.
interlace, in front of the jaw, with the fibres of the muscle of the opposite side
those next in order become blended with the Depressor labii inferioris and the
Depressor anguli oris others are prolonged upon the side of the cheek, and
interlace, near the angle of the mouth, with the muscles in this situation, and
may occasionally be traced to the Zygomatic muscles, or to the margin of the
Orbicularis palpebrarum.
Beneath the Platysma, the external jugular vein may
be seen descending from the angle of the jaw to the clavicle. It is essential to
remember the direction of the fibres of the Platysma, in connection Avith the
operation of bleeding from this vessel for if the point of the lancet is introduced in the direction of the muscular fibres, the orifice made will be filled up
by the contraction of the muscle, and blood will not flow but if the incision is
made across the course of the fibres, they will retract, and expose the orifice in
the vein, and so facilitate the flow of blood.
Relations.
By its external surface, with the integument, to which it is united
closely below, but more loosely above.
B^^ its internal surface^ with the Pectoralis major, Deltoid, and Trapezius, and with the clavicle.
In the neck^ with the
external and anterior jugular veins, the deep- cervical fascia, the superficial
branches of the cervical plexus, the Sterno-mastoid, Sterno-hyoid, Omo-hyoid,
and Digastric muscles. In front of the Sterno-mastoid, it covers the sheath of
the carotid vessels and behind it, the Scaleni muscles and the nerves of the
brachial plexus.
On the /ace, it is in relation with the parotid gland, the facial
artery and vein, and the Masseter and Buccinator muscles.
The deep cervical fascia is exposed on the removal of the Platysma myoides.
It is a strong, fibrous layer, which invests the muscles of the neck, and incloses
the vessels and nerves. It commences, as an extremely thin layer, at the back
part of the neck, where it is attached to the spinous process of the seventh cer;

;

;

;

:
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vical vertebra, and to the ligamentum nuchas and, passing forwards to the posterior border of the Sterno-mastoid muscle, divides into two kyers, one of which
These join again at the antepasses in front and the other behind that muscle.
and, being continued forwards to the front of
rior border of the Sterno-mastoid
The superficial layer of the
the neck, blend with the fascia of the opposite side.
deep cervical fascia (that which passes in front of the Sterno-mastoid), if traced
upwards, is found to pass across the parotid gland and Masseter muscle, forming
the parotid and masseteric fascia, and is attached to the lower border of the
zvgoma, and more anteriorljr to the lower border of the body of the jaw if the
same layer is traced downwards, it is seen to pass to the upper border of the
clavicle and sternum, being pierced just above the former bone by the external
jugular vein. In the middle line of the neck, the fascia is thin above, and connected to the hyoid bone but it becomes thicker below, and divides, just below
the thyroid gland, into twp layers, the more superficial of which is attached to
the upper border of the sternum and interclavicular ligament the deeper and
stronger layer is connected to the posterior border of that bone, covering in the
Sterno-hyoid and Sterno-thyroid muscles. Between these two layers is a little
;

;

;

;

;

The deep layer
areolar tissue and fat, and occasionally a small lymphatic gland.
of the cervical fascia (that which lies behind the posterior surface of the Sternomastoid) sends numerous prolongations, which invest the muscles and vessels of
the neck if traced upwards, a process of the fascia, of extreme density, is found
passing behind and to the inner side of the parotid gland, to be attached to the
apex of the styloid process and angle of the lower jaw, termed the stylo-maxillary
ligament; if traced downwards and outwards, the fascia will be found to inclose
the posterior belly of the Omo-hyoid muscle, binding it down by a distinct
process, which descends to be inserted into the clavicle and cartilage of the first
rib.
The deep layer of the cervical fascia also assists in forming the sheath
which incloses the common carotid artery, internal jugular vein, and pneumoThere are fibrous septa intervening between each of these parts,
gastric nerve.
which, however, are included together in one common investment. More internally, a thin layer is continued across the trachea and thyroid gland, beneath
the Sterno-thyroid muscles and at the root of the neck this may be traced,
over the large vessels, to be continuous with the fibrous layer of the pericar;

;

dium.

The

Sterno-mastoid^ or Sterno-cleido-m,astoid (Fig. 263),

a large, thick muscle,

is

which passes obliquely across the side of the neck, being inclosed between the
two layers of the deep cervical fascia. It is thick and narrow at its central part,
but is broader and thinner at each extremity. It arises, by two heads, from the
sternum and clavicle. The sternal portion is a rounded fasciculus, tendinous in
front, fleshy behind, which arises from the upper and anterior part of the first
The
piece of the sternum, and is directed upwards, outwards, and backwards.
clavicular portion arises from the inner third of the superior border of the
it is directed almost
clavicle, being composed of fleshy and aponeurotic fibres
vertically upwards.
These two portions are separated from one another, at
their origin, by a triangular cellular interval but become gradually blended,
below the middle of the neck, into a thick, rounded muscle, which is inserted,
by a strong tendon, into the outer surface of the mastoid process, from its apex
to its superior border, and by a thin aponeurosis into the outer two-thirds of the
;

;

superior curved line of the occipital bone.
The Sterno-mastoid varies much in
extent of attachment to the clavicle in one case, the clavicular may be as
narrow as the sternal portion; in another, as much as three inches in breadth.
When the clavicular origin is broad, it is occasionally subdivided into numerous
slips, separated by narrow intervals.
More rarely, the corresponding margins
In the appliof the Sterno-mastoid and Trapezius have been found in contact.
cation of a ligature to the third part of the subclavian artery, it will be necessary, where the muscles come close together, to divide a portion of one or of
both.

its

:
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This muscle divides the quadrilateral space at the side of the neck iuto two
and a posterior. The boundaries of the anterior triangle
above, the lower border of the bodj
are in front, the median line of the neck
of the jaw, and an imaginary line drawn from the angle of the jaw to the mastoid process; behind, the anterior border of the Sterno-mastoid muscle.
The
boundaries of the posterior triangle are, in front, the posterior border of the
Sterno-mastoid below, the upper border of the clavicle behind, the anterior

triangles, an anterior

;

;

;

margin of the Trapezius.^
Fig. 263.

— Muscles of the Neck, and Boundaries

of the Triangles.

The
skin,

the

anterior edge of the muscle forms a very prominent ridge beneath the
it is important to notice, as it forms a guide to the surgeon in making
necessary incisions for ligature of the common carotid artery, and for

which

oesophagotomy.

By its superficial surface^ with the integument and Platysma, from
separated by the external jugular vein, the superficial branches of the
By its deep
cervical plexus, and the anterior layer of the deep cervical fascia.
surface^ it rests on the stern o-clavicular articulation, the deep layer of the cervical
fascia, the Sternodiyoid, Sterno-thyroid, Omo-hyoid, the posterior belly of the
Below, it
Digastric, Levator anguli scapulae, the Splenius and Scaleni muscles.
is in relation with the lower part of the common carotid artery, internal jugular
vein, pneumogastric, descendens noni and communicans noni nerves, and with the
deep lymphatic glands with the spinal accessory nerve, which pierces its upper
third, the cervical plexus, the occipital artery, and part of the parotid gland.
Nerves.
The Platysma myoides is supplied by the facial and superficial
branches of the cervical plexus the sterno-cleido-mastoid by the spinal accessory
and deep branches of the cervical plexus.
Relations.

which

it is

;

;

^

The anatomy

neck.

of these triangles will

be more exactly described with that of the vessels of the
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Actions. The Platysma myoicles produces a sliglit wrinkling of t-lie surface of
the skin of the neck, in an oblique direction, when the entire muscle is brought
Its anterior portion, the thickest part of the muscle, depresses the
into action.
lower jaw; it also serves to draw down the lower lip and angle of the mouth on
each side, being one of the chief agents in the expression of melancholy. The
Sterno-mastoid muscles, when both are brought into action, serve to depress the
head upon the neck, and the neck upon the chest. Either muscle, acting singly,
flexes the head, and (combined with the Splenius) draws it towards the shoukler
of the same side, and rotates it so as to carry the face towards the opposite
side.

Surgical Anatomy. The relations of the sternal and clavicular parts of the Sterno-mastoid should
be carefully examined, as the surgeon is sometimes required to divide one or both portions of the
muscle in wry neck. One variety,of this distortion is produced by spasmodic contraction or rigidit}''
of the Sterno-mastoid
the head being carried down towards the shoulder of the same side, and the
face turned to the opposite side, and fixed in that position.
When all other remedies for the relief
of this disease have failed, subcutaneous division of the muscle is resorted to.
This is performed
by introducing a long, narrow bistoury beneath it, about half an inch above its origin, and dividing
it from behind forwards whilst the muscle is put well upon the stretch.
There is seldom any difficulty in dividing the sternal portion.
In dividing the clavicular portion, care must be taken to
avoid wounding the external jugular vein, which runs parallel with the posterior border of the
muscle in this situation.
;

2.

Infra-hyoid Region.

(Figs. 263, 264.)

Depressors of the Os Hyoides and Larynx,
Thyro-hyoid.

Sterno-hyoid.
Sterno-thyroid.

Omo-hyoid.

Dissection.
The muscles in this region may be exposed by removing the deep fascia from the
In order to see the entire extent of the Omo-hyoid, it is necessary to divide the
front of the neck.
Sterno-mastoid at its centre, and turn its end aside, and to detach the Trapezius from the clavicle
and scapula. This, however, should not be done until the Trapezius has been dissected.
.

The Sterno-hyoid is a thin, narrow, riband-like muscle, which arises from the
inner extremity of the clavicle, and the upper and posterior part of the first piece
of .the sternum and, passing upwards and inwards, is inserted, by short tendinous
This muscle is
fibres, into the lower border of the body of the os hyoides.
separated, below, from its fellow by a considerable interval but they approach
one another in the middle of their course, and again diverge as they ascend. It
often presents, immediately above its origin, a transverse tendinous intersection,
like those in the Rectus alDdominis.
;

;

This muscle sometimes arises from the inner extremity of the clavicle, and the posor from .the sternum and this ligament from either bone alone, or
these parts and occasionally has a fasciculus connected with the cartilage of the first rib.

Variations.

terior sterno-clavicular ligament

from

all

;

;

;

Relations.
By its superficial surface., below with the Sternum, the sternal end
of the clavicle, and the Sterno-mastoid and above, with the Platysma and deep
By its deep swr/ace, with the Sterno-thj^roid, Crico-thyroid, and
cervical fascia.
Thyro-hyoid muscles, the thyroid gland, the superior thyroid vessels, the crico;

thyroid and thyro-hyoid membranes.
The Sterno-thyroid is situated beneath the preceding muscle, but is shorter
and wider than it. It arises from the posterior surface of the first bone of the
sternum, below the origin of the Sterno-hyoid, and generally from the edge of
the cartilage of the first rib and is inserted into the oblique line on the side
of the ala of the thyroid cartilage.
This muscle is in close contact with its
fellow at the lower part of the neck and is frequently traversed by a transverse or oblique tendinous intersection, like those in the Rectus abdominis,
;

;

Va.riaiions.

of the

pharynx

;

This muscle is sometimes continuous with the Thyro-hyoid and Inferior constrictor
and a lateral prolongation from it sometimes passes as far as the os hyoides.
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Al«fD

FASCIA.

Relations.
Bj its anterior surface.^ with the Sterno-hjoid, Oino-hyoid, and
Sterno-mastoid. By \\.% 'posterior surface^ from below upwards, with the trachea,
vena innominata, common carotid (and on the right side the arteria innominata),
the thyroid ghaud and its vessels, and the lower part of the larynx.
The middle
thyroid vein lies along its inner border, a relation which it is important to
remember in the operation of tracheotomy.
The Thyro-hyoid is a small quadrilateral muscle appearing like a continuation
of the Sterno-tliyroid. It arises from the oblique line on the side of the thyroid
cartilage, and passes vertically upwards to be inserted into the lower border of
the body and greater cornu of the hyoid bone.
Fig. 264.

— Muscles of the Neck.

Anterior View.

By

its external surface^ with the Sterno-hyoid and Omo-hyoid
internal surface, with the thyroid cartilage, the thyro-hyoid
membrane, and the superior laryngeal vessels and nerve.
The Omo-hyoid ]^asses across the side of the neck, from the scapula to the hyoid
bone.
It consists of two fleshy bellies, united by a central tendon.
It arises
from the upper border of the scapula, and occasionally from the transverse ligament which crosses the suprascapular notch; its extent of attachment to the
scapula varying from a few lines to an inch. From this origin, the posterior
belly forms a flat, narrow fasciculus, which inclines forwards across the lower
part of the neck, behind the Sterno-mastoid muscle, Avhere it becomes tendinous;
it then changes its direction, forming an obtuse angle, and the anterior belly

Relations.
muscles. By

its

ascends almost vertically upwards, close to the outer border of the Sterno-hyoid,
to be inserted into the lower border of the body of the os hyoides, just external
to the insertion of the Sterno-hyoid.
The tendon of this muscle, which varies
much in its length and form in different subjects, is held in its position by a process of the deep cervical fascia, which includes it in a sheath, and is prolonged
down to be attached to the cartilage of the first rib. It is by this means that
the ano'ular form of the muscle is maintained.
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This muscle subdivides each of the two L^rge triangles at the side of the neck
two smaller triangles the two posterior ones being the posterior superior or

into

:

and the posterior inferior or subclavian ; the two anterior, the anterior
superior or superior carotid^ and the anterior inferior or inferior carotid triangle.
Relations.
By its superficial surface^ with the Trapezius, Subclavius, the clavBy
icle, the Sterno-mastoid, deep cervical fascia. Platysma, and integument.
occipital^

deep surface^ with the Scaleni, phrenic nerve, brachial plexus, sheath of the
carotid artery, and internal jugular vein, the descendens noni nerve,
Sterno-thyroid and Thyro-hyoid muscles.
Nerves.
The Thyro-hyoid is supplied by the hypoglossal the other muscles
of this group by branches from the loop of communication between the descendens and communicans noni.
Actions.
These muscles depress the larynx and hyoid bone, after they have
been drawn up with the pharynx in the act of deglutition. The Omo-hyoid
muscles not only depress the hyoid bone, but carry it backwards, and to one or
the other side.
They are also tensors of the cervical fascia. The Thyro-hyoid
may act as an elevator of the thyroid cartilage, when the hyoid bone ascends,
drawing upwards the thyroid cartilage behind the os hyoides.^
its

common

;

3.

SuPRA-HYOii) Region.

Elevators of the Os Hyoides
Digastric,

Stylo-hyoid.

(Figs. 263, 264.)

—Depressors

of the

Lower Jaw.

Mylo-hyoid.
Genio-hyoid.

Dissection.
To dissect these muscles, a block should be placed beneath the back of the neck, and
the head drawn backwards, and retained in that position.
On the removal of the deep fascia, the
muscles are at once exposed.

The Digastric consists of two fleshy bellies united by an intermediate rounded
tendon. It is a small muscle, situated below the side of the body of the lower
jaw, and extending, in a curved form, from the side of the head to the symphysis
of the jaw.
^ho, posterior helly^ longer than the anterior, arises from the digastric groove on the inner side of the mastoid process of the temporal bone, and
passes downwards, forwards, and inwards.
The anterior helly^ being reflected
upwards and forwards, is inserted into a depression on the inner side of the
lower border of the jaw, close to the symphysis. The tendon of the muscle
perforates the Stylo-hyoid, and is held in connection with the side of the body
of the hyoid bone by an aponeurotic loop, lined by a synovial membrane.
broad aponeurotic layer is given off from the tendon of the Digastric on each
side, which is attached to the body and great cornu of the hyoid bone
this is
termed the supra-hyoid aponeurosis. It forms a strong layer of fascia between
the anterior portion of the two muscles, and a firm investment for the other
muscles of the supra-hyoid region which lie deeper.
The Digastric muscle divides the anterior superior triangle of the neck into
two smaller triangles the upper, or submaxillary, being bounded, above, by the
lower jaw and mastoid process; below, by the two bellies of the Digastric
muscle: the lower, or superior carotid triangle, being bounded, above, by the
posterior belly of the Digastric behind, by the Sterno-mastoid below, by the

A

:

;

;

;

Omo-hyoid.
Relations.
By its superficial surface^ with the Platysma, Sterno- and Trachelomastoid, part of the Stylo-hyoid muscle, and. the parotid and submaxillary glands.
By its deep surface^ the anterior belly lies on the Mylo-hyoid the posterior belly
on the Stylo-glossus, Stylo-pharyngeus, and Hyo-glossus muscles, the external
;

^ It is the action of this Thyro-hyoid muscle which, as Dr. Buchanan has
pointed out, " causes or
permits the folding back of the epiglottis over the upper orifice of the larynx."
Journ. of Anat.
and Phys., 2d series, No. III., p. 255.
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carotid artery and its lingual and facial branches, the internal carotid artery,
internal jugular vein, and hypoglossal nerve.
The Stylo-hyoid is a small, slender muscle, lying in front of, and above, the
It arises from the middle of the outer surface
posterior belly of the Digastric.
of the styloid process; and, passing downwards and forwards, is inserted into the
body of the hyoid bone, just at its junction with the greater cornu, and immediThis muscle is perforated, near its insertion, by the
ately above the Omo-hyoid.
tendon of the Digastric.
Relations.
The same as the posterior belly of the Digastric.
The Digastric and Stylo-hyoid should be removed, in order to expose the next

muscle.

The Mylo-hyoid is a flat, triangular muscle, situated immediately beneath the
anterior belly of the Digastric, and forming, with its fellow of the opposite side,
It arjises from the whole length
a muscular floor for the cavity of the mouth.
of the mylo-hyoid ridge, from the symphysis in front to the last molar tooth
behind.
The posterior fibres pass obliquely forwards, to be inserted into the body
The middle and anterior fibres are inserted into a median
of the OS hyoides.
fibrous raph^, where they join at an angle with the fibres of the opposite muscle.
This median raphe is sometimes wanting the muscular fibres of the two sides
are then directly continuous with one another.
Relations.
By its cutaneous surface.^ with the Platysma, the anterior belly of
the Digas+ric, the supra-hyoid fascia, the submaxillary gland, and submental
vessels.
By its deep or superior surface.^ with the Genio-hyoid, part of the Hyoglossus, and Stylo-giossus muscles, the hypo-glossal and gustatory nerves, the subWharton's duct curves round
lingual gland, and the buccal mucous membrane.
its posterior border in its passage to the mouth.
;

Dissection.
this

beneath
rating

it

;

by a

The Mylo-hyoid should now be removed, in order to expose the muscles which lie
effected by detaching it from its attachments to the hyoid bone and jaw, and sepa-

is

vertical incision

The Genio-hyoid

from

its fellow of

the opposite side.

a narrow, slender muscle, situated immediately beneath^
It arises from the inferior genial tubercle on
the inner border of the preceding.
the inner side of the symphysis of the jaw, and passes downwards and backwards,
to be inserted into the anterior surface of the body of the os hyoides.
This
muscle lies in close contact with its fellow of the opposite side, and increases
slightly in breadth as it descends.
Relations.
It is covered by the mylo-hyoid, and lies on the Genio-hyo-glossus.
Nerves.
The Digastric is supplied, its anterior belly, by the mylo-hyoid branch
of the inferior dental its posterior belly, by the facial the Stylo-hyoid, by the
facial
the Mylo-hyoid, by the mylo-hyoid branch of the inferior dental the
Genio-hyoid, by the hypoglossal.
Actions.
This group of muscles performs two very important actions. They
raise the hyoid bone, and with it the base of the tongue, during the act of deglutition
or, when the hyoid bone is fixed by its depressors and those of the larynx
they depress the lower jaw. During the first act of deglutition, when the mass
is being driven from the mouth into the pharynx, the hyoid bone, and with it the
tongue, is carried upwards and forwards by the anterior belly of the Digastric,
the Mylo-hyoid, and Genio-hyoid muscles.
In the second act, when the mass is
passing through the pharynx, the direct elevation of the hyoid bone takes place
by the combined action £)f all the muscles and after the food has passed, the
hyoid bone is carried upwards and backwards by the posterior belly of the Digastric
and Stylo-hyoid muscles, which assist in preventing the return of the morsel
is

;

;

;

;

;

;

into the

mouth.

' This refers to the depth of the muscles from the skin
in
body each of these muscles lies above the preceding.

dissecting.

In the erect position of the
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Lingual Eegion.
Lingualis.
Stylo-glossus,

Genio-lij^o-glossus,

Hyo-glossus.
Palato-glossus.

After completing the dissection of the preceding muscles, saw through the lower jaw
Then draw the tongue forwards, and attach it, by a stitch, to the
just external to the symphysis.
nose and its muscles, which are thus put on the stretch, may be examined.
Dissection.

;

The Genio-hyo-yloss^is has received its name from its triple attachment to the
jaw, hjoid bons, and tongue it is a thin, flat, triangular muscle, placed vertically on eitlier side of the middle line, its apex corresponding with its point of
attachment to the lower jaw, its base with its insertion into the tongue andhyoid
bone.
It arises by a short tendon from the superior genial tubercle on the inner
side of the symphysis of the jaw, immediately above the Genio-hyoid from this
point, the muscle spreads out in a fan-like form, the inferior fibres passing downwards, to be inserted into the upper part of the body of the hyoid bone, a few
being continued into the side of the pharynx the middle fibres passing backwards, and the superior ones upwards and forwards, to be attached to the whole
length of the under surface of the tongue, from the base to the apex.
;

;

;

Fig.

Relations.

By its

265.— Muscles

internal surface.^

of the Tongue.

it is

Left Side.

in contact with its fellow of the opposite

from which it is separated, at the back part of the tongue, by the fibrous
septum, which extends through the middle of the organ. By its external surface^
with the Lingualis, Hyo-glossus, and Stylo-glossus, the lingual artery and hypoglossal nerve, the gustatory nerve, and sublingual gland.
By its upper border.,
with the mucous membrane of the floor of the mouth (fraenumlingufce). By its
lower harder with the Genio-hyoid.
side,
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Tlie Hyo-glossiis is a thin, flat, quadrilateral muscle, which arises from the side
of the body, the lesser cornu, and whole length of the greater cornu of the hyoid
bone, and, passing almost vertically upwards, is inserted into the side of the tongue,
between the Stylo-glossus and Lingualis. Those fibres of this muscle which arise
from the body are directed upwards and backwards, overlapping those from the
Those from the lesser
greater cornu, which are directed obliquely forwards.
cornu extend forwards and outwards along the side of the tongue, under cover
of the portion arising from the body.
Fig. 266.

—A Longitudinal Section of the Tongue near the Middle Line,

to

show the

Superficial

Lingualis and the Intrinsic Vertical Fibres.

The difference in the direction of the fibres of this muscle, and their separate
origin from different parts of the hyoid bone, led Albinus and other anatomists
to describe it as three muscles, under the names of the Basio-glossus, the Keratoglossus, and the Chondro-glossus.
Relations.
By its external surface^ with the Digastric, the Stylo-hyoid, Styloglossus, and Mylo-hyoid muscles, the gustatory and hypoglossal nerves, Wharton's
duct, and the sublingual gland.
By its deep surface., with the Genio-hyo-glossus,
Lingualis, and Middle constrictor, the lingual vessels, and the glosso-pharyngeal
nerve.
Fig. 267.

—A Transverse Section of the Tongue, showing the various Intrinsic and Extrinsic Muscles

in their relative positions.

one

side,

The

and shown on the

The

Intrinsic Vertical Fibres

and the Ranine Artery are removed on

other.

greater part of the muscular substance of the tongue

is

formed by

its

The
intrinsic muscle, the lingualis., inferior, superficial, transverse, and vertical.
inferior lingualis (Figs. 265, 266) is a longitudinal band of muscular fibres,
situated on the under surface of the tongue, lying in the interval between the
Hyo-glossus and the Genio-hyo-glossus, and extending from the base to the apex
of the organ.
Posteriorly, some of its fibres are lost in the base of the tongue,
and others are occasionally attached to the hyoid bone. It blends with the
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fibres of the Stylo-glossus, in front of the Hjo-glossus, and is continued
It is in rehation, by its under surface,
as far as the apex of the tongue.

forwards
with the

Tlie superficial lingualis (Fig. 266) consists of fibres running
ranine artery.
more or less longitudinally along the back of the tongue beneath the mucous
membrane, and blending with the deeper fibres. At the sides of the tongue
these fibres are crossed by those of the palato- and hyo-glossus. Between these
two are found transverse fibres (Fig. 267), which arise from the median septum,
and blend with the fibres of the palato-glossus and other muscles, as well as a
The vertical fibres are arranged somewhat parlarge number of vertical fibres.
allel with those of the genio-hyo-glossus, with which many of those near the
middle line are continuous; they extend from the upper to the lower surface of
the tongue, decussating with the fibres of the other muscles, and especially with
The interstices of the muscular fibres are filled with a large
the transverse.
quantity of fat and glandular tissue.
very distinct fibrous septum exists between the two halves of the tongue, so
that the anastomoses between the two lingual arteries are not very free, a fact
often illustrated by injecting one half of the tongue with colored size, while the
other is left uninjected, or is injected of a different color.
The Stylo- glossus^ the shortest and smallest of the three styloid muscles, arises
from the anterior and outer side of the stjdoid process, near its centre, and from
the stjdo- maxillary ligament, to which its fibres, in most cases, are attached by
Passing downwards and forwards, so as to become nearly
a thin aponeurosis.
horizontal in its direction, it divides upon the side of the tongue into two portions: one longitudinal, which is inserted along the side of the tongue, blending
with the fibres of tlie Lingualis in front of the Hyo-glossus the other oblique,
which overlaps the Hyo-glossus muscle, and decussates with its fibres.
delations.
By its external surface^ from above downwards, with the parotid
gland, the Internal pterygoid muscle, the sublingual gland, the gustatory nerve,
and the mucous membrane of the mouth. By its internal surface^ with the tonsil, the Superior constrictor, and the Hyo-glossus muscle.
The Palato-glossus or Coyistrictor Isthmi Faucium^ although it is one of the
muscles of the tongue, serving to draw its base upwards during the act of deglutition, is more nearly associated with the soft palate, both in its situation and
function; it will, consequently, be described with that group of muscles.
Nerves.
The Palato-glossus is supplied by the palatine branches of Meckel's
ganglion; the Lingualis, according to some authors, by the chorda tympani the
remaining muscles of this group, by the hypoglossal.
Actions.
The movements of the tongue, although numerous and complicated,
may be understood by carefully considering the direction of the fibres of its
The Oenio-hyo-glossi^ by means of their posterior and inferior fibres,
muscles.
draw upwards the hyoid bone, bringing it and the base of the tongue forwards,
so as to protrude the apex from the mouth.
The anterior fibres will draw the
tongue back into the mouth. The whole length of these two muscles acting
along the middle line of the tongue will draw it downwards, so as to make it
concave from side to side, forming a channel along which fluids may pass towards
the pharynx, as in sucking.
The ITyo-glossi muscles draw down the sides of the
tongue, so as to render it convex from side to side.
The Linguales.^ superficial
and inferior, by drawing downwards the centre and apex of the tongue, render
it convex from before backwards.
The Palato-glossi draw the base of the tongue
upwards, and the Stylo-glossi upwards and backwards.

A

;

;

5.

Pharyngeal Region.

Constrictor Inferior.
Constrictor Medius.

Palato-Pharyngeus.

Constrictor Superior.

Stylo-Pharyngeus.
(See next Section.)
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In order to examine the muscles of the j^harynx, cut through the trachea
Dissection (Fig. 268).
and oesophagus just above the sternum, and draw them upwards by dividing the loose areolar tissue
connecting the pharynx with the front of the vertebral column. The parts being drawn well forwards, apply the edge of the saw immediately behind the styloid processes, and saw the base of the
skull through from below upwards.
The pharynx and mouth should then be stuffed with tow, in
order to distend its cavity and render the muscles tense and easier of dissection.

The' Inferior Constrictor^ tlie most superficial and thickest of the three conarises from the side of the cricoid and thyroid cartilages.
To the
cricoid cartilage it is attached in the interval between the crico-thyroid muscle,
in front, and the articular facet for the
Fig. 268.— Muscles of the Pharynx.
External
thyroid cartilage behind. To the thy^^^^roid cartilage it is attached to the
oblique line on the side of the great
ala, the cartilaginous surface behind it,
nearly as far as its posterior border, and
to the inferior cornu.
From these attachments the fibres spread backwards
and inwards, to be inserted into the
fibrous raphe in the posterior median
line of the pharynx. The inferior fibres
are horizontal, and continuous with the
fibres of
the oesophagus
the rest
ascend, increasing in obliquity, and
overlap the Middle constrictor. The
superior laryngeal nerve and artery
pass near the upper border, and the inferior, or recurrent laryngeal, beneath
the lower border of this muscle, previous
to their entering the larynx.
Relations.
It is covered by a dense
cellular membrane, which surrounds the
entire pharynx.
Behind^ it is in relation with the vertebral column and
the Longus colli muscle
laterally^
with the thyroid gland, the common
carotid artery, and the Sterno-thyroid
muscle
by its internal surface^ with
the Middle constrictor, the Stylo-pharyngeus, Palato-pharyngeus, the pharyngeal aponeurosis, and the mucous membrane of the pharynx.
The Middle Constrictor is a flattened, fan-shaped muscle, smaller than the
preceding, and situated on a plane anterior to it.
It arises from the whole length
of the greater cornu of the hyoid bone, from the lesser cornu, and from the stylohyoid ligament. The fibres diverge from their origin the lower ones descending
beneath the Inferior constrictor, the middle fibres passing transversely, and the
upper fibres ascending and overlapping the Superior constrictor. The muscle is
inserted into the posterior median fibrous raphe, blending in the middle line with
that of the opposite side.
Relations.
This muscle is separated from the Superior constrictor by the
glosso-pharyngeal nerve and the Stylo-pharyngeus muscle and from the Inferior
Behind^ it lies on the vertebral
constrictor, by the superior laryngeal nerve.
column, the Longus colli, and the Eectus anticus major.
On each side it is in
relation with the carotid vessels, the pharyngeal plexus, and some lymphatic
glands.
ISTear its origin, it is covered by the H3^o-glossus, from which it is separated by the lingual vessels.
It lies upon the Superior constrictor, the Stylopharyngeus, the Palato-pharyngeus, the pharyngeal aponeurosis, and the mucous
strictors,

;

;

;

:

;

membrane.

The Superior

Constrictor is a quadrilateral muscle, thinner

and paler than the
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other constrictors, and situated at the upper part of the pharynx. It arises from
the lower third of the margin of the internal pterygoid plate and its liamular
process, from the contiguous portion of the palate bone and the reflected tendon
of the Tensor palati muscle, from the pterygo-maxillary ligament, from the
alveolar process above the posterior extremity of the mylo-hyoid ridge, and by a
few fibres from the side of the tongue in connection with the Genio-hyo-glossus.
From these points, the fibres curve backwards, to be inserted into the median
raphe, being also prolonged by means of a fibrous aponeurosis to the pharyngeal
spine on the basilar process of the occipital bone. The superior fibres arch
beneath the Levator palati and the Eustachian tube, the interval between the upper
border of the muscle and the basilar process being deficient in muscular fibres, and
This interval is known as the sinus of Morgagni.
closed by fibrous membrane.
Relations.
By its outer suj-face, with the vertebral column, the carotid vessels,
the internal jugular vein, the three divisions of the eighth nerve and the ninth
It
nerve, the Middle constrictor which overlaps it, and the Stylo- pharyngeus.
covers the Palato-pharyngeus and the tonsil, and is lined by the pharyngeal
aponeurosis and by mucous membrane.
The Stylo-pharyngeus is a long, slender muscle, round above, broad and thin
below. It arises from the inner side of the base of the styloid process, passes
downwards along the side of the pharynx between the Superior and Middle
constrictors, and spreads out beneath the mucous membrane, where some of its
fibres are lost in the Constrictor muscles, and others, joining with the Palatopharyngeus, are inserted into the posterior border of the thyroid cartilage. The
glosso-pharyngeal nerve runs on the outer side of this muscle, and crosses over
it in passing forward to the tongue.
portion of the Stylo-pharyngeus, separated from the rest of the muscle by the Glosso-pharyngeal nerve, and arising
above from the base of the skull (spine of the sphenoid or petrous portion of the
temporal), is sometimes found and receives the name of Cephalo-pharyngeus.
Externally., with the Stylo-glossus muscle, the external carotid
Relations.
Internally., with the
artery, the parotid gland, and the Middle constrictor.
internal carotid, the internal jugular vein, the Superior constrictor, Palato-

A

pharyngeus and mucous membrane.
Nerves.
The Constrictors are supplied by branches from the pharyngeal
plexus, the Stylo-pharyngeus, by the glosso-pharyngeal nerve, and the Inferior
constrictor by an additional branch from the external laryngeal nerve, and by
the recurrent laryngeal.
Actions.
When deglutition is about to be performed, the pharynx is drawn
upwards and dilated in different directions, to reccH'c the morsel propelled into
it from the mouth.
The Stylo-pharyngei, which are much farther removed from
one another at their origin than at their insertion, draw the sides of the pharynx
upwards and OQtwards, its breadth in the antero-posterior direction beingincreased by the larynx and tongue being carried forwards in their ascent. As
soon as the morsel is received in the pharynx, the Elevator muscles relax, the
bag descends, and the Constrictors contract upon the morsel, and convey it
gradually downwards into the oesophagus.
Besides its action in deglutition, the
pharynx also exerts an important influence in the modulation of the voice,
especially in the production of the higher tones.

6.

Palatal Eegion.

Levator Palati.
Tensor Palati.

Azygos Uvulse.
Palato-glossus.

Palato-pharyngeus.
Lay open the pharynx from behind, by a vertical incision extending from
lower part, and partially divide the occipital attachment by a transverse incision on
each side of the vertical one the posterior surface of the soft palate is then exposed.
Having fixed
the uvula so as to make it tense, the mucous membrane and glands should be carefully removed from
the posterior surface of the soft palate, and the muscles of this part are at once exposed.
Dissection (Pig. 269).

its

upper to

its

;
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The Levator Palati is a long, thick, rounded muscle, placed on the outer side
It arises from the under surface of the apex of the
of the posterior nares.
petrous portion of the temporal bone, and from the adjoining cartilaginous
after passing into the pharynx, above the
portion of the Eustachian tube
upper concave margin of the Superior constrictor, it descends obliquely downwards, and inwards, its fibres spreading out in the posterior surface of the soft
palate as far as the middle line, where they blend with those of the opposite
;

side.
Fig. 269.

— Muscles of the Soft Palate.

The Pharynx being

laid

open from behind.

Externally^ with the Tensor palati and Superior constrictor. Inter-^
with the mucous membrane of the pharynx. Posteriorly^ with the mucous
lining of the soft palate.
This muscle must be removed and the pterygoid
attachment of the Superior constrictor dissected away, in order to expose the
next muscle.
The Circumfiexiis or Tensor Palati is a broad, thin, riband-like muscle, placed
on the outer side of the preceding, and consisting of a vertical and a horizontal
portion.
The vertical portion arises by a broad, thin, and flat lamella from the
scaphoid fossa at the base of the internal pterygoid plate from the spine of the
sphenoid the vaginal process of the temporal bone and the anterior aspect of
the cartilaginous portion of the Eustachian tube descending vertically between
the internal pterygoid plate and the inner surface of the Internal pterygoid muscle, it terminates in a tendon, which winds round the hamular process, being
retained in this situation by some of the fibres of origin of the Internal pterygoid muscle, and lubricated by a bursa. The tendon or horizontal portion then
passes horizontally inwards, and expands into a broad aponeurosis on the anterior
surface of the soft palate, which unites in the median line with the aponeurosis
Relations.

nally,

;

;

:

;

*
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of the opposite muscle, the fibres being attached in front to the transverse ridge
on the horizontal portion of the palate bone.
Internally, with the
Externally, with the Internal pterygoid.
Relations.
Levator palati, from which it is separated by the Superior constrictor, and with
the internal pterygoid plate. In the soft palate, its aponeurotic expansion is
anterior to that of the Levator palati, being covered by mucous membrane.
The Azygos Uvulse is not a single muscle, as would be inferred from its name,
but a pair of narrow, cylindrical, fleshy fasciculi, placed side by side in the
median line of the soft palate. Each muscle arises from the posterior nasal
spine of the palate bone, and from the contiguous tendinous aponeurosis of the
soft palate, and descends to be inserted into the uvula.
Anteriorly, with the tendinous expansion of the Levatores palati
Relations.
behind, with the mucous membrane.
The two next muscles are exposed by removing the
palate throughout nearly their whole extent.

mucous membrane from the

pillars of the soft

The Palato-glossus {Constrictor Isthmi Faucium) is a small, flesliy fasciculus,
narrower in the middle than at either extremity, forming, with the mucous membrane covering its surface, the anterior pillar of the soft palate. It arises from
the anterior surface of the soft palate on each side of the uvula, and passing
downwards, forwards, and outwards, in front of the tonsil, is inserted into the
side and dorsum of the tongue, where it blends with the fibres of the StyloIn the soft palate, the fibres of this muscle are continuous with,
glossus muscle.
those of the muscle of the opposite side.
The Palato-pharyngeus is a long, fleshy fasciculus, narrower in the middle than
at either extremity, forming, with the mucous membrane covering its surface,
the posterior pillar of the soft palate. It is separated from the preceding by an
angular interval, in which the tonsil is lodged. It arises from the soft palate by
an expanded fasciculus, which is divided into two parts by the Levator palati.
The anterior fasciculus, the thicker, lies in the soft palate between the Levator
and Tensor, and joins in the middle line the corresponding part of the opposite
muscle; the posterior fasciculus lies in contact with the mucous membrane, and
Passing outwards
also joins with the corresponding muscle in the middle line.
and downwards behind the tonsil, the Palato-pharyngeus joins the Stylo-pharyngeus, and is inserted with that muscle into the posterior border of the thyroid
cartilage, some of its fibres being lost on the side of the pharynx, and others
passing across the middle line posteriorly, to decussate with the muscle of the
opposite side.
Connected with the Palato-pharyngeus, there is found sometimes
a slip, arising above from the Eustachian tube, and called the Salpingo-pharyngeus.

Relations.

In the soft palate,

mucous membrane, from which

its

it is

anterior and posterior surfaces are covered by
separated by a layer of palatine glands. By

superior border, it is in relation with the Levator palati.
Where it forms the
posterior pillar of the fauces it is covered by mucous membrane, excepting on
its outer surface.
In the pharynx it lies between the mucous membrane and the
Constrictor muscles.
Nerves.
The Tensor palati is supplied by a branch from the Otic ganglion
the Levator palati, Azygos uvulee, and other muscles, by the descending palatine
branches from Meckel's ganglion. These nerves are derived primarily from the
its

;

facial.

Actions.
During the y^rs;; act of deglutition, the morsel of food is driven back
into the fauces by the pressure of the tongue against the hard palate the base
of the tongue being, at the same time, retracted, and the larynx raised with the
pharynx, and carried forwards under it. During the second stage, the epiglottis
is pressed over the superior aperture of the larynx, and the morsel glides past it;
then the Palato-glossi muscles, the constrictors of the fauces, contract behind the
food the soft palate is slightly raised by the Levator palati, and made tense by
;

;

;
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the Tensor palati; and the Palato-pharyngei contract, and come nearly together,
By these means the food
the uvula filling up the slight interval iDetween them.
is prevented passing into the upper part of the pharynx or the posterior nares
at the same time, the latter muscles form an inclined plane, directed obliquely
downwards and backwards, along which the morsel descends into the lower part
of the, pharynx.
Surgical AnaLoyny. The muscles of the soft palate should be carefully dissected, the relations
they bear to the surrounding parts especially examined, and their action attentively studied upon
the dead subject, as the surgeon is required to divide one or more of these muscles in the operation
Sir W. Fergusson has shown that in the congenital deficiency, called cleft palate,
of staphyloraphy.
the edges of the fissure are forcibly separated by the action of the Levatores palati and ralatopharyngei muscles producing very considerable impediment to the healing process after the performance of the operation for uniting their margins by adhesion he has, consequently, recommended
This he effects
the division of these muscles as one of the most important steps in the operation.
by an incision made with a curved knife introduced behind the flap. The incision is to be halfway
between the hamular process and Eustachian tube, and perpendicular to a line drawn between them.
The Palato-pharyngeus may
This incision perfectly accomplishes the division of the Levator palati.
be divided by cutting across the posterior pillar of the soft palate, just below the tonsil, with a pair
of blunt-pointed, curved scissors and the anterior pillar may be divided also.
To divide the Levator
palati, the plan recommended by Mr. Pollock is to be greatly preferred.
The flap being put upon
the stretch, a double-edged knife is passed through the soft palate, just on the inner side of the
hamular process, and above the line of the Levator palati. The handle being now alternately raised
and depressed, a sweeping cut is made along the posterior surface of the soft palate, and the knife
withdrawn, leaving only a small opening in the mucous membrane on the anterior surface. If this
operation is performed on the dead body, and the parts afterwards dissected, the Levator palati
will be found completely divided.
:

;

7.

Vertebral Eegion (Anterior).

Eectus Capitis Anticus Major.
Eectus Capitis Anticus Minor.

Eectus Lateralis.

Longus

Colli.

The Rectus Capitis Anticus Major (Fig. 270), broad and thick above, narrow
below, appears like a continuation upwards of the Scalenus anticus. It arises by
four tendinous slips from the anterior tubercles of the transverse processes of
the third, fourth, fifth, and sixth cervical vertebree, and ascends, converging
towards its fellow of the opposite side, to be inserted into the basilar process of the
occipital bone.
Relations.
By its anterior surface^ with the pharynx, the sympathetic nerve,
and the sheath inclosing the carotid artery, internal jugular vein, and pneumogastric nerve.
By \Xb posterior surface^ with the Longus colli, the Eectus anticus
m^'nor, and the upper cervical vertebrse.
The Rectus Capitis Anticus Minor is a short, flat muscle, situated immediately
behind the upper part of the preceding. It arises from the anterior surface of
the lateral mass of the atlas, and from the root of its transverse process, and,
passing obliquely upwards and inwards, is inserted into the basilar process immediately behind the preceding muscle.
Relations.
By its anterior surface.^ with the Eectus anticus major. By its
posterior surface^ with the front of the occipito-atlantal articulation. Externally^
with the superior cervical ganglion of the sympathetic.
The Rectus Lateralis is a short, flat muscle, which arises from the upper surface
of the transverse process of the atlas, and is inserted into the under surface of
the jugular process of the occipital bone.
Relations.
By its anterior surface^ with the internal jugular vein. By its
posterior surface., with the vertebral artery.
On its outer side lies the occipital
artery.

The Longus

Colli is a long, flat muscle, situated on the anterior surface of the
between the atlas and the third dorsal vertebra. It is broad in the middle,
narrow and pointed at each extremity, and consists of three portions, a superior
oblique, an inferior oblique, and a vertical portion.
The superior ohVi que portion
arises from the anterior tubercles of the transverse processes of the third, fourth,

spine,
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and fifth cervical vertebrae and, ascending obliquely inwards, is inserted by a
narrow tendon into tlie tubercle on the anterior arch of the atlas. The inferior
oblique portion^ the smallest part of the muscle, arises from the bodies of the first
two or three dorsal vertebras and, ascending obliquely outwards, is inserted into
the transverse processes of the fifth and sixth cervical vertebrae.
The vertical portion lies directly on the front of the spine, and is extended
between the bodies of the lower three cervical and the upper three dorsal vertebrge below, and the bodies of the second, third, and fourth cervical vertebrae
;

;

above.
Ym. 270.— The

Prfe- vertebral Muscles.

By its anterior surface., with the pharynx, the oesophagus, sympaRelations.
thetic nerve, the sheaths of the great vessels of the neck, the inferior thyroid
artery, and recurrent laryngeal nerve.
By its posterior surface., with the cervical
and dorsal portions of the spine. Its inner border is separated from the opposite
muscle by a considerable interval below

8.

;

but they approach each other above.

Vertebral Region (Lateral).

Scalenus Medius.
Scalenus Anticus.
Scalenus Posticus.

The Scalenus Anticus is a conical-shaped muscle, situated deeply at the side
of the neck, behind the Sterno-mastoid.
It arises by a narrow, flat tendon from
the tubercle on the inner border and upper surface of the first rib and, ascending
almost vertically, is inserted into the an terior tubercles of the transverse processes of the third, fourth, fifth, and sixth, cervical vertebrae.
The lower part
;

:
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of this muscle separates the subclavian artery and vein: the latter being in front,
and the former, with the brachial plexus, behind.
In froni^ with the clavicle, the Subclavius, Sterno-mastoid, and
Relations.
Omo-h^^oid muscles, the Transversalis colli, and ascending cervical arteries, the
subclavian vein, and the phrenic nerve. By its posterior surface.^ with the pleura,
It is separated from the
the subclavian artery, and brachial plexus of nerves.
Longus colli, on the inner side, by the vertebral artery.
The Scalenus Medius.^ the largest and longest of the three Scaleni, arises, by a
broad origin, from the upper surface of the first rib, behind the groove for the
subclavian artery, as far back as the tubercle and, ascending along the side of
the vertebral column, is inserted, by separate tendinous slips, into the posterior
;

tubercles of the transverse processes of the lower six cervical vertebrgeT
it is
separated from the Scalenus anticus by the subclavian artery below, and the
The posterior thoracic, or nerve of Bell, is formed in the
cervical nerves above.
substance of the Scalenus medius and emerges from it.
Relations.
Bv its anterior surface^ with the Sterno-mastoid; it is crossed by
To its outer side is
the clavicle, the Omohyoid muscle, and subclavian artery.
the Levator anguli scapulse, and the Scalenus posticus muscle.
The Scalenus Posticus the smallest of the three Scaleni, arises by a thin
tendon from the outer surface of the second rib, behind the attachment of the
Serratus magnus, and, enlarging as it ascends, is inserted by two or three separate
tendons into the posterior tubercles of the transverse processes of the lower two
This is the most deeply placed of the three Scaleni,
or three cervical vertebrae.
and is occasionally blended with the Scalenus medius.
Nerves.
The Eectus capitis anticus major and minor and the Rectus lateralis
are supplied by the suboccipital and deep branches of the cervical plexus; the
Longus colli and Scaleni, by branches from the lower cervical nerves.
Actions.
The Rectus anticus major and minor are the direct antagonists of the
muscles at the back of the neck, serving to restore the head to its natural posiThese muscles also serve to flex the
tion after it has been drawn backwards.
head, and, from their obliquity, rotate it, so as to turn the face to one or the
The Longus colli will flex and slightly rotate the cervical portion
other side.
The Scaleni muscles, taking their fixed point from below, bend
of the spine.
the spinal column to one or the other side.
If the muscles of both sides act,
lateral movement is prevented, but the spine is slightly flexed.
When they
take their fixed point from above, they elevate the first and second ribs, and are,
therefore, inspiratory muscles.
.^

MUSCLES AND FASCIA OF THE TRUNK.
The muscles of the Trunk may be arranged in four groups the muscles of
the Back, of the Abdomen, of the Thorax, and of the Perinseum.
:

Muscles of the Back.

The muscles

of the

Back

are very numerous, and

may

be subdivided into

five layers

First Layer.

—
^

Trapezius.
Latissimus dorsi.

Third Layer.
Serratus posticus superior.
Serratus posticus inferior.
Splenius capitis.
Splenius colli.

Second Layer.
Levator anguli

scapuliB.

Rhomboideus minor.
Rhomboideus major.

Fourth Layer.
Sacral and Lumbar Regions.
Erector spinse.

;
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Dorsal Region.
Sacro-lumbalis.

Musculus accessorius ad sacro-lumbalem.

Longissimus
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dorsi.

Spinalis dorsi.
Cervical Region.
Cervicalis ascendens.
Transversalis colli.

Semispinalis dorsi.
Semispinalis colli.
Multifldus spinte.
Rotatores spin^.
Supraspinales.
Interspinales.

Extensor coccygis.
Intertransversales.

Eectus capitis posticus major.
Rectus capitis posticus minor,
Obliquus capitis superior,
Obliquus capitis inferior.

Trachelo-mastoid.

Complexus.
Biventer cervicis.
Spinalis colli.

First Layer,
Latissimus Dorsi.

Trapezius.

body in the prone position, with the arms extended over the
abdomen supported by several blocks, so as to render the muscles

Place the
Dissection (Fig. 271).
and the chest and

sides of the table,

Then make an incision along the middle line of the back, from the occipital protuberance to
Make a transverse incision from the upper end of this to the mastoid process and a
the coccyx.
Tlais large interthird incision from its lower end, along the crest of the ilium to about its middle.
vening space should, for convenience of dissection, be subdivided by a fourth incision, extending
obhquely from the spinous process of the last dorsal vertebra, upwards and outwards, to the acromion
This incision corresponds with the lower border of the Trapezius muscle. The flaps of
process.
integument are then to be removed in the direction shown in the figure.
tense.

;

The Trapezius (Fig. 272) is a broad, flat, triangular muscle, placed immediately
beneath the skin, and covering the upper and back part of the neck and shoulders.
It arises from the inner third of the superior curved line of the occipital bone
from the ligamentum nuchse, the spinous
Fig. 271.- Dissection of the Muscles
process of the seventh cervical, and those of
of the Back.
and from the corall the dorsal vertebrae
responding portion of the supraspinous ligament. From this origin, the superior fibres
proceed downwards and outwards; the inferior
and the middle
ones, upwards and outwards
and are inserted, the sufibres, horizontally
;

;

;

perior ones, into the outer third of the posterior border of the clavicle; the middle fibres,
into the inner margin of the acromion process,
and into the superior lip of the crest of the
spine of the scapula the inferior fibres converge near the scapula, and are attached to a
triangular aponeurosis, which glides over a
smooth surface at the inner extremity of the
spine, and is inserted into a tubercle at the
outer part of the surface.
The Trapezius is
fleshy in the greater part of its extent, but
tendinous at its origin and insertion. At its
occipital origin, it is connected to the bone
by a thin, fibrous lamina, firmly adherent to
the skin, and wanting the lustrous, shining
appearance of aponeurosis. At its origin from
the spines of the vertebra3, it is connected to
the bones by means of a broad, semi-elliptical
aponeurosis, which occupies the space between
the sixth cervical and the third dorsal vertebrae, and forms, with the aponeurosis of the
;
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The rest of the muscle arises by numerous
opposite muscle, a tendinous ellipse.
If the Trapezius is dissected on both sides, the two
short, tendinous fibres.
muscles resemble a trapezium, or diamond-shaped quadrangle two angles corresponding to the shoulders a third to the occipital protuberance and the fourth
to the spinous process of the last dorsal vertebra.
The clavicular insertion of this muscle varies as to the extent of its attachment; it sometimes advances as far as the middle of the clavicle, and may even
become blended with the posterior edge of the Sterno-mastoid, or overlap it.
This should be borne in mind in the operation for tying the third part of the
subclavian artery.
By its superficial surface^ with the integument, to which it is closely
Relations.
adherent above, but separated below by an aponeurotic lamina. By its deep surface^ in the neck, with the Complexus, Splenius, Levator anguli scapulse, and
Ehomboideus minor in the back, with the Ehomboideus major, Supraspinatus,
Infraspinatus, a small portion of the Serratus posticus superior, the vertebral
aponeurosis (which separates it from the Erector spin^), and the Latissimus dorsi.
The spinal accessory nerve passes beneath the anterior border of this muscle, near
the clavicle. The anterior margin of its cervical portion forms the posterior
boundary of the posterior triangle of the neck, the other boundaries being the
Sterno-mastoid in front, and the clavicle below.
The Ligamentum Nuchse (Fig. 272) is a thin band of condensed cellulo-fibrous
membrane, placed in the' line of union between the two Trapezii in the neck. It
extends from the external occipital protuberance to the spinous process of the
seventh cervical vertebra, where it is continuous with the supraspinous ligament.
From its anterior surface a fibrous slip is given off to the spinous process of each
of the cervical vertebrge, excepting the atlas, so as to form a septum between the
muscles on each side of the neck.
In man it is merely the rudiment of an
important elastic ligament, which, in some of the lower animals, serves to sustain the weight of the head.
The Latissimus Dorsi is a broad, flat muscle, which covers the lumbar and
the lower half of the dorsal regions, and is gradually contracted into a narrow
fasciculus at its insertion into the humerus.
It arises by an aponeurosis from
the spinous processes of the six inferior dorsal, from those of the lumbar and
sacral vertebrae, and from the supraspinous ligament.
Over the sacrum, the
aponeurosis of this muscle blends with the tendon of the Erector spinas. It also
arises from the external lip of the crest of the ilium, behind the origin of the
External oblique, and by fleshy digitations from the three or four lower ribs,
which are interposed between similar processes of the External oblique muscle
(Fig. 275, p. 394). From this extensive origin the fibres pass in different directions,
the upper ones horizontally, the middle obliquely upwards, and the lower vertically
upwards, so as to converge and form a thick fasciculus, which crosses the inferior
angle of the scapula, and occasionally receives a few fibres from it. The muscle
then curves around the lower border of the Teres major, and is twisted upon
itself, so that the superior fibres become at first posterior and then inferior, and
the vertical fibres at first anterior and then superior. It then terminates in a
short quadrilateral tendon, about three inches in length, w4iich, passing in front
of the tendon of the Teres major, is inserted into the inner lip and into the bottom of the bicipital groove of the humerus, and its insertion extends higher on
the humerus than that of the tendon of the Pectoralis major. The lower border
of the tendon of this muscle is united with that of the Teres major, the surfaces
of the two being separated by a bursa another bursa is sometimes interposed
between the muscle and the inferior angle of the scapula.
;

;

;

;

;

A

muscular slip, varying from three to four inches in length, and from one-fourth to three-fourths
of an inch in breadth, occasionally arises from the upper edge of the Latissimus dorsi, about the
middle of the posterior fold of the axilla, and crosses the axilla in front of the axillary vessels and
nerves, to join the under surface of the tendon of the Pectoralis major, the Coraco-brachialis, or the
fascia over the Biceps.

The

position of this abnormal slip

is

a point of interest in

its

relation to the

;
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Fig. 272.
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On the Left Side is exposed the First Layer
on the Right Side, the Second Layer and part of the Third.
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crosses the vessel just above the spot usually selected for the application of a
mislead the surgeon during the operation.
It may be easily recognized by the
transverse direction of its fibres.
Dr. Struthers found it, in 8 out of 105 subjects, occurring seven
times on both sides.

axillary artery, as
ligature,

it

may

and

Its superficial surface is subcutaneous, excepting at its upper part,
covered by the Trapezius. By its deep surface.^ it is in relation with
the Erector spin?e, the Serratus posticus inferior, the lower intercostal muscles
and ribs, the Serratus magnus, inferior angle of the scapula, Rhomboideus major,
Infraspinatus, and Teres major.
Its outer margin is separated below, from the
External oblique, by a small triangular interval and another triangular interval
exists between its upper border and the margin of the Trapezius, in which the
Intercostal and Rhomboideus major muscles are exposed.
Nerves.
The Trapezius is supplied by the spinal accessory, and deep branches
of the cervical plexus the Latissimus clorsi by the long subscapular nerve.

Relations.

where

it is

;

;

Second Layer.
Rhomboideus Minor.
Levator Anguli Scapulse.
.Rhomboideus Major.
Dissection.
The Trapezius must be removed in order, to expose the next layer; to effect this,
detach the muscle from its attachment to the clavicle and spine of the scapula, and turn it back
towards the spine.

The Levator Anguli Scapulae is situated at the back part and side
by three or four tendinous slips from the posterior tubercles

It arises

of the neck.
of the transthese, becoming-

verse processes of the three or four upper cervical vertebras
fleshy, are united so as to form a flat muscle, which, passing downwards and backwards, is inserted into the posterior border of the scapula, between the superior
angle and the triangular smooth surface at the root of the spine.
Relations.
By its superficial (anterior) surface.^ with the integument, Trapezius,
and Sterno-mastoid. By its deep {posterior) surface.^ with the Splenius colli.
Trans versalis colli, Cervicalis ascendens, and Serratus posticus superior, and with
the transversalis colli and posterior scapular arteries.
The Rhomboideus Minor arises from the ligamentum nuchse and spinous procPassing downwards and
esses x)f the seventh cervical and first dorsal vertebrae.
outwards, it is inserted into the margin of the triangular smooth surface at the
This small muscle is usually se^Darated from the
root of the spine of the scapula.
;

Rhomboideus major by a slight cellular interval.
The Rhomboideus Major is situated immediately below the preceding, the adjacent
margins of the two being occasionally united. It arises by tendinous fibres from
the spinous processes of the four or five upper dorsal vertebrge and the supraspinous ligament, and is inserted into a narrow tendinous arch, attached above to
the triangular surface near the spine below, to the inferior angle, the arch beingWhen the arch
connected to the border of the scapula by a thin membrane.
extends, as it occasionally does, but a short distance, the muscular fibres are
inserted into the scapula itself.
Relations.
By their superficial [posterior) surface.^ with the integument and
Trapezius the Rhomboideus major, with the Latissimus dorsi. By their deep
(anterior) surface.^ with the Serratus posticus superior, posterior scapular artery,
part of the Erector spinas, the intercostal muscles and ribs.
Nerves.
These muscles are supplied by branches from the fifth cervical nerve,
and additional filaments from the deep branches of the cervical plexus are distributed to the Levator anguli scapulse.
Actions.
The movements effected by the preceding muscles are numerous, as
may be conceived from their extensive attachment. If the head is fixed, the
"upper part of the Trapezius will elevate the point of the shoulder, as in supporting- weights
when the middle and lower fibres are brought into action, partial
rotation of the scapula upon the side of the chest is produced.
If the shoulders
;

;

;

;
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are fixed, both Trapezii acting together will draw the head directly backwards,
or if only one acts, the head is drawn to the corresponding side.
The Latissimus Dorsi^ when it acts upon the humerus, draws it backwards and
downwards, and at the same time rotates it inwards. If the arm is fixed, the
muscle may act in various ways upon the trunk thus, it may raise the lower ribs
and assist in forcible inspiration, or if both arms are fixed, the two muscles may
assist the abdominal and great Pectoral muscles in drawing the whole trunk
forwards, as in climbing or walking on crutches.
The Levator Anguli Scapulse raises the superior angle of the scapula after it
has been depressed by the lower fibres of the Trapezius, whilst the Ehomboid
muscles carry the inferior angle backwards and upwards, thus producing a slight
rotation of the scapula upon the side of the chest.
If the shoulder be fixed, the
Levator anguli scapulas may incline the neck to the corresponding side. The
Ehomboid muscles, acting together with the middle and inferior fibres of the
Trapezius, will draw the scapula directly backwards towards the spine.
;

Third Layer.
Serratus Posticus Superior.

Q
feplenms
^
T

•

f
-^

\

Serratus Posticus Inferior.
Splenius Capitis,
o
r^ ^^
bpienius Colli.
•

i

Disseetion.
To bring into view the third layer of muscles, remove the whole of the second,
together with the Latissniius dorsi by cutting through the Levator anguli scapulse and Rhomboid
muscles near their insertion, and reflecting them upwards, to expose the Serratus posticus superior,
dividing the Latissimus dorsi in the middle by a vertical incision carried from its upper to its lower
part, and reflecting the two halves of the muscle.
;

The Serratus Posticus Superior is a thin, flat, quadrilateral muscle, situated at
the upper and back part of the thorax. It arises by a thin and broad aponeurosis from the ligamentum nuchse, and from the spinous process of the last
Inclining downwards and outcervical and two or three upper dorsal vertebrae.
wards, it becomes muscular, and is inserted, bj^ four fleshy digitations, into the
upper borders of the second, third, fourth, and fifth ribs, a little beyond their
angles.
Relations.

By its superficial surface with the Trapezius, Rhomboidei, and
Serratus magnus. By its deep surface.^ with the Splenius, upper part of the
Erector spinee. Intercostal muscles and ribs.
The Serratus Posticus Inferior is situated at the junction of the dorsal and
lumbar regions it is of an irregularly quadrilateral form, broader than the
preceding, and separated from it b}^ a considerable interval.
It arises by a thin
aponeurosis from the spinous processes of the last two dorsal and two or three
tipper lumbar vertebrae, and from the interspinous ligaments.
Passing obliquely
upwards and outwards, it becomes fleshy, and divides into four flat digitations,
which are inserted into the lower borders of the four lower ribs, a little beyond
:

their angles.
Relations. By its superficial surface with the Latissimus dorsi, with the aponeurosis of which its own aponeurotic origin is inseparably blended.
By its deep
surface., with the lumbar fascia, the Erector spinse, ribs, and Intercostal muscles.
Its upper margin is continuous with the vertebral aponeurosis.
The Vertebral Aponeurosis is a thin, aponeurotic lamina, extending along the
.^

whole length of the back part of the thoracic region, serving to bind down the
E^rector spinge, and separating it from those muscles which connect the spine to
the upper extremity. It consists of longitudinal and transverse fibres blended
together, forming a thin lamella, which is attached in the median line to the
spinous processes of the dorsal vertebrse externally, to the angles of the ribs
and below, to the upper border of the Inferior serratus and tendon of the Latissimus dorsi above, it passes beneath the Splenius, and blends with the deep
fascia of the neck,
;

;

25

;
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Now detacli the Serratus

posticus superior from

its origin,

and turn

it

outwards,

when

the Splenius

muscle will be brought into view.

The Splenius
At its

situated at the back of the neck and iipper part of the dorsal
origin it is a single muscle, narrow and pointed in form but it
soon becomes broader, and divides into two portions, which have separate insertions.
It arises, by tendinous fibres, from the lower half of the ligamentum
nuchne, from the spinous processes of the last cervical and of the sixth upper
dorsal vertebras, and from the supraspinous ligament.
From this origin, the
fleshy fibres proceed obliquely upwards and outwards, forming a broad, flat
muscle, which divides as it ascends into two portions, the Splenius capitis and
Splenius colli.
The Splenius Capitis is inserted into the mastoid process of the temporal bone^
and into the rough surface on the occipital bone beneath the superior curved line.
The Splenius Colli is inserted, by tendinous fasciculi, into the posterior tubercles
of the transverse processes of the three or four upper cervical vertebrae.
The Splenius is separated from its fellow of the opposite side by a triangular
interval, in which is seen the Complexus.
Relations.
By its superficial surface^ with the Trapezius, from which it is
separated below by the Rhomboidei and the Serratus posticus superior.
It is
covered at its insertion by the Sterno-mastoid. By its deep surface, with the
Spinalis dorsi, Longissimus dorsi, Semispinalis colli, Complexus, Traclielo-mastoid,
and Transversalis colli.
Nerves.
The Splenius and Superior serratus are supplied from the external
posterior branches of the cervical nerves the Inferior serratus from the external
branches of the dorsal nerves.
Actions.
The Serrati are respiratory muscles acting in antagonism to each
other.
The Serratus posticus superior elevates the ribs it is, therefore, an
inspiratory muscle while the Serratus inferior draws the lower ribs downwards,
and is a muscle of expiration. This muscle is also probably a tensor of the
vertebral aponeurosis.
The splenii muscles of the two sides, acting together,
draw the head directly backwards, assisting the Trapezius and Complexus
acting separately, they draw the head to one or the other side, and slightly
They also assist in supporting the
rotate it, turning the face to the same side.
head in the erect position.
is

region.

;

;

;

;

Fourth Layer.
Sacral and Lumbar Regions.
Erector Spinse.
Dorsal Region.
Sacro-lumbalis.
Musculus Accessorius and Sacro-lumbalem.

Cervical Region.
Cervicalis Ascendens.
Transversalis Colli.

Longissimus Dorsi.

Biventer Cervicis.
Spinalis Colli.

Spinalis Dorsi.
Dissection.
aponeurosis.

Trachelo-mastoid.

Complexus.

To expose the muscles of the fourth layer, remove
Then detach the Splenius by separating its attachment

entirely the Serrati

and vertebral
and

to the spinous processes,

reflecting it outwards.

Erector Spinse (Fig. 273), and its prolongations in the dorsal and cervical
It is covered in
fill up the vertebral groove on each side of the spine.
the lumbar region by the lumbar aponeurosis in the dorsal region by the Serrati
muscles and the vertebral aponeurosis and in the cervical region by a layer of
This large muscular and tencervical fascia continued beneath the Trapezius.
dinous mass varies in size and structure at different parts of the spine. In the
sacral region, the Erector spinse is narrow and pointed, and its origin chiefly
tendinous in structure. In the lumbar region, the muscle becomes enlarged, and
forms a large fleshy mass. In the dorsal region, it subdivides into two parts,
which gradually diminish in size as they ascend to be inserted into the vertebrae
and ribs, and are gradually lost in the cervical region, where a number of special

The

regions,

;

;
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muscles are superadded which are continued upwards to the head, and support
it upon the spine.
The Erector spinse arises from the sacro-iliac groove, and from the anterior
surface of a very broad and thick tendon, which is attached, internally, to the
spines of the sacrum, to the spinous processes of the lumbar and three lower
dorsal vertebrse, and the supraspinous ligament externally, to the back part of
the inner lip of the crest of the ilium, and to the series of eminences on the posterior part of the sacrum, which represent the transverse processes, where it blends
with the great sacro-sciatic ligament. The muscular fibres form a single large
fleshy mass, bounded in front by the transverse processes of the lumbar vertebrae,
and by the middle lamella of the aponeurosis of origin of the Transversalis
muscle.
Opposite the last rib it divides into two parts, the Sacro-lumbalis and
the Longissimus dorsi.
The Sacro-lumbalis (Ilio-costalis), the external and smaller portion of the
Erector spinge, is inserted, by six or seven flattened tendons, into the angles of
the six lower ribs. If this muscle is reflected outwards, it will be seen to be
reinforced by a series of muscular slips, which arise from the angles of the ribs;
"by means of these the Sacro-lumbalis is continued upwards to the upper ribs and
the cervical portion of the spine. The accessory portions form two additional
muscles, the Musculus accessorius and the Cervicalis ascendens.
The Muscuhis accessorius ad Sacro-lumbalem arises, by separate flattened tendons,
from the angles of the six lower ribs these become muscular, and are finally
inserted, by separate tendons, into the angles of the six upper ribs.
The Cervicalis ascendens^ is the continuation of the Accessorius upwards into
the neck it is situated on the inner side of the tendons of the Accessorius, arising from the angles of the four or five upper ribs, and is inserted by a series
of slender tendons into the posterior tubercles of the transverse processes of the
fourth, fifth, and sixth cervical vertebrae.
The Longissirmis Dorsi, the inner and larger portion of the Erector spin«,
arises, with the Sacro-lumbalis, from the common origin above described.
In
the lumbar region, where it is as yet blended with the Sacro-lumbalis, some of the
fibres are attached to the whole length of the posterior surface of the transverse
processes of the lumbar vertebrae, to the tubercles at the back of the articular
processes, and to the middle layer of the aponeurosis of origin of the Transversalis
abdominis muscle. In the dorsal region, the Longissimus dorsi is inserted, by
long, thin tendons, into the tips of the transverse processes of all the dorsal vertebrae, and into from seven to eleven ribs between their tubercles and angles.
This iTLuscle is continued upwards, to the cranium and cervical portion of the
spine, by means of two additional muscles, the Transversalis colli and Trachelo;

;

;

;

mastoid.
The Transversalis Colli, placed on the inner side of the Longissimus dorsi,
arises by long, thin tendons from the summits of the transverse processes of the
six upper dorsal vertebra, and is inserted by similar tendons into the posterior
tubercles of the transverse processes of the cervical from the second to the sixth.
The Trachelo-mastoid lies on the inner side of the preceding, between it and
the Complexus muscle.
It arises by four tendons, from the transverse processes
of the third, fourth, fifth, and sixth dorsal vertebrae, and by additional separate
tendons from the articular processes of the three or four lower cervical. The
fibres form a small muscle, which ascends to be inserted into the posterior margin
of the mastoid process, beneath the Splenius and Sterno-mastoid muscles.
This
small muscle is almost always crossed by a tendinous intersection near its insertion into the mastoid process.
The Spinalis Dorsi connects the spinous processes of the upper lumbar and
the dorsal vertebrae together by a series of muscular and tendinous slips, which

^ This muscle is sometimes called " Cervicalis descendens."
The student shoiild remember that
these long muscles take their fixed point from above or from below, according to circumstances.
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Fig. 273.
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It is situated at the inner
are intimately blended with the Longissimus dorsi.
side of the Longissimus dorsi, arising, by three or four tendons, from the spinous
processes of the first two lumbar and the last two dorsal vertebrte: these uniting,
form a small muscle, which is inserted, by separate tendons, into the spinous
processes of the dorsal vertebrge, the number varying from four to eight.
It is
intimately united with the Semispinalis dorsi, which lies beneath it.
The Spinalis Colli is a small muscle, connecting together the spinous processes
of the cervical vertebrae, and analogous to the Spinalis dorsi in the dorsal region.
It varies considerably in its size, and in its extent of attachment to the vertebrse,
not only in different bodies, but on the two sides of the same body. It usually
arises by fleshy or tendinous slips, varying from two to four in number, from the
spinous processes of the fifth and sixth cervical vertebrae, and occasionally from
the first and second dorsal, and is inserted into the spinous process of the axis,
and occasionally into the spinous processes of the two vertebrse below it. This
muscle was found absent in five cases out of twenty-four.
The Complexus is a broad, thick muscle, situated at the upper and back part
of the neck, beneath the Splenius, and internal to the Transversalis colli and
Trachelo-mastoid. It arises, by a series of tendons, about seven in number, from
the tips of the transverse processes of the upper three dorsal and seventh cerviThe tencal, and from the articular processes of the three cervical above this.
dons uniting form a broad muscle, which passes obliquely upwards and inwards,
and is inserted into the innermost depression between the two curved lines of
the occipital bone. This muscle, about its middle, is traversed by a transverse
tendinous intersection.
The Biventer Cervicis is a small fasciculus, situated on the inner side of the
preceding, and in the majority of cases blended with it it has received its name
from having a tendon intervening between two fleshy bellies. It is sometimes
described as a separate muscle, arising, by from two to four tendinous slips, from
the transverse processes of as many of the upper dorsal vertebras, and inserted, on
the inner side of the Complexus, into the superior curved line of the occipital bone.
Relations.
The muscles of the fourth layer are bound down to the vertebrae
and ribs in the dorsal and lumbar regions by the lumbar fascia and vertebral
aponeurosis.
The inner part covers the muscles of the fifth layer. In the neck
they are in relation, by their superficial surface.^ with the Trapezius and Splenius;
by their dee'p surface.^ with the Semispinalis dorsi and colli and the Recti and
Obliqui.
The Biventer cervicis is separated from its fellow of the opposite side
by the ligamentum nuchse, and the Complexus from the Semispinalis colli by the
profunda cervicis artery, the princeps cervicis artery, and branches of the posterior cervical plexus of nerves.
Nerves.
The Erector spinas and its subdivisions in the dorsal region are supplied by the external posterior branches of the lumbar and dorsal nerves the
Cervicalis ascendens, Transversalis colli, Trachelo-mastoid, and Spinalis cervicis,
by the external posterior branches of the cervical nerves the Complexus b}'' the
internal posterior branches of the cervical nerves, the suboccipital and great
;

;

;

occipital.

Fifth Layek.
Semispinalis Dorsi.
Semispinalis Colli.
Multiiidus Spinae.
Rotatores Spin«.
Supraspinales.
Interspinales.

Extensor Coccygis.
Intertransversales.
Eectus Capitis Posticus Major.
Rectus Capitis Posticus Minor.
Obliquus Capitis Superior.
Obliquus Capitis Inferior.

Dissection.
Remove the muscles of the preceding layer by dividing and turning aside the Complexus then detaching the Spinalis and Longissimus dorsi from their attachments, dividing the
Erector spin« at its connection below to the sacral and lumbar spines, and turning it outwards.
The muscles filling up the interval between the spinous and transverse processes are then exposed.
;

:

.
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The

Semispinales muscles (Fig. 273) connect

tlie

transverse and articular procfrom the lower part

esses to the spinous processes of the vertebrae, extending
of the dorsal region to the upper part of the cervical.

The Semispinalis Dorsi consists of thin, narrow, fleshy fasciculi, interposed
between tendons of considerable length. It arises by a series of small tendons
from the transverse processes of the lower dorsal vertebras, from the tenth or
eleventh to the fifth or sixth; and is inserted, by five or six tendons, into the
spinous processes of the upper four dorsal and lower two cervical vertebrae.
The Semispinalis Colli, thicker than the preceding, arises by a series of
tendinous and fleshy points from the transverse processes of the upper four dorsal
vertebree and from the articular processes of the lower four cervical vertebrge
and is inserted into the spinous processes of four cervical vertebrae, from the axis
to the fifth cervical.
The fasciculus connected with the axis is the largest, and
chiefly muscular in structure.
Relations.
By their superficial surface, from below upwards, with the Longissimus dorsi, Spinalis dorsi, Splenius, Complexus, the profunda cervicis artery, the

princeps cervicis artery, and the posterior cervical plexus of nerves. By their
deep surface, with the Multifidus spinse.
The Multifidus Spinse consists of a number of fleshy and tendinous fasciculi,
which fill up the groove on either side of the spinous processes of the vertebras,
from the sacrum to the axis. In the sacral region, these fasciculi arise from the
back of the sacrum, as low as the fourth sacral foramen, and from the aponeurosis
of origin of the Erector spinas in the iliac region, from the inner surface of the
posterior superior spine of the ilium, and posterior sacro-iliac ligaments in the
lumbar and cervical regions, from the articular processes and in the dorsal region,
from the transverse processes. Each fasciculus, ascending obliquely upwards and
inwards, is inserted into the lamina and whole length of the spinous process of
one of the vertebrge above. These fasciculi vary in length the most superficial,
the longest, pass from one vertebra to the third or fourth above those next in
order pass from one vertebra to the second or third above whilst the deejDcst
;

;

;

:

;

;

connect two contiguous vertebrae.
Belations.
By its superficial surface, with the Longissimus dorsi, Spinalis dorsi,
Semispinalis dorsi, and Semispinalis colli.
By its deep surface, with the laminae
and spinous processes of the vertebrge, and with the Eotatores spinse in the dorsal
region
The Rotatores Spinse are found only in the dorsal region of the spine, beneath
the Multifidus spinge; they are eleven in number on each side. Bach muscle
is small and somewhat quadrilateral in form
it arises from the upper and back
part of the transverse process, and is inserted into the lower border and outer
surface of the lamina of the vertebra above, the fibres extending as far inwards
as the root of the spinous process.
The first is found between the first and
second dorsal the last, between the eleventh and twelfth. Sometimes the
number of these muscles is diminished by the absence of one or more from the
upper or lower end.
The Supraspinales consist of a series of fleshy bands, which lie on the spinous
processes in the cervical region of the spine.
The Interspinales are short, muscular fasciculi, placed in pairs between the
spinous processes of the contiguous vertebrge. In the cervical region, they are
most distinct, and consist of six pairs, the first being situated between the axis
and third vertebra, and the last between the last cervical and the first dorsal.
They are small, narrow bundles, attached, above and below, to the apices of the
spinous processes.
In the dorsal region, they are found between the first and
second vertebrse, and occasionally between the second and third and below,
between the eleventh and twelfth. In the lumhar region, there are four pairs of
these muscles in the intervals between the five lumbar vertebrge.
There is also
occasionally one in the interspinous space, between the last dorsal and first lumbar,
and between the fifth lumbar and the sacrum.
;

;

;

;
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a slender muscular fasciculus, occasionally present,

which extends over the lower part of the posterior surface of the sacrum and
coccyx. It arises by tendinous fibres from the last bone of the sacrum, or first
piece of the coccyx, and passes downwards to be inserted into the lower part of
the coccyx. It is a rudiment of the Extensor muscle of the caudal vertebrae
which exists in some animals.
The Intertransversales are small muscles placed between the transverse processes
of the vertebrse. In the cervical region^ they are most developed, consisting of
two rounded muscular and tendinous fasciculi, wbich pass between the anterior
and posterior tubercles of the transverse processes of two contiguous vertebrge,
separated from one another by the anterior branch of a cervical nerve, which
lies in the groove between them, and by the vertebral artery and vein.
In this
region there are seven pairs of these muscles, the first being between the atlas
and axis, and the last between the seventh cervical and first dorsal vertebree. In
the dorsal region they are least developed, consisting chiefly of rounded tendinous
cords in the intertransverse spaces of the upper dorsal vertebrae but between the
transverse processes of the lower three dorsal vertebree and the first lumbar they
are muscular in structure. In the lumbar region^ they are four in number, and
consist of a single muscular layer, which occupies the entire interspace between
the transverse processes of the lower lumbar vertebrae, whilst those between the
transverse processes of the upper lumbar are not attached to more than half the
;

breadth of the process.

The Rectus Capitis Posticus Major arise by a pointed tendinous origin from
the spinous process of the axis, and, becoming broader as it ascends, is inserted
into the inferior curved line of the occipital bone and the surface of bone immediately below it.
As the muscles of the two sides ascend upwards and outwards,
they leave between them a triangular space, in which are seen the Recti capitis
postici minores muscles.
Relations.
By its superficial surface^ with the Complexus, and, at its insertion,
with the Superior oblique. By its deep surface^ with, the posterior arch of the
atlas, the posterior occipito-atloid ligament, and part of the occipital bone.
The Rectus Capitis Posticus Minor, the smallest of the four muscles in this
region, is of a triangular shape
it arises by a narrow pointed tendon from the
tubercle on the posterior arch of the atlas and, becoming broader as it ascends,
is inserted into the rough surface beneam the inferior curved line, nearly as far
as the foramen magnum, nearer to the middle line than the preceding.
Relations.
By its superficial surface, with the Complexus and Rectus capitis
posticus major.
By its deep surface, with the posterior occipito-atloid ligament.
The Ohliquus Capitis Inferior, the larger of the two oblique muscles, arises
from the apex of the spinous process of the axis, and passes almost horizontally
outwards, to be inserted into the apex of the transverse process of the atlas.
Relations.
By its superficial surface with the Complexus, and with the posterior branch of the second cervical nerve which crosses it.
By its deep surface,
with the vertebral artery, and posterior alto-axoid ligament.
The Ohliquus Capitis Superior, narrow below, wide and expanded above, arises
by tendinous fibres from the upper part of the transverse process of the atlas,
joining with the insertion of the preceding, and, passing obliquely upwards and
inwards, is inserted into the occipital bone, between the two curved lines, external
to the Complexus,
Between the two oblique muscles and the Rectus posticus
major a triangular interval exists, in which are seen the vertebral arterj^, and the
posterior branch of the suboccipital nerve.
Relations.
By its superficial surface, with the Complexus and Trachelomastoid. By its deep surface, with the posterior occipito-atloid ligament.
Nerves.
The Semispinalis dorsi and Rotatores spiuEe are supplied by the
internal posterior branches of the dorsal nerves the Semispinalis colli, Supraspinales, and Interspinales, by the internal posterior branches of tlie cervical nerves
the Intertransversales, by the internal posterior branches of the cervical, dorsal.
;

,

;

;
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and lumbar nerves; the Multifidus spinse, by tlie same, with the addition of the
internal posterior branches of the sacral nerves.
The Eecti and Obliqui muscles
are all supplied by the suboccipital and great occipital nerves.
Actions.
The Erector spinse, comprising the Sacro-lumbalis, with its accessorv
muscles, the Longissimus dorsi and Spinalis dorsi, serves, as its name implies, ico
maintain the spine in the erect posture it also serves to bend the trunk backwards
when it is required to counterbalance the influence of any weight at the front of
the body, as, for instance, when a heavy weight is suspended from the neck, or
when there is any great abdominal development, as in pregnancy or dropsy the
peculiar gait under such circumstances depends upon the spine being drawn backwards, by the counterbalancing action of the Erector spina? muscles. The muscles
which form the continuation of the Erector spinee upwards steady the h,ead and
neck, and fix them in the upright position. If the Sacro-lumbalis and Longissimus
dorsi of one side act they serve to draw down the chest and spine to the corresponding side. The Cervicalis ascendens, taking its fixed point from the cervical
vertebraa, elevates those ribs to which it is attached.
The Multifidus spinge acts
successively upon the different parts of the spine thus, the sacrum furnishes a
fixed point from which the fasciculi of this muscle act upon the lumbar region
these then become the fixed points for the fasciculi moving the dorsal region, and
so on throughout the entire length of the spine it is by the successive contraction
and relaxation of the separate fasciculi of this and other muscles, that the spine
preserves the erect posture without the fatigue that would necessarily have been
produced, had this position been maintained by the action of a single muscle.
The Multifidus spinte, besides preserving the erect position of the spine, serves
to rotate it, so that the front of the trunk is turned to the side opposite to that
from which the muscle acts, this muscle being assisted in its action by the Obliquus
externus abdominis. The Complexi, the analogues of the Multifidus spinae in the
;

;

;

;

draw the head directly backward if one muscle acts, it draws the head
and rotates it so that the face is turned to the opposite side. The
Rectus capitis posticus minor and the Superior oblique draw the head backwards;

neck,

;

to one side,

from the obliquity in the direction of its fibres, may turn the face
The Eectus capitis posticus major and the Obliquus inferior
rotate the atlas, and, with it, the cranium, round the odontoid process, and turn
and the

latter,

to the opposite side.

the face to the same side.

Muscles of the Abdomen.
The Muscles
'""

--

~

in this region are, the

- Rectus.

Obliquus Externus.
Obliquus Liternus.

~~ Pyramidalis.

_ Quadratus Lumborum.

Transversalis.

Dissection (Fig. 274).
To dissect the abdominal muscles, make a vertical incision from the ensiform cartilage to the pubes, a second incision from the umbilicus obliquely ujDwards and outwards
to the outer surface of the chest, as high as the lower border of the fifth or sixth rib, and a third,
commencing midway between the umbilicus and pubes, transversely outwards to the anterior
Then reflect the
siiperior iliac spine, and along the crest of the ilium as far as its posterior third.
three flaps included between these incisions from within outwards, in the line of direction of the
muscular fibres. If necessary, the abdominal muscles may be made tense by inflating the peritoneal
cavity through the umbilicus.

The External or Descending Ohlique Muscle (Fig. 275) is situated on the side
and fore part of the abdomen being the largest and the most superficial of the
three flat muscles in this region. It is broad, thin, and irregularly quadrilateral,
its muscular portion occupying the side, its aponeurosis the anterior wall of the
abdomen. It arises, by eight fleshy digitations, from the. external surface and
lower borders of the eight inferior ribs these digitations are arranged in an
oblique line running downwards and backwards the upper ones being attached
close to the cartilages of the corresponding ribs; the lowest, to the apex of the
;

;

;
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cartilage of tHe last rib the intermediate ones, to the ribs at some distance from
The five superior serrations increase in size from above downtheir cartilages.
wards, and are received between corresponding processes of the Serratns magnus
the three lower ones diminish in size from above downwards, receiving between
them corresponding processes from the LatissiDissection of Abdomen.
mus dorsi. From these attachments, the fleshy
Those
fibres proceed in various directions.
from the lowest ribs pass nearly vertically downAvards, to be inserted into the anterior half of
the
the outer lip of the crest of the ilium
middle and upper fibres, directed downwards and
forwards, terminate in tendinous fibres, which
spread out into a broad aponeurosis. This aponeurosis, joined with that of the opposite muscle
along the median line, covers the whole of the
front of the abdomen
above, it is connected
with the lower border of the Pectoralis major
below, its fibres are closely aggregated together,
and extend obliquely across from the anterior
superior spine of the ilium to the spine of the
In the
OS pubis and the linea ilio-pectinea.
median line, it interlaces with the aponeurosis
of the opposite muscle, forming the linea alba,
and extends from the ensiform cartilage to the
symphysis pubis.
That portion of the aponeurosis which extends
between the anterior superior spine of the
ilium and the spine of the os pubis, is a broad
band, folded inwards, and continuous below with
The portion which is reflected
the fascia lata it is called Powpart^s ligament.
from Poupart's ligament into the pectineal line is called
imbernat^ s ligament}
From the point of attachment of the latter to the pectineal line, a few fibres pass
upwards and inwards, behind the inner pillar of the ring, to the linea alba. They
diverge as they ascend, and form a thin, triangular, fibrous band, which is called
the triangular ligament.
In the aponeurosis of the External oblique, immediately above the crest of the
OS pubis, is a triangular opening, the external abdominal ring., formed by a separation of the fibres of the aponeurosis in this situation it serves for the transmission of the spermatic cord in the male, and the round ligament in the female.
This opening is directed obliquely upwards and outwards, and corresponds with
the course of the fibres of the aponeurosis. It is bounded, below, by the crest of
the OS pubis above, by some curved fibres, which pass across the aponeurosis at
the upper angle of the ring, so as to increase its strength and, on either side, by
the margins of the aponeurosis, which are called the pillars of the ring.
Of
these, the external, which is, at the same time, inferior, from the obliquity of its
direction, is inserted into the spine of the os pubis.
The internal, or superior
pillar, is attached to the front of the pubes and symphj^sis pubis, and interlaces
with the corresponding fibres of the opposite muscle, the fibres of the right
muscle being superficial. To the margins "of the pillars of the external abdominal
ring is attached an exceedingly thin and delicate fascia, which is prolonged down
over the outer surface of the cord and testis. This>has received the name of intercolumnar fascia., from its attachment to the pillars of the ring. It is also called
the external spermatic fascia^ from being the most external of the fascige which
cover the spermatic cord.
;

;

;

;

;

;

:

;

;

^ All these parts will be found more
particularly described below, witb the Surgical
Hernia.
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By its external surface.^ with the superficial fascia, superficial epiand circumflex iliac vessels, and some cutaneous nerves. By its internal
surface^ with the Internal oblique, the lower part of the eight inferior ribs, and
Intercostal muscles, the cremaster, the spermatic cord in the male, and round
ligament in the female. Its posterior border is occasionally overlapped by the
Latissimus dorsi generally an interval exists between the two muscles, in which
Relations.

gastric

;

is

seen a portion of the Internal oblique.
Fig.

275.— The External Oblique Muscle.

Esut.ALdovunal 'Bin^-r
Clinlernat's Licj^-^f-

Disseciion.
Detach the External oblique by dividing it across, just in front of its attachment
to the ribs, as far as its posterior border, and separating it below from the crest of the ilium as far
as the spine then separate the muscle carefully from the Internal oblique, which lies beneath, and
;

turn

it

towards the opposite

side.

The Internal or Ascending Oblique Muscle (Fig. 276), thinner and smaller than
the preceding, beneath which it lies, is of an irregularly quadrilateral form, and
situated at the side and fore part of the abdomen.
It arises, by fleshy fibres,
from the outer half of Poupart's ligament, being attached to the groove on its
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upper surface from tlie anterior two-thirds of the middle Up of the crest of the
From this origin
ilium, and from the posterior lamella of the lumbar fascia.
the fibres diverge those from Poupart's ligament, fewer in number and paler in
color than the rest, arch downwards and inwards across the spermatic cord, to be
inserted, conjointly with those of the Transversalis, into the crest of the os pubis
and pectineal line, to the extent of half an inch, forming what is known as the
conjoined, tendon of the Internal oblique and Transversalis; those from the
anterior superior iliac spine are horizontal in their direction whilst those which
arise from the fore part of the crest of the ilium pass obliquely upwards and
inwards, and terminate in an aponeurosis, which is continued forwards to the linea
alba the most posterior fibres ascend almost vertically upwards, to be inserted
into the lower borders of the cartilages of the four lower ribs, being continuous
with the Internal intercostal muscles.
The conjoined tendon of the Internal oblique and Transversalis is inserted
into the crest of the os pubis and pectineal line, immediately behind the external
abdominal ring, serving to protect what would otherwise be a weak point in the
;

:

;

;

Fig.

276.— The

Internal Oblique Muscle.

Conjoined Tenc/on

CREMASTER

abdomen. Sometimes this tendon is insufiicient to resist the pressure from
within, and is carried forward in front of the protrusion through the external
ring, forming one of the coverings of direct inguinal hernia.
The aponeurosis of the Internal oblique is continued forward to the middle
line of the abdomen, where it joins with the aponeurosis of the opposite muscle
At
at the linea alba, and extends from the margin of the thorax to the pubes.
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the outer margin of the Eectus muscles, this aponeurosis, for the upper threefourths of its extent, divides into two lamellae, which pass, one in front and the
other behind the muscle, inclosing it in a kind of sheath, and reuniting on its
inner border at the linea alba the anterior layer is blended with the aponeurosis
of the External oblique muscle the posterior layer with that of the Transversalis.
Along the lower fourtli, the aponeurosis passes altogether in front of
the Eectus without any separation.
Relations.
By its external surface^ with the External oblique, Latissimus
dorsi, spermatic cord, and external ring.
By its internal surface^ with the Transversalis muscle, fascia transversalis, internal ring, and spermatic cord.
Its lower
border forms the upper boundary of the spermatic canal.
;

;

Fig. 277.

— The Transversalis.

Rectus, and Pyramidalis Muscles.

Zinea alba

This may
Detacli the Internal oblique in order to expose the Transversalis beneath.
Dissection.
be effected by dividing the muscle, above, at its attachment to the ribs below, at its connection
v?ith Poupart's ligament and the crest of the ilium
and behind, by a vertical incision extending
from the last rib to the crest of the ilium. The muscle should previously be made tense by drawing
upon it with the fingers of the left hand, and if its division is carefully effected, .the cellular interval
;

;

;
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it and the Transversalis, as well as the direction of the fibres of the latter muscle, will
a clear guide to their separation along the crest of the ilium the circumflex iliac vessels are
interposed between them, and form an important guide in separating them.
The muscle should then
be thrown forwards towards the linea alba.

between

-afford

;

The Transversalis muscle (Fig. 277), so called from tlie direction of its fibres,
the most internal flat muscle of the abdomen, being placed immediately beneath
the Internal oblique. It arises b}^ fleshy fibres from the outer third of Poupart's
ligament, from the inner lip of the crest of the ilium, its anterior three-fourths,
from the inner surface of the cartilages of the six lower ribs, interdigitatiug with
the Diaphragm, and by a broad aponeurosis from the spinous and transverse
The lower fibres curve downwards, and are
processes of the lumbar vertebras.
inserted, together with those of the Internal oblique, into the crest of the os pubis
and pectineal line, forming what was described above as the conjoined tendon of
these muscles.
Throughout the rest of its extent the fibres pass horizontally
inwards, and, near the outer margin of the Rectus, terminate in an aponeurosis,
which is inserted into the linea alba its upper three-fourths passing behind the
Hectus muscle, blending with the posterior lamella of the Internal oblique its
lower fourth passing in front of the Rectus.
Relations.
By its external surface^ with the Internal oblique, the inner surface
•of the lower ribs, and Internal intercostal muscles.
Its inner surface is lined by
the fascia transversalis, which separates it from the peritoneum.
Its lower border
forms the upper boundary of the spermatic canal.
Lumbar Fascia (Fig. 278). The vertebral aponeurosis of the Transversalis
•divides into three layers: an anterior, very thin, which is attached to the front
part of the transverse processes of the lumbar vertebrae, and, above, to the lower
is

;

;

Fig. 278.

— A Transverse Section of

the

Abdomen

in the

Lumbar

Region.

last rib, where it forms the ligamentum arcuatum externum
a
middle layer, much stronger, which is attached to the apices of the transverse
processes and a posterior layer, attached to the apices of the spinous processes.
Between the anterior and middle layers is situated the Quadratus lumborum
between the middle and posterior, the Erector spina3. The posterior lamella of
it is also
this aponeurosis receives the attachment of the Internal oblique
blended with the aponeurosis of the Serratus posticus inferior and with that of
the Latissimus dorsi, forming the lumbar fascia.

margin of the

;

;

;

Dissection.
To expose the Eectus muscle, open its sheath by a vertical incision extending from
the margin of the thorax to the pubes, and then reflect the two portions from the surface of the
muscle, which is easily done, excepting at the linese transvers£e, where so close an adhesion exists
that the greatest care is requisite in separating them. Now raise the outer edge of the muscle, in

::

MUSCLES AND

398

FASCIiE.
m

order to examine the posterior layer of the sheath.
By dividing the muscle
the centre, and
turning its lower part downwards, the point where the posterior wall of the sheath terminates in' a
thin, curved margin will be seen.

The Rectus Abdominis is a long, flat muscle, which extends along the whole
length of the front of the abdomen, being separated from its fellow of the oppoIt is much broader above than below, and arises by
site side by the linea alba.
two tendons, the external or larger being attached to the crest of the os pubis
the internal, smaller portion, interlacing with its fellow of the opposite side, and
being connected with the ligaments covering the symphysis pubis. The fibres
ascend vertically, and the muscle, becoming broader and thinner at its upper
part, is inserted by three portions of unequal size into the cartilages of the fifth^
sixth, and seventh ribs.
Some fibres are occasionally connected with the costoxiphoid ligaments, and side of the ensiform cartilage.
The Rectus muscle is traversed by a series of tendinous intersections, which
vary from two to five in number, and have received the name of Linese transversge.
One of these is usually situated opposite the umbilicus, and two above
that point of the latter, one corresponds to the ensiform cartilage, and the other,
to the interval between the ensiform cartilage and the umbilicus there is occasionally one below the umbilicus.
These intersections pass transversely or
obliquely across the muscle in a zigzag course they rarely extend completely
through its substance, sometimes pass only halfway across it, and are intimately
adherent to the sheath in which the muscle is inclosed.
The Rectus is inclosed in a sheath (Fig. 278) formed by the aponeuroses of the
Oblique and Transversalis muscles, which are arranged in the following manner
When the aponeurosis of the Internal oblique arrives at the outer margin of the
Rectus, it divides into two lamellae, one of which passes in front of the Rectus,
blending with the aponeurosis of the External oblique the other, behind it,
blending with the aponeurosis of the Transversalis and these, joining again at
its inner border, are inserted into the linea alba.
This arrangement of the fasciae
exists along the upper three-fourths of the muscle
at the commencement of the
lower fourth, the posterior wall of the sheath terminates in a thin, curved margin,
the semi -lunar fold of Douglas^ the concavity of which looks downwards towards
the pubes the aponeuroses of all three muscles passing in front of the Rectus
without any separation. The Rectus muscle, in the situation where its sheath is
deficient, is separated from the peritoneum by the transversalis fascia.
The Pyramidalis is a small muscle, triangular in shape, placed at the lower
part of the abdomen, in front of the Rectus, and contained in the same sheath
with that muscle. It arises by tendinous fibres from the front of the os pubis
and the anterior pubic ligament the fleshy portion of the muscle passes upwards,,
diminishing in size as it ascends, and terminates by a pointed extremity, which
is inserted into the linea alba, midway between the umbilicus and the os pubis.
This muscle is sometimes found wanting on one or both sides the lower end of
the Rectus then becomes proportionately increased in size.
Occasionally, it has
been found double on one side, or the muscles of the two sides are of unequal
size.
Sometimes its length exceeds what is stated above.
The Quadratus Lumhorum (Fig. 273, p. 388) is situated in the lumbar region;
it is irregularly quadrilateral in shape, broader below than above, and consists of
two portions. One portion arises by aponeurotic fibres from the ilio-lumbar
ligament, and the adjacent portion of the crest of the ilium for about two inches,
and is inserted into the lower border of the last rib, about half its length, and
by four small tendons, into the apices of the transverse processes of the four
upper lumbar vertebra. The other portion of the muscle, situated in front of
the preceding, arises from the upper borders of the transverse processes of the
third, fourth, and fifth lumbar vertebree, and is inserted into the lower margin
of the last rib.
This portion is not always found. The Quadratus lumborum is
contained in a sheath formed by the anterior and middle lamellae of the aponeurosis of origin of the Transversalis.
;

;

;

;

:

:

;

;

;
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Relations.
Its anterior surface (or rather the fascia which covers its anterior
surface) is in relation with the colon, the kidney, the psoas muscle, and the
diaphragm. Its posterior sheath separates the Quadratus in front from the
Erector spinas behind, the external edge of the Quadratus, however, overlapping the Erector spinte to a slight extent.
Nerves.
The abdominal muscles are supplied by the lower intercostal, ilioThe Quadratus lumborum receives filahypogastric, and ilio-inguinal nerves.
ments from the anterior branches of the lumbar nerves.
In the description of the abdominal muscles, mention has frequently been
made of the linea alba, line£e semilunares, and linese transversas when the dissection of the muscles is completed, these structures should be examined.
The li7iea alha is a tendinous raphe or cord seen along the middle line of the
abdomen, extending from the ensiform cartilage to the pubes. It is placed
between the inner borders of the Recti muscles, and is formed by the blending
of the aponeuroses of the Oblique and Transversalis muscles. It is narrow
below, corresponding to the narrow interval existing between the Eecti, but
broader above, as these muscles diverge from one another in their ascent, becoming of considerable breadth after great distention of the abdomen from pregnancy
or ascites.
It presents numerous apertures for the passage of vessels and nerves;
the largest of these is the umbilicus, which in the foetus transmits the umbilical
vessels, but in the adult is obliterated, the cicatrix being stronger than the neighboring parts hence umbilical hernia occurs in the adult above the umbilicus,
whilst in the foetus it occurs at the umbilicus.
The linea alba is in relation,
in front, with the integument, to which it is adherent, especially at the umbilicus behind, it is separated from the peritoneum by the transversalis fascia and
below, by the urachus, and the bladder, when that organ is distended.
The linese semilunares are two curved tendinous lines, placed one on each side
of the linea alba.
Each corresponds with the outer border of the Eectus muscle,
extends from the cartilage of the eighth rib to the pubes, and is formed by the
aponeurosis of the internal oblique at its point of division to inclose the Rectus,
where it is reinforced in front and behind by the External oblique and Trans;

;

;

;

versalis.

The linese transversse are three or four narrow, transverse lines, which intersect
the Rectus muscle, as already mentioned they connect the linei« semilunares
with the linea alba.
Actions.
The abdominal muscles perform a threefold action.
When the pelvis and thorax are fixed, they compress the abdominal viscera,
by constricting the cavity of the abdomen, in which action they are materially
assisted by the descent of the diaphragm.
By these means the foetus is expelled
from the uterus, the fseces from the rectum, the urine from the bladder, and its
contents from the stomach in vomiting.
If the spine is fixed, these muscles compress the lower part of the thorax,
materially assisting in expiration.
If the spine is not fixed, the thorax is bent
directly forward, when the muscles of both sides act, or to either side when those
of the two sides act alternately, rotation of the trunk at the same time taking
place to the opposite side.
If the thorax is fixed, these muscles, acting together, draw the pelvis upwards,
as in climbing
or, acting singly, they draw the pelvis upwards, and rotate the
vertebral column to one side or the other.
The Recti muscles, acting from below,
depress the thorax, and consequently flex the vertebral column when acting
from above, they flex the pelvis upon the vertebral column. The Pyramidales
are tensors of the linea alba.
The Quadratus lumborum, by the portion inserted into the last rib, draws
down and fixes that bone, acting thereby as a muscle of forced expiration by
the portion inserted into the lumbar vertebra, it draws the spine towards the
ilium, and thus inclines the trunk towards its own side
or, if the thorax and
spine be fixed, it may act upon the pelvis raising it towards its own side when
:

;

;

:

—
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only one muscle is put in action, and when both muscles act together, either from
below or above, they flex the trunk.

Muscles and Fascia of the Thorax.

The Muscles exclusively connected with the bones
number. They are the
Intercostales Externi.
Intercostales Interni.

in this region

are few in

Infracostales.

Triangularis Sterni.

Levatores Costarum.

A

Intercostal Fascise.
thin but firm layer of fascia covers the outer surface of
the External intercostal and the inner surface of the Internal intercostal muscles
and a third layer, more delicate, is interposed between the two planes of muscular
fibres.
These are the intercostal fascife they are best marked in those situations where the muscular fibres are deficient, as between the External intercostal
muscles and sternum, in front and between the Internal intercostals and spine,
behind.
The Intercostal Muscles (Fig. 282) are two thin planes of muscular and tendinous structure, placed one over the other, filling up the intercostal spaces, and
being directed obliquely between the margins of the adjacent ribs. They have
received the name " external " and " internal " from the position they bear to
one another.
The External Intercostals are eleven in number on each side, being attached
to the adjacent margins of each pair of ribs, and extending from the tubercles
of the ribs, behind, to the commencement of the cartilages of the ribs, in front,
where they terminate in a thin membranous aponeurosis, which is continued forwards to the sternum. They arise from the outer lip of the groove, on the
lower border of each rib, and are inserted into the upper border of the rib
below. In the two lowest spaces they extend to the end of the ribs. Their
fibres are directed obliquely downwards and forwards, in a similar direction
with those of the External oblique muscle. They are thicker than the Internal
;

;

;

intercostals.

Relations.
By their outer surface.^ with the muscles which immediately invest
the chest, viz., the Pectoralis major and minor, Serratus magnus, and Khomboideus
major, Serratus posticus superior and inferior. Scalenus posticus, Sacro-lumbalis,'
Longissimus dorsi, Cervicalis ascendens, Transversalis colli, Levatores costarum,
and the Obliquus externus abdominis. By their internal surface^ with a thin
layer of fascia, which separates them from the intercostal vessels and nerve, and
the Internal intercostal muscles, and, behind, from the pleura.
The Internal Intercostals are eleven in number on each side, are placed on
the inner surface of the preceding, commencing anteriorl}^ at the sternum, in the
interspaces between the cartilages of the true ribs, and from the anterior extremities of the cartilages of the false ribs.
They extend backwards as far as the
angles of the ribs whence they are continued to the vertebral column by a thin
aponeurosis.
They arise from the inner lip of the groove on the lower border
of each rib, as well as from the corresponding costal cartilage, and are inserted
into the upper border of the rib below.
Their fibres are directed obliquely
downwards and backwards, decussating with the fibres of the preceding.
Relations.
By their external surface.^ witli the External Intercostals, and the
intercostal vessels and nerves.
By their internal surface., with the Pleura costalis, Triangularis sterni, and Diaphragm.
The Intercostal muscles consist of muscular and tendinous fibres, the latter
being longer and more numerous than the former hence the walls of the intercostal spaces possess ver}^ considerable strength, to which the crossing of the
muscular fibres materially contributes.
;

;

;

OF THE THORAX.

401

A

muscle or muscular slip is occasionally found running more or less vertically upwards over the
anterior parts of the ribs, which has been named " Supracostal muscle" by Mr. J. Wood ("Proc.
Royal Soc," June 15, 1865), and " Rectus thoracis" by Prof. Turner (" Journ. of Anat. and Phys.,"
The latter writer conjectures that it is homologous with the prolongation
ser. 2, No. II., p. 392).
of the Rectus abdominis muscle to the thorax, which is met with in some animals.
In a case
figured by Prof. Turner, the muscle arose by two.heads, one from the fifth rib (the breadth of which
alone separated it from the Rectus abdominis) and the other from the fourth, and ascended beneath
the Pectoralis major muscle to be inserted into the first rib, close to the tendon of the Subclavius
muscle.

in

The Tnfracostales consist of muscular and aponeurotic fasciculi, wliicli varynumber and length they arise from the inner surface of one rib, and are
;

inserted into the inner surface of the first, second, or third rib below.
Their
direction is most usually oblique, like the Internal intercostals.
They are most
frequent between the lower ribs.
The Triangularis Sterni is a thin plane of muscular and tendinous fibres,
situated upon the inner wall of the front of the chest.
It arises from the lower
part of the side of the sternum, from the inner surface of the ensiform cartilage,
and from the sternal ends of the costal cartilages of the three or four lower true
ribs.
Its fibres diverge upwards and outwards, to be inserted by fleshy digitations into the lower border and inner surfaces of the costal cartilages of the
second, third, fourth, and fifth ribs.
The lowest fibres of this muscle are horizontal in their direction, and are continuous with those of the Transversalis
those which succeed are oblique, whilst the superior fibres are almost vertical.
This muscle varies much in its attachment, not only in different bodies, but on
opposite sides of the same body.
Relations.
In front, with the sternum, ensiform cartilage, costal cartilages,
Internal intercostal muscles, and internal mammary vessels.
Behind^ with the
pleura, pericardium, and anterior mediastinum.
The Levator es Costarum (Fig. 273), twelve in number on each side, are small
tendinous and fleshy bundles, which arise from the extremities of the transverse
processes of the dorsal vertebree, and, passing obliquely downwards and outwards,
are inserted into the upper rough surface of the rib below them, between the
tubercle and the angle.
That for the first rib arises from the transverse process
of the last cervical vertebra, and that for the last from the eleventh dorsal.
The inferior levatores divide into two fasciculi, one of which is inserted as
above described; the other fasciculus passes down to the second rib below its
origin; thus, each of the lower ribs receives fibres from the transverse processes
of two vertebrae.
Nerves.
The muscles of this group are supplied by the intercostal nerves.
Actions.
The Intercostals are the chief agents in the movement of the ribs in
ordinary respiration. The External intercostals raise the ribs, especially their
fore part, and so increase the capacity of the chest from before backwards
at
the same time they evert their lower borders, and so enlarge the thoracic cavity
transversely.
The Internal intercostals, at the side of the thorax, depress the
ribs, and invert their lower borders, and so diminish the thoracic cavity
but at
the fore part of the chest these muscles assist the External intercostals in raising
the cartilages.^ The Levatores costarum assist the External intercostals in raising
;

;

^ The view of the action of the Intercostal muscles given in the text is that which is taught by
Hutchinson (" Cycl. of Anat. and Phys.," art. Thorax), and is usually adopted in our schools. It

is,

however,

much

disputed.

Hamberger believed that the External

intercostals act as elevators

of the ribs, or muscles of inspiration, while the Internal act in expiration.
Haller taught that both
sets of muscles act in common
viz., as muscles of inspiration
and this view is adopted by many
of the best anatomists of the continent, and appears supported by many observations made on the

—

—

subject under various conditions of disease, and on living animals in whom the muscles have
been exposed under chloroform. The reader may consult an interesting paper by Dr. Cleland,
the
" Journal of Anat. and Phys ," No. II., May, 1867, p. 209, " On the Hutchinsonian Theory of the
Action of the Intercostal Muscles," who refers also to Henle, Luschka, Budge, and Baumler,
" Observations on the Action of the Intercostal Muscles," Eiiangen, 1860.
(In " New Syd. Soc 's
Year-Book for 1861," p. 69.)

human

m
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the ribs. The Triangularis sterni draws down the costal cartilages it is therefore an expiratory muscle.
Muscles of Inspiration and Expiration. The muscles which assist the action
of the Diaphragm in inspiration are the Intercostals and the Levatores costarum,
as above stated, the Scaleni, the Serratus posticus superior, and, to a slight extent,
When the need for more forcible action exists, the shoulders
the Subclavius.
and the base of the scapula are fixed, and then the powerful muscles of forced
inspiration come into play the chief of these are the Serratus magnus, Latissimus dorsi, and the Pectorales, particularly the Pectoralis minor. The Sternomastoid also, when the head is fixed, assists in forced inspiration, by drawing up
the sternum, and by fixing the clavicle, and thus affording a fixed point for the
action of the muscles of the chest.
The ordinary action of expiration is merely passive, the resilience of the ribs
and the elasticity of the lungs producing a tendency to a vacuum. This causes
the ascent of the abdominal viscera covered by the Diaphragm. Forced expiratory actions are performed mainly by the flat muscles (Obliqui and Transversalis)
of the abdomen, assisted also by the Kectus. Other muscles of forced expiration
are the Internal intercostals and Triangularis sterni (as above mentioned), the
Serratus posticus inferior, the Quadratus lumborum, and the Sacro-lumbalis.
;

;

Diaphragmatic Region.
Diaphragm.

The Diaphragm

a partition ivall) (Fig. 279) is a thin musculo-fibrous
septum, placed obliquely at the junction of the upper with the middle third of
the trunk, and separating the thorax from the abdomen, forming the floor of the
former cavity and the roof of the latter. It is elliptical, its longest diameter
being from side to side, somewhat fan-shaped, the broad elliptical portion being
horizontal, the narrow part, which represents the handle of the fan, vertical, and
joined at right angles to the former. It is from this circumstance that some
anatomists describe it as consisting of two portions, the upper or great muscle of
the Diaphragm, and the lower or lesser muscle.
It arises from the whole of the
internal circumference of the thorax, being attached, in front, by fleshy fibres to
the ensiform cartilage ;' on either side, to the inner surface of the cartilages and
bony portions of the six or seven inferior ribs, interdigitating with the Transversalis; and behind, to two aponeurotic arches, named the ligamentum arcuatum
externum and internum, and to the lumbar vertebrse. The fibres from these
sources vary in length those arising from the ensiform appendix are very short
and occasionally aponeurotic those from the ligamenta arcuata, and more espscially those from the ribs at the side of the chest, are longer, describe wellmarked curves as they ascend, and finally converge to be inserted into the circumference of the central tendon. Between the sides of the muscular slip from
the ensiform appendix and the cartilages of the adjoining ribs, the fibres of the
Diaphragm are deficient, the interval being filled by areolar tissue, covered on
the thoracic side by the pleurse on the abdominal, by the peritoneum. This is,
conseo^uently, a weak point, and a portion of the contents of the abdomen may
protrude into the chest, forming phrenic or diaphragmatic hernia, or a collection of
pus in the mediastinum may descend through it, so as to point at the epigastrium.
The ligamentum arcuatum internum is a tendinous arch, thrown across the
upper part of the Psoas magnus muscle, on each side of the spine. It is connected, by one end, to the outer side of the body of the first, and occasionally the
second lumbar vertebra, being continuous with the outer side of the tendon of
the corresponding crus and, by the other end, to the front of the transverse
process of the second lumbar vertebra.
The ligamentum arcuatum, externum is the thickened upper margin of the
anterior lamella of the transversalis fascia it arches across the upper part of the
Quadratus lumborum, being attached, by one extremity, to the front of the trans(^laqjpa/ixa,

;

;

;

;

;
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verse process of the second lumbar vertebra and, by the other, to the apex and
lower margin of the last rib.
To the spine, the Diaphragm is connected by two crura, which are situated on
the bodies of the lumbar vertebras, on each side of the aorta. The crura, at
the right crus, larger and longer than
their origin, are tendinous in structure
the left, arising from the anterior surface of the bodies and intervertebral substances of the second, third, and fourth lumbar vertebrae; the left, from the
second and third both blending with the anterior common ligament of the spine.
:

;

;

Fig. 279.

— The Diaphragm.

Under

Surface.

CJi0n''"2

A tendinous arch is thrown across the front of the vertebral column, from the
tendon of one crus to that of the other, beneath which pass the aorta, vena
azygos major, and thoracic duct.
The tendons terminate in two large fleshy
bellies, which, with the tendinous portions above alluded to, are called the crura^
or pillars of the diaphragm.
The outer fasciculi of the two crura are directed
upwards and outwards to the central tendon but the inner fasciculi decussate
in fi"ont of the aorta, and then diverge, so as to surround the oesophagus before
ending in the central tendon.
The anterior and larger of these fasciculi is
formed by the right crus.
The Central or Cordiform Tendon of the Diaphragm is a thin, tendinous aponeurosis, situated at the centre of the vault formed by the muscle, immediately
below the pericardium, with which its circumference is blended. It is shaped
;

somewhat

like a trefoil

leaf,

consisting of three divisions, or leaflets, separated

from one another by slight indentations. The right leaflet is the largest; the
middle one, directed towards the ensiform cartilage, the next in size and the
left, the smallest.
In structure, the tendon is composed of several planes of
fibres, which intersect one another at various angles, and unite into straight or
curved bundles an arrangement which aflbrds it additional strength.
;

—
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The Openings connected with the Diaphragm are three large and several
smaller apertures.
The former are the aortic, the oesophageal, and the opening
for the vena cava.
The aortic opening is the lowest and the most posterior of the three large apertures connected with this muscle.
It is situated in the middle line, immediately
in. front of the bodies of the vertebrae
and is, therefore, hehind the Diaphragm,
not in it. It is an osseo aponeurotic aperture, formed by a tendinous arch thrown
across the front of the bodies of the vertebrae, from the crus on one side to that
on the other, and transmits the aorta, vena azygos major, thoracic duct, and occasionally the left sympathetic nerve.
The oesophageal opening, elliptical in form, muscular in structure, and formed
by the two crura, is placed above, and, at the same time, anterior, and a little to
the left of the preceding. It transmits the oesophagus and pneumogastric nerves.
The anterior margin of this aperture is occasionally tendinous, being formed by
the margin of the central tendon.
The opening for the vena cava is the highest; it is quadrilateral in form, tendinous in structure, and placed at the junction of the right and middle leaflets of
the central tendon, its margins being bounded by four bundles of tendinous fibres,
which meet at right angles.
The right crus transmits the sympathetic and the greater and lesser splanchnic
nerves of the right side the left crus^ the greater and lesser splanchnic nerves
of the left side, and the vena azygos minor.
The Serous Membranes in relation with the Diaphragm are four in number:
three lining its upper or thoracic surface one its abdominal.
Tlie three serous
membranes on its upper surface are the pleura on either side, and the serous
layer of the pericardium, which covers the middle portion of the tendinous
centre.
The serous membrane covering its under surface is a portion of the
general peritoneal membrane of the abdominal cavity.
The Diaphragm is arched, being convex towards the chest, and concave to the
abdomen. The right portion forms a complete arch from before backwards, being
accurately moulded over the convex surface of the liver, and having rested upon
it the concave base of the right lung.
The left portion is arched from before
backwards in a similar manner but the arch is narrower in front, being
encroached upon by the pericardium, and lower than the right, at its summit,
b}^ about three-quarters of an inch.
It supports the base of the left lung, and
covers the great end of the stomach, the spleen, and left kidney. The central
portion^ which supports the heart, is higher, in front, at the sternum, and behind,
the reverse is the case in the parts
at the vertebrge, than the lateral portions
further removed from the surface of the body.
The height of the Diaphragm is constantly varying during respiration, the
muscle being carried upwards or downwards from the average level; its height
also varies according to the degree of distention of the stomach and intestines,
and the size of the liver. After a forced expiration, the right arch is on a level,
in front, with the fourth costal cartilage at the side, with the fifth, sixth, and
seventh ribs; and behind, with the eighth rib; the left arch being usually from
one to two ribs' breadth below the level of the right one. In a forced inspiration, it descends from one to two inches
its slope would then be represented by
a line drawn from the ensiforra cartilage towards the tenth rib.
Nerves.
The Diaphragm is supplied by the phrenic nerves and phrenic plexus
of the sympathetic.
Actions.
The action of the Diaphragm modifies considerably the size of the
chest and the position of the thoracic and abdominal viscera.
D^iring a forced
inspiration, the cavity of the thorax is enlarged in the vertical direction from
two to three inches, partly by the ascent of the walls of. the chest, partly by the
descent of the Diaphragm.
The chest, consequently, encroaches upon the abdomen the lungs are expanded, and lowered, in relation with the ribs, nearly two
inches the heart being drawn down about an inch and a half; the descent of the
;

;

;

;

;

;

;

:

;
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latter organ taking place indirectly through the medium of its connection with
the lungs, as well as directl}^ by means of the central tendon to which the pericardium is attached. The abdominal viscera are also pushed down (the liver, to
the extent of nearly three inches), so that these organs are no longer protected
by the ribs. During expiration^ when the Diaphragm is passive, it is pushed up
by the action of the abdominal muscles the cavity of the abdomen (with the
organs contained in it) encroaches upon the chest, by which the lungs and heart
are compressed upwards, and the vertical diameter of the thoracic cavity diminThe Diaphragm is passive when raised or lowered, by the abdomiual
ished.
organs, independently of respiration, in proportion as they are large or small,
full or empty; hence the oppression felt in the chest after a full meal, or from
flatulent distention of the stomach and intestines.
In all expulsive acts the Diaphragm is called into action, to give additional
power to each expulsive effort. Thus, before sneezing, coughing, laughing, and
crying before vomiting previous to the expulsion of the urine and fseces, or of
the foetus from the womb, a deep inspiration takes place.^
;

;

;

MUSCLES AND FASCL^ OF THE UPPER EXTREMITY.
The Muscles of the Upper Extremity are divisible into groups, corresponding
with the different regions of the limb.

Of the Shoulder.
Anterior Thoracic Region.
Pectoralis major.
Pectoralis minor.
Subclavius.

Lateral Thoracic Region.
Serratus magnus.
Acromial Region.
Deltoid.

Anterior Scapular Region.
Subscapularis.
Posterior Scapular Region,
Supraspinatus.
Infraspinatus.

Teres minor.
Teres major.

q_^%^

["Flexor profundus digitorum.

Flexor longus pollicis.
Pronator q uadratus.
Radial Region.
Supinator longus.
Extensor carpi radialis longior.
Extensor carpi radialis brevior.
Posterior. Brachial Region.
r Extensor communis digitorum.
.2
cS ^
Extensor minimi digiti.
J
Extensor carpi ulnaris.
c3
Anconeus.
m
Supinator brevis.
Extensor ossis metacarpi pollicis.
Extensor primi internodii pollicis.
Extensor secundi internodii pol-

J

^^

|- j

(-^

[^

licis.

Extensor

indicis.

Of the Arm.
Anterior

Of the Hand.

Humeral Region.

Radial Region.

Coraco brachialis.
Biceps.
Brachialis anticus.
Posterior Humeral Region.
Triceps.

Abductor

pollicis.

Flexor ossis metacarpi pollicis(opponens).
Flexor brevis pollicis.

Abductor

pollicis.

Ulnar Region.

Subanconeus.

Palmaris brevis.

Abductor minimi

Of the Forearm.
Anterior Brachial Region,
Pronator radii teres.
Flexor carpi radialis.
<« CD
\?.>^\ Palmaris longus.
'

^^
m

Jb

lexor carpi umaris.

Flexor sublimis digitorum.

digiti.

Flexor brevis minimi digiti.
Flexor ossis metacarpi minimi digiti (opponens).

Palmar Region.
Lumbricales.
Interossei palmares.
Interossei dorsales.

For a detailed description of the general relations of the Diaphragm, and
Sibson's " Medical Anatomy."
^

its action, refer to

Dr.

;
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The arm being drawn away from the side
Dissection of Pectoral Region and Axilla (Fig. 280).
nearly at right angles with the trunk, and rotated outwards, make a vertical incision through the
integument in the median line of the chest, from the upper to the lower part of the sternum a
second incision along the lower border of the Pectoral muscle, from the ensiform cartilage to the
inner side of the axilla a third, from the sternum along the clavicle, as far as its centre and a
fourth, from the middle of the clavicle obUquely downwards, along the interspace between the
The flap of integument is then to
Pectoral and Deltoid muscles, as low as the fold of the arm-pit.
be dissected off in the direction indicated in the figure, but not entirely removed, as it should be
If a transverse incision is now made from the lower end of
replaced on completmg the dissection.
the sternum to the side of the chest, as far as the posterior fold of the arm-pit, and the integument
reflected outwards, the axillary space will be more completely exposed.
;

;

;

FASCIiE OF THE

ThORAX.

The superficial fascia of the thoracic region is a loose, cellulo-fibrous layer,
continuous with the superficial fascia of the neck and upper extremity above,
and of the abdomen below opposite
Fig. 280.— Dissection of Upper Uxtremity.
the mamma, it subdivides into two
layers, one of which passes in front,
the other behind that gland and
from both of these layers numerous
;

;

3.UUseetion

at'

SHOULDER & ARM

BEND-/
of ELBOW

septa pass into its substance, supporting its various lobes
from the
anterior layer, fibrous processes pass
forward to the integument and
nipple, inclosing in their areola
masses of fat. These processes were
called by Sir A. Cooper the ligamenta suspensoria^ from the support
they afford to the gland in this
situation.
On removing the superficial fascia with the mamma, the deep
fascia of the thoracic region is exposed
it
is
a thin, aponeurotic
lamina, covering the surface of the
great Pectoral muscle, and sending
numerous prolongations between its
fasciculi
it is attached, in the middle line, to the front of the sternum;
and above, to the clavicle: it is very
thin over the upper part of the
muscle, somewhat thicker in the interval between the Pectoralis major
:

;

FORE-ARM

:

PALM ^HAIMO

where it closes
and divides at
the outer margin of the latter musand Latissimus

dorsi,

in the axillary space,

two layers, one of which passes in front, and the other behind it
these proceed as far as the spinous processes of the dorsal vertebrae, to which
they are attached. At the lower part of the thoracic region, this fascia is
well developed, and is continuous with the fibrous sheath of the Eecti muscles.
cle into

Anteeior Thoracic Eegion.
- Pectoralis Major.

—Pectoralis Minor.
Subclavius.

The

Pectoralis Major (Fig. 281) is a broad, thick, triangular muscle, situated
upper and fore part of the chest, in front of the axilla. It arises from the
anterior surface of the sternal half of the clavicle from half the breadth of the
anterior surface of the sternum, as low down as the attachment of the cartilage
at the

;
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origin consisting of aponeurotic fibres, which
muscle it also arises from the cartilages of
all the true ribs, with the exception, frequently, of the first, or of the seventh,
or both and from the aponeurosis of the External oblique muscle of the
abdomen. The fibres from this extensive origin converge towards its insertion,
giving to the muscle a radiated appearance. Those fibres which arise from the
clavicle pass obliquely outwards and downwards, and are usuall};^ separated from
of

tlio

sixth or seventli rib

its

;

intersect witli those of the opposite

;

;

Fig. 281.

— Muscles of the Chest and Front of

the

Arm.

Superficial View.

by a cellular interval those from the lower part of the sternum, and the
cartilages of the lower true ribs, pass upwards and outwards; whilst the middle
fibres pass horizontally.
As these three sets of fibres converge, they are so disposed that the upper overlap the middle, and the middle the lower portion,
the fibres of the lower portion being folded backwards upon themselves so that
the rest

:

;

those fibres which are lowest in front become highest at their point of insertion.
They all terminate in a flat tendon, about two inches broad, which is inserted
into the anterior bicipital ridge of the humerus.
This tendon consists of two
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laminse, placed one in front of the otlier, and usually blended together below.
The anterior, the thicker, receives the clavicular and upper half of the sternal
portion of the muscle the posterior lamina receiving the attachment of the lower
half of the sternal portion.
From this arrangement it results, that the fibres of
the upper and middle portions of the muscle are inserted into the lower part of
the bicipital ridge those of the lower portion, into the upper part. The tendon,
at its insertion, is connected with that of the Deltoid
it sends up an expansion
;

;

;

over the bicipital groove towards the head of the humerus another backwards,
which lines the groove and a third to the fascia of the arm.
Relations.
By its anterior surface^ with the integument, the superficial fascia,the Platysma, -and the mammary gland. By its posterior surface its thoracic
portion.! with the sternum, the ribs and costal cartilages, the Subclavius, Pecto
ralis minor, Serratus magnus, and the Intercostals
its axillary portion forms the
anterior wall of the axillary space, and covers the axillary vessels and nerves.
Its upper border lies parallel with the Deltoid, from which it is separated by the
cephalic vein and descending branch of the thoracico-acromialis artery.
Its lower
border forms the anterior margin of the axilla, being at first separated from the
Latissimus dorsi by a considerable interval; but both muscles gradually converge towards the outer part of the space.
;

;

—

;

Peculiarities.
In muscular subjects, the sternal origins of the two Pectoral muscles are separated
only by a narrow interval but this interval is enlarged where these muscles are ill-developed. Very
rarely, the whole of the sternal portion is deficient.
Occasionally, one or two additional muscular
slips arise from the aponeurosis of the External oblique, and become united to the lower margin of
the Pectoralis major.
slender muscular slip is occasionally found lying parallel with the outer
margin of the sternum, overlapping the origin of the pectoral muscle. It is attached, by one end,
to the upper part of the sternum near the origin of the sterno-mastoid
and, by the other, to the
anterior wall of the sheath of the Rectus abdominis.
It has received the name " Rectus sternalis."
;

A

;

Detach the Pectoralis major by dividing the muscle along its attachment to the
and by making a vertical incision through its substance a little external to its line of
attachment to the sternum and costal cartilages. The muscle should then be reflected outwards,
and its tendon carefully examined. The Pectoralis minor is now exposed, and immediately above
it, in the interval between its upper border and the clavicle, a strong fascia, the costo-coracoid memDissection.

clavicle,

brane.

The costo-coracoid membrane protects the axillary vessels and nerves it is
very thick and dense externally, where it is attached to the coracoid process, and
is continuous with the fascia of the arm
more internally, it is connected with
the lower border of the clavicle, as far as the sternal extremity of the first rib;
traced downwards, it passes behind the Pectoralis minor, surrounding, in a more
or less complete sheath, the axillary vessels and nerves; and above, it sends a
prolongation behind the Subclavius, wh^'ch is attached to the clavicle, and so
incloses the muscle in a kind of sheath.
The costo-coracoid membrane is pierced
by the cephalic vein, the thoracico-acromialis artery and vein, superior thoracic
artery and anterior thoracic nerves.
The Pectoralis Minor (Fig. 282) is a thin, flat, triangular muscle situated at
the upper part of the thorax, beneath the Pectoralis major. It arises by three
tendinous digitations, from the upper margin and outer surface of the third,
fourth, and fifth ribs, near their cartilages, and from the aponeurosis covering the
Intercostal muscles the fibres pass upwards and outwards, and converge to form
a flat tendon, which is inserted into the anterior border of the coracoid process
;

;

;

of the scapula.
Relations.
By its anterior surface.^ with the Pectoralis major, and the superior
thoracic vessels and nerves.
By its posterior surface., with the ribs. Intercostal
muscles, Serratus magnus, the axillary space, and the axillary vessels and nerves.
Its upper border is separated from the clavicle by a triangular interval, broad
internally, narrow externally, bounded in front by the costo-coracoid membrane,
and internally by the ribs. In this space are seen the axillary vessels and nerves.

The

costo-coracoid

The

membrane should now be removed, when the Subclavius muscle

Subclavius

is

will

be seen.

a long, thin, spindle-shaped muscle, placed in the interval
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first rib.
It arises by a short, thick tendon from
the cartilage of the first rib, in front of the rhomboid ligament; the fleshy fibres
proceed obliquely outwards, to be inserted into a deep groove on the under
surface of the middle third of the clavicle.
Relations.
By its tipper surface, with the clavicle. By its under surface, it is
separated from the first rib by the subclavian vessels and brachial plexus of
Its anterior surface is separated from the Pectoralis major by the costonerves.
caracoid aponeurosis, wliich, with the clavicle, forms an osteo-fibrous sheath in
which the muscle is inclosed.

between the clavicle and the

If the costal attachment of the Pectoralis minor is divided across, and the muscle reflected outwards, the axillary vessels and nerves are brought fully mto view, and should be examined.

Nerves.
The pectoral muscles are supplied by the anterior thoracic nerves;
the Subclavius, by a filament from the cord formed by the union of the fifth and
sixth cervical nerves.
Actions.
If the arm has been raised by the Deltoid, the Pectoralis major will,
conjointly with the Latissimus dorsi and Teres major, depress it to the side of
the chest and, if acting singly, it will draw the arm across the front of the
chest.
The Pectoralis minor depresses the point of the shoulder, drawing the
scapula downwards and inwards to the thorax.
The Subclavius depresses the
shoulder, drawing the clavicle downwards and forwards.
When the arms are
fixed, all three muscles act upon the ribs, drawing them upwards and expanding
the chest, and thus becoming very important agents in forced inspiration.
Asthmatic patients always assume this attitude, fixing the shoulders, so that all
these muscles may be brought into action to assist in dilating the cavity of the
;

chest.

Lateral Thoeacic Region.
Serratus Magnus.

The Serratus Magnus (Fig. 282) is a broad, thin, and irregularly quadrilateral
muscle, situated at the upper part and side of the chest.
It arises by nine fleshy
digitations from the outer surface and upper border of the eight upper ribs (the
second rib having two) and from the aponeurosis covering the upper intercostal
spaces, and is inserted into the whole length of the anterior aspect of the
posterior border of the scapula.
This muscle has been divided into three portions, a superior, middle, and inferior, on account of the difference in the direction, and in the extent of attachment of each part.
The upper portion, separated
from the rest by a cellular interval, is a narrow, but thick fasciculus, which arises
by two digitations from the first and second ribs, and from the aponeurotic arch
between them; its fibres proceed upwards, outwards, and backwards, to be
inserted into the triangular smooth surface on the anterior aspect of the superior
angle of the scapula. The middle portion of the muscle arises by three digitations from the second, third, and fourth ribs
it forms a thin and broad muscular
layer, which proceeds horizontally backwards to be inserted into the posterior
border of the scapula, between the superior and inferior angles. The lower
portion arises from the fifth, sixth, seventh, and eighth ribs, by four digitations,
in the intervals between which are received corresponding processes of the
External oblique the fibres pass upwards, outwards, and backwards, to be
inserted into the anterior surface of the inferior angle of the scapula, by an
attachment partly muscular, partly tendinous.
Relations.
This muscle is covered, in front, by the Pectoral muscles; behind,
by the Subscapularis above, by the axillary vessels and nerves. Its deep surface
rests upon the ribs and Intercostal muscles.
Nerves.
The Serratus magnus is supplied by the posterior thoracic nerve.
Actions.
The Serratus magnus is the most important external inspiratory
muscle.
When the shoulders are fixed, it elevates the ribs, and so dilates the
;

;

;
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This muscle,
cavity of the chest, ass'sting the Pectoral and Subclavius muscles.
especially its middle and lower segments, draws the base and inferior angle of the
scapula forwards, and so raises the point of the shoulder by causing a rotation of
the bone on the side of the chest assisting the Trapezius muscle in supporting
weights upon the shoulder, the thorax being at the same time fixed by preventing
the escape of the included air.
;

After completing the dissection of the Axilla, if the muscles of the back have been
upper extremity should be separated from the trunk. Saw through the clavicle at its
centre, and then cut through the muscles which connect the scapula and arm with the trunk, viz., the
Pectoralis minor, in front, Serratus magnus, at the side, and the Levator anguli scapulse, the Rhomboids, Trapezius, and Latissimus dorsi behind.
These muscles should be cleaned and traced to their
respective insertions.
Then make an incision through the integument, commencing at the outer
third of the clavicle, and extentling along the margin of that bone, the acromion process, and spine
of the scapula the integument should be dissected from above downwards and outwards, when the
fascia covering the Deltoid is exposed (Fig. 280, No. 3).
Dissection.

dissected, the

;

Fig. 282,

— Muscles of the Chest and Front of the Arm, with the Boundaries of the Axilla.

The superficial fascia of the upper extremity is a thin, cellulo-fibrous lamina,
containing between its layers the superficial veins and lymphatics, and the cutaneous nerves. It is most distinct in front of the elbow, and contains very large
superficial veins and nerves
in the hand it is hardly demonstrable, the integument
being closely adherent to the deep fascia by dense fibrous 'bands. Small subcutaneous bursBB are found in this fascia, over the acromion, the olecranon, and the
knuckles.
The deep fascia of the upper extremity comprises the aponeurosis of
the shoulder, arm, and forearm, the anterior and posterior annular ligaments of
;

;
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carpus, and the palmar fascia.
These will be considered in the description
of the muscles of the several regions.

tlie

ACEOMIAL

ReGIOIST.

Deltoid.

—

The deep fascia covering the Deltoid (deltoid aponeurosis) is a thick and strong
fibrous layer, which incloses the outer surface of the muscle, and sends down
numerous prolongations between its fasciculi; it is continuous, internally, with the
fascia covering the great Pectoral muscle
behind, with that covering the Infra;

spinatus and back of the arm
above, it is attached to the clavicle, the acromion,
and spine of the scapula.
The Deltoid (Fig. 281) is a large, thick, triangular muscle, which forms the convexity of the shoulder, and has received its name from its resemblance to the
Greek letter a reversed. It surrounds the shoulder -joint in the greater part of
its extent, covering it on its outer side, and in front and behind.
It arises from
the outer third of the anterior border and upper surface of the clavicle from
the outer margin and upper surface of the acromion process and from the whole
length of the lower border of the spine of the scapula. From this extensive
origin, the fibres converge towards their insertion, the middle passing verticall}^,
the anterior obliquely backwards, the posterior obliquely forwards they unite to
form a thick tendon, which is inserted into a rough prominence on the middle of
the outer side of the shaft of the humerus. This muscle is remarkably coarse
in texture, and intersected by three or four tendinous laminse
these are attached,
at intervals, to the clavicle and acromion, extend into the substance of the muscle,
and give origin to a number of fleshy fibres. The largest of these lamina extends
from the summit of the acromion.
Relatiorts.
By its superficial surface^ with the integument, the superficial fascia,
Platysma, and supra- acromial nerves. Its deep surface is separated from the
head of the humerus by a large sacculated synovial bursa, and covers the coracoid
process, coraco-acromial ligament, Pectoralis minor, Coraco-brachialis, both heads
of the Biceps, tendon of the Pectoralis major, Infraspinatus, Teres minor. Triceps
(its scapular and external heads), the circumflex vessels and nerve, and the
humerus. Its anterior border is separated from the Pectoralis major by a cellular
interspace, which lodges the cephalic vein and descending branch of the thoracicoacromialis artery.
Its posterior border rests on the Infraspinatus and Triceps
muscles.
Nerves.
The Deltoid is supplied by the circumflex nerve.
Actions.
The Deltoid raises the arm directly from the side, so as to bring it at
right angles with the trunk.
Its anterior fibres, assisted by the Pectoralis major,
draw the arm forwards and its posterior fibres, aided by the Teres major and
:

;

;

;

;

;

Latissimus dorsi, draw

it

backwards.

Divide the Deltoid across, near its upper part, by an incision carried along the
acromion process, and spine of the scapula, and reflect it downwards
the bursa will be seen on its under surface, as well as the circumflex vessels and nerve.
The insertion of the muscle should be carefully examined.
Dissection.

margin

of the clavicle, the

Anterior Scapular Region.
Subscapularis.
^\\e subscapular aponeurosis is a thin membrane, attached to the entire circumference of the subscapular fossa, and affording attachment by its inner surface to
some of the fibres of the Subscapularis muscle when this is removed, the Subscapularis muscle is exposed.
:

The Subscapularis (Fig. 282)
subscapular fossa, arising from

is

its

a large, triangular muscle, which fills up the
internal two-thirds, with the exception of a
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narrow margin along the posterior border, and the surfaces at the superior and
inferior angles which afford attachment to the Serratus magnus.
So,me fibres
arise from tendinous laminge, which intersect the muscle, and are attached to ridges
on the bone and others from an aponeurosis, which separates the muscles from
the Teres major and the long head of the Triceps.
The fibres pass outwards,
and, gradually converging, terminate in a tendon, which is inserted into the lesser
tuberosity of the humerus.
Those fibres which arise from the axillary border
of the scapula are inserted into the neck of the humerus to the extent of an inch
below the tuberosity. The tendon of the muscle is in close contact with the
capsular ligament of the shoulder-joint, and glides over a large bursa, which
This bursa communicates with
separates it from the base of the coracoid process.
the cavity of the joint by an aperture in the capsular ligament.
By its anterior surface^ with the Serratus magnus, Coraco-brachialis,
Relations.
and Biceps, and the axillary vessels and nerves. By its posterior surface^ with
the scapula, the subscapular vessels and nerves, and the capsular ligament of the
shoulder-joint,
lis. lower border \& contiguous with the Teres major and Latis;

simus dor si.
Nerves.
Actions.

by the upper and lower subscapular nerves.
The Subscapularis rotates the head of the humerus inwards

It is supplied

;

when

the arm is raised, it draws the humerus downwards. It is a powerful defence to
the front of the shoulder-joint, preventing displacement of the head of the bone
forwards.

PosTEEioR Scapular Eegion.
Supraspinatus.
Infraspinatus.

(Fig. 283.)

Teres Minor.
Teres Major.

Dissection.
To expose these muscles, and to examine their mode of insertion into the humerus,
detach the Deltoid and Trapezius from their attachment to the spine of the scapula and acromion
Remove the clavicle by dividing the ligaments connecting it with the coracoid process,
process.
and separate it at its articulation with its scapula: divide the acromion process near its root with a
saw. The fragments being removed, the tendons of the posterior Scapular muscles Avill be fully
block should be placed beneath the shoulder-joint, so as to make
exposed, and can be examined.
the muscles tense.

A

The supraspinous aponeurosis is a thick and dense membranous layer, which
completes the osseo-fibrous case in which the Supraspinatus muscle is contained;
affording attachment, by its inner surface, to some of the fibres of the muscle.
It is thick internally, but thinner externally under the coraco -acromial ligament.
When this fascia is removed the Supraspinatus muscle is exposed.
The Supraspinatus muscle occupies the whole of the supraspinous fossa, arising
from its internal two-thirds, and from the strong fascia which covers its surface.
The muscular fibres converge to a tendon, which passes across the capsular ligament of the shoulder-joint, to which it is intimately adherent, and is inserted
into the highest of the three facets on the great tuberosity of the humerus.
Relations.
By its upper surface., with the Trapezius, the clavicle, the acromion, the coraco-acromial ligament, and the Deltoid. By its under surface., with
the scapula, the suprascapular vessels and nerve, and upper part of the shoulderjoint.

The infraspinous aponeurosis is a dense fibrous membrane, covering in the
Infraspinatus muscle, and attached to the circumference of the infraspinous fossa
it affords attachment, by its inner surface, to some fibres of that muscle, is continuous externally with the fascia of the arm, and gives off from its under surface intermuscular septa, which separate the Infraspinatus from the Teres minor,
and the latter from the Teres major.
The Infraspinatus is a thick, triangular muscle, which occupies the chief part
of the infraspinous fossa, arising by fleshy fibres, from its internal two-thirds;
and by tendinous fibres, from the ridges on its surface it also arises from a
strong fascia which covers it externally, and separates it from the Teres major
:

:
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and minor. The fibres converge to a tendon, which glides over the external
border of the spine of the scapula, and passing across the capsular ligament of
the shoulder-joint, is inserted into the middle facet on the great tuberosity of the
humerus. The tendon of this muscle is occasionally separated from the spine of
the scapula by a synovial bursa, which communicates with the synovial membrane of the shoulder-joint.
Fig. 283.

Relations.
dorsi,

— Muscles on the Dorsum of the Scapula and the Triceps.

By its posterior surface^ with the Deltoid, the Trapezius, Latissimus
By its anterior surface.^ with the scapula, from which

and the integument.

is separated by the suprascapular and dorsalis scapulae vessels, and with the
capsular ligament of the shoulder-joint.
Its lower border is in contact with the
Teres minor, and occasionally united with it, and with the Teres major.
The Teres Minor is a narrow, elongated muscle, which lies along the inferior
border of the scapula. It arises from the dorsal surface of the axillary border
of the scapula for the upper two-thirds of its extent, and from two aponeurotic
laminse, one of which separates this muscle from the Infraspinatus, the other
from the Teres major its fibres pass obliquely upwards and outwards, and terminate in a tendon, which is inserted into the lowest of the three facets on the
great tuberosity of the humerus, and, by fleshy fibres, into the humerus immediately below it.
The tendon of this muscle passes across the capsular ligament
of the shoulder-joint.
Relations.
By its posterior surface^ with the Deltoid, the Latissimus dorsi, and
the integument.
By its anterior surface^ with the scapula, the dorsal branch of
the subscapular artery, the long head of the Triceps, and the shoulder-joint. By
its upper border^ with the infraspinatus.
By its lower border^ with the Teres
major, from which it is separated anteriorly by the long head of the Triceps.
The Teres Major is a broad and somewhat flattened muscle, which arises from
the dorsal aspect of the inferior angle of the scapula, and from the fibrous septa

it

;
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interposed between it and the Teres minor and Infraspinatus; the fibres are
directed upwards and outwards, and terminate in a flat tendon, about two inches
in length, which is inserted into the posterior bicipital ridge of the humerus.
The tendon of this muscle, at its insertion into the humerus, lies behind that of
the Latissimus dorsi, from which it is separated by a synovial bursa.
Relations.
By its posterior surface^ with the integument, from which it is
and externally, by the long head
separated, internally, by the Latissimus dorsi
of the Triceps.
By its anterior surface., with the Subscapularis, Latissimus dorsi,
Coraco-brachialis, short head of the Biceps, the axillary vessels, and brachial
plexus of nerves. Its upper hoicder is at first in relation with the Teres minor,
from which it is afterwards separated by the long head of the Triceps. Its
lower border forms, in conjunction with the Latissimus dorsi, part of the posterior
boundary of the axilla.
Nerves.
The Supra- and Infra-spinatus muscles are supplied by the suprascapular nerve the Teres minor, by the circumflex, and the Teres major, by the
lower subscapular.
Actions.
The Supraspinatus assists the Deltoid in raising the arm from the
side, and fixes the head of the humerus in its socket.
The Infraspinatus and
Teres minor rotate the head of the humerus outwards when the arm is raised,
they assist in retaining it in that position, and carrying it backwards. One of
the most important uses of these three muscles is the great protection they afibrd
to the shoulder-joint, the Supraspinatus supporting it above, and preventing displacement of the head of the humerus upwards, whilst the Infraspinatus and
Teres minor protect it behind, and prevent dislocation backwards. The Teres
major assists the Latissimus dorsi in drawing the humerus downwards and backwards when previously raised, and rotating it inwards when the arm is fixed, it
may assist the Pectoral and Latissimus dorsi muscles in drawing the trunk forwards.
;

;

;

;

Anterioe Humeral Eegion.
Coraco-brachialis.

Biceps.

(Fig. 282.)

Brachialis Anticus.

The arm being placed on the table, with the front surface uppermost, make a vertical
through the integument along the middle line, from the outer extremity of the anterior fold
of the axilla, to about two inches below the elbow-joint, where it should be joined by a transverse
incision, extending from the inner to the outer side of the forearm
the two flaps being reflected on
either side, the fascia should be examined.
Dissection.

incision

;

The deep fascia of the arm, continuous with that covering the shoulder and
front of the great Pectoral muscle, is attached, above, to the clavicle, acromion,
and spine of the scapula; it forms a thin, loose, membranous sheath, investing
the muscles of the arm, sending down septa between them, and composed of
fibres disposed in a circular or spiral direction, and connected together by vertical
fibres.
It differs in thickness at different parts, being thin over the Biceps, but
thicker where it covers the Triceps, and over the condyles of the humerus it is
strengthened by fibrous aponeuroses, derived from the Pectoralis major and Latissimus dorsi, on the inner side, and from the Deltoid externally. On either side
;

gives oft' a strong intermuscular septum^ which is attached to the condyloid
ridge and condyle of the humerus. These septa serve to separate the muscles
of the anterior from those of the posterior brachial region. The external intermuscular septum extends from the lower part of the anterior bicipital ridge,
along the external condyloid ridge, to the outer condyle it is blended with the
tendon of the Deltoid gives attachment to the Triceps behind, to the Brachialis
and is
anticus, Supinator longus, and Extensor carpi radialis longior, in front
perforated by the musculo-spiral nerve, and superior profunda artery.
The
internal intermuscular septum, thicker than the preceding, extends from the
lower part of the posterior lip of the bicipital groove below the Teres major,
along the internal condyloid ridge to the inner condyle it is blended with the
tendon of the Coraco-brachialis, and aftbrds attachment to the Triceps behind,
it

;

;

;

;
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It is perforated by the uhiar nerve, and the
and anastomotic arteries. At the elbow, the deep fascia is
attached to all the prominent points round the joint, and is continuous with the
fascia of the forearm. On the removal of this fascia, the muscles of the anterior
humeral region are exposed.

and the

Bracliialis anticus in front.

inferior profunda

The Coraco-brachialis, the smallest of the three muscles in this region, is
situated at the upper and inner part of the arm.
It arises by fleshy fibres from
the apex of the coracoid process, in common with the short head of the Biceps,
and from the intermuscular septum between the two muscles the fibres pass
downwards, backwards, and a little outwards, to be inserted by means of a flat
tendon into a rough ridge at the middle of the inner side of the shaft of the
humerus. It is perforated by the musculo-cutaneous nerve. The inner border
of the muscle forms a guide to the position of the vessel, in tying the brachial
artery in the upper part of its course.
By its anterior surface^ with the Deltoid and Pectoralis major
Relations.
above, and at its insertion with the brachial vessels and median nerve which cross
it.
By its posterior surface^ with the tendons of the Subscapularis, Latissimus
dorsi, and Teres major, the short head of the Triceps, the humerus, and the
By its inner border ^ with the brachial artery, and
anterior circumflex vessels.
the median and musculo-cutaneous nerves. By its outer border., with the short
head of the Biceps and Brachialis anticus.
The Biceps is a long, fusiform muscle, occupying the whole of the anterior
surface of the arm, and divided above into two portions or heads, from which
circumstance it has received its name. The short head arises by a thick, flattened
tendon from the apex of the coracoid process, in common with the Coracobrachialis.
The long head arises from the upper margin of the glenoid cavity,
by a long, rounded tendon, which is continuous with the glenoid ligament. This
tendon arches over the head of the humerus, being inclosed in a special sheath
of the sjaiovial membrane of the shoulder-joint it then pierces the capsular
ligament at its attachment to the humerus, and descends in a bicipital groove, in
which it is retained by a fibrous prolongation from the tendon of the Pectoralis
major. The fibres from this tendon form a rounded belly, and, about the middle
of the arm, join with the portion of the muscle derived from the short head.
The belly of the muscle, narrow and somewhat flattened, terminates above the
elbow in a flattened tendon, which is inserted into the back part of the tuberosity
of the radius, a synovial bursa being interposed between the tendon and the front
of the tuberosity. The tendon of the muscle is thin and broad
as it approaches
the radius it becomes narrow and twisted upon itself, being applied by a flat surface to the back part of the tuberosity
opposite the bend of the elbow the tendon
gives oif, from its inner side, a broad aponeurosis, the bicipital fascia, which passes
obliquely downwards and inwards across the brachial artery, and is continuous
with the fascia of the forearm (Fig. 281), The inner border of this muscle forms
a guide to the position of the vessel, in tying the brachial artery in the middle
of the arm.^
Relations. Ji^ anterior surface is overlapped above by the Pectoralis major and
Deltoid in the rest of its extent it is covered by the superficial and deep fasciae
and the integument. Its posterior surface rests on the shoulder-joint and humerus,
from which it is separated by the Subscapularis, Teres major, Latissimus dorsi,
Brachialis anticus, and the musculo-cutaneous nerve.
Its inner border is in relation with the Coraco-brachialis, the brachial vessels, and median nerve its outer
;

;

;

:

;

;

border.,

A

with the Deltoid and Supinator longus.

third head to the Biceps

is occasionally found (Theile says as often as once in eight or nine
upper and inner part of the Brachialis anticus, with the fibres of which it is
In
continuous, and inserted into the bicipital fascia and inner side of the tendon of the Biceps.
most cases, this additional slip passes behind the brachial artery in its course down the arm. Occasionally, the third head consists of two slips, which pass down, one in front, the other behind the
artery, concealing the vessel in the lower half of the arm.
^

subjects), arising at the
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The BrachiaUs Anticus is a broad muscle, wliich covers tlie elbow-joint and tbe
lower half of the front of the humerus. It is somewhat compressed from before
backward, and is broader in the middle than at either extremity. It arises fi'om
the lower half of the outer and inner surfaces of the shaft of the humerus; and
commences above at the insertion of the Deltoid, which it embraces by two
angular processes. Its origin extends, below, to within an inch of the margin of
the articular surface, and is limited on each side by the external and internal
borders of the shaft of the humerus. It also arises from the intermuscular septa
on each side, but more extensively from the inner than the outer. Its fibres converge to a thick tendon, which is inserted into a rough depression on the anterior
surface of the coronoid process of the ulna, being received into an interval
between two fleshy slips of the Flexor digitorum profundus.
Relations. By its anterior surface^ with the Biceps, the brachial vessels, musculo-cutaneous, and median nerves.
By its posterior surface^ with the humerus
and front of the elbow-joint. By its iyiner border^ with the Triceps, ulnar nerve,
and Pronator radii teres, from which it is separated by the intermuscular septum.
By its outer border^ with the musculo-spirai nerve, radial recurrent artery, the
Supinator longus, and Extensor carpi radialis longior.
Nerves.
The muscles of this group are supplied by the musculo-cutaneous
nerve.
The Brachialis anticus usually receives an additional filament from the
musculo-spirai.

The Coraco-brachialis draws the humerus forwards and inwards, and
same time assists in elevating it towards the scapula. The Biceps and

Actions.
at the

Brachialis anticus are flexors of the forearm the former muscle is also a supinator, and serves to render tense the fascia of the forearm by means of the broad
aponeurosis given off from its tendon. When the forearm is fixed, the Biceps
and Brachialis anticus flex the arm upon the forearm, as is seen in efforts of
climbing.
The Brachialis anticus forms an important defence to the elbow-joint.
:

PosTERiOK
Triceps.

Humeral Kegion.
Subanconeus.

The Triceps (Fig. 283) is situated on the back of the arm, extending the entire
length of the posterior surface of the humerus. It is of large size, and divided
above into three parts; hence its name. These three portions have been named,
(1) the middle, scapular, or long head, (2) the external, or long humeral, and (3)
the internal, or short humeral head.
The middle or scapular head arises, by a flattened tendon, from a rough triangular depression, immediately below the glenoid cavity, being blended at its
upper part with the capsular and glenoid ligaments; the muscular fibres pass
downwards between the two other portions of the muscle, and join with them in
the common tendon of insertion.
The external head arises from the posterior surface of the shaft of the humerus,
between the insertion of the Teres minor and the upper part of the musculo-spirai
groove, from the external border of the humerus and the external intermuscular septum: the fibres from this origin converge towards the common tendon of insertion.
The internal head arises from the posterior surface of the shaft of the humerus,
below the groove for the musculo-spirai nerve, commencing above, narrow and
pointed, below the insertion of the Teres major, and extending to within an inch
of the trochlear surface it also arises from the internal border of the humerus
and internal intermuscular septum. The fibres of this portion of the muscle are
directed, some downwards to the olecranon, whilst others converge to the common
tendon of insertion.
The common tendon of the Triceps commences about the middle of the back
part of the muscle: it consists of two aponeurotic laminae, one of which is subcutaneous and covers the posterior surface of the muscle for the lower half of
its extent
the other is more deeply seated in the substance of the muscle after
:

;

:
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receiving tlie attachment of the muscular fibres, tliey join togetlier above the
elbow, and are inserted into the back part of the upper surface of the olecranon
process, a small bursa, occasionally multilocular, being interposed between the
tendon and front of this surface.
The long head of the Triceps descends between the Teres minor and Teres
major, dividing the triangular space between these two muscles and the humerus
into two smaller spaces, one triangular the other quadrangular (Fig. 283).
The
triangular space contains the dorsalis scapula vessels it is bounded by the Teres
minor above, the Teres major below, and the scapular head of the Triceps externally
the quadrangular space transmits the posterior circumflex vessels and
nerve it is bounded by the Teres minor above, the Teres major below, the
scapular head of the Triceps internally, and the humerus externally.
Relations.
By it& posterior surface., with the Deltoid above: in the rest of its
extent it is subcutaneous. By its anterior surface., with the humerus, musculospiral nerve, superior profunda vessels, and back part of the elbow-joint.
Its
iniddle or long head is in relation, behind, with the Deltoid and Teres minor
in
front, with the Subscapularis, Latissimus dorsi, and Teres major.
The Subanconeus is a small muscle distinct from the Triceps, and analogous to
the Subcrureus in the lower limb. It may be exposed by removing the Triceps
from the lower part of the humerus. It consists of one or two slender fasciculi,
which arise from the humerus, immediately above the olecranon fossa, and are
inserted into the posterior ligament of the elbow-joint.
Nerves.
The Triceps and Subanconeus are supplied by the musculo-spiral
nerve.
Actions.
The Triceps is the great Extensor muscle of the forearm serving,
when the forearm is flexed, to draw it into a right line with the arm. It is the
direct antagonist of the Biceps and Brachialis anticus.
When the arm is
extended, the long head of the muscle may assist the Teres major and Latissimus dorsi in drawing the humerus backwards. The long head of the Triceps
protects the under part of the shoulder -joint, and prevents displacement of the
head of the humerus downwards and backwards.
;

:

;

;

;

Muscles of the Forearm.
To

Dissection.

limb in the position indicated in Fig. 280 make a
from the elbow to the wrist, and a transverse incision at each
of integument being removed, the fascia of the forearm is exposed.

dissect the forearm, place the

;

vertical incision along the middle line

extremity of this

;

the flaps

The

deep fascia of the forearm, continuous above with that inclosing the arm,
which forms a general sheath
inclosing the muscles in this region it is attached behind to the olecranon and
posterior border of the ulna, and gives off from its inner surface numerous intermuscular septa, which inclose each muscle separately. It consists of circular and
oblique fibres, connected together by numerous vertical fibres. It is much thicker
on the dorsal than on the palmar surface, and at the lower than at the upper
part of the forearm, and is strengthened by tendinous fibres derived from the
Its inner
Brachialis anticus and Biceps in front, and from the Triceps behind.
surface gives origin to muscular fibres, especially at the upper part of the inner
and outer sides of the forearm, and forms the boundaries of a series of conicalshaped cavities, in which the muscles are contained. Besides the vertical septa
separating each muscle, transverse septa are given off both on the anterior and
posterior surfaces of the forearm, separating the deep from the superficial layer
of muscles.
Numerous apertures exist in the fascia for the passage of vessels
and nerves one of these, of large size, situated at the front of the elbow, serves
for the passage of a communicating branch between the superficial and deep
is

a dense, highly glistening aponeurotic investment,
;

;

veins.

The muscles of the forearm may be subdivided into groups corresponding to
the region they occupy. One group occupies the inner and anterior aspect of
27
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the forearm, and comprises the Flexor and Pronator muscles.
Another group
occupies its outer side; and a third, its posterior aspect.
The two latter groups
include all the Extensor and Supinator muscles.

Anterior Brachial Region.
Superficial Layer.

!^ronator Radii Teres.

Flexor Carpi Ulnaris.
Flexor Carpi Radialis.
Flexor Sublimis Digitorum.
Palmaris Longus.
Fig.

284.-

arm.

-Front of the Left ForeSuperficial Muscles.

The muscles take origin from the internal condyle of the humerus by a common tendon.

The Pronator Radii

Teres

arises

by two
.

One, the larger and more superficial,
arises from the humerus, immediately above the
internal condyle, and from the tendon common to
the origin of the other muscles also from the
fascia of the forearm, and intermuscular septum
between it and the Flexor carpi radialis. The
other head is a thin fasciculus, which arises from
the inner side of the coronoid process of the ulna,
joining the preceding at an acute angle. Between the two heads passes the median nerve.
The muscle passes obliquely across the forearm
from the inner to the outer side, and terminates
in a flat tendon, which turns over the outer margin of the radius, and is inserted into a rough
ridge at the middle of the outer surface of the
shaft of that bone.
heads.

;

Variations.
The coronoid origin of this muscle presents
numerous variations. It is occasionally absent, and in one
case recorded by Dr. Macalister {Journal of Anat. and

Phys., 2d series, No. 1, p. 9), it existed as a distinct muscle,
inserted into the front of the radius higher up than the rest of
the mass.
In other cases the coronoid slip has been found
connected with the Palmaris longus or the Flexor carpi
radialis, instead of the Pronator teres, and other slighter
anomalies have been recorded by Dr. Macalister.

By its anterior surface., with the
the Supinator longus, and the radial
By its posterior surface., with
vessels and nerve.
the Brachialis anticus. Flexor sublimis digitorum,
the median nerve, and ulnar artery the small or
deep head being interposed between the two
Its outer horder forms the
latter structures.
inner boundary of a triangular space, in which
is placed the brachial artery, median nerve, and
tendon of the Biceps muscle. Its inrier horder
is in contact with the Flexor carpi radialis.
The Flexor Carpi Radialis lies on the inner
It arises from the
side of the preceding muscle.
internal condyle by the common tendon, from the
fascia of the forearm, and from the intermuscular
septa between it and the Pronator teres, on the
and
the Palmaris longus, internally
outside
the Flexor sublimis digitorum, beneath. SlenRelations.

deep

fascia,

:

;

;

and aponeurotic in structure at its commencement, it increases in size,
and terminates in a tendon which forms the lower two-thirds of its length.
der
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This tendon passes througli a canal on tlie outer side of the annular ligament,
runs through a groove in the os trapezium (which is converted into a canal by a
fibrous sheath, and lined by a synovial membrane), and is inserted into the base
of the metacarpal bone of the index finger. The radial artery lies between the
tendon of this muscle and the Supinator longus, and may easily be tied in this
situation.

By its superficial surface^ with the deep fascia and the integument.
deep surface^ with the Flexor sublimis digitorum, Flexor longus pollicis,
and Avrist-joint. By its outer border^ with the Pronator radii teres, and the radial
vessels.
By its inner border^ with the Palmaris longus above, and the median
'

Belations.

By

its

nerve below.

Wood describes a muscle occasionally found (6 times in 70 subjects) beneath the Flexor carpi
and which he has named the Flexor carpi radialis brevis vel profundus. In the best marked
specimen it arose from the outer side of the front surface of the radius, above the Pronator quadratus,
and below the Flexor longus pollicis, and was inserted into the base of the middle metacarpal bone
Mr. Norton
its origin and insertion.
and OS magnum but several variations are described, both
has also found an instance of a similar muscle attached to the middle metacarpal bone. Journ. of
Anat. and Fhys., Nov., 1866, p. 55.
Mr.

J.

radialis,

m

;

The Palraaris Longus is a slender, fusiform muscle, lying on the inner side of
the preceding. It arises from the inner condyle of the humerus by the common
tendon, from the deep fascia, and the intermuscular septa between it and the
adjacent muscles.
It terminates in a slender, flattened tendon, which is inserted
into the annular ligament, expanding to end in the palmar fascia.
This muscle is often absent when present, it offers many varieties.
Its fleshy
sometimes very long, or may occupy the middle of the muscle, which is tendinous at either
extremity or the Palmaris may be muscular at its lower extremity, its upper part being tendinous.
Occasionally, there is a second Palmaris longus placed on the inner side of the preceding, terminating,
below, partly in the annular ligament or fascia, and partly in the small muscles of the little finger.
Variaiio7is.

belly

;

is

;

Relations.
By its superficial surface.^ with the deep fascia. By its deep surface,
with the Flexor digitorum sublimis. Internally with the Flexor carpi ulnaris.
Externally with the Flexor carpi radialis.
The median nerve lies close to the
tendon, just above the wrist, on its inner and posterior side.
The Flexor Carpi Ulnaris lies along the ulnar side of the forearm. It arises
by two heads, connected by a tendinous arch, beneath which pass the ulnar
nerve and posterior ulnar recurrent artery. One head arises from the inner condyle of the humerus by the common tendon the other, from the inner margin
of the olecranon, by an aponeurosis from the upper two-thirds of the posterior
border of the ulna, and from the intermuscular septum between it and the Flexor
.^

^

;

The fibres terminate in a tendon, which occupies the antelower half of the muscle, and is inserted into the pisiform bone,
some fibres being prolonged to the annular ligament and base of the metacarpal
bone of the little finger. The ulnar artery lies on the outer side of the tendon
of this muscle, in the lower two-thirds of the forearm the tendon forming a
guide in tying the vessel in this situation.
Relations.
By its superficial surface, with the deep fascia, with which it is
intimately connected for a considerable extent. By its deep surface, with the
Flexor sublimis, the Flexor profundis, the Pronator quadratus, and the ulnar
vessels and nerve.
By its outer or radial border, with the Palmaris longus above,
and the ulnar vessels and nerve below.
The Flexor Digitorum Sublimis [perforatus) is placed beneath the preceding
muscles, which therefore must be removed in order to bring its attachment into
view. It is the largest of the muscles of the superficial layer, and arises by three
heads.
One head arises from the internal condyle of the humerus by the common
tendon, from the internal lateral ligament of the elbow-joint, and from the intermuscular septum common to it and the preceding muscles. The second head arises
from the inner side of the coronoid process of the ulna, above the ulnar origin of
the Pronator radii teres (Fig. 198, p. 239).
The third head arises from the oblique
sublimis digitorum.

rior part of the

;

;
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line of the radius, extending from the tubercle to the insertion of the Pronator radii
The fibres pass vertically downwards, forming a broad and thick muscle,
teres.

which divides

into four tendons about the middle of the forearm; as these tendons
pass beneath the annular ligament into the palm of the hand, they are arranged
in pairs, the anterior pair corresponding to the middle and ring fingers; the posteThe tendons diverge from one another
rior pair to the index and little fingers.
as they pass onwards, and are finally inserted into the lateral margins of the second
phalanges, about their middle.
Opposite the base of the first phalanges each
tendon divides, so as to leave a fissured interval, through which passes one of the
teudons of the Flexor profundus, and the tendons of both the Flexors then enter
an osseo-aponeurotic canal, formed by a strong fibrous band, which arches across
them, and is attached on each side to the margins of the phalanges. The two
portions into which the tendon of the Flexor sublimis divides, so as to admit of
the passage of the deep flexor, expand somewhat, and form a grooved channel,
into which the accompanying deep flexor tendon is received the two divisions
then unite, and finally subdivide a second time, to be inserted into the sides of the
second phalanges about their middle (Fig. 289). The tendons, whilst contained
in the fibro-osseous canals, are connected to the phalanges by slender tendinous
synovial sheath invests the
filaments, called vincula accessoria tendinum.
tendons as they pass beneath the annular ligaments a prolongation from which
surrounds each tendon as it passes along the phalanges.
In the forearm, by its superficial surface^ with the deep fascia and all
Helations.
the preceding superficial muscles by its deep surface^ with the Flexor profundus
digitorum, Flexor longus pollicis, the ulnar vessels and nerve, and the median
nerve. In the hand, its tendons are in relation, in fronts with the palmar fascia,
superficial palmar arch, and the branches of the median nerve
behind, with the
tendons of the deep flexor and the Lumbricales.
;

A

;

;

;

Anterior Brachial Eegion.
Deep Layer,
Flexor Profundus Digitorum.
Flexor Longus
Pronator Quadratus.

Pollicis.

Dissection.
Divide eacli of the superficial muscles at its centre, and turn either end aside
deep layer of muscles, together with the median nerve and ulnar vessels, will then be exposed.

;

the

The Flexor Profundus Digitorum (perforans) (Fig. 285), is situated on the ulnar
side of the forearm, immediately beneath the superficial Flexors.
It arises from
the upper two-thirds of the anterior and inner surfaces of the shaft of the ulna,
embracing the insertion of the Brachialis anticus above, and extending, below,
to within a short distance of the Pronator quadratus.
It also arises from a
depression on the inner side of the coronoid process, by an aponeurosis from the
upper two- thirds of the posterior border of the ulna, and from the ulna half of the

The fibres form a fleshy bell}^ of considerable size, which
interosseous membrane.
divides into four tendons these pass under the annular ligament beneath the
tendons of the Flexor sublimis. Opposite the first phalanges, the tendons pass
between the two slips of the tendons of the Flexor sublimis, and are finally inserted
into the bases of the last phalanges.
The tendon of the index finger is distinct
the rest are connected together by cellular tissue and tendinous slips, as far as the
palm of the hand.
Four small muscles, the Lumbricales, are connected with the tendons of the
Flexor profundus in the palm. They will be described, with the muscles in that
region.
delations.
By its superficial surface^ in the forearm^ with the Flexor sublimis
digitorum, the Flexor carpi ulnaris, the ulnar vessels and nerve, and the median
nerve and in the hand, with the tendons of the superficial Flexor. By its deep
surface^ in the forearm, with the ulna, the interosseous membrane, the Pronator
:

;

ANTERIOR BRACHIAL REGION.
and in the hand, with
Adductor pollicis,
and deep palmar arch. By its
ulnar horder^ with the Flexor carpi
nlnaris.
By its radial border^ with
quadratus
tlie

;

Interossei,

the Flexor longus

pollicis, the aninterosseous vessels and
nerve being interposed.

terior

The Flexor Longus

Pollicis

is

situated on the radial side of the
forearm, lying on the same plane
It arises from
as the preceding.
the
the upper two-thirds of
grooved anterior surface of the
shaft of the radius commencing,
above, immediately below the tuberosity and oblique line, and extending, below, to within a short
distance of the Pronator quadratus.
It also arises from the adjacent
part of the interosseous membrane, and occasionally by a fleshy
slip from the base of the coronoid
process.
The fibres pass downwards, and terminate in a flattened tendon, which passes beneath
the annular ligament, is then
lodged in the interspace between
the two heads of the Flexor brevis
pollicis, and, entering an osseoaponeurotic canal similar to those
for the other flexor tendons, is inserted into the base of the last
phalanx of the thumb.
Relations.
By its superficial
surface^ with the Flexor sublimis
digitorum. Flexor carpi radialis.
:

Supinator longus and radial vessels.
By its deep surfa,ce.^ with the

membrane,
interosseous
and Pronator quadratus. By its
ulnar border^ with the Flexor profundus digitorum, from which it
radius,

separated by the anterior interosseous vessels and nerve.
The Pronator Quadratics is a
small, flat, quadrilateral muscle,
extending transversely across the
front of the radius and ulna, above
their carpal extremities.
It arises
from the oblique line on the lower
fourth of the anterior surface of
the shaft of the ulna, and the surface of bone immediately below it;
from the anterior border* of the
ulna and from a strong aponeurosis which covers the inner third

is

'

;

Fig. 285.

— Front of the Left Forearm.
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The fibres pass horizontally outwards, to be inserted into the
of the muscle.
lower fourth of the anterior surface and external border of the shaft of the
radius.

Relations.
By its superficial surface.^ with the Flexor profundus digitorum, the
Flexor longus pollicis, Flexor carpi radialis, and the radial vessels. By its deep
surface^ with the radius, ulna, and interosseous membrane.
Nerves.
All the muscles of the superficial layer are supplied by the median
nerve, excepting the Flexor carpi ulnaris, which is supplied by the ulnar.
Of
the deep layer, the Flexor profundus digitorum is supplied conjointly by the
ulnar and by the median, through its branch, the anterior interosseous nerve,
which also supplies the Flexor longus pollicis and Pronator quadratus.
Actions.
These muscles act upon the forearm, the wrist, and hand. Those
acting on the forearm are the Pronator radii teres and Pronator quadratus, which
rotate the radius upon the ulna, rendering the hand prone
when pronation has
been fully effected the Pronator radii teres assists the other muscles in flexing
the forearm.
The flexors of the wrist are the Flexor carpi ulnaris and radialis
and the flexors of the phalanges are the Flexor sublimis and profundus digitorum the former flexing the second phalanges, and the latter the last. The
Flexor longus pollicis flexes the last phalanx of the thumb. The three latter
muscles, after flexing the phalanges, by continuing their action, act upon the
wrist, assisting the ordinary flexors of this joint
and all those which are attached
to the humerus assist in flexing the forearm upon the arm.
The Palmaris
longus is a tensor of the palmar fascia when this action has been fully effected
;

;

;

;

it

flexes the

hand upon the forearm.

Kadial Kegion.

(Fig. 286.)

Supinator Longus.

Extensor Carpi Radialis Longior.
Extensor Carpi Radialis Brevior.

Dissection.
Divide the integument in the same manner as in the dissection of the anterior brachial
region and after having examined the cutaneous vessels and nerves and deep fascia, remove all
those structures.
The muscles will then be exposed. The removal of the fascia will be considerably
facilitated by detaching it from below upwards.
Great care should be taken to avoid cutting across
the tendons of the muscles of the thumb, which cross obliquely the larger tendons running down
the back of the radius.
;

The Supinator Longus is the most superficial muscle on the radial side of the
forearm it is fleshy for the upper two-thirds of its extent, tendinous below. It
arises from the upper two-thirds of the external condjdoid ridge of the humerus,
and from the external intermuscular septum, being limited above by the musculospiral groove.
The fibres terminate above the middle of the forearm in a flat
;

tendon, which

is inserted into the base of the styloid process of the radius.
Relations.
By its su.perficial surface.^ with the integument and fascia for the
greater part of its extent near its insertion it is crossed by the Extensor ossis
metacarpi pollicis and the Extensor primi internodii pollicis. By its deep surface.^
with the humerus, the Extensor carpi radialis longior and brevior, the insertion
of the Pronator radii teres, and the Supinator brevis. By its inner border.^ above
the elbow, with the Brachialis anticus, the musculo-spiral nerve, and radial recurrent artery and in the forearm, with the radial vessels and nerve.
;

;

The Extensor Carpi Radialis Longior
muscle.

It arises

is

placed partly beneath the preceding

from the lower third of the external condyloid ridge of the

humerus, and from the external intermuscular septum. The fibres terminate at
the upper third of the forearm in a flat tendon, which runs along the outer border
of the radius, beneath the extensor tendons of the thumb it then passes through
a groove common to it and the Extensor carpi radialis brevior immediately
behind the styloid process; and is inserted into the base of the metacarpal bone
of the index fino^er, on its radial side.
Relations.
By its superficial surface., with the Supinator longus, and fascia of
;

POSTERIOR BRACHIAL REGION.
Fig. 286. — Posterior Surface of Forearm.
Its outer side is crossed

the forearm.
obliquely by the extensor tendons of
the thumb. By its deep surface^ with
the elbow-joint, the Extensor carpi
radialis brevior, and back part of the
wrist.

The Extensor Carpi Radialis Brevior is shorter, as its name implies, and
thicker than the preceding muscle,
beneath which it is placed. It arises
from the external condyle of the
humerus by a tendon common to it
and the three following muscles;
from the external lateral ligament
from a strong
of the elbow-joint
a,poueurosis which covers its surface
and from the intermuscular septa betAveen it and the adjacent muscles.
The fibres terminate about the middle of the forearm in a flat tendon,
Avhich is closely connected with that
of the preceding muscle, accompanies
it to the wrist lying in the same
groove on the posterior surface of
the radius passes beneath the annular ligament, and, diverging somewhat from its fellow, is inserted into
the base of the metacarpal bone of
;

;

;

the middle finger, on its radial side.
The tendons of the two preceding
muscles pass through the same compartment of the annular ligament,
and are lubricated by a single synovial membrane, but are separated
from each other by a small vertical
ridge of bone as they lie in the
groove at the back of the radius.

By

Relations.

its

superficial

sur-

face^ with the Extensor carpi radialis
longior, and with the Extensor mus-

thumb, which cross it.
with the Supinator brevis, tendon of the Pronator
radii teres, radius, and wrist-joint.
By its ulnar border^ with the Extensor
cles of the

By

its

deep surface^

communis digitorum.
Posterior Brachial Region.
(Fig. 286.)

Superficial Layer.

Communis Digitorum.
Extensor Minimi Digiti.
Extensor Carpi Ulnaris.
Anconeus.
Extensor,

The Extensor Communis Digitorum
is situated at

the back part of the fore-

Superficial Muscles.
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external condyle of the humerus by the common tendon^
and the intermuscular septa between it and the adjacent
muscles. Just below the middle of the forearm? it divides into three tendons,
which pass, together with the Extensor indicis, through a separate compartment
The tendons then
of the annular ligament, lubricated by a synovial membrane.
diverge, the innermost one dividing into two and all, after passing across the
back of the hand, are inserted into the second and third phalanges of the fingers
Each tendon becomes narrow and thickened opposite
in the following manner
the metacarpo-phalangeal articulation, and gives off a thin fasciculus upon each
after having passed the
side of the joint which serves as the posterior ligament
joint, it spreads out into a broad aponeurosis, which covers the whole of the
dorsal surface of the first phalanx being reinforced, in this situation, by the
tendons of the Interossei and Lumbricales. Opposite the first phalangeal joint,
this aponeurosis divides into three slips, a middle and two lateral
the former is
inserted into the base of the second phalanx and the two lateral, which are
continued onwards along the sides of the second phalanx, unite by their contiguous margins, and are inserted into the dorsal surface of the last phalanx.
A&
the tendons cross the phalangeal joints, they furnish them with posterior ligaments. The tendons of the middle, ring, and little fingers are connected together,

arm.

It arises

from

from the deep

tlie

fascia,

;

:

;

;

:

;

as they cross the hand, by small oblique tendinous slips.
The tendons of the
index and little fingers also receive, before their division, the special extensor
tendons belonging to them.
Relations.
By its superficial surface^ with the fascia of the forearm and hand,
By its deep surface^ with the
the posterior annular ligament, and integument.
Supinator brevis, the Extensor muscles of the thumb and index finger, the
posterior interosseous vessels and nerve, the wrist-joint, carpus, metacarpus, and
phalanges. By its radial harder^ with the Extensor carpi radialis brevior. ^j
its ulnar harder, with the Extensor minimi digiti, and Extensor carpi ulnaris.
The Extensor Minimi Digiti is a slender muscle placed on the inner side of
the Extensor communis, with which it is generally connected. It arises from
the common tendon by a thin tendinous slip and from the intermuscular septa
between it and the adjacent muscles. Its tendon runs through a separate
compartment in the annular ligament behind the inferior radio-ulnar joint, then
divides into two as it crosses the hand, one slip being united to the common
extensor by a cross piece, at the metacarpo-phalangeal articulation. Both
finally spread into a broad aponeurosis, which blends with the common extensor
The tendon
to the finger and is inserted into the second and third phalanges.
is situated on the ulnar side and somewhat more superficial than the common
;

extensor.

The Extensor Carpi Ulnaris

is the most superficial muscle on the ulnar side
from the external condyle of the humerus, by the
common tendon from the middle third of the posterior border of the ulna
below the Anconeus, and from the fascia of the forearm. This muscle terminates in a tendon, which runs through a groove behind the styloid process of
the ulna, passes through a separate compartment in the annular ligament, and
is inserted into the ulnar side of the base of the metacarpal bone of the little finger.Relations.
By its superficial surface.^ with the fascia of the forearm. By itsdeep surface., with the uhia, and the muscles of the deep layer.
The Anconeus is a small, triangular muscle, placed behind and below the elbowjoint, and appears to be a continuation of the external portion of the Triceps.
It arises by a separate tendon from the back part of the outer condyle of the
humerus and is inserted into the side of the olecranon, and ujiper fourth of the^
posterior surface of the shaft of the ulna its fibres diverge from their origin,
the upper ones being directed transversely, the lower obliquely inwards.
Relations.
By its superficial surface^ with a strong fascia derived from the
By its deep surface., with the elbow-joint, the orbicular ligament, the
Triceps.
ulna, and a small portion of the Supinator brevis.

of the forearm.

It

arises

;

;

;

:
;
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(Fig. 287.)

Deep Layer.
Extensor Primi Internodii Pollicis.
Supinator Brevis.
Extensor Secuncli Internodii Pollicis.
Extensor Ossis Metacarpi Pollicis.
Extensor Indicis.

The Supinator Brevis is a broad muscle, of a hollow, cylindrical form, curved
round the upper third of the radius. It arises from the external condyle of the
humerus, from the external lateral ligament of tlie elbow-joint and the orbicular
ligament of the radius, from the ridge on the ulna which runs obliquely downwards from the posterior extremity of the lesser sigmoid cavity, from the
triangular depression in front of it, and from a tendiDous expansion which covers
The muscle surrounds the upper part of the radius
the surface of the muscle.
the upper fibres forming a sling-like fasciculus, which encircles the neck of the
radius above the tuberosit}^, and is attached to the back part of its inner surface
the middle fibres are attached to the outer edge of the bicipital tuberosity
the lower fibres to the oblique line of the radius, as low down as the insertion
This muscle is pierced by the posterior interosseous
of the Pronator radii teres.
;

nerve.
Relations.
tor muscles,

By its superficial surface., with the superficial Extensor and Supinaand the radial vessels and nerve. By its deep surface., with the
elbow -joint, the interosseous membrane, and the radius.
The Extensor Ossis Metacarpi Pollicis is the most external and the largest of the
deep Extensor muscles it lies immediately below the Supinator brevis, with which
it is sometimes united.
It arises from the posterior surface of the shaft of the
ulna below the insertion of the Anconeus, from the interosseous ligament, and
from the middle third of the posterior surface of the shaft of the radius. Passing obliquely downwards and outwards, it terminates in a tendon which runs
through a groove on the outer side of the styloid process of the radius, accompanied by the tendon of the Extensor primi internodii pollicis, and is inserted
into the base of the metacarpal bone of the thumb.
Relations.
By its superficial surface., with the Extensor communis digitorum,
Extensor minimi digiti, and fascia of the forearm and with the branches of the
posterior interosseous artery and nerve which cross it.
By its deep) surface., with
the ulna, interosseous membrane, radius, the tendons of the Extensor carpi
radialis longior and brevior, which it crosses obliquely
and, at the outer side of
the wrist, with the radial vessels. By its upper border., with the Supinator brevis.
By its lower harder., with the Extensor primi internodii pollicis.
The Extensor Primi Internodii Pollicis., the smallest muscle of this group, lies
on the inner side of the preceding. It arises from the posterior surface of the
shaft of the radius, below the Extensor ossis metacarpi, and from the interosseous
membrane. Its direction is similar to that of the Extensor ossis metacarpi, its
tendon passing through the same groove on the outer side of the styloid process^
to be inserted into the base of the first phalanx of the thumb.
Relations.
The same as those of the Extensor ossis metacarpi pollicis.
The Extensor secundi Internodii Pollicis is much larger than the preceding
muscle, the origin of which it partly covers in. It arises from the posterior surface
of the shaft of the ulna, below the origin of the Extensor ossis metacarpi
pollicis, and from the interosseous membrane.
It terminates in a tendon which
passes through a separate compartment in the annular ligament, lying in a
narrow oblique groove at the back part of the lower end of the radius. It then
crosses obliquely the Extensor tendons of the carpus, being separated from the
other Extensor tendons of the thumb by a triangular interval, in which the
radial artery is found
and is finally inserted into the base of the last phalanx
of the thumb.
Relations. By its superficial surface, with the same parts as the Extensor ossis
:

;

;

;
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metacarpal pollicis. By its deejo surface^ with the nlna, interosseous membrane,
radius, tlie wrist, the radial vessels, and metacarpal bone of the tltnmb.
The Extensor Indicts is a narDeep
57.
Posterior Surface of the Forearm.
Fig.
row, elongated muscle, placed on

—

Muscles.

the inner side of, and parallel
It arises
with, the preceding.
from the posterior surface of the
shaft of the ulna, below the origin of the Extensor secundi internodii pollicis, and from the
interosseous membrane.
Its tendon passes with the Extensor
communis digitorum through the
same canal in the annular ligament, and subsequently joins
that tendon of the Extensor communis which belongs to the index
finger, opposite the lower end of
the corresponding metacarpal
bone, lying to the ulnar side of
the tendon from the common Extensor.

It is finally inserted into

the second and third phalanges
of the index finger in the manner
already described.
Relations.
They are similar
to those of the preceding muscles.
Nerves. The Supinator longus.

Extensor carpi radialis longior,
and Anconeus, are supplied by
branches from the musculo-spiral
nerve. The remaining muscles
of the radial and posterior brachial regions,

by the posterior

in-

terosseous nerve.

The muscles of the
Actions.
radial and posterior brachial regions, which comprise all the Extensor and Supinator muscles,
act upon the forearm, wrist, and
hand they are the direct antagonists of the Pronator and Flexor
;

muscles.
The Anconeus assists
the Triceps in extending the fore-

arm.

are the Extensors of the wrist
extend the forearm upon the arm;

cles,

The Supinator longus and

brevis are the supinators of the
forearm and hand; the former
muscles more especially acting as
a supinator when the limb is
pronated.
When supination has
been produced, the Supinator
longus, if still continuing to act,
flexes the forearm. The Extensor
carpi radialis longior and brevior,
and Extensor carpi ulnaris muscontinuing their action, they serve to
they are the direct antagonists of the

;
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Flexor carpi radialis and ulnaris. The common Extensor of the fingers, the
Extensors of the thumb, and the Extensors of the index and little fingers, serve
and are the direct antagoto extend the phalanges into which they are inserted
By continuing their action, they assist in extending the
nists of the Flexors.
forearm.
The Extensors of the thumb, in consequence of the oblique direction
of their tendons, assist in supinating the forearm, when the thumb has been
drawn inwards towards the palm.
;

Muscles and Fasciae of the Hand.
Make a transverse incision across the front of the wrist, and a second
Dissection (Fig. 280).
across the heads of the metacarpal bones connect the two by a vertical incision in the middle Ime,
and continue it through the centre of the middle finger. The anterior and posterior annular ligaments, and the palmar fascia, should then be dissected.
:

The Anterior Annular Ligament is a strong fibrous band, which arches over
the carpus, converting the deep groove on the front of the carpal bones into a
canal, beneath which pass the flexor tendons of the fingers. It is attached, internally, to the pisiform bone, and unciform process of the unciform bone
and
externally, to the tuberosity of the scaphoid, and ridge on the trapezium.
It is
continuous, above, with the deep fascia of the forearm, and below, with the palmar
fascia.
It is crossed by the ulnar vessels and nerve, and the cutaneous branches
It has inserted into its upper and inner part
of the median and ulnar nerves.
the tendon of the Palmaris longus and part of the tendon of the Flexor carpi
radialis and has arising from it, below, the small muscles of the thumb and little
finger.
It is pierced by the tendon of the Flexor carpi radialis
and beneath
it pass the tendons of the Flexor sublimis and profundus digitorum, the Flexor
longus poUicis, and the median nerve. One large sjmovial membrane incloses all
the tendons as they pass beneath this ligament. It surrounds the tendons for
some distance in the forearm and also in the palm of the hand. It presents two
prolongations one is continuous with the sheath of the tendon of the Flexor
longus pollicis, the other with that of the little finger.
The Posterior Annular Ligament
Fig- 288,— Transverse Section through the Wrist,
is a strong fibrous band, extending
;

;

;

;

transversely across the back of the
wrist, and continuous with the fascia
of the forearm. It forms a sheath for
the extensor tendons in their passage
to the fingers, being attached, internally, to the ulna, the cuneiform and
pisiform bones, and palmar fascia
externally, to the margin of the
radius and, in its passage across the
wrist, to the elevated ridges on the
It
posterior surface of the radius.
presents six compartments for the passage of tendons, each of which is lined
by a separate synovial membrane.

showing the Annular Ligaments and the Canals
for the

Passage of the Tendons.

:

These

are,

from without inwards

—

'^

T

^^T.

COM

Die.

INOICIS.

1.

On the outer

side of the styloid process for the tendons of the Extensor ossis metacarpi, and Extensor primi internodii pollicis. 2. Behind the styloid process, for the
tendons of the Extensor carpi radialis longior and brevior. 3. Opposite the outer
side of the posterior surface of the radius, for the tendon of the Extensor secundi
internodii pollicis.
4. To the inner side of the latter, for the tendons of the

Extensor communis digitorum, and Extensor indicis. 5. For the Extensor
minimi digiti, opposite the interval between the radius and ulna. 6. For the
tendon of the Extensor carpi ulnaris, grooving the back of the ulna. The
synovial membranes lining these sheaths are usually very extensive, reach-

;
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ing from above the annular ligament

down upon

the tendons almost to their

insertion.

The palmar fQscia forms

common

sheath, which invests the muscles of the
and two lateral portions.
The central portion occupies the middle of the palm, is triangular in shape, of
great strength and thickness, and binds down the tendons in this situation. It is
narrow above, being attached to the lower margin of the annular ligament, and
Below, it is broad
receives the expanded tendon of the Palmaris longus muscle.
and expanded, and opposite the heads of the metacarpal bones divides into four
Each slip subdivides into two processes, which inclose
slips, for the four fingers.
the tendons of the Flexor muscles, and are attached to the sides of the first phalanx,
and to the anterior ligament by this arrangement, four arches are formed, under
which the Flexor tendons pass. The intervals left in the fascia, between the four
fibrous slips, transmit the digital vessels and nerves, and the tendons of the
Lumbricales. At the points of division of the palmar fascia into the slips above
mentioned, numerous strong transverse fibres bind the separate processes together.
The palmar fascia is intimately adherent to the integument by numerous fibrous
bands, and gives origin by its inner margin to the Palmaris brevis it covers the
superficial palmar arch, the tendons of the flexor muscles, and the branches of
the median and ulnar nerves; and on each side it gives ofi' a vertical septum, which
is continuous with the interosseous aponeurosis, and separates the lateral from the
middle palmar group of muscles.
The lateral portions of the palmar fascia are thin fibrous layers, which cover,
on the radial side, the muscles of the ball of the thumb and, on the ulnar side,
the muscles of the little finger they are continuous with the dorsal fascia, and
in the palm with the middle portion of the palmar fascia.

hand.

a

It consists of a central

:

;

;

;

Muscles of the Hand.

—

The Muscles of the hand are subdivided into three groups: 1. Those of the
thumb, which occupy the radial side. 2. Those of the little finger, which occupy
.the ulnar side.
3. Those in the middle of the palm and between the interosseous spaces.

Radial Region.
Muscles of

Abductor
Opponens

Thumb.

Pollicis.

Pollicis (Flexor Ossis Metacarpi).

Flexor Brevis

Adductor

the

(Fig. 289.)

Pollicis.

Pollicis.

The Abductor Pollicis is a thin, flat muscle, placed immediately beneath the
integument. It arises from the ridge of the os trapezium and annular ligament
and, passing outwards and downwards, is inserted by a thin, flat tendon into the
radial side of the base of the first phalanx of the thumb.
Relations.
By its superficial surface., with the palmar fascia. By its deep surface., with the Opponens pollicis, from which it is separated by a thin aponeurosis.
Its inner border is separate^d from the Flexor brevis pollicis by a narrow cellular
interval.

The Opponens

PollicisiQ a small triangular muscle, placed beneath the preceding.

from the palmar surface of the trapezium and annular ligament, passes
downwards and outwards, and is inserted into the whole length of the metacarpal
bone of the tliiumb on its radial side.
Relations, ^j its superficial surface., with the Abductor pollicis.. By its deep
It arises

with the trapezio-metacarpal articulation.
Flexor brevis pollicis.
surface.,

By

its

inner

border.,

with the

[
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The Flexor Brevis Pollicis is much larger than either of the two preceding
muscles, beneath which it is placed.
It consists of two poi'tions, in the interval
between which lies the tendon of the Flexor longus pollicis. The anterior and
more superficial portion arises from the trapezium and outer two-thirds of the
annular ligament the deeper portion from the trapezoid, os magnum, base of
;

Fig. 289.

— Muscles of the Left Hand.

Palmar

Surface.

the third metacarpal bone (or second and third), and sheath of th# tendon of the
Tlexor carpi radialis. The two portions are united by a bundle ot fibres, which
pass behind the long flexor, and are inserted one on either side of the base of the
-.first phalanx of the thumb, the outer portion being joined with the Abd actor,
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A

and the inner with the Adductor.

sesamoid bone

is

developed in each tendon

as it passes across the metacarpo-phalangeal joint.

Bj its superficial surface^ with the palmar fascia. By its deep
with the Adductor pollicis, and tendon of the Flexor carpi radialis. By
By its internal surface., with the
its external surface., with the Opponens pollicis.
tendon of the Flexor longus pollicis.
The Adductor Pollicis (Fig. 285) is the most deeply-seated of this group of
muscles. It is of a triangular form, arising, by its broad base, from the whole
length of the metacarpal bone of the middle finger on its palmar surface the
fibres, proceeding outwards, converge, to be inserted, with the inner tendon of the
Flexor brevis pollicis, into the ulnar side of the base of the first phalanx of the
thumb, and into the internal sesamoid bone.
Relations.
By its svperfi.cial surface., with the Flexor brevis pollicis, the
tendons of the Flexor profundus, and the Lumbricales. Its deep surface covers
the first two interosseous spaces, from which it is separated by a strong
Relations.

surface.,

;

aponeurosis.
Nerves.
The Abductor, Opponens, and outer head of the Flexor brevis pollicis^
are supplied by the median nerve the inner head of the Flexor brevis, and the
Adductor pollicis, by the ulnar nerve.
Actions.
The actions of the muscles of the thumb are almost sufficiently indiThis segment of the hand is provided with three Extencated by their names.
sors
an Extensor of the metacarpal bone, an Extensor of the first, and an
Extensor of the second phalanx these occupy the dorsal surface of the forearm
and hand. There are, also, three flexors on the palmar surface a Flexor of the
metacarpal bone, the Flexor ossis metacarpi (Opponens pollicis), the Flexor brevis
pollicis, and the Flexor longus pollicis
there is also an Abductor and an Adductor.
These muscles give to the thumb its extensive range of motion.
;

—

;

—

;

Ulnar Eegion.

(Fig. 289.)

Muscles of the Little Finger.

Palmaris Brevis.

Abductor Minimi

Digiti.

Flexor Brevis Minimi Digiti.
Opponens Minimi Digiti (Flexor Ossis Metacarpi).

The Palmaris Brevis is a thin, quadrilateral muscle, placed beneath the integument on the ulnar side of the hand. It arises by tendinous fasciculi, from the
annular ligament and palmar fascia the fleshy fibres pass horizontally inwards
to be inserted into the skin on the inner border of the palm of the hand.
'Relations.
By its superficial surface., with the integument to which it is intimately adherent, especially by its inner extremity. By its (ieep surface., with the
inner portion of the palmar fascia which separates it from the ulnar vessels and
nerve, and from the muscles of the ulnar side of the hand.
The Abductor Minimi Digiti is situated on the ulnar border of the palm of the
hand. It arises from the pisiform bone, and from an expansion of the tendon of
the Flexor carpi ulnaris and terminates in a flat tendon, which is inserted into
the ulnar side of the base of the first phalanx of the little finger.
Relations.
By its superficial surface., with the inner portion of the palmar
fascia, and the Palmaris brevis.
By its deep surface., with the Flexor ossis metacarpi.
By its inner border., with the Flexor brevis minimi digiti.
;

;

;

The Flexor Brevis Minimi Digiti lies on the same plane as the preceding
muscle, on its radial side. It arises from the tip of the unciform process of theunciform bone, and anterior surface of the annular ligament, and is inserted into
the base of the first phalanx of the little finger with the preceding. It is separated from the Abductor at its origin, by the deep branches of the ulnar artery
and nerve. This muscle is sometimes wanting the Abductor is then, usually,.
of large size.
;
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By its superficial surface^ with the internal portion of the palmar
and the Palmaris brevis. By its deep surface^ with the Opponens.
The Opponens Minimi Digiti (Fig. 285) is of a triangular form, and placed
immediately beneath the preceding muscles. It arises from the unciform process
of the unciform bone, and contiguous portion of the annular ligament its fibres
pass downwards and inwards, to be inserted into the whole length of the metacarpal bone of the little finger, along its ulnar margin.
Relations.
By its superficial surface^ with the Flexor brevis and Abductor
minimi digiti. By its deep surface^ with the Interossei muscles in the fourth
metacarpal space, the metacarpal bone, and the Flexor tendons of the little
Relations.

fascia,

;

finger.

All the muscles of this group are supplied by the ulnar nerve.
The actions of the muscles of the little finger are expressed in their
names. The Palmaris brevis corrugates the skin on the inner side of the palm
of the hand.
Nerves.

Actions.

Middle Palmar Region.
Lumbricales.

Interossei Palmares.
Interossei Dorsales.

The Lumbricales (Fig. 289) are four small, fleshy fasciculi, accessories to the
deep Flexor muscle. They arise by fleshy fibres from the tendons of the deep
Flexor the first and second, from the radial side and palmar surface of the tendons
of the index and middle fingers the third, from the contiguous sides of the
tendons of the middle and ring fingers and the fourth, from the contiguous sides
of the tendons of the ring and little fingers.
They pass forwards to the radial
side of the corresponding fingers, and oppoThe Dorsal Interossei of
Fig. 290.
site the metacarpo-phalangeal articulation
Left Hand.
each tendon terminates in a broad aponeurosis, which is inserted into the tendinous
expansion from the Extensor communis
digitorum, covering the dorsal aspect of
each finger.
The Interossei Muscles are so named from
occupying the intervals between the metacarpal bones.
They are divided into two
sets, a dorsal and palmar
the former are
four in number, one in each metacarpal
space the latter, three in number, lie upon
the metacarpal bones.
The Dorscd Interossei are four in number,
larger than the palmar, and occupy the intervals between the metacarpal bones.
They are bipenniform muscles, arising by
two heads from the adjacent sides of the
metacarpal bones, but more extensively
from that side of the metacarpal bone which
:

;

;

—

;

;

corresponds to the side of the finger in
which the muscle is inserted. They are
inserted into the base of the first phalanges
and into the aponeurosis of the common
Extensor tendon. Between the double origin of each of these muscles is a
narrow triangular interval, through which passes a perforating branch from the
deep palmar arch.
The First Dorsal Interosseous muscle, or Abductor indicis, is larger than the
others.
It is flat, triangular in form, and arises by two heads, separated by a
fibrous arch, for the passage of the radial artery from the dorsum to the palm of
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The outer head arises from the upper half of the uhiar border of the
metacarpal bone the inner head, from almost the entire length of the radial
border of the second metacarpal bone the tendon is inserted into the radial side
The second and third dorsal interossei are inserted into the
of the index finger.
middle finger, the former into its radial, the latter into its ulnar side. The fourth
is inserted into the ulnar side of the ring-finger.
The Palmar Interossei^ three in number, are smaller than the Dorsal, and placed
upon the palmar surface of the metacarpal bones, rather than between them.
They arise from the entire length of the metacarpal bone of one finger, and are
inserted into the side of the base of the first phalanx and aponeurotic expansion
of the common Extensor tendon of the same finger.
The first arises from the ulnar side of the second metacarpal bone, and is
The second arises from the radial
inserted into the same side of the index finger.
side of the fourth metacarpal bone, and is inserted into the same side of the ringfinger.
The third arises from the radial side of
the fifth metacarpal bone, and is inserted into the
The Palmar Interossei
Fig. 291.
the hand.
first

;

;

—

side of the little finger.
From this account it may be seen that each finger is provided
with two Interossei muscles, with the exception
.of the little finger, in which the Abductor muscle takes the place of one of the pair.
Nerves.
The two outer Lumbricales are supplied by the median nerve
the rest of the
muscles of this group by the ulnar.
Actions.
The Dorsal interossei muscles abduct
the fingers from an imaginary line drawn longitudinally through the centre of the middle finger
and the Palmar interossei adduct the fingers
towards that line. They usually assist the Extensor muscles but when the fingers are slightly
bent, they assist in flexing them.
The action
of the Lumbricales and Internal or Dorsal interossei is said by Hunter to be to flex the first
phalanges, and extend the last two (works by
Palmer, iv., 237); and Cleland supports this
("Journ. of Anat. and Phys." Old series, i.,
M. Duchenne gives a different account of
85).
the mechanism of the extension of the fingers
and of the action of the Interossei muscles from
that usually accepted.
According to him, the
Extensor communis digitorum acts almost entirely on the first phalanges,
extension of the second and third phalanges being effected by the Interossei
muscles, which also act to a certain extent as flexors of the first phalanges.
This action of the Interossei is additional to their action in abduction and
adduction (" Physiologie des Mouvements," pp. 261-298).^
of Left

Hand.

same

;

;

;

^ M. Duchenne's view of the action of these muscles certainly derives support from the phenomena
observed in lead-palsy and from the results of galvanizing the common Extensor and the Interossei,
Thus also in a case related by Mr.
as Dr. W. Ogle has been kind enough to point out to me.
Hutchinson, in which the ulnar nerve had been divided below the part from which the Extensor
communis was supplied (and therefore the Interossei were .paralyzed while the Extensor acted), " the
first phalanges wei-e bent backwards on the metacarpal bones" (extended) "while the fingers were
curved into the palm " (second and third phalanges flexed). London Hospital Reports, vol. iii., p. 307.
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SURGICAL ANATOMY.
The Student, having completed the dissection of the muscles of the upper extremity, should consider the effects likely to be produced by the action of the various muscles in fracture of the bones.
In considering the actions of the various muscles upon fractures of the upper extremity, I have
selected the most common forms of injury, both for illustration and description.
Fracture of the clavicle is an exceedingly common accident, and is usually caused by indirect
violence, as a fall upon the shoulder
it occasionally, however, occurs from direct force.
Its
more usual situation is just external to the centre of the bone, but it may occur at the sternal
;

or acromial end.
Fracture of the middle of the clavicle (Fig. 292) is always attended with considerable displacement, the outer fragment being drawn downwards, forwards, and inwards; the inner fragment
The outer fragment is drawn down
slightly upwards.
by the weight of the arm, and the action of the Deltoid,
Fig. 292. -Fracture of the Middle of
the Clavicle.
and forwards and inwards by the Pectoralis minor and
Subclavius muscles the inner fragment is slightly raised
by the Sternocleidomastoid, but only to a very limited
extent, as the attachment of the costo-clavicular ligament
and Pectoralis major below and in front would prevent
:

any very great displacement upwards. The causes, of
displacement having been ascertained, it is easy to apply
The outer fragment is to be
the appropriate treatment.
drawn outwards, and together with the scapula, raised
upwards to a level with the inner fragment, and retained
in that position.

In fracture of the acromial end of the clavicle, between
the conoid and trapezoid.ligaments, only slight displacement occurs, as these ligaments, from their oblic^ue insertion, serve to hold both portions of the bone in apposition.
Fi'actui-e, also, of the sternal end, internal to the costoclavicular ligament, is attended with only slight displacement, this ligament serving to retain the fragments in
close apposition.
Fracture of the acromion process usually arises from
violence applied to the upper and outer part of the
shoulder it is generally known by the rotundity of the
shoulder being lost, from the Deltoid drawing the fractured portion downwards and forwards and the displacement may easily be discovered by tracing the margin of
the clavicle outwards, when the fragment will be found
resting on the front and upper part of the head of the
humerus. In order to relax the anterior and outer fibres
of the Deltoid (the opposing muscle), the arm should be drawn forwards across the chest, and the
elbow well raised, so that the head of the bone may press the acromion process upwards and retain
;

;

it in its

position.

Fracture of the coracoid process is an extremely rare accident, and is usually caused by a sharp
blow on the point of the shoulder. Displacement is here produced by the combined actions of the

293.— Fracture of the Surgical Neck of the Humerus.

Fig.

Pectoralis minor, short head of the Biceps, and Coraco-brachialis, the former muscle drawing the fragment inwards, and
the latter directly downwards, the amount of displacement
being limited by the connection of this process to the acromion
by means of the coraco-acromial ligament. In order to relax
these muscles and ^replace the fragments in close apposition,
the forearm should' be flexed so as to relax the Biceps, and the
arm drawn forwards and inwards across the chest so as to relax
the Coraco-brachialis
the humerus should then be pushed
upwards against the coraco-acromial ligament, and the arm
retained in that position.
Fracture of the anatomzccd necTc of the humerus within the
capsular ligament is a rare accident, attended with very slight
displacement, an impaired condition of the motions of the joint,
;

and crepitus.
Fracture of the surgical neck (Fig. 293) is very common, is
attended with considerable displacement, and its appearances
correspond somewhat with those of dislocation of the head of
The upper fragment is slightly
the humerus into the axilla.
elevated under the coraco-acromial ligament by the muscles
attached to the greater and lesser tuberosities; the lower fragment is drawn inwards by the Pectoralis major, Lalissimus
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and Teres major and the humerus is thrown obliquely outwards from the side by the Deland occasionally elevated so as to project beneath and in front of the coracoid process. The
deformity is reduced by fixing the shoulder, and drawing the arm outwards and downwai'ds. To
counteract the opposing muscles, and to keep the fragments in position, the arm should be drawn
from the side, and pasteboard splints applied on its four sides, a large conical-shaped pad should
be placed in the axilla with the base turned upwards, and the elbow approximated to the side,
and retained there by a broad roller passed round the chest the forearm should then be flexed,
and the hand supported in a sling, care being taken not to raise the elbow, otherwise the lower
fragment may be displaced upwards.
In fracture of the shaft of the humerus below the insertion of the Pectoralis major, Latissimus
dorsi, and Teres major, and above the insertion of the Deltoid, there is also considerable deformity,
the upper fragment being drawn inwards by the first-mentioned muscles, and the lower fragment
upwards and outwards by the Deltoid, producing shortening of the limb, and a considerable
prominence at the seat of fracture, from the fractured ends of the bone riding over one another,
dorsi,

;

toid,

;

the fracture takes place in an oblique direction.
Fig. 294.
into apposition by extension
Fracture of the Humerus
from the elbow, and retained in that position by adopting
above the Condyles.
the same means as in the preceding injury.
In fractures of the shaft of the humerus immediately
below the insertion of the Deltoid the amount of deformity
depends greatly upon the direction of the fracture. If the
fracture occurs in a transverse direction, only slight displacement occurs, the upper fragment being drawn a little forwards but in oblique fracture, the combined actions of the
Biceps and Brachialis anticus muscles in front, and the Triceps behind, draw upwards the lower fragment, causing it
to glide over the upper fragment, either backwards or forSimple
wards, according to the direction of the fracture.
extension reduces the deformity, and the application of
.splints on the four sides of the arm will retain the fragments
in apposition. Care should be taken not to raise the elbow;
but the forearm and hand may be supported in a sling.
Fracture of the humerus (Fig. 294) immediately above
the condyles deserves very attentive consideration, as the
general appearances correspond somewhat with those produced by separation of the epiphysis of the humerus, and
with those of dislocation of the radius and ulna backwards.
If the direction of the fracture is oblique from above, downwards, and forwards, the lower fragment is drawn upwards
and backwards by the Brachialis anticus and Biceps in front,
and the Triceps behind. This injury may be diagnosed from
dislocation, by the increased mobility in fracture, the existence of crepitus, and the fact of the
deformity being remedied by extension, on the discontinuance of which it is reproduced. The
age of the patient is of importance in distinguishing this form of injury from separation of the
epiphysis.
If fracture occurs in the opposite
direction to that shown in the accompanying
Fig. 295.— Fracture of the Olecranon,
figure, the lower fragment is drawn upwards and
forwards, causing a considerable prominence in
front and the upper fragment projects backwards beneath the tendon of the Triceps muscle.
Fracture of the coronoid process of the idna
is an accident of rare occurrence, and is usually
caused by violent action of the Brachialis anticus muscle. The amount of displacement varies
according to the extent of the fracture. If the
tip of the process only is broken off, the fragment is drawn upwards by the Brachialis anticus
on a level with the coronoid depression of the
humerus, and the power of flexion is partially
lost.
If the process is broken off near its root,
the fragment is still displaced by the same
muscle
at the same time, on extending the
forearm, partial dislocation backwards of the
ulna occurs from the action of the Triceps
muscle. The appropriate treatment would be
to relax the Brachialis anticus by flexing the
forearm, and to retain the fragments in apposition by keeping the arm in this position.
Union
is generally ligamentous.
Fracture of the olecranon process (Fig. 295) is a more frequent accident, and is caused either
by violent action of the 'J'riceps muscle, or by a fall or blow upon the point of the elbow. The
especially

if

The fragments maybe brought

;

;

;

—

;
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action of the Triceps muscle, from half an inch

two inches the prominence of the elbow is consequently lost, and a deep hollow is felt at the
back part of the joint, which is much increased on fie.xing the limb. The patient at the same
time loses, more or less, the power of extending the forearm. The treatment consists in relaxing
the 'J'riceps by extending the limb, and retaining it in the extended position by means of a long
straight splint applied to the front of the arm
the fragments are thus brought into close apposition, and may be further approximated by drawing down the upper fragment.
Union is generally
to

;

;

ligamentous.

Fracture of the neck of the radius is an exceedingly rare accident, and is generally caused by
direct violence.
Its diagnosis is somewhat obscure, on account of the slight deformity visible :
the injured part being surrounded by a large number of muscles; but the movements of pronation
lost.
The upper fragment is drawn outwards by the Supinator brevis,
extent of displacement being limited by the attachment of the orbicular ligament. The lower
fragment is drawn forwards and slightly upwards by the Biceps, and inwards by the Pronator
radii teres, its displacement forwards and upwards being counteracted in some degree by the
Supinator brevis. The treatment essentially consists in relaxing the Biceps, Supinator brevis,
and Pronator radii teres muscles, by flexing the forearm, and placing it in a position midway
between pronation and supination, extension having been previously made so as to bring the parts

and supination are entirely
its

in apposition.

Fracture of the radius (Fig. 296) is more common than fracture of the ulna, on account of the
connection of the former bone with the wrist. Fracture of the shaft of the radius near its centre
may occur from direct violence, but more freFig. 296.- Fracture of the Shaft of the Eadius.
quently from a fall forwards, the weight of the
body being received on the wrist and hand. The
upper fragment is drawn upwards by the Biceps,
and inwards by the Pronator radii teres, holding
a position midway between pronation and supination, and a degree of fulness in the upper half
of the forearm is thus produced the lower fragment is drawn downwards and inwards towards
the ulna by the Pronator quadratus, and thrown
into a state of pronation by the same muscle
at the same time, the Supinator longus, by
elevating the styloid process, into which it is
inserted, will serve to depress the upper end of
the lower fragment still more towards the ulna. In order to relax the opposing muscles the forearm
should be bent, and the limb placed in a position midway between pronation and supination
the
fracture is then easily reduced by extension from the wrist and elbow
well-padded splints should
then be applied on both sides of the forearm from the elbow to the wrist the hand being allowed
to fall, will, by its own weight, counteract the action of the Pronator quadratus and Supinator
longus, and elevate the lower fragment to the level of the upper one.
Fracture of the shaft of the tdna is not a common accident it is usually caused by direct
violence.
The more protected position of the ulna on the inner side of the limb, the greater
strength of its shaft, and its indirect connection with the wrist, render it less liable to injury than
the radius. The fracture usually occurs a little below the middle, which is the weakest part of
the bone.
The upper fragment retains its usual position, but the lower fragment is drawn outwards towards the radius by the Pronator quadratus, producing a well-marked depression at the
seat of fracture, and some fulness on the dorsal and palmar surfaces of the forearm. The fracture
is easily reduced by extension from the wrist and forearm.
The forearm should be flexed, and
placed in a position midway between pronation and supination, and well-padded splints applied
from the elbow to the ends of the fingers.
Fracture of the shafts of the radius and ulna together is not a very common accident it may
arise from a direct blow, or from indirect violence.
The lower fragments are drawn upwards,
sometimes forwards, sometimes backwards, according to the direction of the fracture, by the combined actions of the Flexor and Extensor muscles, producing a degree of fulness on the dorsal
or palmar surface of the forearm
at the same time the two fragments are drawn into contact by
the upper fragment of the radius is
the Pronator quadratus, the radius in a state of pronation
drawn upwards and inwards by the Biceps and Pronator radii teres to a higher level than the
The fracture
ulna; the upper portion of the ulna is slightly elevated by the Brachialis anticus.
may be reduced by extension from the wrist and elbow, and the forearm should be placed in the

—

:

;

:

;

;

;

;

:

same position as

in fracture of the ulna.
In the treatment of all cases of fracture of the bones of the forearm, the greatest care is requisite
to prevent the ends of the bones from being drawn inwards towards the interosseous space if this
point is not carefully attended to, the radius and ulna may become anchylosed, and the movements
of pronation and supination entirely lost.
To obviate this, the splints applied to the limb should
be well padded, so as to press the muscles down into their normal situation in the interosseous
space, and thus prevent the approximation of the fragments.
Fracture of the loicer end of the radius (Fig. 297) is usually called CoUes's fracture, from the
name of the eminent Dublin surgeon who tirst accurately described it. It is generally produced
by the patient falling upon the hand, which receives the entire weight of the body. This fracture
:
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usually takes place from half an inch to an inch above the articular surface if it occurs in the
adult but in the child, before the age of sixteen, it is more frequently a separation of the epiphysis
from the diaphysis. The displacement which is produced is very considerable, and bears some
resemblance to dislocation of the carpus backwards, from which it should be carefully distinguished.
The lower fragment is drawn upwards and backwards behind the upper fragment by the combined
;

Fig. 297.

— Fracture of the Lower End of the Eadius.

actions of the Supinator longus and the flexors and the extensors of the thumb and carpus, producing a well-marked prominence on the back of the wrist, with a deep depression above it. The
upper fragment projects forwards, often lacerating the substance of the Pronator quadratus, and
is drawn by this muscle into close contact with the lower end of the ulna, causing a projection on
the anterior surface of the forearm, immediately above the carpus, from the flexor tendons being
thrust forwards.
This fracture may be distinguished from dislocation by the deformity being
removed on making sufficient extension, when crepitus may be occasionally detected; at the same
time, on extension being discontinued, the parts immediately resume their deformed appearance.
The age of the patient will also assist in determining whether the injury is fracture or separation
of the epiphysis.
The treatment consists in flexing the forearm, and making powerful extension
from the wrist and elbow, depressing at the same time the radial side of the hand, and retaining
the parts in that position by well-padded 'pistol-sliajjed splints.

MUSCLES AND FASCIA OF THE LOWER EXTREMITY.
The Muscles of the Lower Extremity are subdivided into groups, corresponding with the different regions of the limb.
Hip.
Iliac Region.

Psoas magnus.
Psoas parvus,

Gluteal Region.
Grluteus

maximus.

Gluteus medius.
Gluteus minimus.
Pyriformis.

.

Iliacus.

Thigh.
Anterior Femoral Region.

Tensor vaginae femoris.
Sartorius.

Gemellus superior.
Obturator internus.
Gemellus inferior.
Obturator externus.
Quadratus femoris.

Pectus.

Vastus externus.
Vastus internus.
Crureus.
Subcrureus.

Posterior Femoral Region.

Biceps.

Semitendinosus.

Semimembranosus.

Internal Femoral Region.
Gracilis.

Leg.
Anterior Tihio-fihular Region.
'

Pectineus.

Tibialis anticus.

Adductor longus.
Adductor brevis.
Adductor magnus.

Extensor longus digitorum.
Extensor proprius pollicis,
Peroneus tertius.

OF THE LOWER EXTREMITY.
Posterior Tibiofibular Region.
Superficial Layer,
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Plantar Region.
First Layer.

Gastrocnemius.

Abductor

Plantaris.

Flexor brevis digitorum.

Soleus.

Abductor minimi

pollicis.

digiti.

Deep Layer.
Second Layer.
Flexor accessorius,
Lumbricales.

Popliteus.

Flexor longus pollicis.
Flexor longus digitorum.
Tibialis posticus.

Third Layer.
Flexor brevis pollicis.

Fibular Region.

Peroneus longus.
Peroneus brevis.

Adductor

pollicis.

Flexor brevis minimi
Transversus pedis.

digiti.

Foot.
Fourth Layer.

Dorsal Region.
Extensor brevis digitorum.

T

e Interossei.

Iliac Region.

Psoas Magnus.
Dissection.

No

Psoas Parvus.

detailed description

is

Iliacus.

required for the dissection of these muscles.

On

the

removal of the viscera from the abdomen, they are exposed, covered by the peritoneum and a thni
layer of fascia, the fascia iliaca.

The iliac fascia is the aponeurotic layer which lines the back part of the
abdominal cavity, and covers the Psoas and Iliacus muscles throughout their
whole extent. It is thin above and becomes gradually thicker below, as it
;

approaches the femoral arch.

The portion

is attached, above, to the ligamentum arcuatum
sacrum and by a series of arched processes to the
intervertebral substances and prominent margins of the bodies of the vertebrse;

internum

;

investing the Psoas

internally, to the

;

the intervals so left, opposite the constricted portions of the bodies, transmitting
Externally, this
the lumbar arteries and filaments of the sympathetic nerve.
portion of the iliac fascia is continuous with the fascia lumborum.
The portion investing the Ilia.cas is connected, externally, to the whole length
of the inner border of the crest of the ilium
and internally to the brim of the
true pelvis, where it is continuous with the periosteum, and receives the tendon
of insertion of the Psoas parvus, when that muscle exists.
External to the
femoral vessels, this fascia is intimately connected with Poupart's ligament, and
is continuous with the fascia transversalis
but, as the femoral vessels pass down
into the thigh, it is prolonged down behind them, and, passing under Poupart's
ligament, it forms the posterior wall of the femoral sheath, and surrounds the
Psoas and Iliacus muscles to their termination, and becomes continuous with the
Iliac portion of the fascia lata.
Internal to the femoral vessels, the iliac fascia
is connected to the ilio-pectineal line, and is continuous with the pubic portion
of the fascia lata.
The external iliac vessels lie in front of the iliac fascia, but
all the branches of the lumbar plexus behind it
it is separated from the peritoneum by a quantity of loose areolar tissue. In abscess accompanying caries of
the lower part of the spine, the matter makes its way to the femoral arch, distending the sheath of the Psoas and when it accumulates in considerable quan tity, this muscle becomes absorbed, and the nervous cords contained in it are
dissected out, and are exposed in the cavity of the abscess
the femoral vessels,
however, remain intact, and the peritoneum seldom becomes implicated.
Remove this fascia, and the muscles of the iliac region will be exposed.
The Psoas Magnus (Fig. 299) is a long, fusiform muscle, placed on the side of
;

;

;

;

;

;;
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It arises from the sides
tlie lumbar region of the spine and margin of tlie pelvis.
of the bodies, from the corresponding intervertebral substances, and from the
front of the bases of the transverse processes of the last dorsal and all the lumbar
The muscle is connected to the bodies of the vertebrae by five slips
vertebrae.
each slip is attached to the upper and lower margins of two vertebras, and to the
intervertebral substance between them the slips themselves being connected b}^
the tendinous arches which extend across the constricted part of the bodies, and
beneath which pass the lumbar arteries and sympathetic nerves. These tendinous arches also give origin to muscular fibres, and protect the blood-vessels and
nerves from pressure during the action of the muscle. The first slip is attached
to the contiguous margins of the last dorsal and first lumbar vertebrse the last
to the contiguous margins of the fourth and fifth lumbar, and to the interverteFrom these points the muscle passes down across the brim of
bral substance.
the pelvis, and, diminishing gradually in size, passes behind Poupart's ligament,
and terminates in a tendon, which, after receiving the fibres of the Iliacus, is
inserted into the lesser trochanter of the femur.
In the lumbar region. By its anterior surface^ which is placed
Relations.
behind the peritoneum, with the iliac fascia, the ligamentum arcuatum internum,
the kidney. Psoas parvus, renal vessels, ureter, spermatic vessels, genito-crural
nerve, the colon, and along its pelvic border with the common and external iliac
By its posterior surface.^ with the transverse processes of the
artery and vein.
lumbar vertebrae, and the Quadratus lumborum, from which it is separated by
the anterior lamella of the aponeurosis of the Transversalis. The anterior crural
nerve is at first situated in the substance of the muscle, and emerges from its
The lumbar plexus is situated in the posterior
outer border at the lower part.
By its inner side., the muscle is in relation
part of the substance of the muscle.
with the bodies of the lumbar vertebrae, the lumbar arteries, the ganglia of the
sympathetic nerve, and their branches of communication with the spinal nerves
the lumbar glands; the vena cava inferior on the right, and the aorta on the left
side.
In the thigh it is in relation, in front, with the fascia lata behind, with
the capsular ligament of the hip, from which it is separated by a synovial bursa,
which sometimes communicates with the cavity of the joint through an opening
of variable size; by its inner border., with the Pectineus and the femoral artery,
which slightly overlaps it; by its outer border., with the anterior crural nerve and
Iliacus muscle.
The Psoas Parvus is a long, slender muscle, placed in front of the preceding.
It arises from the sides of the bodies of the last dorsal and first lumbar vertebrae
and from the intervertebral substance between them. It forms a small, fiat,
muscular bundle, which terminates in a long, flat tendon, inserted into the iliopectineal eminence, and continuous, by its outer border, with the iliac fascia.
This muscle is often absent, and, according to Cruveilhier, sometimes double.
Relations.
It is covered by the peritoneum, and at its origin by the ligamentum arcuatum internum it rests on the Psoas magnus.
The Iliacus is a flat, radiated muscle, which fills ujd the whole of the internal
iliac fossa.
It arises from the iliac fossa and inner margin of the crest of the
ilium behind, from the ilio-lumbar ligament and base of the sacrum in front,
from the anterior superior and anterior inferior spinous processes of the ilium,
from the notch between them, and by a few fibres from the capsule of the hipjoint.
The fibres converge to be inserted into the outer side of the tendon of
the Psoas, some of them being prolonged into the oblique line which extends
from the lesser trochanter to the linea aspera.
Relations.
Within the Pelvis: by its anterior surface., with the iliac fascia
which separates the muscle from the peritoneum, and with the external cutaneous
nerve on the right side, with the c^cum on the left side, with the sigmoid flexure
of the colon. By its posterior surface., with the iliac fossa.
By its inner border.,
with the Psoas magnus, and anterior crural nerve. In the thigh, it is in relabehind,
tion, by its anterior surface., with the fascia lata. Rectus, and Sartorius
;

;

;

;

;

;

;

;
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with the capsule of the hip-joint, a synovial bursa common to it and the Psoas
magnus being interposed.
Nerves. The Psoas is supplied by the anterior branches of the lumbar nerves,
the Iliacus by the anterior crural.
Actions. The Psoas and Iliacus muscles, acting from above, flex the thigh upon
the pelvis, and, at the same time, rotate the femur outwards, from the obliquity
of their insertion into the inner and back part of that bone. Acting from below,
the femur being fixed, the muscles of both sides bend the lumbar portion of the
spine and pelvis forwards.
They also serve to maintain the erect position, by
supporting the spine and pelvis upon the femur, and assist in raising the trunk

when the body is in the recumbent posture.
The Psoas parvus is a tensor of the iliac fascia.

Anterior Femoral Eegion.
Tensor Vaginas Feraoris.

Vastus Externus.
Vastus Internus.

Sartorius.

Crureus.

Rectus.

Subcrureus.
Dissection.
To expose the muscles and fascise in this region, make an mcision along Poupart's
ligament, from the spine of the ilium to the pubes, a vertical incision from the centre of this, along
the middle of the thigh to below the knee-joint, and a
transverse incision from the inner to the outer side of the
Fig. 298.
Dissection of Lower ExThe flaps
leg, at the lower end of the vertical mcision.
tremity.
Front View.
of integument havmg been removed, the superficial and

—

deep fascia3 should be examined. The more advanced
student should commence the study of this region by an
examination of the anatomy of femoral hernia, and Scarpa's
triangle, the incisions for the dissection of which are
marked out in the accompanying figure.
\

The Superficial fascia forms a continuous
layer over the whole of the lower extremity,
consisting of areolar tissue, containing in its
meshes much adipose matter, and capable of
being separated into two or more layers, between which are found the superficial vessels
and nerves. It varies in thickness in different
parts of the limb
in the sole of the foot it
is so thin as to be scarcely demonstrable, the
integument being closely adherent to the deep
fascia beneath
but in the groin it is thicker,
and the two layers are separated from one
another by the superficial inguinal glands, the
internal saphenous vein, and several smaller
vessels. One of these two layers, the superficial,
is continuous above with the superficial fascia
of the abdomen, the deep layer becoming
blended with the fascia lata, a little below
Poupart's ligament. The deep layer of superficial
fascia is intimately adherent to the
margins of the saphenous opening in the fascia
lata, and pierced in this situation by numerous
small blood and lymphatic vessels hence the
name cribriform fascia^ which has been applied
to it.
Subcutaneous bursse are found in the
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Fig 299 —Muscles of the Iliac and
Anterior Femoral Eesions
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superficial fascia over the patella, point of the
heel, and phalangeal articulations of the toes.

The deep fascia of the thigh is exposed on
the removal of the superficial fascia, and is
named, from its great extent, the fascia lata
it forms a uniform investment for the whole
of this region of the limb, but varies in thickness in dift'erent parts thus, it is thicker in
the upper and outer part of the thigh, where
it receives a fibrous expansion from
the
Gluteus maximus muscle, and the Tensor
vaginae femoris is inserted between its layers
it is very thin behind, and at the upper and
inner part, where it covers the Adductor
muscles, and again becomes stronger aroand
the knee, receiving fibrous expansions from
the tendon of the Biceps, externally, and from
the Sartorius, Gracilis, Semitendinosus, and
Quadriceps extensor cruris in front. The
fascia lata is attached, above, to Poupart's
ligament and the crest of the ilium behind,
to the margin of the sacrum and coccyx
internally, to the pubic arch and linea iliopectinea
and below to all the prominent
points around the knee-joint, the condyles
of the femur, tuberosities of the tibia, and
head of the fibula.
That portion which
invests the Gluteus medius (the Gluteal
aponeurosis) is very thick and strong, and
gives origin, by its inner surface, to some
of the fibres of that muscle; at the upper
border of the Gluteus maximus, it divides
into two layers, the upper of which, very
thin, covers the surface of the Gluteus maximus, and is continuous below with the fascia
lata
the deep layer is thick above, where
it blends with the great sacro-sciatic ligament,
thin below, where it separates the Gluteus
maximus from the deeper muscles. From
the inner surface of the fascia lata are given
ofi' two strong intermuscular septa, which are
attached to the whole length of the linea
aspera the external and stronger one, which
extends from the insertion of the Gluteus
maximus to the outer condyle, separates the
Vastus externus in front from the short head
of the Biceps behind, and gives partial
origin to those muscles the inner one, the
thinner of the two, separates the Vastus internus from the Adductor muscles. Besides
these, there are numerous smaller septa,
separating the individual muscles, and inclosing each in a distinct sheath. At the upper
and inner part of the thigh, a little below
Poupart's ligament, a large oval-shaped
aperture is observed after the superficial
fascia has been cleared off": it transmits the
;

;

:

;

;

:

:

;
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internal saphenous vein, and otlier smaller vessels, and is termed the saphenous
opening.
In order more correctly to consider the mode of formation of this
aperture, the fascia lata is described as consisting, in this part of the thigh, of two
portions, an iliac portion and a pubic portion.
The iliac portion is all that part of the fascia lata on the outer side of the
saphenous opening. It is attached, externally, to the crest of the ilium and its

anterior superior spine, to the whole length of Poupart's ligament, as far
internally as the spine of the pubes, and to the pectineal line in conjunction
with Gimbernat's ligament. From the spine of the pubes it is reflected downwards and outwards, forming an arched margin, the superior cornu, or outer

boundary of the saphenous opening

:

this

margin

overlies,

and

is

adherent to

the anterior layer of the sheath of the femoral vessels to its edge is attached
the cribriform fascia, and, below, it is continuous with the pubic portion of the
:

fascia lata.

The piihic portion is situated at the inner side of the saphenous opening at
the lower margin of this aperture it is continuous with the iliac portion traced
upwards, it is seen to cover the surface of the Pectineus muscle, and, passing
behind the sheath of the femoral vessels, to which it is closely united, is continuous with the sheath of the Psoas and Iliacus muscles, and is finally lost in the
This fascia is attached above to the pectineal
fibrous capsule of the hip-joint.
line in front of the insertion of the aponeurosis of the external oblique, and
internally to the margin of the pubic arch.
From this description it may be
observed, that the iliac portion of the fascia lata passes in front of the femoral
vessels, and the pubic portion behind them, so that an apparent aperture exists
between the two, through which the internal saphenous joins the femoral vein.-^
;

;

.

The

fascia

pinching

it

should

now be removed from

up between the

forceps, dividing

This maj^ be effected bj
the surface of the muscles.
it, and separating it from each muscle in the course of

its fibres.

The Tensor Vaginse Femoris

arises from the anterior part of the outer lip of
and from the outer surface of the anterior superior
spinous process, between the Gluteus nredius and Sartorius. It is inserted into

the

crest of the ilium,

the fascia lata about one-fourth down the outer side of the thigh.
From the point
of insertion the fascia is continued downwards to the head of the tibia as a
thickened band, the ilio-tihial hand.
Relations.
By its superficial surface, with the fascia lata and the integument.
By its deep surface, with the Gluteus medius. Pectus femoris. Vastus externus,
and the ascending branches of the external circumflex artery. By its anterior
border, with the Sartorius, from which it is separated below by a triangular
By its posterior border, with the
space, in which is seen the Pectus femoris.

Gluteus medius.

The
it

Sartorius, the longest muscle in the body, is flat, narrow, and riband-like
by tendinous fibres from the anterior superior spinous process of the

arises

ilium and the upper half of the notch below it, passes obliquely across the upper
and anterior part of the thigh, from the outer to the inner side of the limb, then
descends vertically, as far as the inner side of the knee, passing behind the inner
condyle of the femur, and terminates in a tendon, which, curving obliquely
forwards, expands into a broad aponeurosis, inserted into the upper part of the
inner surface of the shaft of the tibia, nearly as far forwards as the crest.
This
expansion is inserted behind the attachment of the Gracilis and Semitendinosus,
but sends a process over these tendons, to be inserted in front of them. An
offset is derived from the upper margin of this aponeurosis, which blends with
the fibrous capsule of the knee-joint, and another, given off from its lower border,
blends with the fascia on the inner side of the leg.
The relations of this muscle
to the femoral artery should be carefully examined, as its inner border forms
the chief guide in tying the artery.
In the upper third of the thigh, it forms
^

These parts will be again more particularly described with the anatomy of Hernia.
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the outer side of a triangular space, Scarpa's triangle, the inner side of which is
formed by the Adductor longus, and the base, turned upwards, by Poupart's
ligament; the femoral artery passes perpendicularly through the middle of this
space from its base to its apex. In the middle third of the thigh, the femoral
artery lies first along the inner border, and then behind the Sartorius.
By its superficial surface^ with the fascia lata and integument. By
Relations.
its deep surface^ with the Iliacus, Psoas, Rectus, Vastus internus, anterior crural
nerve, sheath of the femoral vessels, Adductor longus. Adductor magnus, Gracilis,
long saphenous nerve, and internal lateral ligament of the knee-joint.
The Quadriceps extensor includes the four remaining muscles on the front of
the thigh. It is the great Extensor muscle of the leg, forming a large fleshy
mass, which covers the front and sides of the femur, being united below into a
single tendon, attached to the tibia, and above subdividing into separate portions,
which have received distinct names. Of these, one occupying the middle of the
thigh, connected above with the ilium, is called the Rectus femoris.^ from its
The other divisions lie in immediate connection with the shaft
straight course.
of the femur, which they cover from the condyles to the trochanters.
The portion on the outer side of the femur is termed the Vastus externus ; that covering
the inner side, the Vastus internus ; and that covering the front of the femur,
the Crureus. The two latter portions are, however, so intimately blended as to
form but one muscle.
The Rectus Femoris is situated in the middle of the anterior region of the
thigh it is fusiform in shape, and its superficial fibres are arranged in a bipenniform manner, the deep fibres running straight down to the deep aponeurosis. It
one, the straight tendon, or short head, from the anterior
arises by two tendons
inferior spinous process of the ilium
the other is flattened, and curves outwards,
to be attached to a groove above the brim of the acetabulum this is the reflected
tendon, or long head, of the Rectus it unites with the straight tendon at an
acute angle, and then spreads into an aponeurosis, from which the muscular
fibres arise.^
The muscle terminates in a broad and thick aponeurosis, which
occupies the lower two-thirds of its posterior surface, and, gradually becoming
narrowed into a flattened tendon, is inserted into the patella in common with the
Vasti and Crureus.
Relations.
By its superficial surface.^ with the anterior fibres of the Gluteus
minimus, the Tensor vaginee femoris, Sartorius, and the Psoas and Iliacus by
its lower three-fourths, with the fascia lata.
By its posterior surface.^ with the
hip-joint, the external circumflex vessels, and the Crureus and Vasti muscles.
The three remaining muscles have been described collectively by some anatomists, separate from the Rectus, under the name of the Triceps extensor cruris.
In order to expose them, divide the Sartorius and Rectus across the middle,
and turn them aside, when the muscles in question will be fully brought into
view.
The Vastus externus is the largest part of the Quadriceps extensor. It arises
by a broad aponeurosis, which is attached to the tubercle of the femur, to the
anterior border of the great trochanter, to a horizontal ridge on its outer surface,
to a rough line leading from the trochanter major to the linea aspera, and to the
whole length of the outer lip of the linea aspera this aponeurosis covers the
"upper three-fourths of the muscle, and from its inner surface many fibres arise.
few additional fibres arise from the tendon of the Gluteus maximus, and from
the external intermuscular septum between the Vastus externus and short head
of the Biceps. The fibres form a large fleshy mass, which is attached to a strong
aponeurosis, placed on the under surface of the muscle at its lower part this
;

:

;

;

;

;

;

A

:

^ Mr. W. E. Williams, in an interesting paper in the Journ.
of Anat. and Phys., vol. xiii., p. 204,
points out that the reflected tendon is the real origin of the muscle, and is alone present in early
foetal life.
The direct tendon is merely an accessory band of condensed fascia. The paper will well
repay perusal, though in some particulars, I think, the description in the text more generally
(Ed.)
accurate.

;
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blending with the great extensor tendon.
Relations.
By its siipey-fictal sin-face, with the Rectus, the Tensor vaginae
femoris, the fascia lata, and the Gluteus maximns, from which it is separated by
a synovial bursa.
By its deep surface, with the Crureus, some large branches of
the external circumflex artery and anterior crural nerve being interposed.
The Vastus Internus and Crureus are so inseparably connected together as to
form but one muscle, as which it will be accordingly described. It is the smallest
portion of the Quadriceps extensor. The anterior portion of it, covered by the
the internal portion, which lies immediately
Rectus, is called the Crureus
beneath the fascia lata, the Yastus internus. It arises by an aponeurosis, which
is attached to the lower part of the line that extends from the inner side of the
neck of the femur to the linea aspera, from the whole length of the inner lip of
the linea aspera, and internal intermuscular septum. It also arises from nearly
the whole of the internal, anterior, and external surfaces of the shaft of the femur,
limited, above, by the line between the two trochanters, and extending, below,
to within the lower fourth of the bone. From these different origins the fibres
converge to a broad aponeurosis, which covers the anterior surface of the middle
portion of the muscle (the Crureus), and the deep surface of the inner division
of the muscle (the Vastus internus), and which gradually narrows down to its
insertion into the patella, where it blends with the other portions of the Quadriceps extensor.
The muscular fibres of the Vastus internus extend lower down
than those of the Vastus externus, so that the capsule of the joint is less covered
with muscular fibres on the outer than on the inner side.
Relations.
By its superficial surface, with the Psoas and Iliacus, the Rectus,
Sartorius, Pectineus, Adductors, and fascia lata, femoral vessels, and saphenous
nerve.
By its cZeep surface, with the femur, Subcrureus, and synovial membrane
of the knee-joint.
The student will observe the striking analogy that exists between the Quadriceps extensor and the Triceps muscle in the upper extremity.
So close is this
similarity, that M. Cruveilhier has described it under the name of the Triceps
Like the Triceps brachialis, it consists of three distinct divisions, or
femoralis.
heads a middle or long head, analogous to the long head of the Triceps, attached
to the ilium, and two other portions, which may be called the external and interThese, it will be noticed, are strictly analonal heads of the Triceps femoralis.
gous to the outer and inner heads of the Triceps brachialis.
The tendons of the different portions of the Quadriceps extensor unite at the
lower part of the thigh, so as to form a single strong tendon, which is inserted
into the upper part of the patella.
More properly, the patella may be regarded
as a sesamoid bone, developed in the tendon of the Quadriceps and the ligamentum patellae, which is continued from the lower part of the patella to the tubersynovial
osity of the tibia, as the proper tendon of insertion of the muscle.
bursa is interposed between the tendon and the upper part of the tuberosity of
the tibia. From the tendons corresponding to the Vasti, a fibrous prolongation
is derived, which is attached below to the upper extremities of the tibia and
fibula, and which serves to protect the knee-joint, being strengthened on its outer
side by the fascia lata.
The Subcrureus is a small muscle, usually distinct from the Crureus, but occasionally blended with it, which arises from the anterior surface of the lower part
of the shaft of the femur, and is inserted into the upper part of the synovial
pouch, that extends upwards from the knee-joint behind the patella. It sometimes consists of two separate muscular bundles.
Nerves.
The Tensor vaginse femoris is su-pplied by the superior gluteal nerve
the other muscles of this region, by branches from the anterior crural.
The Tensor vaginae femoris is a tensor of the fascia lata; continuing
Actions.
its action, the oblique direction of its fibres enables it to rotate the thigh iuAvards.
In the erect posture, acting from below, it will serve to steady the pelvis upon
tlie patella,

;

:

;

A
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head of tlie femur. The Sartorius flexes the leg upon the thigh, and, continuing to act, flexes the thigh upon the pelvis, at the same time drawing the
limb inwards, so as to cross one leg over the other. Taking its fixed point from
the leg, it flexes the pelvis upon the thigh, and, if one muscle acts, assists in
rotating the pelvis.
The Quadriceps extensor extends the leg upon the thigh.
Fig. 300.
Deep Muscles of the Internal
Femoral Region.
Taking its fixed point from the leg, as in
standing, this muscle will act upon the
femur, supporting it perpendicularly upon
the head of the tibia, and thus maintaining
the entire weight of the body. The Rectus
muscle assists the Psoas and Uiacus in supporting the pelvis and trunk upon the
femur, or in bending it forwards.
tlie

—

Internal Femoral Region.
Gracilis.

Pectineus.

Adductor Longus.
Adductor Brevis.
Adductor Magnus.
These muscles are at once exposed by
from the fore part and inner
side of tfie thigh.
The limb should be abducted, so
as to render the muscles tense, and easier of dissection.
Dissection.

removing the

fascia

The (JradUs

(Figs. 299, 302) is the most
on the inner side of the

superficial muscle

thigh. It is thin and flattened, broad above,
narrow and tapering below. It arises by
a thin aponeurosis, between two and three
inches in breadth, from the inner margin
of the ramus of the pubes and ischium.
The fibres pass vertically downwards, and
terminate in a rounded tendon, which passes
behind the internal condyle of the femur,
and, curving round the inner tuberosity
of the tibia, becomes flattened, and is inserted into the upper part of the inner
surface of the shaft of the tibia, below the
The tendon of this muscle
tuberosity.
is situated immediately above that of the
Semitendinosus, and in front of the tendon
of the Sartorius, with which it is in part

blended.

As

it

passes across the internal

ligament of the knee-joint, it is
separated from it by a synovial bursa common to it and the Semitendinosus muscle.

lateral

Relations.

By

its

stiperficial

surface.,'

with the fascia lata and the Sartorius
below; the internal saphenous vein crosses
it obliquely near
its lower part, lyingsuperficial to the fascia lata.
The anterior
crural nerve emerges between its tendon and
that of the Sartorius. By its deep surface^
with the three Adductors, and the internal
lateral ligament of the knee-joint.
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The Pectineus (Fig. 299) is a flat, qiiadrangular muscle, situated at the anterior
part of the upper and inner aspect of tlae thigh. It arises from the linea iliopectinea, from the surface of bone in front of it, between the pectineal eminence
and spine of the pubes, and from a tendinous prolongation of Gimbernat's ligament, which is attached to the crest of the pubes and is continuous with the fascia
covering the anterior surface of the muscle the fibres pass downwards, backwards, and outwards, to be inserted into a rough line leading from the trochanter
minor to the linea aspera.
Relations.
By its anterior surface^ with the pubic portion of the fascia lata,
wdiich separates it from the femoral vessels and internal saphenous vein. By its
posterior surface.^ with the hip-joint, the Adductor brevis and Obturator externus
muscles, the obturator vessels and nerve being interposed.
By its outer border^
with the Psoas, a cellular interval separating them, through which passes the
internal circumflex arterj^
By its inner border., with the margin of the Adductor
longus.
The Adductor longus., the most superficial of the three Adductors, is a flat,
triangular muscle, lying on the same plane as the Pectineus, with which it is often
blended above. It arises, by a flat, narrow tendon, from the front of the pubes, at
the angle of junction of the crest with the symphysis and soon expands into a
broad, fleshy belly, which, passing downwards, backwards, and outwards, is
inserted, by an aponeurosis, into the middle third of the linea aspera, between
the Vastus internus and the Adductor magnus.
Relations.
By its anterior surface., with the fascia lata, and, near its insertion,
with the femoral artery and vein. By its posterior surface., with the Adductor
brevis and magnus, the anterior branches of the obturator vessels and nerve, and
with the profunda artery and vein near its insertion. By its outer border^ with the
Pectineus.
By its in7ier border., with the Gracilis.
;

;

The Pectineus and Adductor longus should now be divided near their origin, and turned downwhen the Adductor brevis and Obturator externus will be exposed.

wards,

The Adductor brevis is situated immediately behind the two preceding muscles.
somewhat triangular in form, and arises by a narrow origin from the outer

It is

surface of the descending ramus of the pubes, between the Gracilis and Obturator
externus.
Its fibres, passing backwards, outwards, and doAvnwards, are inserted,
by an aponeurosis, into the upper part of the linea aspera, immediately behind
the Pectineus and upper part of the Adductor longus.
Relations.
By its anterior surface., with the Pectineus, Adductor longus, and
anterior branches of the obturator vessels and nerve.
By its posterior surface^
with the Adductor magnus, and posterior branches of the obturator vessels and
nerve.
By its outer border., with the Obturator externus, and conjoined tendon
of the Psoas and Iliacus.
By its inner border., with the Gracilis and Adductor
magnus. This muscle is pierced, near its insertion, by the middle perforating
branch of the profunda artery.
The Adductor brevis should now be cut away near
Adductor magnus will be exposed.

its

origin,

and turned outwards, when the

entire extent of the

The Adductor magnus is a large triangular muscle, forming a septum between
the muscles on the inner and those on the back of the thigh. It arises from
a small part of the descending ramus of the pubes, from the ascending ramus of
the ischium, and from the outer margin and under surface of the tuberosity of
the ischium. Those fibres which arise from the ramus of the pubes are very short,
horizontal in direction, and are inserted into the rough line leading from the great
trochanter to the linea aspera, internal to the Gluteus maximus those from the
ramus of the ischium are directed downwards and outwards with different degrees
of obliquity, to be inserted, by means of a broad aponeurosis, into the whole
length of the linea aspera and the upper part of its internal bifurcation below.
The internal portion of the muscle, consisting principally of those fibres which
;
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from the tuberosity of the ischium, forms a thick, fleshy mass, consisting of
coarse bundles, which descend ahiiost vertically, and terminate about the lower
third of the thigh in a rounded tendon, which is inserted into the tubercle above
the inner condyle of the femur, being connected by a fibrous expansion to the
line leading upwards from the tubercle to the linea aspera.
Between the two
portions of the muscle an angular interval is left, tendinous in front, fleshy behind,
for the passage of the femoral vessels into the popliteal space.
The external portion of the muscle is pierced by four apertures the three superior, for the three
superior perforating arteries the fourth, for the passage of the profunda.
This
muscle gives oii' an aponeurosis, which passes in front of the femoral vessels, and
joins with the Vastus internus.
Relations.
By its anterior surface.^ with the Pectineus, Adductor brevis,,
Adductor longus, and the femoral vessels. By its posterior surface^ with the
great sciatic nerve, the Grluteus maximus. Biceps, Semitendinosus, and Semimembranosus. By its superior or shortest border., it lies parallel with the Quadratus femoris, the internal circumflex artery passing between them.
By its
internal or longest border.^ with the Gracilis, Sartorius, and fascia lata.
By its
external or attached border., it is inserted into the femur behind the Adductor
brevis and Adductor longus, which separate it from 'the Vastus internus and
in front of the Gluteus maximus and short head of the Biceps, which separate
it from the Vastus externus.
Nerves. All the muscles of this group are supplied by the obturator nerve.
The Pectineus receives additional branches from the accessory obturator and
anterior crural; and the Adductor magnus an additional branch from the great
arise

:

;

;

sciatic.

Actions.
The Pectineus and three Adductors adduct the thigh powerfully;
they are especially used in horse exercise, the flanks of the horse being grasped
between the knees by the action of these muscles. In consequence of the
obliquity of their insertion into the linea aspera, they rotate the thigh outwards,
assisting the external Rotators, and when the limb has been abducted, they draw
it inwards, carrying the thigh across that of the opposite side.
The Pectineus
and Adductor brevis and longus assist the Psoas and Iliacus in flexing the thigh
upon the pelvis. In progression, also, all these muscles assist in drawing forwards the hinder limb. The Gracilis assists the Sartorius in flexing the leg and
drawing it inwards it is also an Adductor of the thigh. If the lower extremities are fixed, these muscles may take their fixed point from below and act upon
the pelvis, serving to maintain the body in the erect posture or, if their action
is continued, to flex the pelvis forwards upon the femur.
;

;

Gluteal
Gluteus Maximus.
Gluteus Medius.
Gluteus Minimus.
Pyriformis.

Reg-ion.

Gemellus Superior.
Obturator Internus.
Gemellus Inferior.
Obturator Externus.

Quadratus Femoris.
The subject sliould be turned on its face, a block placed beneath the pelvis
to make the buttocks tense, and the limbs allowed to hang over the end of the table, with the foot
inverted and the thigh abducted.
Make an incision through the integument along the back part of
the crest of the ilium and margin of the sacrum to the tip of the coccyx, and carry a second incision
from that point obliquely downwards and outwards to the outer side of the thigh, four inches below
the great trochanter.
The portion of integument included between these incisions, together with,
the superficial fascia, is to be removed in the direction shown in the figure, when the Gluteus maximus and the dense fascia covering the Gluteus medius will be exposed.
Dissectio7i (Fig. 301).

The

Maximus

(Fig. 302), the most superficial muscle in the gluteal
and thick fleshy mass, of a quadrilateral shape, which
forms the prominence of the nates. Its large size is one of the most characteristic points in the muscular system in man, connected as it is with the power he

Ghiteus

region, is a very broad

;
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has of maintaining the trunk in the erect posture. In structure the muscle is
remarkably coarse, being made up of muscular fasciculi lying parallel with one
another, and collected together into large bundles, separated by deep cellular
It arises from the superior curved
intervals.
Fig. 301.— Dissection of Lower Exline of the ilium, and the portion of bone, intremity.
Posterior View.
cluding the crest, immediately behind it
from the posterior surface of the last piece of
the sacrum, the side of the coccyx, the aponeurosis covering the Multifidus spinse muscle,
and the great sacro-sciatic ligament.
The
fibres are directed obliquely downwards and
outwards those forming the upper and larger
portion of the muscle (after converging somewhat) terminate in a thick tendinous lamina,
which passes across the great trochanter, and
is inserted into the fascia lata covering the
outer side of the thigh, the lower portion
of the muscle being inserted into the rough
line leading from the great trochanter to the
linea aspera between the Vastus externus and

/

;

Adductor magnus.
Three synovial hursse are usually found
separating the under surface of this muscle
from the eminences which it covers. One of
these, of large size, and generally multilocular,
separates it from the great trochanter.
A
second, often wanting, is situated on the
third is found
tuberosity of the ischium.
between the tendon of this muscle and the
Vastus externus.

A

By

Relations.
a

thin

fascia,

^

JD Lssecti on of
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BACK of THIGH

POPLITEAL SPACE

BACK

ff

LEC

with
from the

its superficial surface^

which separates

it

By its deep surface^
subcutaneous tissue.
from above downwards, with the ilium, sacrum,
coccyx, and great sacro-sciatic ligament, part
of the Gluteus medius, Pyriformis, Gemelli,
Obturator internus, Quadratus femoris, the

rf

tuberosity of the ischium, great trochanter,
the origin of the Biceps, Semitendinosus, Semimembranosus, and Adductor magnus muscles. The gluteal vessels and superior
gluteal nerve are seen issuing from the pelvis above the Pyriformis muscle, the
sciatic and internal pudic vessels and nerves, and the nerve to the Obturator
internus muscle below it.
Its upper harder is thin, and connected with the
Gluteus medius by the fascia lata. Its loioer border.^ free and prominent, forms
the fold of the nates, and is directed towards the peringeum.

Now

Dissection.
divide the Gluteus maximus near its origin, by a vertical incision carried from
upper to its lower border a cellular interval will be exposed, separating it from the Gluteus
medius and External rotator muscles beneath. The upper portion of the muscle is to be altogether
detached, and the lower portion turned outwards the loose areolar tissue tilling up the interspace
between the trochanter major and tuberosity of the ischium being removed, the parts already
its

;

;

enumerated as exposed by the removal of

this

muscle will be seen.

The Gluteus Medius is a broad, thick, radiated muscle, situated on the outer
surface of the pelvis.
Its posterior third is covered by the Gluteus maximus;
its anterior two-thirds by the fascia lata, which separates it from the integument.
It arises from the outer surface of the ilium, between the superior and middle
curved lines, and from the outer lip of that portion of the crest which is betAveen
them it also arises from the dense fascia (Gluteal aponeurosis) covering its
;
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anterior part.
The fibres convera;e into a strons;, flattened tendon, wliicli is inserted into the
oblique line which traverses th.e
outer surface of the great trochanter.
synovial bursa separates the tendon of the muscle
from the surface of the trochanter
front of its insertion.
Relations.
By its superficial
surface., with the Gluteus maximus behind, the Tensor vaginge
femoris, and deep fascia in front.
Bj its deep surface^ with the
Gluteus minimus and the gluteal
superior gluteal
vessels and
nerve.
Its anterior border is

A

m

blended with the Gluteus minimus.
Its posterior border lies
parallel with the Pyriformis, the
gluteal vessels intervening.
This muscle should now be divided
near its insertion and turned upwards,
when the Gluteus minimus will be exposed.

The Gluteus

the

Minimus.,

smallest of the three

glutei, is

placed immediately beneath the
preceding.
It is
fan-shaped,
arising from the outer surface
of the ilium, between the middle and infei'ior curved lines, and

behind, from the margin of the
great sacro-sciatic notch
the
fibres converge to
the deep
surface of a radiated aponeurosis,
which, terminating in a tendon,
is inserted into an impression
on the anterior border of the
synovial
great trochanter.
bursa is interposed between the
tendon and the great trochanter.
:

A

Relations.

By

its superficial

with the Gluteus medius,
and the gluteal vessels and supe-

surface.,

rior

gluteal nerve.

By its

deep

with the ilium, the
reflected tendon of the Eectus
femoris, and capsular ligament
surface^

of the hip-joint. Its anterior "margin is blended with the Gluteus

medius. Its pjosterior margin is
often joined with the tendon of
the Pyriformis.
The Pyriformis is a flat muscle, pyramidal in shape, lying
almost parallel with the pos-

;

GLUTEAL REGION.

449

margin of the Gluteus medius. It is situated partly within the pelvis
It arises
posterior part, and partly at the back of the hip-joint.
from the front of the sacrum by three fleshy digitations, attached to the portions
of bone between the first, second, third, and fourth anterior sacral foramina, and
a few fibres also arise from the
also from the grooves leading from the foramina
margin of the great sacro-sciatic foramen, and from the anterior surface of the
The muscle passes out of the pelvis through the
great sacro-sciatic ligament.
great sacro-sciatic foramen, the upper part of which it fills, and is inserted by a
rounded tendon into the upper border of the great trochanter, being generally
blended with the tendon of the Obturator internus.

terior
at

its

:

By

jRelations.

cially

on the

its

anterior surface^ within the pelvis^ with the Eectum (espo'
the sacral plexus of nerves, and the internal iliac vessels

left side),

with the os innominatum and capsular ligament of the hipwithin the pelvis^ with, the sacrum; and external
By its upper border', with the Gluteus medius,
to it, with the Gluteus maximus.
from which it is separated by the gluteal vessels and superior gluteal nerve. By
the sciatic vessels
its lower border, with the Gemellus superior and Coccygeus
and nerves, the internal pudic vessels and nerve, and the nerve to the Obturator
internus, passing from the pelvis in the interval between the two muscles.
external
joint.

to the pelvis^

By its posterior surface,

;

Dissection.
The next muscle, as well as the origin of the Pyriformis, can only be seen
is divided, and the viscera removed.

when

the

pelvis

The Obturator Membrane

which completely
upper and outer part, where a small
Each obturator muscle is
the obturator vessels and nerve.
is

a dense layer of interlacing fibres,

closes the obturator foramen, except at its

oval canal is left for
connected with this membrane.
The Obturator Internus, like the preceding muscle, is situated partly within
the cavity of the pelvis, partly at the back of the hip-joint. It arises from the
inner surface of the anterior and external wall of the pelvis, around the inner side
of the obturator foramen, being attached to the descending ramus' of the pubes
and the ascending ramus of the ischium, and at the side to the inner surface of
the body of the ischium, between the margin of the obturator forarnen in front,
the great sacro-sciatic notch behind, and the brim of the true pelvis above. It
also arises from the inner surface of the obturator membrane and from the tendinous arch which completes the canal for the passage of the obturator vessels and
nerve.
The fibres are directed backwards and downwards, and terminate in four
or five tendinous bands, which are found on its deep surface
these bands are
reflected at a right angle over the inner surface of the tuberosity of the ischium,
which is grooved for their reception: the groove is covered with cartilage, and
lined with a synovial bursa.
The muscle leaves the pelvis by the lesser sacrosciatic notch
and the tendinous bands unite into a single flattened tendon, which
passes horizontally outwards, and, after receiving the attachment of the Gemelli,
is inserted into the upper border of the great trochanter in front of the Pyriformis.
synovial bursa, narrow and elongated in form, is usually found between
the tendon of this muscle and the capsular ligament of the hip
it occasionally
communicates with that between the tendon and the tuberosity of the ischium,
the two forming a sinole sac.
;

;

A

:

In order to display the peculiar appearances presented
divided near its insertion and reflected outwards.

by the tendon

of this muscle,

it

must be

Relations.
Within the pelvis, this muscle is in relation, by its anterior surface,
with the obturator membrane and inner surface of the anterior wall of the pelvis;
by its posterior surface, with the pelvic and obturator fasciae, which separate it
from the Levator ani and it is crossed by the internal pudic vessels and nerve.
This surface forms the outer boundary of the ischio-rectal fossa. External to the
pelvis, it is covered by the great sciatic nerve and Gluteus maximus, and rests on
the back part of the hip-joint.
29
;
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The Gemelli are two small muscular fasciculi, accessories to the tendon of the
Obturator internus, which is received into a groove between them. They are
called siiperior

and

The Gemellus

inferior.

from the outer surface
of the spine of the ischium, and, passing horizontally outwards, becomes blended
with the upper part of the tendon of the Obturator internus, and is inserted
with it into the upper border of the great trochanter. This muscle is sometimes
wanting.
Relations. By its superficial surface., with the Gluteus maximus and the sciatic
By its deep surface., with the capsule of the hip-joint. By
vessels and nerves.
By its lower border.,
its upper border., with the lower margin of the P3Tiformis.
with the tendon of the Obturator internus.
The Gemellus Inferior arises from the upper part of the outer border of the
tuberosity of the ischium, and, passing horizontally outwards, is blended with the
lower part of the tendon of the Obturator internus, and inserted with it into the
upper border of the great trochanter.
Relations. By its superficial surface., with the Gluteus maximus and the sciatic
vessels and nerves.
By its deep surface., with the capsular ligament of the hipjoint.
By its upper border., Avith the tendon of the Obturator internus. By
its lower border., with the tendon of the Obturator externus and Quadratus
femoris.
The Quadratus Femoris is a short, flat muscle, quadrilateral in shape (hence
its name), situated between the Gemellus inferior and the upper margin of the
Adductor magnus. It arises from the outer border of the tuberosity of the
ischium, and, proceeding horizontally outwards, is inserted into the upper part of
synovial
the linea quadrati, on the posterior surface of the trochanter major.
bursa is often found between the under surface of this muscle and the lesser
trochanter, which it covers.
Relations.
By its, posterior surface., with the Gluteus maximus and the sciatic
vessels and nerves.
By its anterior surface., with the tendon of the Obturator
externus and trochanter minor, and with the capsule of the hip-joint. By its
upper border^ with the Gemellus inferior. Its lower border is separated from the
Adductor magnus by the terminal branches of the internal circumflex vessels.
Superior-, the smaller of the two, arises

A

Dissection.
In order to expose the next muscle (the Obturator externus), it is necessary to remove
the Psoas, Iliacus, Pectineus, and Adductor brevis and longus muscles from the front and inner side
of the thigh
and the Gluteus maximus and Quadratus femoris from the back part. Its dissection
should, consequently, be postponed until the muscles of the anterior and internal femoral regions
;

have been examined.

The Obturator Externus (Fig. 300) is a flat, triangular muscle, which covers
the outer surface of the anterior wall of the pelvis. It arises from the margin
of bone immediately around the inner side of the obturator foramen, viz., from
the body and ramus of the pubes, and the ramus of the ischium it also arises
from the inner two-thirds of the outer surface of the obturator membrane, and
from the tendinous arch which completes the canal for the passage of the obturator vessels and nerves.
The fibres converging pass outwards and backwards,
and terminate in a tendon which runs across the back part of the hip-joint, and
is inserted into the digital fossa of the femur.
;

Relations. By its anterior surface., with the Psoas, Iliacus, Pectineus, Adductor
longus, Adductor brevis, and Gracilis; and more externally, with the neck of the
femur and capsule of the hip-joint. By its posterior surface., with the obturator
membrane and Quadratus femoris.
Nerves.
The Gluteus maximus is supplied by the small sciatic nerve and a
branch from the sacral plexus; the Gluteus medius and minimus, by the superior
gluteal
the Pyriformis, Gemelli, Obturator internus, and Quadratus femoris, by
branches from the sacral plexus; and the Obturator externus, by the obturator
nerve.
Actions. The Glutei muscles, when they take their fixed point from the pelvis.
;
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are all abdnctors of the thigh. The Gluteus maximus and the posterior fibres of
the Gluteus medius rotate the thigh outwards the anterior fibres of the Gluteus
medius and the Gluteus minimus rotate it inwards. The Gluteus maximus serves
to extend the femur, and the Gluteus medius and minimus draw it forwards.
The Gluteus maximus is also a tensor of the fascia lata. Taking their fixed
point from the femur, the Glutei muscles act upon the pelvis, supporting it and
the whole trunk upon the head of the femur, which is specially obvious in standing on one leg. In order to gain the erect posture after the effort of stooping,
these muscles draw the pelvis backwards, assisted by the Biceps, Semitendinosus,
and Semimembranosus muscles. The remaining muscles are pow^erful rotators of
the thigh outwards. In the sitting posture, when the thigh is flexed upon the
pelvis, their action as rotators ceases, and they become abductors, with the
exception of the Obturator externus, which still rotates the femur outwards.
When the femur is fixed, the Pyriformis and Obturator muscles serve to draw
the Pelvis forwards, if it has been inclined backwards, and assist in steadying it
upon the head of the femur.
;

Posterior Femoral Region.
Biceps.

Semitendinosus.

Semimembranosus.

Dissection (Fig. 301).
Make a vertical incision along the middle of the thigh, from the lower
fold of the nates to about three inches below the back of the knee-joint, and there connect it with a
transverse incision, carried from the inner to the outer side of the leg.
Make a third incision transversely at the junction of the middle with the lower third of the thigh.
The integument having
been removed from the back of the knee, and the boundaries of the popliteal space examined, the
removal of the integument from the remaining part of the thigh should be continued, when the
fascia and muscles of this region will be exposed.

The Biceps (Fig. 302) is a large muscle, of considerable length, situated on the
posterior and outer aspect of the thigh.
It arises by two heads.
One, the long
head, arises from the lower and inner facet on the back part of the tuberosity of
the ischium, by a tendon common to it and the Semitendinosus.
The femoral,
or short head, arises from the outer lip of the linea aspera, between the Adductor
magnus and Vastus externus, extending from a short distance below the insertion of the Gluteus maximus to within two inches of the outer condyle
it also
arises from the external intermuscular septum. The fibres of the long head form
a fusiform belly, which, passing obliquely downwards and a little outwards, terminate in an aponeurosis which covers the posterior surface of the muscle, and
receives the fibres of the short head this aponeurosis becomes gradually contracted into a tendon, which is inserted into the outer side of the head of the
fibula.
At its insertion, the tendon divides into two portions, which embrace
the external lateral ligament of the knee-joint, a strong prolongation being sent
forwards to the outer tuberosity of the tibia, which gives ofl' an expansion to the
fascia of the leg.
The tendon of this muscle forms the outer ham-string.
Relations.
By its superficial surface^ with the Gluteus maximus above, the
fascia lata and integument in the rest of its extent. By its deep surface^ Avith the
Semimembranosus, Adductor magnus, and Vastus externus, the great sciatic nerve,
popliteal artery and vein, and, near its insertion, with the external head of the
Gastrocnemius, Plantaris, the superior external articular artery, and the external
popliteal nerve.
The Semitendinosus^ remarkable for the great length of its tendon, is situated
at the posterior and inner aspect of the thigh.
It arises from the tuberosit}^ of
the ischium by a tendon common to it and the long head of the Biceps; it also
arises from an aponeurosis which connects the adjacent surfaces of the two muscles to the extent of about three inches after their origin.
It forms a fusiform
muscle, which, passing downwards and inwards, terminates a little below the
middle of the thio-h in a lono- round tendon, which lies aloua; the inner side of
the popliteal space, then curves around the inner tuberosity of the tibia, and is
inserted into the upper part of the inner surface of the shaft of that bone, nearly
;

;
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as far forwards as its anterior border. This tendon lies in front of the tendon of
the Sartorius, and below that of the Gracilis, to which it is united.
tendinous
intersection is usually observed about the middle of the muscle.
Relations.
By its superficial surface^ with, the Gluteus maximus and fascia
lata.
By its deep surface^ with the Semimembranosus, Adductor magnus, inner
head of tlie Gastrocnemius, and internal lateral ligament of the knee-joint.
The Semimembranosus^ so called from the membranous expansion on its anterior
and posterior surfaces, is situated at the back part and inner side of the thigh.
It arises by a thick tendon from the upper and outer facet on the back part of
the tuberosity of the ischium, above and to the outer side of tlie Biceps and Semitendinosus, and is inserted into the inner and back part of the inner tuberosity
of the tibia, beneath the internal lateral ligament.
The tendon of the muscle at
its origin expands into an aponeurosis, which covers the upper part of its anterior surface
from this aponeurosis, muscular fibres arise, and converge to another
aponeurosis, which covers the lower part of its posterior surface and contracts
into the tendon of insertion.
The tendon of the muscle at its insertion divides
into three portions
the middle portion is the fasciculus of insertion into the
back part of the inner tuberosity it sends down an expansion to cover the Popliteus muscle.
The internal portion is horizontal, passing forwards beneath the
internal lateral ligament, to be inserted into a groove along the inner side of the
The posterior division passes upwards and outwards, to be
internal tuberosity.
inserted into the back part of the outer condyle of the femur, forming the chief
part of the posterior ligament of the knee-joint.
The tendons of the two preceding muscles, with those of the Gracilis and
Sartorius, form the inner ham-string.
Relations.
By its superficial surface^ with the Semitendinosus, Biceps, and
fascia lata.
By its deep surface^ with the popliteal vessels. Adductor magnus,
and inner head of the Gastrocnemius, from which it is separated by a synovial
bursa.
By its inner border^ with the Gracilis. By its outer border., with the great
sciatic nerve and its internal popliteal branch.
Nerves.
The muscles of this region are supplied by the great sciatic nerve.
Actions.
The ham-string muscles flex the leg upon the thigh. When the
knee is semi-flexed, the Biceps, in consequence of its oblique direction downwards
and outwards, rotates the leg slightly outwards and the Semimembranosus, in
consequence of its oblique direction, rotates the leg inwards, assisting the PopliTaking their fixed point from below, these muscles serve to support the
teus.
pelvis upon the head of the femur, and to draw the trunk directly backwards, as
in feats of strength, when the body is thrown backwards in the form of an arch.

A

;

:

;

;

Surgical An.atomy. The tendons of these muscles occasionally require subcutaneous division in
of spurious anchylosis of the l^nee-joint, dependent upon permanent contraction and
I'lgiditjr of the Flexor muscles, or from stiffening of the ligamentous and other tissues surrounding
This is effected by putting the tendon upon the stretch, and inserting
the joint, the result of disease.
a narrow, sharp-pointed knife between it and the skin the cutting edge being then turned towards the
tendon, it should be divided, taking care that the wound in the skin is not at the same time enlarged.

some forms

:

Muscles and Fasci.^ of the Leg.
The knee should be bent, a block placed beneath it, and the foot kept in
Dissection (Fig. 298).
an extended position then make an incision through the integument in the middle line of the leg
Make a second incision
to the ankle, and continue it along the dorsum of the foot to the toes.
transversely across the ankle, and a third in the same direction across the bases of the toes remove
the flaps of integument included between these incisions, in order to examine the deep fascia of
;

;

the leg.

The Fascia of the Leg forms a complete investment to the whole of this region
of the limb, excepting to the inner surface of the tibia. It is continuous above
with the fascia lata, receiving an expansion from the tendon of the Biceps on the
outer side, and from the tendons of the Sartorius, Gracilis, and Semitendinosus
on the inner side in front it blends with the periosteum covering the tibia and
fibula
below, it is continuous with the annular ligaments of the ankle. It is
;

;

;
:

ANTERIOR TIBIOFIBULAR REGION.
thick and dense in the npper and anterior part
of the leg, and gives attachment, by its deep
surface, to the Tibialis anticus and Extensor
longus digitorum muscles but thinner behind,
where it covers the Gastrocnemius and Soleus
muscles. Its deep surface gives off, on the outer
side of the leg, two strong intermuscular
septa, which inclose the Peronei muscles, and
separate them from the muscles on the anterior and posterior tibial regions and several
smaller and more slender processes, which inclose the individual muscles in each region
at the same time a broad, transverse, intermuscular septum, called the deep fascia of the leg^
intervenes between the superficial and deep
muscles in the posterior tibio-fibular region.

Fig.

303.— Muscle.'*
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of the Front of

the Leg.

:

Now

remove the fascia by dividing it in the same du'ection as the integument, excepting opposite the ankle, where
Commence the removal of the
it should be left entire.
from below, opposite the tendons, and detach
the line of direction of the muscular fibres.
fascia

it

\Til>iia

in

Muscles of the Leg.
These may be subdivided into three groups
those on the anterior, those on the posterior,
and those on the outer side.

Anterior Tibio-fibular Region.
Tibialis Anticus.

Extensor Proprius Pollicis.
Extensor Longus Digitorum.
Peroneus Tertius.

The

on the outer
thick and fleshy at its
upper part, tendinous below. It arises from
the outer tuberosity and upper two-thirds of
the external surface of the shaft of the tibia
from the adjoining part of the interosseous
membrane; from the deep surface of the fascia;
and from the intermuscular septum between it
and the Extensor longus digitorum: the
fibres pass vertically downwards, and terminate
in a tendon, which is apparent on the anterior
surface of the muscle at the lower third of
the leg.
After passing through the innermost
compartment of the anterior annular ligament,
it is inserted into the inner and under surface
of the internal cuneiform bone, and base of the
metatarsal bone of the great toe.
Relations.
By its anterior surface^ with the
fascia, and with the annular ligament.
By its
posterior surface^ with the interosseous membrane, tibia, ankle-joint, and inner side of the
tarsus this surface also overlaps the anterior
tibial vessels and nerve in the upper part of
Tibialis Anticvs is situated

aide of the tibia

:

;

it is

'\iiktan.
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By its inner surface, with the tibia. By its outer surface, with the
Extensor longus digitorum, and Extensor proprius poUicis, and the anterior
tibial vessels and nerve.
The Extensor Proprius PoUicis is a thin, elongated, and flattened muscle,
situated between the Tibialis anticus and Extensor longus digitorum.
It arises
from the anterior surface of the fibula for about the middle two-fourths of its
extent, its origin being internal to that of the Extensor longus digitorum it
also arises from the interosseous membrane to a similar extent.
The fibres pass
downwards, and terminate in a tendon, which occupies the anterior border of the
muscle, passes through a distinct compartment in the horizontal portion of the
annular ligament, crosses the anterior tibial vessels near the bend of the ankle,
and is inserted into the base of the last phalanx of the great toe. Opposite the
metatarso-phalangeal articulation, the tendon gives oft' a thin prolongation on
each side, which covers the surface of the joint.
Relations.
By its anterior harder, with, the fascia and the anterior annular
ligament. By its posterior harder, with the interosseous membrane, fibula, tibia,
anlvle-joint, and extensor brevis digitorum.
By its outer side, with the Extensor
longus digitorum above, the dorsalis pedis vessels and anterior tibial nerve below.
By its inner side, with the Tibialis anticus and the anterior tibial vessels above.
The Extensor Lomjus Digitorum is an elongated, flattened, semipenniform
muscle, situated the most externally of all the muscles on the fore part of the
leg.
from the upper threeIt arises from the outer tuberosity of the tibial
fourths of the anterior surface of the shaft of the fibula; from the interosseous
membrane and deep surface of the fascia and from the intermuscular septa
between it and the Tibialis anticus on the inner, and the Peronei on the outer
side.
The muscle terminates in three tendons, which pass through a canal in
the annular ligament, with the Peroneus tertius, run across the dorsum of the
foot, and are inserted into the second and third phalanges of the four lesser toes,
the innermost tendon being subdivided into two. The mode in which the
tendons are inserted is the following: Each tendon opposite the metatarsopbalangeal articulation is joined, on its outer side, by the tendon of the Extensor
brevis digitorum (except the fourth), and receives a fibrous expansion from the
Interossei and Lumbricales it then spreads into a broad aponeurosis, which
covers the dorsal surface of the first phalanx this aponeurosis, at the articulation
of the first with the second phalanx, divides into three slips
a middle one, which
is inserted into the base of the second phalanx
and two lateral slips, which, after
uniting on the dorsal surface of the second phalanx, are continued onwards, to be
the leg.

;

;

;

;

:

—

;

inserted into the base of the third.
Relations.
By its anterior surface, with the fascia and the annular ligament.
'Ry lis, posterior surface, ^wit\\ the fibula, interosseous membrane, ankle-joint, and
Extensor brevis digitorum. By its inner side, with the Tibialis anticus. Extensor
proprius pollicis, and anterior tibial vessels and nerve. By its outer side, with

the Peroneus longus and brevis.
The Peroneus Tertius is a part of the Extensor longus digitorum, and might
be described as its fifth tendon. The fibres belonging to this tendon arise from
the lower fourth of the anterior surface of the fibula, on its outer side from the
lower part of the interosseous membrane and from an intermuscular septum
between it and the Peroneus brevis. The tendon, after passing through the
same canal in the annular ligament as the Extensor longus digitorum, is inserted
into the dorsal surface of the base of the metatarsal bone of the little toe, on its
inner side.
This muscle is sometimes wanting.
Nerves.
These muscles are supplied by the anterior tibial nerve.
Actions.
The Tibialis anticus and Peroneus tertius are the direct flexors of
the tarsus upon the leg the former muscle, from the obliquity in the direction
of its tendon, raises the inner border of the foot and the latter, acting with the
Peroneus brevis and longus, will draw the outer border of' the foot upwards and
the sole outwards. The Extensor longus digitorum and Extensor proprius pollicis
;

;

;

;
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extend the phalanges of the

toes, and, continuing their action, flex the tarsus
their fixed point from below, in the erect posture, all
these muscles serve to fix the bones of the leg in the perpendicular position, and
give increased strength to the ankle-joint.

upon the

leg.

Taking

Posterior Tibio-fibular Region.
Dissection (Fig. 301).
Make a vertical incision along the middle line of the back of the leg, from
the lower part of the popliteal space to the heel, connecting it below by a transverse incision extending
between the two malleoli the flaps of integument being removed, the fascia and muscles should be
;

examined.
Fig.

The muscles

in this region of the leg are

subdivided into two layers, superficial and
deep.

The

superficial

layer

constitutes

a

powerful muscular mass, forming the calf of
Their large size is one of the most
the leg.
characteristic features of the muscular apparatus in man, and bears a direct connection
with his ordinary attitude and mode of progression.

Superficial Layer.

Gastrocnemius.

Soleus.

Plantaris.

The Gastrocnemius is the most superficial
muscle, and forms the greater part of the
calf.
It arises by two heads, which are connected to the condyles of the femur by two
strong flat tendons.
The inner head, the
larger, and a little the more posterior, arises
from a depression at the upper and back part
of the inner condyle.
The outer head arises
from the upper and back part of the external condyle, immediately above the origin of
Both heads, also, arise by a
the Popliteus.
few tendinous and fleshy fibres from the ridges
which are continued upwards from the condyles to the linea aspera. Each tendon spreads
out into an aponeurosis, which covers the
posterior surface of that portion of the muscle to which it belongs
that covering the
inner head being longer and thicker than
the outer. From the anterior surface of these
tendinous expansions, muscular fibres are
given ofi'. The fibres in the median line,
which correspond to the accessory portions
of the muscle derived from the bifurcations
of the linea aspera, unite at an angle upon a
median tendinous raphe below, the remaining
fibres converge to the posterior surface of an
aponeurosis which covers the front of the
muscle, and this, gradually contracting, unites
with the tendon of the Soleus, and forms
with it the Tendo Achillis.
;

delations.
By its superficial surface^ with
the fascia of the leg, which separates it from
the external saphenous vein and nerve. By

of the Back of the
Superficial Layer.

304.— Muscles
Leg.
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deep surface^ with the posterior ligament of the knee-joint, the Popliteus,
The tendon
Soleus, Plantaris, popliteal vessels, and internal popliteal nerve.
of the inner head corresponds with the back part of the inner condyle, from
which it is separated by a synovial bursa, which, in some cases, communicates
with the cavity of the knee-joint. The tendon of the outer head contains a
sesamoid fibro-cartilage (rarely osseous), where it plays over the corresponding
outer condyle and one is occasionally found in the tendon of the inner head.

its

;

The Gastrocnemius should be divided

across, just

below

its origin,

and turned downwards,

in order

to expose the next muscles.

The

Soleus

is

a broad, flat muscle, situated immediately beneath the preceding.

It has received its name from its resemblance in shape to a sole-fish.
by tendinous fibres from the back part of the head of the fibula, and

It arises

from the

upper third of the postero-internal surface of its shaft from the oblique line of
the tibia, and from the middle third of its internal border some fibres also arise
from a tendinous arch placed between the tibial and fibular origins of the muscle,
beneath which the posterior tibial vessels and nerve pass. The fibres pass backwards t-o an aponeurosis which covers the posterior surface of the muscle, and
this, gradually becoming thicker and narrower, joins with the tendon of the
Gastrocnemius, and forms with it the Tendo Achillis.
Relations.
By its superficial surface^ with the Gastrocnemius and Plantaris.
By its deep surface^ with the Flexor longus digitorum, Flexor longus pollicis,
Tibialis posticus, and posterior tibial vessels and nerve, from which it is separated
by the transverse intermuscular septum or deep fascia of the leg.
The Tendo Achillis^ the common tendon of the Gastrocnemius and Soleus, is the
thickest and strongest tendon in the body.
It is about six inches in length, and
formed by the junction of the aponeurosis of the two preceding muscles. It commences about the middle of the leg, but receives fleshy fibres on its anterior surface,
nearly to its lower end. Gradually becoming contracted below, it is inserted into
the lower part of the posterior tuberosity of the os calcis, a synovial bursa being
interposed between the tendon and the upper part of the tuberosity.
The tendon
spreads out somewhat at its lower end, so that its narrowest part is usually about an
inch and a half above its insertion. The tendon is covered by the fascia and the
integument, and is separated from the deep muscles and vessels by a considerable
interval filled up with areolar and adipose tissue.
Along its outer side, but superficial to it, is the external saphenous vein.
The Plantaris is an extremely diminutive muscle, placed between the Gastrocnemius and Soleus, and remarkable for its long and delicate tendon. It arises
from the lower part of the outer bifurcation of the linea aspera, and from the
posterior ligament of the knee-joint.
It forms a small fusiform belly, about two
inches in length, terminating in a long, slender tendon, which crosses obliquely
between the two muscles of the calf, and, running along the inner border of the
Tendo Achillis, is inserted with it into the posterior part of the os calcis. This
muscle is occasionally double, and is sometimes wanting. Occasionally, its tendon
;

:

in the internal annular ligament, or in the fascia of the leg.
Nerves.
These muscles are supplied by the internal popliteal nerve.
Actions.
The muscles of the calf possess considerable power, and are constantly called into use in standing, walking, dancing, and leaping hence the large
size they usually present.
In walking, these muscles draw powerfully upon the
OS calcis, raising the heel, and with it the entire body, from the ground the body
being thus supported on the raised foot, the opposite limb can be carried forwards.
In standing, the Soleus, taking its fixed point from below, steadies the leg upon
the foot, and prevents the body from falling forwards, to which there is a constant
tendency from the superincumbent weight. The Gastrocnemius, acting from
below, serves to flex the femur upon the tibia, assisted by the Popliteus. The
Plantaris is the rudiment of a large muscle which exists in some of the lower
animals, and serves as a tensor of the plantar fascia.

is lost

;

;

;
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Deep Layer.
Flexor Longus Digitorum.

Popliteus.

Flexor Longus

Tibialis Posticus.

Pollicis.

Detach the Soleas from its attachment to the fibula and tibia, and turn
the deep layer of muscles is exposed, covered by the deep fascia of the leg.

Dissection.

when

The Deep Fascia

of the leg

is

On

each, side it is

connected

margins of the tibia and fibula. Above,
where it covers the Popliteus, it is thick and dense,
and receives an expansion from the tendon of the
Semimembranosus it is thinner in the middle of
the leg but below, where it covers the tendons
passing behind the malleoli, it is thickened. It
is continued onwards in the interval between the
ankle and the heel, where it covers the vessels,
and is blended with the internal annular ligament.
to the

;

;

This fascia should now be removed, commencing from
below opposite the tendons, and detaching it from the muscles
in the direction of their fibres.

The

Popiliteus

is

a thin,

flat,

triangular muscle,

which forms part of the floor of the popliteal
space, and is covered by a tendinous expansion,
derived from the Semimembranosus muscle. It
arises by a strong flat tendon about an inch in
length, from a deep depression on the outer side
of the external condyle of the femur, and from
the posterior ligament of the knee-joint and is
inserted into the inner two-thirds of the triangular
surface above the oblique line on the posterior
surface of the shaft of the tibia, and into the tendinous expansion covering the surface of the muscle.
The tendon of the muscle is covered by that
of the Biceps and the external lateral ligament of
the knee-joint
it grooves the outer surface of
the external semilunar cartilage, and is invested
by the synovial membrane of the knee-joint.
Relations.
By its superficial surface^ with the
fascia above mentioned, which separates it from
the Gastrocnemius, Plantaris, popliteal vessels,
and internal popliteal nerve. By its deep surface.,
with the superior tibio-fibular articulation, and
back of the tibia.
^h£,
lexor Lonyus Pollicis is situated on the
fibular side of the leg, and is the most superficial and largest of the three next muscles.
It
arises from the lower two-thirds of the posterointernal surface of the shaft of the fibula, with
the exception of an inch at its lowest part from
the lower part of the interosseous membrane
from an intermuscular septum between it and
the Peronei, externally and from the fascia covering the Tibialis posticus.
The fibres pass
;

;

.

F

;

;

downwards

a broad, trans- Fig. 305.— Muscles of the Back
Leg.
Deep Layers.

verse, intermuscular septum, interposed between
the superficial and deep muscles in the posterior
tibio-fibular region.

it

Feniui'M

of the
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obliquely downwards and backwards, and terminate round a tendon whicli occupies nearly the whole length of the posterior surface of the muscle. This tendon
passes through a groove on the posterior surface of the tibia, external to that for
the Tibialis posticus and Flexor longus digitorum it then passes through another
groove on the posterior surface of the astragalus, and along a third groove, beneath
;

the lesser process of the os calcis, into the sole of the foot, where it runs forwards
between the two heads of the flexor brevis pollicis, and is inserted into the base
of the last phalanx of the great toe. The grooves in the astragalus and os calcis,
which contain the tendon of the muscle, are converted by tendinous fibres into
and as the tendon crosses the sole
distinct canals, lined by synovial membrane
of the foot, it is connected to the common flexor by a tendinous slip.
Relatio'ns. By its sujjerficial surface^ with the Soleus and Tendo Achillis, from
which it is separated by the deep fascia. By its deep surface^ with the fibula.
Tibialis posticus, the peroneal vessels, the lower part of the interosseous memBy its outer border^ with the Peronei. By its inner
brane, and the ankle-joint.
border^ with the Tibialis posticus, and posterior tibial vessels and nerves.
The Flexor Longus Digitorum, [perforans) is situated on the tibial side of the
leg.
At its origin, it is thin and pointed, but gradually increases in size as it
descends.
It arises from the posterior surface of the shaft of the tibia immediately below the oblique line, to within three inches of its extremity internal to
the tibial origin of the Tibialis posticus some fibres also arise from the intermuscular septum between it and the Tibialis posticus. The fibres terminate in a
tendon, which runs nearly the whole length of the posterior surface of the muscle.
This tendon passes, behind the malleolus, in a groove, common to it and the
Tibialis posticus, but separated from the latter by a fibrous septum
each tendcm
being contained in a special sheath lined by a separate synovial membrane. It
then passes obliquely forwards and outwards beneath the arch of the os calcis,
into the sole of the foot (Fig. 307), where, crossing beneath the tendon of the
Flexor longus pollicis,^ to which it is connected b}^ a strong tendinous slip, it
becomes expanded, is joined by the Flexor accessorius, and finally divides into four
tendons, which are inserted into the bases of the last phalanges of the four lesser
toes, each tendon passing through a fissure in the tendon of the Flexor brevis
digitorum opposite the middle of the first phalanges.
Relations.
In the leg: by its superficial surface^ with the Soleus, and the
posterior tibial vessels and nerve, from which it is separated by the deep fascia;
by its deep surface.^ with the tibia and Tibialis posticus. In the foot^i it is covered by the Abductor pollicis and Flexor brevis digitorum, and crosses beneath
the Flexor longus pollicis.
The Tibialis Posticus lies between the two preceding muscles, and is the most
deeply seated of all the muscles in the leg. It commences above by two pointed
processes, separated by an angular interval, through which the anterior tibial
vessels pass forwards to the front of the leg.
It arises from the whole of the
posterior surface of the interosseous membrane, excepting its lowest part, from
the posterior surface of the shaft of the tibia, external to the Flexor longus
digitorum, between the commencement of the oblique line above and the middle
of the external border of the bone below, and from the upper two-thirds of the
antero-internal surface of the fibula some fibres also arise from the deep fascia,
and from the intermuscular septa, separating it from the adjacent muscles on each
side.
This muscle, in the lower fourth of the leg, passes in front of the Flexor
longus digitorum, terminates in a tendon, which passes through a groove behind
the inner malleolus, with the tendon of that muscle, but inclosed in a separate
sheath it then passes through another sheath, over the internal lateral ligament
and beneath the calcaneo-scaphoid articulation, and is inserted into the tuberosity
of the scaphoid and internal cuneiform bones. The tendon of this muscle contains a sesamoid bone, near its insertion, and gives off fibrous expansions, one of
;

;

;

;

:

^

That

is,

superficial, in the order of dissection of the sole of the foot.

f
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wliich passes backwards to the os calcis, others outwards to the three cuneiform
and cuboid, and some forwards to the bases of the second, third, and fourth metatarsal bones (Fig. 308).
Relations.
By its superficial surface^ with the Soleus and Flexor longus
digitorum, the posterior tibial vessels and nerve, and the peroneal vessels, from
which it is separated by the deep fascia. By its deep surface^ with the interosseous ligament, the tibia, fibula, and ankle-joint.

Nerves. The Popliteus is supplied hj the internal popliteal nerve, the remaining muscles of this group by the posterior tibial nerve.
Actions. The Popliteus assists in flexing the leg upon the thigh
when the leg
is flexed, it will rotate the tibia inwards.
The Tibialis posticus is a direct extensor of the tarsus upon the leg; acting in conjunction with the Tibialis anticus, it
turns the sole of the foot inwards, antagonizing the Peroneus longus, which turns
it outwards.
The Flexor longus digitorum and Flexor longus pollicis are the
direct Flexors of the phalanges, and, continuing their action, extend the foot upon
the leg they assist the Gastrocnemius and Soleus in extending the foot, as in
the act of walking, or in standing on tiptoe. In consequence of the oblique direction of the tendon of the long extensor, the toes would be drawn inwards, were
it not for the Flexor accessorius muscle, which is inserted into the outer side of
that tendon, and draws it to the middle line of the foot during its action. Taking
their fixed point from the foot, these muscles serve to maintain the upright posture, by steadying the tibia and fibula, perpendicularly, upon the ankle-joint.
They also serve to raise these bones from the oblique position they assume in the
stooping posture.
;

;

Fibular Region.
Peroneus Longus.

Peroneus Brevis.

Dissection.
These muscles are readily exposed, by removing the
from below upwards,
the line of direction of their fibres.

fascia covering their surface,

m

The Peroneus Longus is situated at the upper part
and is the more superficial of the two muscles. It

of the outer side of the
from the head and
upper two-thirds of the outer surface of the shaft of the fibula, from the deep
surface of the fascia, and from the intermuscular septa, between it and the muscles on the front and those on the back of the leg.
It terminates in a long
tendon, which passes behind the outer malleolus, in a groove common to it and
the Peroneus brevis, the groove being converted into a canal by a fibrous band,
and the tendons vested by a common synovial membrane it is then reflected,
obliquely forwards, across the outer side of the os calcis, being contained in a separate fibrous sheath, lined by a prolongation of the synovial membrane from that
which lines the groove behind the malleolus. Having reached the outer side of
the cuboid bone, it runs in a groove on the under surface of that bone, which is
converted into a canal by the long calcaneo-cuboid ligament, and is lined by a
synovial membrane the tendon then crosses obliquely the sole of the foot, and
is inserted into the outer side of the base of the metatarsal bone of the great toe.
The tendon changes its direction at two points first, behind the external malleolus secondly, on the outer side of the cuboid bone
in both of these situations, the tendon is thickened, and, in the latter, a sesamoid bone is usually
developed in its substance.
Relations.
By its superficial surface., with the fascia and integument; by its
deep surface., with the fibula, the Peroneus brevis, os calcis and cuboid bone by
its anterior horder^ with an intermuscular septum, which intervenes between it
and the Extensor longus digitorum h j its, posterior border with an intermuscular
septum, which separates it from the Soleus above, and the Flexor longus pollicis
below.
The Peroneus Brevis lies beneath the Peroneus longus and is shorter and
smaller than it. It arises from the lower two-thirds of the external surface of
leg,

arises

;

:

:

;

;

;

;

.,
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the shaft of the fibula, internal to the Peroneus longus from the anterior and
posterior borders of the bone and from the intermuscular septa separating it
from the adjacent muscles on the front and back part of the leg. The fibres pass
vertically downwards, and terminate in a tendon, which rans in front of that of
the preceding muscle through the same groove, behind the external malleolus,
being contained in the same fibrous sheath, and lubricated by the same synovial
membrane it then passes through a separate sheath on the outer side of the os
calcis, above that for the tendon of the Peroneus longus, and is finally inserted
into the dorsal surface of the base of the metatarsal bone of the little toe, on its
outer side.
Relations.
By its svperficial surface^ with the Peroneus longus and the fascia
of the leg and foot. By its dee]) surface^ with the fibula and outer side of the os
;

;

;

calcis.

Nerves.
The Peroneus longus and brevis are supplied by the musculo-cutaneous branch of the external popliteal nerve.
Actions.
The Peroneus longus and brevis extend the foot upon the leg, in
conjunction with the Tibialis posticus, antagonizing the Tibialis anticus and
Peroneus tertius, which are flexors of the foot. The Peroneus longus also everts
the sole of the foot; hence the extreme eversion occasionally observed in fracture
of the lower end of the fibula, where that bone offers no resistance to the action
of this muscle.
Taking their fixed point below, the Peronei serve to steady the
leg upon the foot.
This is especially the case in standing upon one leg, when
the tendency of the superincumbent weight is to throw the leg inwards the
Peroneus longus overcomes this tendency, by drawing on the outer side of the
leg, and thus maintains the perpendicular direction of the limb.
:

Surgical Anatomy. The student should now consider the position of the tendons of the various
muscles of the leg, their relation with the ankle-joint and surrounding blood-vessels, and especially
their action upon the foot, as their rigidity and contraction give rise to one or other of the kinds of
deformity known as club-foot.
The most simple and common deformity, and one that is rarely, if
ever, congenital, is the ialipes, equinus, the heel being raised by rigidity and contraction of the Gastrocnemius muscle, and the patient walking upon the ball of the foot. In the talipes varus, which
is the more common congenital form, the heel is raised by the Tendo Achillis, the inner border of the
foot drawn upwards by the Tibialis anticus, and the anterior two-thirds of the foot twisted inwards
by the Tibialis posticus and Flexor longus digitorum, the patient walking upon the outer edge of
the foot, and in severe cases upon the dorsum and outer ankle.
In the talipes valgus, the outer edge
of the foot is raised by the Peronei muscles, and the patient walks on the inner ankle.
In the talipes
calcaneus the toes are raised by the Extensor muscles, the heel is depressed, and the patient walks
upon it. Other varieties of deformity are met with, as the talipes equino-varus, equino-valgus,
and calcaneo -valgus, whose names sufficiently indicate their nature. Each of these deformities may
be successfully relieved (after other remedies fail) by division of the opposing tendons and fascia-,
by this means, the foot regains its proper position, and the tendons heal by the organization of lymph
thrown out between the divided ends. The operation is easily performed by putting the contracted
tendon upon the stretch, and dividing it by means of a narrow, sharp-pointed knife inserted between
it and the skin.

Muscles and Fascia of the Foot.
The fibrous bands which bind down the tendons in front of
to the foot, should now be examined they are termed the
number anterior, internal, and external.
;

—

and behind the ankle in their passage
annular ligaments, and are three m

The

Anterior Annular Ligament consists of a superior or vertical portion,
which binds down the extensor tendons as they descend on the front of the tibia
and fibula and an inferior or horizontal portion, which retains them in connection with the tarsus, the two portions being connected by a thin intervening
;

layer of fascia.
The vertical portion is attached externally to the lower end of
the fibula, internally to the tibia, and above is continuous with the fascia of the
leg it contains two separate sheaths, one internally, for the tendon of the
Tibialis anticus, one externally, for the tendons of the Extensor longus digitorum
and Peroneus tertius the tendon of the Extensor proprius pollicis, and the anterior tibial vessels and nerve pass beneath it, but without any distinct sheath.
The horizontal portion is attached externally to the upper surface of the os calcis, in
;

;
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front of the depression for the interosseous ligament, and internally to the inner
malleolus and plantar fascia: it contains three sheaths; the most internal for the
tendon of the Tibialis anticus, the next in order for the tendon of the Extensor

proprius pollicis, and the most external for the Extensor longus digitorum and
Peroneus tertius the anterior tibial vessels and nerve lie altogether beneath it.
These sheaths are lined by separate synovial membranes.
The Internal Annular Ligament is a strong fibrous band, which extends from
the inner malleolus above to the internal margin of the os calcis below, converting a series of bony grooves in this situation into osseo-iibrous canals, for the
passage of the tendons of the Flexor muscles and vessels into the sole of the
foot.
It is continuous^ above Avith the deep fascia of the leg, below with the
plantar fascia and the fibres of origin of the Abductor pollicis muscle.
The
three canals which it forms transmit, from within outwards, first, the tendon of
the Tibialis posticus second, the tendon of the Flexor longus digitorum, then
the posterior tibial vessels and nerve, which run through a broad space beneath
the ligament lastly, in a canal formed partly by the astragalus, the tendon of
the Flexor longus pollicis.
Each of these canals is lined by a separate synovial
:

;

;

membrane.

The External Annular Ligament extends from the extremity of the outer
malleolus to the outer surface of the os calcis it binds down the tendons of the
Peronei muscles in their passage beneath the outer angle. The two tendons are
inclosed in one synovial sac.
:

Dissection of the Sole of the Foot.
The foot should be placed on a high block with the sole uppermost, and firmly secured in that position.
Carry an incision round the heel and along the inner and
outer borders of the foot to the great and little toes.
This incision should divide the integument
and thick layer of granular fat beneath, until the fascia is visible the skin and fat should then be
removed from the fascia in a direction from behmd forwards, as seen in Fig 301.
;

The Plantar Fascia^ the densest of all the fibrous membranes, is of great
strength, and consists of dense, pearly-white glistening fibres, disposed, for the
most part, longitudinally it is divided into a central and two lateral portions.
The ce?2;!ra/j9or;;?'o^, the thickest, is narrow behind and attached to the inner
tubercle of the os calcis. behind the origin of the Flexor brevis digitorum, and,
:

becoming broader and thinner in

front, divides opposite the middle of the metabones into five processes, one for each of the toes. Each of these processes
divides opposite the metatarso-phalangeal articulation into two slips, which
embrace the sides of the flexor tendons of the toes, and are inserted into the sides
of the metatarsal bones, and into the transverse metatarsal ligament, thus forming a series of arches through which the tendons of the short and long flexors

tarsal

pass to the toes.
The intervals left between the five processes allow the digital
vessels and nerves, and the tendons of the Lumbricales muscles, to become superficial.
At the point of division of the fascia into processes and slips, numerous
transverse fibres are superadded, which serve to increase the strength of the
fascia at this part, by binding the processes together, and connecting them with
the integument.
The central portion of the plantar fascia is continuous with the
lateral portions at each side, and sends upwards into the foot, at their point of
junction, two strong vertical intermuscular septa, broader in front than behind,
which separate the middle from the external and internal plantar group of muscles
from these again thinner transverse septa are derived, which separate the
various layers of muscles in this region.
The upper surface of this fascia gives
attachment behind to the Flexor brevis digitorum muscle.
The lateral portions of the plantar fascia are thinner than the central piece
and cover the sides of the foot.
The outer portion covers the under surface of the Abductor minimi digiti it
is thick behind, thin in front, and extends from the os calcis forwards to the base
of the fifth metatarsal bone, into the outer side of which it is attached it is continuous internally with the middle portion of the plantar fascia, and externally
with the dorsal fascia.
;

;

;
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The inner portion is very thin, and covers the Abductor pollicis muscle; it is
attached behind to the internal annular ligament, and is continuous around the
side of the foot with the dorsal fascia, and externally with the middle portion
of the plantar fascia.
Muscles of the Foot.
These are found in two regions
1.

1.

:

On

the dorsum;

On the

2.

plantar surface.

DoESAL Region.

Extensor Brevis Digitorum.

The Fascia on the dorsum of the foot is a thin, membranous layer, continuous
above with the anterior margin of the annular ligament it becomes gradually
lost opposite the heads of the metatarsal bones, and on each side blends with the
it forms a sheath for the tendons placed on
lateral portions of the plantar fascia
the dorsum of the foot. On the removal of this fascia, the muscles and tendons
;

;

of the dorsal region of the foot are exposed.
The Extensor Brevis Digitorum (Fig. 303) is a broad, thin muscle, which arises
from the outer side of the os calcis, in front of the groove for the Peroneus brevis;
from the external calcaneo-astragaloid ligament and from the horizontal portion
of the anterior annular ligament. It passes obliquely across the dorsum of the
The innermost, which is the largest, is
foot, and terminates in four tendons.
inserted into the first phalanx of the great toe, crossing the Dorsalis pedis artery
the other three, into the outer sides of the long extensor tendons of the second,
third, and fourth toes.
Relations.
By its superficial surface^ with the fascia of the foot, the tendons
of the Extensor longus digitorum and Extensor proprius pollicis. By its deep
surface^ with the tarsal and metatarsal bones, and the Dorsal interossei muscles.
Nerves.
It is supplied by the anterior tibial nerve.
Actions.
The Extensor brevis digitorum is an accessory to the long Extensor,
extending the phalanges of the four inner toes, but acting OHly on the first phalanx
of the great toe.
The obliquity of its direction counteracts the oblique movement given to the toes by the long Extensor, so that, both muscles acting together,
the toes are evenly extended.
;

;

Plantar Eegion.
region of the foot may be
2.

The muscles in the plantar
manner to those

divided into three groups,

Those of the internal plantar region
are connected Avith the great toe, and correspond with those of the thumb; those
of the external plantar region are connected with the little toe, and correspond
with those of the little finger and those of the middle plantar region are connected with the tendons intervening between the two former groups. But in
order to facilitate the dissection of these muscles, it will be found more conven-

in a similar

in the hand.

;

ient to divide them into four layers, as they present themselves, in the order in
which they are successively exposed.

First Layer.

Abductor

Flexor Brevis Digitorum.

Pollicis.

Abductor Minimi

Digiti.

Dissection.
Remove the fascia on the inner and outer sides of the foot, commencing in front over
the tendons, and proceeding backwards.
The central portion should be divided transversely in the
middle of the foot, and the two flaps dissected forwards and backwards.

The Abductor Pollicis lies along the inner border of the foot. It arises from
the inner tubercle on the under surface of the os calcis; from the internal annular
ligament; from the plantar fascia and from the intermuscular septum between
it and the Flexor brevis digitorum.
The fibres terminate in a tendon, which is
;
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inserted, togetlier with the innermost tendon of the Flexor brevis pollicis, into
It is supplied
the inner side of the base of the first phalanx of the great toe.
bj the internal plantar nerve.
Relations.
By its superficial surface^ with the plantar fascia. By its deep
surface, with the Flexor brevis pollicis, the Flexor accessorins, and the tendons
of the Flexor longus digitorum and Flexor longns pollicis, the Tibialis anticus
and posticus, the plantar vessels and nerves, and the articulations of the tarsus.
The Flexor Brevis Digitorum (perforatns)
lies in the middle of the sole of the foot, imFig. 306— Muscles of the Sole of the
Foot.
First Layer.
mediately beneath^ the plantar fascia, with
which it is firmly united. It arises by a narrow tendinous process, from the inner tubercle
of the OS calcis, from the central part of the
plantar fascia, and from the intermuscular
septa between it and the adjacent muscles.
It
passes forwards, and divides into four tendons.
Opposite the middle of the first phalanges,
each tendon presents a longitudinal slit, to
allow of the passage of the corresponding
tendon of the Flexor longus digitorum the
two portions form a groove for the reception
of that tendon.
The tendon of the short
flexor then reunites and immediately divides
a second time into two processes, which are
inserted into the sides of the second phalanges.
The mode of division of the tendons of the
Flexor brevis digitorum, and their insertion
into the phalanges, is analogous to the Flexor
sublimis in the hand.
It is supplied by the
internal plantar nerve.
Relations.
By its superficial surface^ with
the plantar fascia. By its deep surface., with
the Flexor accessorius, the Lumbricales, the
tendons of the Flexor longus digitorum, and
the external plantar vessels and nerve, from
which it is separated by a thin layer of fascia.
The outer and inner borders are separated
from the adjacent muscles by means of vertical prolongations of the plantar fascia.
The Abductor Minimi Digiti lies along the
outer border of the foot.
It arises, by a very
broad origin, from the outer tubercle of the
OS calcis, from the under surface of the os
calcis in front of both tubercles, from the plantar fascia, and the intermuscular septum betAveen it and the Flexor brevis digitorum.
Its
tendon, after gliding over a smooth facet on
the under surface of the base of the fifth
metatarsal bone, is inserted, with the short
Flexor of the little toe, into the outer side of the base of the first phalanx of
the little toe.
It is supplied by the external plantar nerve.
Relations.
By its superficial surface., with the plantar fascia. By its deep
surface^ with the Flexor accessorius, the Flexor brevis minimi digiti, the long
plantar ligament, and the tendon of the Peroneus longus.
On its inner side are
the external plantar vessels and nerve, and it is separated from the Flexor brevis
digitorum by a vertical septum of fascia.
;

^

In the erect position, this would, of course, be above.
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Dissection.
The muscles of the superficial layer should be divided at their origin, by inserting
the knife beneath each, and cutting obliquely backwards, so as to detach them from the bone they
should then be drawn forwards, in order to expose the second layer, but not cut away at their inserThe two layers are separated by a thin membrane, the deep plantar fascia, on the removal of
tion.
which is seen the tendon of the Flexor longus digitorum, the Flexor accessorius, the tendon of the
Flexor longus pollicis, and the Lumbricales. The long flexor tendons cross each other at an acute
angle, the Flexor longus pollicis running along the inner side of the foot, on a plane superior to that
of the Flexor longus digitorum, the direction of which is obliquely outwards.
;

Second Layer.

Flexor Accessorius.

Lumbricales.

The Flexor Accessorius arises by two heads the inner or larger, which is
muscular, being attached to the inner concave surface of the os calcis, and to the
the outer
calcaneo-scaphoid ligament
Fig. 307.— Muscles of the Sole of the
head, flat and tendinous, to the under
:

;

Foot.

Second Layer.

surface of the os calcis, in front of its
outer tubercle, and to the long plantar
ligament: the two portions join at an
acute angle, and are inserted into the
outer margin and upper and under surfaces of the tendon of the Flexor longus
digitorum, forming a kind of groove, in
which the tendon is lodged. It is supplied by the external plantar nerve.
Relations.
By its superficial surface,
with the muscles of the superficial layer,
from which it is separated by the external
By its deep
plantar vessels and nerves.
siirface^ with the os calcis and long calcaneocuboid ligament.
The Lumhricales are four small muscles,
accessory to the tendons of the Flexor
longus digitorum they arise from the tendons of the long Flexor, as far back as
their angle of division, each arising from
two tendons, except the internal one.
Each muscle terminates in a tendon, which
passes forwards on the inner side of each
of the lesser toes, and is inserted into the
expansion of the long extensor and base
of the first phalanx of the corresponding
The two internal Lumbricales mustoe.
cles are supplied by the internal, and the
two external by the external plantar nerve.
:

Dissection.
The flexor tendons should be divided
at the back part of the foot, and the Flexor accessorius at its origin, and drawn forwards, in order to

expose the third layer.

Third Layer.
Flexor Brevis Pollicis.

Adductor

Pollicis.

Flexor Brevis Minimi Digiti.
Transversus Pedis.

The Flexor Brevis Pollicis arises, by a pointed tendinous process, from the
inner border of the cuboid bone, from the contiguous portion of the external
cuneiform, and from the prolongation of the tendon of the Tibialis posticus.
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which is attached to that bone. The muscle divides, in front, into two portions,
which are inserted into the inner and outer sides of the base of the first phalanx
of the great toe, a sesamoid bone being developed in each tendon at its insertion.
The inner portion of this muscle is blended with the Abductor pollicis previous
to its insertion, the outer with the Adductor pollicis, and the tendon of the Flexor
longus pollicis lies in a groove between them.
Relations. By its superficial surface.^ with the Abductor pollicis, the tendon of

By its deep surface.^ with the
the Flexor longus pollicis and plantar fascia.
tendon of the Peroneus lonsfus, and
Fig. 308.— Muscles of the Sole of the Foot.
metatarsal bone of the great toe.
Third Layer.
By its inner border.^ with the Abductor pollicis. By its outer border^
with the Adductor Pollicis.
The Adductor

Pollicis is a large,

thick, fleshy mass, passing obliquely

across the foot, and occupying the
hollow space between the four outer
metatarsal bones.
It arises from the
tarsal extremities of the second, third,

and fourth metatarsal bones, and
from the sheath of the tendon of the
Peroneus longus, and is inserted, together with the outer portion of the
Flexor brevis pollicis, into the outer
side of the base of the first phalanx
of the great toe.

The Flexor Brevis Minimi

Digiti

on the metatarsal bone of the
little toe, and much resembles one
of the Interossei.
It arises from the
base of the metatarsal bone of the
little toe, and from the sheath of
the Peroneus longus
its tendon is
lies

;

inserted

the base of the

into

phalanx of the

little

first

toe on its outer

side.

Relations.

By

its superficial sur-

with the plantar fascia and
tendon of the Abductor minimi
digiti.
By its deep surface^ with the
face.^

fifth

metatarsal bone.

The Transversus Pedis

is

a narrow,

muscular fasciculus, stretched
transversely across the heads of the
metatarsal bones, between them and
the flexor tendons. It arises from
the under surface of the head of the
fifth metatarsal bone, and from the
transverse ligament of the metatarsus
and is inserted into the outer
side of the first phalanx of the great toe
its fibres being blended with the
tendon of insertion of the Adductor pollicis.
Nervous Supply. The Flexor brevis pollicis is supplied by the internal plantar
nerve, and sometimes (according to Meckel) receives a branch from the external
flat,

;

;

plantar.

The

plantar nerve.

30

other three muscles of this layer are supplied by the external
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Relations.

B)^ its undtr surface.^ with the tendons of the long
By its npper surface.^ with the Interossei.

and short Flexors

and Luinbricales.

Fourth Layer.

The

Interossei.

The Interossei mnscles in the foot are similar to those in the hand, with this
exception, that they are grouped around the middle line of the second toe, instead
They are seven in
of the middle line of the whole member, as in the hand.
number, and consist of two groups, dorsal and plantar.
The Dorsal Interossei., four in number, are situated between the metatarsal
They are bipenniform muscles, arising by two heads from the adjacent
bones.
their tendons are
sides of the metatarsal bones between which they are placed
inserted into the bases of the first phalanges, and into the aponeurosis of the
;

Fig. 309.- -The Dorsal Interossei.

Left Foot.

Fig. 310.

-The Plantar Interossei.
Left Foot.

common extensor tendon. In the angular interval left between the heads of
each muscle at its posterior extremity the perforating arteries pass to the dorsum
of the foot except in the first Interosseous muscle, where the interval allows
the passage of the communicating branch of the dorsalis pedis artery. The first
Dorsal interosseous muscle is inserted into the inner side of the second toe the
other three are inserted into the outer sides of the second, third, and fourth toes.
They are all abductors from the middle line of the second toe.
The Plantar Interossei^ three in number, lie beneath, rather than between, the
metatarsal bones.
They are single muscles, and are each connected with but
one metatarsal bone. They arise from the base and inner sides of the shaft of
the third, fourth, and fifth metatarsal bones, and are inserted into the inner sides
of the bases of the first phalanges of the same toes, and into the aponeurosis of
the conlmon extensor tendon. These muscles are all adductors towards the middle line of the second toe.
All the Interossei muscles are supplied by the external plantar nerve.
;

;
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SURGICAL ANATOMY.
The student should now

Fig. 311.

con-

—Fracture of the Neck of the Femur within the

sider the ett'ects produced by
the action of tlie various muscles
in fractures of the bones of the

Capsular Ligament.

extremity.
The more
of fracture are
selected for illustration and de-

lower

common forms
scription.

Fracture of the necTc, of the
internal to the capsular
ligament (Fig. 311) is a very

femur

common

and
by

accident,

frequently caused

is

most

indirect
slipping oS

such as
the edge of the curbstone, the
impetus and w^eight of the body
falling upon the neck of the
bone.
It usually occurs in females, and seldom under fifty
years of age.
At this period of
life, the cancellous tissue of the
neck of the bone not untVequently is atrophied, becoming
violence,

soft

and

infiltrated

with fatty

the compact tissue is
partially absorbed
hence the

matter;

:

bone

is

more

and more
The charac-

brittle,

liable to fracture.

marks of this accident
are slight shortening of the limb
and eversion of the foot, neither
of which symptoms occur, however, in some cases until some
time after the injury. The eversion is caused by the combined
action of the external rotator muscles, as well as by the Psoas
and Iliacus, Pectineus, Adductors, and Glutei muscles.
The
shortening is produced by the action of the Glutei, and by the
Rectus femoris in front, and the Biceps, Semitendinosus, and

teristic

Semimembranosus behind.
Fracture of the femur just

teloio

the

trochanters (Fig. 312)

an accident of not unfrequent occurrence, and is attended
with great displacement, jn-oducing considerable deformity.
The upper fragment, the portion chiefly displaced, is tilted forwards almost at right angles with the pelvis, by the combined
action of the Psoas and Iliacus; and, at the same time, everted
and drawn outwards by the external rotator and Glutei muscles,
causing a marked prominence at the upper and outer side of the
thigh, and much pain from the bruising and laceration of the
muscles.
The limb is shortened, in consequence of the lower
fragment being drawn upwards by the Rectus in front, and the
Biceps, Semimembranosus, and Semitendinosus behind
and, at
the same time, everted, and the upper end thrown outwards, the
lower inwards, by the Pectineus and Adductor muscles. This
fracture may be reduced in two different methods either by
direct relaxation of all the opposing muscles, to effect which the
limb should be placed on a double inclined plane or by overcoming the contraction of the muscles, by continued extension,
which rnay be effected by means of the long splint.
Oblique fracture of the femur immediately above the condyles
(Fig. 313) is a formidable injury, and attended with considerable
displacement.
On examination of the hmb, the lower fragment
may be felt deep in the popliteal space, being drawn backwards
by the Gastrocnemius and Plantaris muscles, and upwards by
the posterior Femoral and Rectus muscles. The pointed end of
the upper fragment is drawn inwards by the Pectineus and Adductor muscles, and tilted forwards by the Psoas and Iliacus,
piercing the Rectus muscle, and, occasionally, the integument.
Relaxation of these muscles and direct appi'oximation of the
broken fragments are effected by placing the limb on a double

is

;

:

;

Fig. 312.
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Inclined plane.

The

greatest eai'e is requisite in keeping the pointed extremity of the upper
otherwise, after union of the fracture, the power of extension of the

fragment in proper position

Fig. 313.

—Fracture of

the

;

Femur ahove

the Condyles.

Fig. 314.

—Fracture of the Patella.

is partially destroyed, from the Rectus muscle being held down by the fractured end of the
bone, and fi'om the patella, when elevated, being drawn upwai'ds against the projecting fragment.
Fracture of the fatella (Fig. 314) may be produced by musOblique Fracture of cular action, or by direct violence. When produced by musFig. 315.
person in danger of falling
cular action, it occurs thus
the Shaft of the Tibia.
forwards attempts to recover himself by throwing the body
backwards, and the violent action of the Quadriceps extensor
upon the patella fractures the bone transversely. The upper
fragment is drawn up the thigh by the Quadriceps extensor,
the lower fragment being retained in its position by the ligamentum patellas the extent of separation of the two fragments
depending upon tlie degree of laceration of the ligamentous
The patient is totally unable to
structures around the bone.
straighten the limb; the prominence of the patella is lost; and
a marked but varying interval can be felt between the fragments. The treatment consists in relaxing the opposing muscles,
which may be eftected by raising the trunk, and slightly
elevating the limb, which should be kept in a straight position.
Union is usually ligamentous. In fracture from direct violence,
the bone is generally comminuted, or fractured obliquely or
perpendicularly.
Obhque fractui-e of the shaft of the tibia (Fig. 315) usually
occurs at the lower fourth of the bone, this being the narrowest
and weakest part, and is usually accompanied with fracture
of the fibula.
If the fracture has taken place obliquely from
above, downwards and forwards, the fragments ride over one
another, the lower fragments being drawn backwards and
upwards by the powerful action of the muscles of the calf; the
pointed extremity of the upper fragment projects forwards
immediately beneath the integument, often protruding through
it, and rendering the fracture a compound one.
If the direction
of the fracture is the reverse of that shown in the figure, the
pointed extremity of the lower fragment projects forwards,
riding upon the lower end of the upper one.
By bending the
knee, which relaxes the opposing muscles, and making extension
from the knee and ankle, the fragments may be brought into
apposition.
It is
often necessary, however, in compound
fracture, to remove a portion of the projecting bone with the
saw before complete adaptation can be effected.
Fracture of the fibula^ with dislocation of the foot outwards
(Fig. 316), commonly known as "Pott's Fracture," is one of the most frequent injuries of the
ankle-joint.
The end of the tibia is displaced from the corresponding surface of the astragalus;

limb

—

:

;
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ruptured and the inner malleolus projects inwards beneath tlie
over it and in danger of bursting. The fibula is broken,
usually from two to three inches above the ankle, and occasionally that portion of the tibia with
which it is more directly connected below the foot is everted by the action of the Peroneus
the internal lateral ligament

integument, which

is

is

;

tiglitly stretclied

;

Fig. 316.

—Fracture of

the Fibula, with Dislocation of the Foot outwards.
" Pott's Fracture."

longus, its inner border resting upon the ground, and, at the same time, the heel is drawn up by
the muscles of the calf.
This injury may be at once reduced by flexing the leg at right angles
with the thigh, which relaxes all the opposing muscles, and by making slight extension from the
knee and ankle.

;

Of the

Arteries.

Arteries are cylindrical tubular vessels, wliicli serve to convey blood from
THE
both ventricles of the heart to every part of the body. These vessels were

named

arteries (a>)p, air ; TTjpsrv, to contain) from the belief entertained by the
ancients that they contained air.
To Galen is due the honor of refuting this
opinion he showed that these vessels, though for the most part empty after
death, contain blood in the living body.
The pulmonary artery, which arises from the right ventricle of the heart, carries venous blood directly into the lungs, whence it is returned by the pulmonary
veins into the left auricle.
This constitutes the lesser or pulmonic circulation.
The great arter}^, which arises from the left ventricle, the aorta, conveys arterial
blood to the body generally whence it is brought back to the right side of
the heart by means of the veins. This constitutes the greater or systemic
;

,

;

circulation.

The

distribution of the systemic arteries is like a highly ramified tree, the
of which, formed by the aorta, commences at the left ventricle
of the heart, the smallest ramifications corresponding to the circumference of
The arteries are found in nearly every part
the body and the contained organs.
of the body, with the exception of the hairs, nails, epidermis, cartilages, and
cornea and the larger trunks usually occupy the most protected situations,
running, in the limbs, along the flexor side, where they are less exposed to
injury.
There is considerable variation in the mode of division of the arteries occasionally a short trunk subdivides into several branches at the same point, as we
observe in the coeliac and thyroid axes or the vessel may give off' several
branches in succession, and still continue as the main trunk, as is seen in the
arteries of the limbs; but the usual division is dichotomous, as, for instance, the
aorta dividing into the two common iliacs and the common carotid, into the
external and internal.
The branches of arteries arise at very variable angles some, as the superior
others, as the lumbar
intercostal arteries from the aorta, arise at an obtuse angle
arteries, at a right angle
or, as the spermatic, at an acute angle. An artery from
which a branch is given off' is smaller in size, but retains a uniform diameter until
branch of an artery is smaller than the
a second branch is derived from it.
trunk from which it arises but if an artery divides into two branches, the combined area of the two vessels is, in nearly every instance, somewhat greater than
that of the trunk and the combined area of all the arterial branches greatly
exceeds the area of the aorta so that the arteries collectively may be regarded
the base to the capillary
as a cone, the apex of which corresponds to the aorta

common trunk

;

:

;

;

;

;

;

A

;

;

;

;

system.

The

communicate freely with one another, formcalled an anastomosis (ava, between ; (TTofjia, mouth), or inosculation
this communication is very free between the large as well as between the
arteries, in their distribution,

ing what

and

is

smaller branches. The anastomosis between trunks of equal size is found where
great freedom and activity of the circulation are requisite, as in the brain here
the two vertebral arteries unite to form the basilar, and the two internal carotid
arteries are connected by a short communicating trunk
it is also found in the
abdomen, the intestinal arteries having very free anastomoses between their larger
branches. In the limbs, the anastomoses are most frequent and of largest size
around the joints the branches of an artery above freely inosculating with
branches frt)m the vessels below these anastomoses are of considerable interest
;

;

;

;
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to tlie surgeon, as it is by their enlargement that a collateral circulation is established after the application of a ligature to an artery for the cure of aneurism.
The smaller branches of arteries anastomose more frequently than the larger
and between the smallest twigs, these inosculations become so numerous as to
constitute a close network that pervades nearly every tissue of the body.
Throughout the body generally, the larger arterial branches pursue a perfectly
straight course; but in certain situations they are tortuous; thus, the facial
artery in its course over the face, and the arteries of the lips, are extremely
tortuous in their course, to accominodate themselves to the movements of the
parts.
The uterine arteries are also tortuous, to accommodate themselves to the

increase of size which the organ undergoes during pregnancj^ Again, the internal carotid and vertebral arteries, previous to their entering the cavity of the
skull, describe a series of curves, which are evidently intended to diminish the
velocity of the current of blood, by increasmg the extent of surface over which
it moves, and adding to the amount of impediment which is produced by friction.
The arteries are dense in structure, of considerable strength, highly elastic,
and, when divided, they preserve, although empty, their cylindrical form.
The minute structure of these vessels is described in the Introduction.
In the description of the arteries, we shall first consider the efferent trunk of
the S3^stemic circulation, the aorta, and its branches and then the efferent trunk
of the pulmonic circulation, the pulmonary artery.
;

The Aoeta.
The aorta (aopT/;, arteria magna) is the main trunk of a series of vessels,
which, arising from the heart, convey the red oxygenated blood to every part of
the body for its nutrition. This vessel commences at the upper part of the left
ventricle, and, after ascending for a short distance, arches backwards to the left
side, over the root of the left lung, descends within the thorax on the left side
of the vertebral column, passes through the aortic opening in the Diaphragm,
and, entering the abdominal cavity, terminates, considerably diminished in size,
opposite the fourth lumbar vertebra, where it divides into the right and left common iliac arteries. Hence its subdivision into the arch of the aorta, the thoracic
aorta, and the abdominal aorta\ from the direction or position of its parts.

Arch

of the Aorta.

In order to examine the arch of the aorta, open the thorax, by dividing the caron each side of the sternum, raising this bone from below upwards, and then
sawing through the sternum on a level with its articulation with the clavicle. By this means,
the relations of the large vessels to the upper border of the sternum and root of the neck are kept
Dissection.

tilages of the ribs

in view.

The arch of the aorta extends from the origin of the vessel at the upper part
of the left ventricle to the lower border of the body of the fourth dorsal vertebra.

At

its commencement, it ascends behind the sternum, obliquely upwards and
forwards towards the right side, and opposite the upper border of the second
costal cartilage of the right side, passes transversely from right to left, and from
before backwards, to the left side of the third dorsal vertebra it then descends
upon the left side of the body of the fourth dorsal vertebra, at the lower border
of which it takes the name of thoracic aorta.
The arch of the aorta describes
and it
a curve, the convexity of which is directed upwards and to the right side
is subdivided, at the points where it changes its direction, so as to be described in
three portions
the ascending, transverse, and descending portions of the arch of
;

;

—

the aorta.
^

or

These portions of the aorta would be better named transverse aorta, dorsal aorta, and abdominad
but I hesitate to introduce new names in place of those in universal use.

lumbar aorta

;
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Ascending Part of the Arch.
portion of the arch of the aorta is about two inches in length.
upper part of the left ventricle, in front of the left auriculoventricular orifice, and on a level with the lower border of the third costal cartilage of the left side close to the sternum it passes obliquely upwards in the
direction of the heart's axis, to the right side, as high as the upper border of the
second costal cartilage, describing a slight curve in its course, and being situated,
when distended, about a quarter of an inch behind the posterior surface of the

The ascending

It

commences

at the

;

Fig. 317.
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sternum,
little above its commencement, it is somewhat enlarged, and presents
three small dilatations, called the sinuses of the aorta (sinuses of Valsalva), opposite to which are attached the three semilunar valves, which serve the purpose
of preventing any regurgitation of blood into the cavity of the ventricle.
section of the aorta opposite this part has a somewhat triangular figure but below
the attachment of the valves it is circular.
This portion of the heart is contained
in the cavity of the pericardium, and, together with the pulmonary artery, is
invested in a tube of serous membrane, continued on to them from the surface
of the heart.

A

;
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Relations.
The ascending part of the arch is covered at its commencement
by the trunk of the pulmonary artery and the right appendix auriculge, and,
higher up, is separated from the sternum by the pericardium, some loose
areolar tissue, and the remains of the thymus gland behind, it rests upon the
On the right side, it is in
right pulmonary vessels and root of the right lung.
on the left side, with
relation with the superior vena cava and right auricle
the pulmonary artery.
;

;
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Transverse Part of the Arch.
The second or transverse portion of the arch commences at the upper border
of the second chondro-sternal articulation of the right side in front, and passes
from right to left, and from before backwards, to the left side of the third dorsal
vertebra behind.^ Its upper border is usually about an inch below the upper
margin of the sternum.
Relations.
Its anterior surface is covered by the left pleura and lung, and
crossed towards the left side by the left pneumogastric and phrenic nerves, and
cardiac branches of the sympathetic.
Its posterior surface lies on the trachea,
just above its bifurcation, on the great, or deep, cardiac plexus, the oesophagus,
thoracic duct, and left recurrent laryngeal nerve.
Its upper harder is in relation
with the left innominate vein; and from its upper part are given off theinnomiAs

regards the portion of the dorsal spine with which the transverse part of the arch of the aorta
am indebted to Mr. Bennett, late Demonstrator of Anatomy at St. George's Hospital,
for the following observation
"In twelve subjects examined successively in the post-morie77i room of the hospital, in whom the
vessels were healthy, the following was the result as regards the highest point on the vertebral
column touched by the arch of the aorta. In nine it was opposite some part of the third dorsal
vertebra in one opposite the disk between the third and fourth, in one opposite the disk between
the second and third, and in one opposite the second dorsal vertebra."
Mr. J Wood gives the following account of the relations and extent of the arch of the aorta,
as the result of his observations on thirty -two subjects, fourteen male and eighteen female, in whom
an antero-posterior vertical section of the spinal column from top to bottom had been made, With
the viscera in situ.
The cardiac opening of the aorta lies in a horizontal plane drawn through the centre of the third
bone of the sternum, passing midway between the third and fourth rib -cartilages, and emerging
behind about the tip of the sixth dorsal spinous process. The highest point of the aortic arch lies
from three-quarters of an inch to an inch from the posterior surface of the second bone of the
sternum, close to its right border, and to the inner side of the joint between the second right ribcartilage and the sternum.
It approaches the lower border of the left side of the fourth dorsal
vertebra, and first touches the spine usually about the intervertebral substance feet'v^een the^fourth
and fifth vertebrse. It then assumes a more vertical direction, and lies against the left side'of the
body of the fifth dorsal vertebra, which is, in fact, the uppermost vertebra which sho-vre on its body
the impression or flattening produced by contact with the aorta {Journ. of Anat. and Phys., vol. iii.).
This anatomist accordingly puts the lower two portions of the arch one vertebra lower than the
account in the text, and he supports his observations by those of Pirogoff.
^

is

in contact, I

:

:
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Its loiver border is in
iiate, left common carotid, and left subclavian arteries.
relation with the bifurcation of the pulmonary artery, and the remains of the
ductus arteriosus, which is connected with the left division of that vessel the
;

left
left

recurrent laryngeal nerve winds round
bronchus passes below it.

it

from before backwards, whilst the
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Descending Part of the Arch.

The descending portion of the arch has a straight direction, inclining downwards on the left side of the body of the fourth dorsal vertebra, at the lower
border of which it takes the name of thoracic aorta.
Relations.
Its anterior surface is covered by the pleura and root of the left
lung; hehind^ it lies on the left side of the body of the fourth dorsal vertebra.
On its right side are the oesophagus and thoracic duct on its left side it is covered
by the pleura.
;
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The ascending, transverse, and descending portions of the arch vary in position
according to the movements of respiration, being lowered, together with the
trachea, bronchi, and pulmonary vessels, during inspiration, by the descent of the
Diaphragm, and elevated, during expiration, when the Diaphragm ascends. These
movements are greater in the ascending than the transverse, and in the latter
than the descending part.
Peculiarities.
The height to which the aorta rises in the chest is usually about an inch below
the upper border of the sternum but it may ascend nearly to the top of that bone.
Occasionally,
it is found an inch and a half, more rarely three inches below this point.
In Direction. Sonietiuies the aorta arches over the root of the right instead of the left lung,
;

;
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as in birds, and passes down on tlie right side of the spine.
In such cases all the viscera of the
thoracic and abdominal cavities are transposed.
Less frequently, the aorta, after arching over
the root of the riglit lung, is directed to its iisual position on the left side of the spine, this peculiarity not being accompanied by any transposition of the viscera.
In Gonfarniaiion. The aorta occasionally divides, as in some quadrupeds, into an ascending and
a descending trunk, the former of which is directed vertically upwards, and subdivides into three
branches, to supply the head and upper extremities.
Sometimes the aorta subdivides soon after
its origin into two branches, which soon reunite.
In one of these cases, the oesophagus and
trachea were found to pass through the interval left by their division this is the normal condition
of the vessel in the reptilia.
;

Surgical Anatomy. Of all the vessels of the arterial system, the aorta, and more especially
arch, is most frequently the seat of disease
hence it is important to consider some of the
consequences that may ensue from aneurism of this part.
It will be remembered, that the ascending part of the arch is contained in the pericardium,
just behind the sternum, being crossed at its commencement by the pulmonary artery and right
auricular appendix, and having the root of the right lung behind, the vena cava on the right side,
and the pulmonary artery and left auricle on the left side.
Aneurism of the ascending aorta, in the situation of the aortic sinuses, in the great majority
of cases, atfects the right coronary sinus this is mainly owing to the fact that the regurgitation
of blood upon the sinuses takes place chiefly on the right anterior aspect of the vessel.
As the
aneurismal sac enlarges, it may compress any or all of the structures in immediate proximity
with it, but chiefly projects towards the right anterior side and, consequently, interferes mainly
with those structures that have a corresponding relation with the vessel. In the majority of
cases, it bursts into the cavity of the pericardium, the patient suddenly drops down dead, and,
upon a post-mortem examination, the pericardial sac is found full of blood or it may compress
the right auricle, or the pulmonary artery, and adjoining part of the i-ight ventricle, and open
into one or the other of these parts, or may press upon the superior cava.
Aneurism of the ascending aorta, originating above the sinuses, most frequently implicates the
i-ight anterior wall of the vessel; this is probably mainly owing to the blood being impelled
against this part.
The direction of the aneurism is also chiefly towards the right of the median
line.
If it attains a large size and projects forwards, it may absorb the sternum and the cartilages
of the ribs, usually on the right side, and appear as a pulsating tumor on the front of the chest,
just below the manubrium; or it may burst into the pericardium, or may compress or open into
the right lung, the trachea, bronchi, or oesophagus.
Kegarding the transverse part of the arch, the student is reminded that the vessel lies on the
trachea, the oesophagus, and thoracic duct that the recurrent laryngeal nerve winds around it
and that from its upper part are given oflJ" three large trunks, which supply the head, neck, and
upper extremities. Now, an aneurismal tumor taking origin from the posterior part or i-ight
aspect of the vessel, its most usual site, may press upon the trachea, impede the breathing, or
produce cough, heemoptysis, or stridulous breathing, or it may ultimately burst into that tube,
producing fatal hemorrhage. Again, its pressure on the laryngeal nerves may give rise to
symptoms which so accurately resemble those of laryngitis that the operation of, tracheotomy
has in some cases been resorted to, from the supposition that disease existed in the larynx or it
may press upon the thoracic duct and destroy life by inanition or it may involve the oesophagus,
producing dysphagia; or may burst into the oesophagus, when fatal hemorrhage will occur.
Again, the innominate artery, or the left carotid, or subclavian, may be so obstructed by clots as
to produce a weakness, or even a disappearance, of the pulse in one or the other wrists; or the
tumor may present itself at or above the manubrium, generally either in the median line or to
the right of the sternum, and may simulate an aneurir.m of one of the arteries of the neck.
Aneurism aftecting the descending part of the arch is usually directed backwards and to the
left side, causing absorption of the vertebrse and cori-esponding ribs; or it may press upon the
trachea, left bronchus, oesophagus, and the right and left lungs, genei-ally the latter. When rupture
of the sac occurs, it usually takes place into the left pleural cavity; less frequently into the left
bronchus, the right [)leura, or into the substance of tlie lungs or trachea. In this form of aneurism,
pain is almost a constant and characteristic symptom, referred to either the back or chest, and
usually radiating from the spine around the left side. This symptom depends upon the aneurismal
sac compressing the intercostal nerves against the bone.
^its

;

;

;

:

;

;

;

Bkanches of the Arch of the Aorta

(Figs. 317, 318).

The branches given off from the arch of the aorta are five in number two of
small size from the ascending portion, the right and left coronary, and three of
large size from the transverse portion, the innominate artery, the left common
carotid, and the left subclavian.
:

Peculiarities.
Position of the Branches.
part of the arch (their usual position), may
mencement of the transverse or upper part
another at their origin may be increased or
being the approximation of the left carotid

instead of arising from the highest
right, arising from the comof the ascending portion
or the distance from one
diminished, the most frequent change in this respect
towards the innominate artery.

The branches,

be moved more to the

;

;
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The Num'her of the primary brandies may be reduced to two tlie left carotid arising from the
innominate artery or (more rarely), the carotid and subclavian arteries of the left side arising
from a left innominate artery. But tlie number may be increased to four, from the right carotid
and subclavian arteries arising directly from the aorta, the innominate being absent. In most of
these latter cases, the right subclavian has been found to arise from the left end of the arch in
Lastly, the number
other cases, it was the second or third branch given off instead of the first.
of trunks from the arch may be increased to five or six in tliese instances, the external and
internal carotids arise separately from the arch, the common carotid being absent on one or both
:

;

;

;

sides.

When the aorta arclies over to tlie right side, the
Nwiniber u&unl^ jirrangement different.
branches have an arrangement the reverse of what is usual, the innominate supplying the
left side, and the carotid and subclavian (which arises separately) the right side.
In other cases,
where the aorta takes its usual course, the two carotids may be joined in a common trunk, and
the subcla\aans arise separately from the arch, the right subclavian generally arising from the
left end of the arch.
Secondary Branches sometimes arise from the arch most commonly such a secondary branch
is the left vertebral, which usually takes origin between the left carotid and left subclavian, or
beyond them. Sometimes, a thyroid branch is derived from the arch, or the right internal mammary, or right vertebral, or, more rarely, both vertebral.^
tliree

;

The Coeonary Arteries.
The coronary arteries supply the heart they are two in number, right and left,
arising near the commencement of the aorta immediately above the free margin
of the semilunar valves.
The Right Goi'onary Artery, about the size of a crow's qnill, arises from the
aorta immediately above the free margin of the right semilunar valve, between
the pulmonary artery and the right appendix auriculge. It passes forwards to the
right side, in the groove between the right auricle and ventricle, and, curving
around the right border of the heart, runs along its posterior surface as far as the
posterior interventricular groove, where it divides into two branches, one of which
continues onwards in the groove between the left auricle and ventricle, and
;

anastomoses with the left coronary; the other descends along the posterior interventricular furrow, supplying branches to both ventricles aud to the septum, and
anastomosing at the apex of the heart with the descending branch of the left
coronary.

This vessel sends a large branch along the thin margin of the right ventricle
and numerous small branches to the right auricle and ventricle, and
the commencement of the pulmonary artery.
The Left Coronary, smaller than the former, arises immediately above the free
edge of the left semilunar valve, a little higher than the right it passes forwards
between the pulmonary artery and the left appendix auriculge, and descends
obliquely towards the anterior interventricular groove, where it divides into two
branches.
Of these, one passes transversely outwards in the left auriculoventricular groove, and winds around the left border of the heart to its posterior
surface, where it anastomoses with the superior branch of the right coronary
the other descends along the anterior interventricular groove to the apex of the
heart, where it anastomoses with the descending branch of the right coronary.
The left coronary supplies the left auricle and its appendix, both ventricles,
and numerous small branches to the pulmonary artery, and commencement of

to the apex,

;

the aorta.
Peculiarities.

increased to three
branches.

These vessels occasionally arise by a common trunk, or their number may be
the additional branch being of small size.
More rarely, there are two additional

;

Arteria Innominata.

.

The innominate
aorta.

It arises

artery is the largest branch given off from the arch of the
from the commencement of the transverse portion in front of the

^ The
anomalies of the aorta and
"Anatomy " (Brunswick, 1868), vol.

its
iii.,

branches are minutely described by Krause in Henle's
p. 203, et seq.
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and, ascending obliquely to the upper border of the right sternoclavicular articulation, divides into the right common carotid and right subThis vessel varies from an inch and a half to two inches in
clavian arteries.
length.
Relations.
Infront^ it is separated from the first bone of the sternum by the
left carotid,

Sterno-hyoid and Sterno-thyroid muscles, the remains of the thymus gland, and
the left innominate and right inferior thyroid veins which cross its root. Behind^
it lies upon the trachea, which it crosses obliquely.
On the right side^ is the right
vena innominata, right pneumogastric nerve, and the pleura and on the leftside^
the remains of the thymus gland, and origin of the left carotid artery.
;

Plan of the Relations of the Innominate Artery.
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Peculiarities in pohit of division.
When the bifurcation of the innominate artery varies from
the point above mentioned, it sometimes ascends a considerable distance above the sternal end
of the clavicle less frequently it divides below it.
In the former class of cases, its length may
exceed two inches and, in the latter, be reduced to an inch or less. These are points of considerable interest for the surgeon to remember in connection with the operation of tying this
;

;

vessel.

Branches. The arteria innominata occasionally supplies a thyroid branch (thyroidea ima or
media), which ascends along the front of the trachea to the thyroid gland; and sometimes a
thymic or bronchial branch. The left carotid is frequently joined with the innominate artery at
its origin.
Sometimes there is no innominate artery, the right subclavian arising directly from
the arch of the aorta.
When the aorta arches over to the right side, the innominate is directed to the left
Position.
side of the neck instead of the right.
Collateral circulation.
Allan Burns demonstrated, on the dead subject, the possibility of the
establishment of the collateral circulation after ligature of the innominate artery, by tying and
dividing that artery, after which, he says, "Even coarse injection impelled into the aorta, passed
freely by the anastomosing branches into the arteries of the right arm, filling them and all the
vessels of the head completely."
[Surgical Anatomy of the Head and JVeck, p. 62. ) The branches
by which this circulation would be carried on are very numerous thus, all the communications
across the middle line between the branches of the carotid arteries of opposite sides would be
available for the supply of blood to the right side of the head and neck
while the anastomosis
between the superior intercostal of the subclavian and the first aortic intercostal (see infra on
the collateral circulation after obliteration of the thoracic aorta) would bring the blood, by a
free and direct course, into the right subclavian the numerous connections, also, between the
lower intercostal arteries and the branches of the axillary and internal mammary arteries would,
doubtless, assist in the supply of blood to the right arm, while the epigastric, from the external
iliac, would, by means of its anastomosis with the internal mammary, compensate for any
deficiency in the vascularity of the wall of the chest.
;

;

:

Surgical Anatomy
Altliough the operation of tying the innominate artery has been performed
by several surgeons for aneurism of the right subclavian extending inwards as far as the Scalenus,
in only one instance has it been attended witli success.^
Mott's patient, however, on whom the
operation was first performed, lived nearly four weeks, and Graefe's more than two months. The
.

main obstacles to the operation

are. as

the student will perceive from his dissection of this vessel.

^ The operation was
performed by Dr. Smyth of
Society's "Biennial Retrospect," for 1865-6, p. 346.

Kew

Orleans.

See the

New Sydenham
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the deep situation of the artery behind and heneatli tlie sternnin, and the number of important
structures which surround it in every part.
In order to apply a Hgature to this vessel, the patient is to be placed upon his back, with the
shoulders raised, and the head bent a little backwards, so as to draw out the artery from behind
An incision two inches long is then made along the anterior border
the sternum into the neck.
From this point, a
of the Sterno-raastoid muscle, terminating at the sternal end of the clavicle.
second incision is carried about the same length along the upper border of the clavicle. The skin
is then dissected back, and the Platysma divided on a director: the sternal end of the Sternomastoid is now brought into view, and a director being passed beneath it, and close to its under
surface, so as to avoid an.y small vessels, the muscle is to be divided transversely throughout the
By pressing aside any loose cellular tissue or vessels that may
greater part of its attachment.
now appear, the Sterno-hyoid and Sterno-thyroid muscles will be exposed, and must be divided,
The inferior thyroid veins may come into
a director being previously passed beneath them.
view, and must be carefully drawn either upwards or downwards, by means of a blunt hook.
On no account should these vessels be divided, as it would add much to the difficulty of the
operation, and endanger its ultimate success.
After tearing through a strong libro-cellular
lamina, the right carotid is brought into view, and, being traced downwards, the arteria innomThe left venainnoininata should now be depressed, the right venainnominata,
inata is arrived at.
the internal jugular vein, the pneumogastric nerve drawn to the right side and a curved aneurism
needle may then be passed around the vessel, close to its surface, and in a direction from below
upwards and inwards; care being taken to avoid the right pleural sac, the trachea, and cardiac
nerve.
TPie ligature should be applied to the artery as high as possible, in order to allow room
between it and the aorta for the formation of a coagulum. The importance of avoiding the
thyroid plexus of veins during the primary steps of the operation, and the pleural sac whilst
including the vessel in the ligature, should be most carefully borne in mind, since secondary
hemorrhage or pleurisy has been the cause of death in all the fatal cases hitherto recorded.
;

Common Carotid Arteries.
The common carotid arteries, althougli occupying a nearly similar position in
the neck, differ in position, and, consequently, in their relations- at their origin.
The right carotid arises from the arteria innominata, behind the right sternoclavicular articulation the left from the highest part of the arch of the aorta.
The left carotid is, consequently, longer and placed more deeply in the thorax.
It will, therefore, be more convenient to describe first the course and relations
of that portion of the left carotid which intervenes between the arch of the aorta
and the left sterno-clavicular articulation (see Fig. 317).
The left carotid within the thorax ascends obliquely outwards from the arch
of the aorta to the root of the neck.
In front it is separated from the first piece
of the sternum by the Sterno-hyoid and Sterno-thyroid muscles, the left innominate vein, and the remains of the thymus gland behind^ it lies on the trachea,
Internally^ it is in relation with the arteria
oesophagus, and thoracic duct.
innominata externally^ with the left pneumogastric nerve and left subclavian
;

;

;

artery.

Plan of the Relations of the Left Common Carotid.
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In the neck, the two common carotids resemble each other so closely, that one
Each vessel passes obliquely upwards, from
description will apply to both.
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behind the sterno-claviciilar articulation, to a level with the upper border of the
thyroid cartilage, where it divides into the external and internal carotid; these
names being derived from the distribution of the arteries to the external parts of
the head and face, and to the internal parts of the cranium, respectively.
The
course of the common carotid is indicated by a line drawn from the sternal end
of the clavicle below, to a point midway between the angle of the jaw and the
mastoid process above.
Fig. 319.

— Surgical Anatomy of

the Arteries of

tiie

Neck.

Right Side.

Fic. 320.
Flu-!i

ofihe

Jirimchcs
EXTERNAL CAROTID

At the lower part of the neck the two common carotid arteries are separated
from each other by a very small interval, which contains the trachea but at the
upper part, the thyroid body, the larynx and pharynx project forwards between the
two vessels, and give the appearance of their being placed further back in that
situation.
The common carotid artery is contained in a sheath, derived from the
deep cervical fascia, which also incloses the internal jugular vein and pneumogastric nerve, the vein lying on the outer side of the artery, and the nerve between
;

.
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the arteiT and vein, on a plane posterior to both. On opening the sheath, these
three structures are seen to be separated from one another, each being inclosed in
a separate fibrous investment.
Relations.
At the lower part of the neck the common carotid artery is very
deeply seated, being covered by the superficial fascia, Platysma, and deep fascia,
the Sterno-mastoid, Sterno-hyoid, and Sterno-thyroid muscles, and by the Omohyoid opposite the cricoid cartilage but in the upper part of its course, near its
termination, it is more superficial, being covered merely hj the integument, the
superficial fascia, Platysma, deep fascia, and inner margin of the Sterno-mastoid,
and is contained in a triangular space, bounded behind by the Sterno-mastoid,
above by the posterior belly of the Digastric, and below by the anterior belly of
the Omo-hyoid. This part of the artery is crossed obliquely from within outwards by the sterno-mastoid artery it is crossed also by one, or sometimes two
superior th^a'oid veins, which terminate in the internal jugular, and descending
on its sheath in front is seen the descendens noni nerve, this filament being joined
by one or two branches from the cervical nerves, which cross the vessel from
without inwards. Sometimes the descendens noni is contained within the sheath.
The middle thyroid vein crosses the artery about its middle, and the anterior
jugular vein below. Behind^ the artery lies in front of the cervical jDortion of
the spine, resting first on the Longus colli muscle, then on the Rectus capitis
anticus major, from which it is separated by the sympathetic nerve.
The recurrent laryngeal nerve and inferior thyroid artery cross behind the vessel at its
lower part. Internally., it is in relation with the trachea and thyroid gland, the
inferior thyroid artery and recurrent laryngeal nerve being interposed
higher
up, with the larynx and pharynx.
On its outer side are placed the internal jugular vein and pneumogastric nerve.
At the lower part of the neck, the internal jugular vein on the right side
diverges from the artery, but on the left side it approaches it, and ofteu crosses
its lower part.
This is an important fact to bear in mind during the performance
of any operation on the lower part of the left common carotid artery.
;

;

:

Plan of the Relations of the Common Carotid Arteey.
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Peculiarities as to Origin.
T\iq right common carotid may arise above or below its usual point,
This variation occurs in one out of about
the upper border of the sterno-clavicular articulation.
or
eight cases and a half, and the origin is more frequently above than below the usual point
the artery may arise as a separate branch from tlie arch of the aorta, or in conjunction with the
left carotid.
The left common carotid varies more frequently in its origin than the right. In the
majority of abnormal cases it arises with the innominate artery, or if the innominate artery is
The left carotid has a tendency towards
absent, the two carotids arise usually by a single trunk.
the right side of the arch of the aorta, being occasionally the first branch given off from the
transverse portion.
It rarely joins with the left subclavian, except in cases of transposition of
the arch.
;

COMMON CAROTID.

481

The most important peculiarities of this vessel, in a
Peculiarities as to Point of Division.
surgical point of view, relate to its place of division in the neck.
In the majority of abnormal
cases, this occurs higher than usual, the artery dividing into two branches opposite the hyoid
bone, or even higher more rarely, it occurs below its usual place opposite the middle of the
larynx, or the lower border of the cricoid cartilage
and one case is related by Morgagni, where
the common carotid, only an inch and a half in length, divided at the root of the neck.
Very
rarely, the common carotid ascends in the neck without any subdivision, the internal carotid
being wanting and in two cases, the common carotid has been found to be absent, the external
and internal carotids arising directly from the arch of the aorta. This peculiarity existed on both
sides in one subject, on one side in the other.
;

:

;

Occasional Brandies.
The common carotid usually gives off no branches but it occasionally
gives origin to the superior thyroid, or a laryngeal branch, the inferior thyroid, or, more rarely,
the vertebral artery.
;

Surgical Anatomy. The operation of tying the common carotid artery may be necessary in
of that vessel or its branches, in an aneurism, or in a case of pulsating tumor of the
orbit or skulL
If the wound involves the trunk of the common carotid, it will be necessary to
tie the artery above and below the wounded part.
But in cases of aneurism, or Avhere one of
the branches of the common carotid is wounded in an inaccessible situation, it may be judged
necessary to tie the trunk. In such cases, the whole of the artery is accessible, and any part may
be tied, except close to either end. When the case is such as to allow of a choice being made,
the lower part of the carotid should never be selected as the spot upon which to place a ligature,
for not only is the artery in this situation placed very deeply in the neck, but it is covered by
three layers of muscles, and on the left side the jugular vein, in the great majority of cases, passes
obliquely in front of it. Neither should the upper end be selected, for here the superior thyroid
vein and its tributaries would give rise to very considerable difficulty in the application of a ligature.
The point most favorable for the operation is opposite the lower part of the larynx, and
here a ligature may be applied on the vessel, either above or below the point where it is crossed
by the Omo-hyoid muscle. In the former situation the artery is most accessible, and it may be
tied there in cases of wounds, or aneurism of any of the large branches of the carotid
whilst
in cases of aneurism of the upper part of the carotid, that pai't of the vessel may be selected
which is below the Omo-hyoid. It occasionally happens that the carotid artery bifurcates below
its usual position; if the artery be exposed at its point of bifurcation, both divisions of the vessel
should be tied near their origin, in preference to tying the trunk of the artery near its
termination; and if, in consequence of the entire absence of the common carotid, or from its
early division, two arteries, the external and internal carotids, are met with, the ligature should
be placed on that vessel which is found on compression to be connected with the disease.
In this operation, the direction of the vessel and the inner margin of the Sterno-mastoid are
the chief guides to its performance.
a

wound

;

To tie the Common Carotid ahove the Omo-hyoid. The patient should be placed on his back
with the head thrown back an incision is to be made, three inches long, in the direction of the
anterior border of the Sterno-mastoid, from a little below the angle of the jaw to a level with
the cricoid cartilage after dividing the integument, superficial fascia, and Platysma, the deep
fascia must be cut through on a director, so as to avoid wounding numerous small veins that are
usually found beneath. The head may now be brought forwards so as to relax the parts somewhat, and the margins of the wound held asunder by copper spatulse. The descendens noni
Tierve is now exposed, and must be avoided, and the sheath of the vessel having been raised by
The internal jugular
forceps, is to be opened over the artery to a small extent at its inner side.
vein may now present itself alternately distended and relaxed this should be compressed both
above and below, and drawn outwards, in order to facilitate the operation. The aneurism needle
is now passed from the outside, care being taken to keep the needle in close contact with the
Before
artery, and thus avoid the risk of injuring the jugular vein, or including the vagus nerve.
the ligature is tied, it should be ascertained that nothing but the artery is included in it.
:

:

;

To tie the Common Carotid., heloio the Omo-hyoid. The patient should be placed in the same
position as above mentioned.
An incision about three inches in length is to be made, parallel
with the inner edge of the Sterno-mastoid, commencing on a level with the cricoid cartilage.
The inner border of the Sterno-mastoid having been exposed, the sterno-mastoid artery and a
large vein, the middle thyroid, will be seen, and must be carefully avoided; the Sterno-mastoid
The deep fascia
is to be drawn outwards, and the Sterno-hyoid and thyroid muscles inwards.
must now be divided below the Omo-hyoid muscle, and the sheath, having been exposed, must
be opened, care being taken to avoid the descendens noni, which here runs on the inner or
tracheal side.
The jugular vein and vagus nerve being then passed to the outer side, the needle
must be passed round the artery from without inwards, great care being taken to avoid the
inferior thyroid artery, the recurrent laryngeal, and sympathetic nerves which lie behind it.
Collateral circulation.
After ligature of the common carotid, the collateral circulation can be
perfectly established, by the free communication which exists between the carotid arteries of

opposite sides, both without and within the cranium, and by enlargement of the branches of
the subclavian artery on the side corresponding to that on which the vessel has been tied, the

31
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communication outside the skull taking place between the superior and inferior thyroid
and the profunda cervicis and anterior princeps cervicis of the occipital the vertebral

arteries,

;

taking the place of the internal carotid within the cranium.
Sir A. Cooper had an opportunity of dissecting, thirteen years after the operation, the case in
which he first successfully tied the common carotid (the second case in which he performed the
operation).
Guy^s Hospital Reports^ i. 56. The injection, howevei-, does not seem to have been
It showed merely that the arteries at the base of the brain (circle of "Willis)
a successful one.
were much enlarged on the side of the tied artery, and that the anastomosis between the branches
of the external carotid on the affected side and those of the same artery on the sound side was
free, so that the external carotid was pervious throughout.

External Carotid Artery.
The external carotid artery (Fig. 319) arises opposite the upper border of the
thyroid cartilage, and, taking a slightly curved course, ascends upwards and
forwards, and then inclines backwards, to the space between the neck of the
condyle of the lower jaw and the external meatus, where it divides into the temporal and internal maxillary arteries.
It rapidly diminishes in size in its course
up the neck, owing to the number and large size of the branches given off from
it.
In the child, it is somewhat smaller than the internal carotid but in the
adult, the two vessels are of nearly equal size.
At its commencement, this artery
is more superficial, and placed nearer the middle line than the internal carotid,
and is contained in the triangular space bounded by the Sterno-mastoid behind,
the Omo-hyoid below, and the posterior belly of the Digastric and Stylo-hyoid
above it is covered by the skin, Platysma, deep fascia, and anterior margin of
the Sterno-mastoid, crossed by the hj^poglossal nerve, and by the lingual and
facial veins
it is afterwards crossed by the Digastric and Stylo-hyoid muscles,
and higher up passes deeply into the substance of the parotid gland, where it
lies beneath the facial nerve and the junction of the temporal and internal max:

;

;

illary veins.

Internally is the hyoid bone, the wall of the pharynx, and the ramus of the
jaw, from which it is separated b}^ a portion of the parotid gland.
Behind it, near its origin, is the superior laryngeal nerve and higher up, it
is separated from the internal carotid by the Stylo-glossus and Stylo-pharyngeus
muscles, the glosso-pharyngeal nerve, and part of the parotid gland.
;

Plan of the Relations of the External Carotid.
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Surgical Anatomy. The application of a ligature to the external carotid may be required in
cases of wounds of this vessel, or of its branches v^hen these cannot be tied, and in some cases
of pulsating tumor of the scalp or face the operation, however, is very rarely performed, ligature of the common carotid being preferable, on account of the number of branches given off
from the external. To tie this vessel near its oi'igin, below the point where it is crossed by the
Digastric, an incision about three inches in length should be made along the margin of the Sternomastoid, from the angle of the jaw to the cricoid cartilage, as in the operation for tying the common carotid. To tie the vessel above the Digastric, between it and the parotid gland, an incision
should be made, from the lobe of the ear to the great cornu of the os hyoides, dividing successively the skin, Platysma, and fascia.
By separating the posterior belly of the Digastric and
Stylo-hyoid muscles, which are seen at the lower part of the wound, from the parotid gland, the
;

:
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vessel will be exposed, and a ligature may be applied to it.
The circulation is at once re-established by the free communication between most of the large branches of the artery (facial,
lingual, superior thyroid, occipital) and the corresponding arteries of the opposite side, and by
the free anastomosis of the facial with branches from the internal carotid, of the occipital with
branches of the subclavian, etc.

Branches. The external carotid artery gives off eight branches, which, for
convenience of description, may be divided into four sets. (See Fig. 320, Plan
of tlie Branches.)
Anterior.

Terminal.

Ascending.

Posterior.

Ascending Pha-

Superior Thyroid.

Occipital.

Lingual.

Posterior Auricular.

Temporal.
Internal Maxillary.

ryngeal.

Facial.
is here reminded that many variations are met with in the number,
and course of these branches in different subjects but the above arrangement is that which is found in the great majority of cases.
The Superior Thyroid Artery (Figs. 319, 324) is the first branch given
ofi'from the external carotid, being derived from that vessel just below the great
cornu of the hyoid boae. At its commencement, it is quite superficial, being
covered by the integument, fascia, and Platysma, and is contained in the triangular space bounded by the Sterno-mastoid, Digastric, and Omo-hyoid muscles.
After running upwards and inwards for a short distance, it curves downwards
and forwards, in an arched and tortuous manner, to the upper part of the thyroid
gland, passing beneath the Omo-hyoid, Sterno-hyoid, and Sterno-thyroid muscles;
and distributes numerous branches to the anterior surface of the gland, anastomosing with its fellow of the opposite side, and with the inferior thyroid arteries.
Besides the arteries distributed to the muscles and the substance of the gland,

The student

origin,

;

the branches of the superior thyroid are the following

Hyoid.

Superior Laryngeal.

Superficial descending branch (Sterno-mastoid).

Crico-thyroid.

The hyoid is a small branch which runs along the lower border of the os
hyoides beneath the thyro-hyoid muscle after supplying the muscles connected
to that bone, it forms an arch, by anastomosing with the vessel of the opposite
;

side.

The superficial descending branch runs downwards and outwards across the
sheath of the common carotid artery, and supplies the Sterno-mastoid and neighboring muscles and integument. It is of importance that the situation of this
vessel be remembered in the operation for tying the common carotid artery.
There is often a distinct branch from the external carotid distributed to the
Sterno-mastoid muscle.
The superior laryngeal^ larger than either of the preceding, accompanies the
superior laryngeal nerve, beneath the Thyro-hyoid muscle it pierces the thyrohyoid membrane, and supplies the muscles, mucous membrane, and glands of the
larynx and epiglottis, anastomosing with the branch from the opposite side.
The crico-thyroid is a small branch which runs transversely across the cricoth3^roid membrane, communicating with the artery of the opposite side.
The
position of this vessel should be remembered, as it may prove the source of
troublesome hemorrhage during the operation of laryngotomy.
;

Surgical Anatomy. The superior thyroid, or some of its branches, are often divided in cases
of cut throat, giving rise to considerable hemorrhage.
In such cases the artery should be secured,
the wound being enlarged for that purpose, if necessary.
The operation may be easily performed,
the position of the artery being very superficial, and the only structures of importance covering
it being a few small veins.
The operation of tying the superior thyroid artery, in bronchocele,
has been performed in numerous instances with partial or temporary success. When, however,
the collateral circulation between this vessel and the artery of the opposite side, and the inferior
thyroid, is completely re-established, the tumor usually regains its former size.
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The Lingual Artery (Fig. 324) arises from the external carotid between the
superior thyroid and facial it runs obliquelj upwards and inwards to the great
cornu of the liyoid bone, then passes horizontally forwards parallel with the
great cornu, and, ascending perpendicularly to the under surface of the tongue,
turns forwards on its under surface as far as the tip of that organ, under the name
of the ranine artery.
Relations.
Its first, or oblique portion, is superficial, being contained in the
triangular space already described, resting upon the middle constrictor of the
pharynx, and covered by the Platysma and fascia of the neck. Its second, or
horizontal portion, also lies upon the Middle constrictor, being covered at first by
the tendon of the Digastric and the stylo-hyoid muscle, and afterwards by the
Hyo-glossus, the latter muscle separating it from the hypoglossal nerve. Its
third, or ascending portion, lies between the Hyo-glossus and Genio-hyo-glossus
muscles.
The fourth, or terminal part, under the name of the ranine, runs along
the under surface of the tongue to its tip it is very superficial, being covered
only by the mucous membrane, and rests on the Lingualis on the outer side of
the Grenio-hyo-glossus.
The hypoglossal nerve crosses the lingual artery, and
then becomes separated from it, in the second part of its course, by the Hyoglossus muscle.
The branches of the lingual artery are, the
;

:

Hyoid.

Sublingual.
Ranine.

Dorsalis Lingua.

The hyoid branch runs along the upper border

of the hyoid bone, supplying
and anastomosing with its fellow of the opposite side.
The dorsalis linguse (Fig. 324) arises from the lingual artery beneath the
Hyo-glossus muscle (which, in the figure, has been partly cut away, to show the
vessel)
ascending to the dorsum of the tongue, it supplies the mucous membrane, the tonsil, soft palate, and epiglottis anastomosing with its fellow from
the opposite side.
The sublingual^ which may be described as a branch of bifurcation of the
lingual artery, arises at the anterior margin of the Hyo-glossus muscle, and,
running forwards and outwards beneath^ the Mylo-hyoid to the sublingual gland,
supplies its substance, giving branches to the Mylo-hyoid and neighboring
muscles, the mucous membrane of the mouth and gums.
The ranine may be regarded as the other branch of bifurcation, or, as is more
usual, as the continuation of the lingual artery it runs along the under surface
of the tongue, resting on the Lingualis, and covered by the mucous membrane
of the mouth it lies on the outer side of the Genio-hyo-glossus, accompanied
by the gustatory nerve. On arriving at the tip of the tongue, it has been said
to anastomose with the artery of the opposite side but this is denied by Hyrtl.
These vessels in the mouth are placed one on each side of the frajnum.
the muscles attached to

it

;

;

;

;

;

Surgical Anatomy. The lingual artery may be divided near its origin in cases of cut throat, a
complication that not unfrequently happens in this class of wounds, or severe hemorrhage which
cannot be restrained by ordinary means, may ensue from a wound, or deep ulcer, of the tongue.
In the former case, the primary wound may be enlarged if necessary, and the bleeding vessel
secured.
In the latter case, it has been suggested that the lingual artery should be tied near its
origin.
Ligature of the lingual artery is also occasionally practised, as a palliative measure, in
cases of tumor of the tongue, in order to check the progress of the disease.
The operation is
a difficult one, on account of the depth of the artery, the number of important parts by which
it is surrounded, the loose and yielding nature of the parts upon which it is supported, and its
An incision is to be made, about two and a half inches in
occasional irregularity of origin.
length, running obliquely downwards and backwards, and having its centre opposite the point of
the great cornu of the hyoid bone, which is the guide to the artery. The parts being gradually
dissected, the hypoglossal nerve will come first into view, and then the artery must be carefully
sought for among the loose tissue at the bottom of the wound, care being taken not to open the

^ That is to say, it is deeper than the
muscle in dissecting
position of the body, the artery lies above the muscle.

from the

surface.

In the natural
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Large veins, the internal jugular or some of its branches, may be met with, and prove
a source of embarrassment.
Troublesome hemorrhage may occur in the division of the frsenum in children, if the ranine
The student should remember that the
artery, which lies on each side of it, is cut through.
operation is always to be performed with a pair of blunt-pointed scissors, and the mucous membrane only is to be divided by a very superficial cut, which cannot endanger any vessel. The
Any further liberation of the tongue,
scissors, also, should be directed away from the tongue.
which may be necessary, can be eifected by tearing.
pharynx.

The Facial Artery (Fig. 321) arises a little above the lingual, and ascends
obliquely forwards and upwards, beneath the body of the lower jaw, to the submaxillary gland, in which it lies imbedded in a groove on its posterior and upper
border; this may be called the cervical part of the artery. It then curves
Fig. 321.

^

—The Arteries

of the

Face and

Scalp.'-

upwards over the body of the jaw at the anterior inferior angle of the Masseter
muscle, ascends forwards and upwards across the cheek to the angle of the
mouth, passes up along the side of the nose, and terminates at the inner canthus
of the eye, under the name of the angular artery.
This vessel, both in the neck
and on the face, is remarkably tortuous in the former situation, to accommodate
itself to the movements of the pharynx in deglutition
and in the latter, to the
movements of the jaw, and the lips and cheeks.
JRelations.
In the nech, its origin is superficial, being covered by the integument, Platysma, and fascia it then passes beneath the Digastric and Stylo-hyoid
muscles and the submaxillary gland.
On theface^ where it passes over the body
;

;

;

^ The muscular tissue
of the lips must be supposed to have been cut away, in order to
the course of the coronary arteries.

show

:
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it is comparatively superficial, lying immediately beneath the
Platysma. In this situation, its pulsation may be distinctly felt and compression
In its course over the face, it is
of the vessel effectually made against the bone.
covered b}^ the integument, the fat of the cheek, and, near the angle of the
mouth, by the Platysma and Zygomatic muscles. It rests on the Buccinator, the
Levator anguli oris, and the Levator labii superioris. It is accompanied by the
the vein is not tortuous like the artery,
facial vein throughout its entire course
and, on the face, is separated from that vessel by a considerable interval, lying to
its outer side.
The branches of the facial nerve cross the artery, and the infraorbital nerve lies beneath it.
The branches of this vessel may be divided into two sets, those given off
below the jaw (cervical), and those on the face (facial)

of the lower jaw,

;

Facial Branches.

Cervical Branches.

Inferior or Ascending Palatine.
Tonsillar.

Muscular.
Inferior Labial.
Inferior Coronary.

Submaxillary.
Submental.

Superior Coronary.
Lateralis Nasi.

Angular.

The inferior or ascending palatine (Fig. 324) passes up between the Styloglossus and Stylo-pharyngeus to the outer side of the phaiynx.
After supplying these muscles, the tonsil, and Eustachian tube, it divides, near the Levator
palati, into two branches
one follows the course of the Tensor palati, and supplies the soft palate and the palatine glands
the other passes to the tonsil, which
it supplies, anastomosing with the tonsillar artery.
These vessels inosculate with
the posterior palatine branch of the internal maxillary artery.
The tonsillar branch (Fig. 324) passes up along the side of the pharynx, and,
perforating the Superior constrictor, ramifies in the substance of the tonsil and
root of the tongue.
The submaxillary consist of three or four large branches, which supply the
submaxillary gland, some being prolonged to the neighboring muscles, lymphatic
glands, and integument.
The submental^ the largest of the cervical branches, is given off from the facial
artery, just as that vessel quits the submaxillary gland
it runs forwards upon the
Mylo-hyoid muscle, just below the body of the jaw, and beneath the Digastric;
after supplying the muscles attached to the jaw, and anastomosing with the sublingual arter}^, it arrives at the symphysis of the chin, where it divides into a
superficial and deep branch
the former turns round the chin, and, passing
between the integument and Depressor labii inferioris, supplies both, and anastomoses with the inferior labial. The deep branch passes beneath the latter muscle and the bone, supplies the lip, and anastomoses with the inferior labial and
;

;

;

;

mental

arteries.

The muscular branches

are distributed to the internal Pterygoid, Masseter,

and Buccinator.

The inferior labial passes beneath the Depressor anguli oris, to supply the
muscles and integument of the lower lip, anastomosing with the inferior coronary
and submental branches of the facial, and with the mental branch of the inferior
dental artery.

The
mouth

from the facial artery, near the angle of the
passes upwards and inwards beneath, the Depressor anguli oris, and,
penetrating the Orbicularis muscle, runs in a tortuous course along the edge of
the lower lip between this muscle and the mucous membrane, inosculating with
the artery of the opposite side. This artery supplies the labial glands, the
mucous membrane, and muscles of the lower lip and anastomoses with the
inferior labial and mental branch of the inferior dental artery.
inferior coronary is derived

;

it

;

;;
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The

superior coronary is larger, and more tortuous in its course tlian the preIt follows the same course along the edge of the upper lip, lying between
the mucous membrane and the Orbicularis, and anastomoses with the artery of
the opposite side.
It supplies the textures of the upper lip, and gives oft' in its
course two or three vessels which ascend to the nose. One, named the artery of
the septum, ramifies on the septum of the nares as far as the point of the nose
another supplies the ala of the nose.
The lateralis nasi is derived from the facial, as that vessel is ascending along
the side of the nose it supplies the ala and dorsum of the nose, anastomosing
with its fellow, the nasal branch of the ophthalmic, the artery of the septum,
and the infra-orbital.
The angular artery is the termination of the trunk of the facial it ascends to
the inner angle of the orbit, accompanied by a large vein, the angular it distributes some branches on the cheek which anastomose with the infra-orbital,
and, after supplying the lachrymal sac and Orbicularis muscle, terminates by
anastomosing with the nasal branch of the ophthalmic artery.
The anastomoses of the facial artery are very numerous, not only with the
vessel of the opposite side, but with other vessels from different sources viz.,
with the sublingual branch of the lingual, with the mental branch of the inferior
dental as it emerges from the mental foramen, with the ascending pharyngeal
and posterior palatine, and with the ophthalmic, a branch of the internal carotid
it also inosculates with the transverse facial and with the infra-orbital.
ceding.

;

;

;

:

facial artery not nnfrequently arises by a common trunk with the lingual.
subject to some vai'iations in its size, and in the extent to which it supplies the
face.
It occasionally terminates as the submental, and not unfrequently supj^lies the face only
The deticiencj^ is then supplied by enlargement of
as high as the angle of the mouth or nose.
one of the neighboring arteries.

The

Peculiarities.

This vessel also

is

Surgical Anatomy.
The passage of the facial artery over the body of the jaw would appear
to afford a favorable position for the application of pressure in cases of hemorrhage from the
lips, the result either of an accidental wound or from an operation
but its application is useless,
except for a very short time, on account of the free communication of this vessel with its fellow,
and with numerous branches from different sources. In a wound involving the lip, it is better to
seize the part between the fingers, and evert it, when the bleeding vessel may be at once secured
with a tenaculum. In order to prevent hemorrhage in cases of excision, or in the removal of
diseased growths from the jjart, the lip should be compressed on each side between the finger
and thumb, whilst the surgeon excises the diseased part. In order to stop hemorrhage where
the lip has been divided in an operation, it is necessary, in uniting the edges of the wound, to
pass the sutures through the cut edges, almost as deep as its mucous surface by these means,
not only are the cut surfaces moi-e neatly and securely adapted to each other, but the possibility
If the suture is, on
of hemorrhage is prevented by including in the suture the divided artery.
the contrary, passed through merely the cutaneous jsortion of the wound, hemorrhage occurs
into the cavity of the mouth.
The student should, lastly, observe the relation of the angular
artery to the lachrymal sac, and it will be seen that, as the vessel passes up along the inner
margin of the orbit, it ascends on its nasal side. In operating for fistula lachrymalis, the sac
should always be opened on its outer side, in order that this vessel may be avoided.
;

;

The Occipital Aeteey (Fig. 321) arises from the posterior part of the external carotid, opposite the facial, near the lower margin of the Digastric muscle.
At its origin, it is covered by the posterior bellj^ of the Digastric and Stylohyoid muscles, and part of the parotid gland, the hypoglossal nerve winding
around

it

from behind forwards

;

higher up,

it

passes across the internal carotid

and the pneumogastric and spiral accessory
nerves it then ascends to the interval between the transverse process of the
atlas and the mastoid process of the temporal bone, and passes horizontall}^ backwards, grooving the surface of the latter bone, being covered by the Sterno-mastoid,
Spl cuius. Digastric, and Trachelo- mastoid muscles, and resting upon the Complexus and Superior oblique muscles it then changes its course and passes vertically upwards, pierces the cranial attachment of the Trapezius, and ascends in
a tortuous course over the occiput, as high as the vertex, where it divides into
numerous branches. It is accompanied in the latter part of its course by the
great occipital and a cutaneous filament from the sub-occipital nerve.

artery, the internal jugular vein,
;

;

—

:
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The brandies given

off

from

Muscular.
Auricular.

this vessel are

Meningeal.
Arteria Princeps Cervicis.

TJie muscular branches supply the Digastric, Stylo-hyoid, Sterno-mastoid,
The branch distributed to the SternoSplenins, and Trachelo-mastoid muscles.
mastoid is of large size.
The auricular branch supplies the back part of the concha.
The ^meningeal branch ascends with the internal jugular vein, and enters the
skull through the foramen lacerum posterius, to supply the dura mater in the
posterior fossa.
The arteria princeps cervicis (Fig. 324) is a large branch, which descends along
The
the back part of the neck, and divides into a superficial and deep branch.
former runs beneath the Splenius, giving off branches which perforate that muscle
the
to supply the Trapezius, anastomosing with the superficial cervical artery
latter passes beneath the Complexus, between it and the Semispinalis colli, and
anastomoses with the vertebral and deep cervical branch of the superior interThe anastomosis between these vessels serves mainly to establish the
costal.
collateral circulation after ligature of the carotid or subclavian artery.
The cranial branches of the occipital artery are distributed upon the occiput
they are very tortuous, and lie between the integument and Occipito-frontalis,.
anastomosing with the artery of the opposite side, the posterior auricular, and
temporal arteries. They supply the back part of the Occipito-frontalis muscle,
the integument and pericranium, and one or two branches occasionally pass
through the parietal or mastoid foramina, to supply the dura mater.
The Posteeior Auricular Artery (Fig. 321) is a small vessel, which arises
from the external carotid, above the Digastric and Stylo-hyoid muscles, opposite
the apex of the styloid process. It ascends, under cover of the parotid gland, to
the groove between the cartilage of the ear and the mastoid process, immediately above, which it divides into two branches
an anterior, passing forwards
to anastomose with the posterior division of the temporal
and a posterior, communicating with the occipital. Just before arriving at the mastoid process, this
artery is crossed by the portio dura, and has beneath it the spinal accessory
nerve.
Besides several small branches to the Digastric, Stylo-hyoid, and Sterno-mastoid
muscles, and to the parotid gland, this vessel gives off two branches
:

;.

—

;

Stylo-mastoid.

Auricular.

The stylo-mastoid branch enters the stylo-mastoid foramen, and supplies the
tympanum, mastoid cells, and semicircular canals. In the young subject a branch
from

with the tympanic branch from the internal maxillary, a
which surrounds the auditory meatus, and from which delicate
vessels ramify on the membrana tympani.
The auricular branch is distributed to the back part of the cartilage of the
ear, upon which it ramifies minutely, some branches curving round the margin
this vessel forms,

vascular

circle,

of the fibro-cartilage, others perforating it, to supply its anterior surface.
It
anastomoses with the anterior auricular branches of the temporal.
The AscE:^fDi]srG Pharyngeal Artery (Fig. 824), the smallest branch of the
external carotid, is a long, slender vessel, deeply seated in the neck, beneath the
other branches of the external carotid and the Stylo-pharyngeus muscle.
It
arises from the back part of the external carotid, near the commencement of
that vessel, and ascends vertically between the internal .carotid and the side of
the pharynx, to the under surface of the base of the skull, lying on the Rectus
capitis anticus major.
Its branches may be subdivided into three sets: 1. Those
directed outwards to supply muscles and nerves.
2. Those directed inwards to
the pharynx. 3. Meningeal branches.
The external branches are numerous small vessels, which supply the Recti
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and pneumogastric nerves,,
and the lymphatic glands of the neck, anastomosing with the ascending cervical

capitis antici muscles, the sympathetic, hypoglossal,

artery.

The ])haryngeal hranclies are three or four in number. Two of these descend
to supply the middle and inferior Constrictors and the Stylo-pharyngeus, ramifying in their substance and in the mucous membrane lining them. The largest
of the pharyngeal branches passes inwards, running upon the Superior constrictor,
and sends ramifications to the soft palate, Eustachian tube, and tonsil, which take
the place of the ascending palatine branch of the facial artery, when that vessel
is of small size.
The meningeal branches consist of several small vessels, which pass through
foramina in the base of the skull to supply the dura mater. One, the posterior
meningeal, enters the cranium through the foramen lacerum posterius with the
second passes through the foramen lacerum medium r
internal jugular vein.
and occasionally a third through the anterior condyloid foramen. They are all
distributed to the dura mater.
The Temporal Artery (Fig. 321), the smaller of the two terminal branches
of the external carotid, appears, from its direction, to be the continuation of that
vessel.
It commences in the substance of the parotid gland, in the interspace
between the neck of the condyle of the lower jaw and the external meatus,
crosses over the root of the zygoma, immediately beneath the integument, and
divides about two inches above the zygomatic arch into two branches, an anterior

A

and a posterior.
anterior temporal inclines forwards over the forehead, supplying the musintegument, and pericranium in this region, and anastomoses with the supraorbital and frontal arteries, its branches being directed from before backwards.
The posterior temporal^ larger than the anterior, curves upwards and backwards along the side of the head, lying above the temporal fascia, and inosculates
with its fellow of the opposite side, and with the posterior auricular and occipital

The

cles,

arteries.

The temporal artery, as it crosses the zygoma, is covered by the Attrahens
aurem muscle, and by a dense fascia given off from the parotid gland it is also^
usually crossed by one or two veins, and accompanied by branches of the facial
and auriculo-temporal nerves. Besides some twigs to the parotid gland, the artic;

ulation of the jaw, and the Masseter muscle,

its

branches are the

Middle Temporal.
Transverse Facial.
Anterior Auricular.

The transverse facial is given off from the temporal before that vessel quits
the parotid gland running forwards through its substance, it passes transversely
across the face, between Stenson's duct and the lower border of the zygoma, and
divides on the side of the face into numerous branches, which supply the parotid
gland, the Masseter muscle, and the integument, anastomosing with the facial,
This vessel rests on the Masseter, and is
masseteric, and infra-orbital arteries.
accompanied by one or two branches of the facial nerve. It is sometimes a
;

branch of the external carotid.
The middle temporal artery arises immediately above the zygomatic arch, and,
perforating the temporal fascia, supplies the temporal muscle, anastomosing with
the deep temporal branches of the internal maxillary. It occasionally gives oft'
an orbital branch, which runs along the upper border of the zygoma, between the
two layers of the temporal fascia, to the outer angle of the orbit. This branch
supplies the Orbicularis palpebrarum, and anastomoses with the lachrymal and
palpebral branches of the ophthalmic artery.

The anterior auricular branches are distributed to the anterior portion of the
pinna, the lobule, and part of the external meatus, anastomosing with branches
of the posterior auricular.
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Surgical Anatomy. It occasionally happens that the surgeon is called upon to perform the
operation of arteriotorny upon this vessel in cases of inflammation of the- eye or brain. Under
these circumstances, the anterior branch is the one usually selected. If the student will consider
the relations of the trunk of this vessel, as it crosses the zygomatic arch, with the surrounding
structures, he will observe that it is covered by a thick and dense fascia, crossed by one or two
Bleeding should
veins, and accompanied by branches of the facial and auriculo-temporal nerves.
not be performed in this situation, as much difficulty may arise from tlie dense fascia over the
vessel preventing a free flow of blood, and considerable pressure is requisite afterwards to
Again, a varicose aneurism may be formed by the accidental opening
repress the hemorrhage.
of one of the veins in front of the artery or severe neuralgic pain may arise from the operation
implicating one of the nervous filaments in the neighborhood.
The anterior branch is, on the contrary, subcutaneous, is a large vessel, and as readily compressed as any other portion of the artery; it should consequently always be selected for the
;

operation.

The Internal Maxillary (Fig. 322) the larger of the two terminal branches
of the external carotid, passes inwards, at right angles from that vessel, to the
inner side of the neck of the condyle of the lower jaw, to supply the deep structFig. 322.
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its
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ures of tlie face.
At its origin, it is imbedded in the substance of tbe parotid
gland, being on a level with, the lower extremity of the lobe of the ear.
In the first part of its course (maxillary portion), the artery passes horizontally
forwards and inwards, between the ramus of the jaw and the internal lateral
ligament. The artery liere lies parallel with the auriculo-temporal nerve it
crosses the inferior dental nerve, and lies beneath the narrow portion of the
External pterygoid muscle.
;
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In the second part of its course (pterygoid portion), it runs obliquely forwards and upwards upon the outer surface of the External pterygoid muscle,
being covered by the ramus of the lower jaw and lower part of the Temporal
muscle.
In the third part of its course (spheno maxillary portion), it approaches the
superior maxillary bone, and enters the spheno-maxillary fossa, in the interval
between the processes of origin of the External pterygoid, where it lies in relation
with Meckel's ganglion, and gives off its terminal branches.

The vessel
Peculiarities.
Occasioually, this artery passes between the two Pterygoid muscles.
in this case passes forwards to the interval between the processes of origin of the Extei-nal
Sometimes the vessel escapes from
pterygoid, in order to reach the superior maxillary bone.
beneath the External pterygoid by perforating the middle of that muscle.

The branches
with

its

of this vessel
three divisions.

may

be divided into three groups, corresponding

Branches from the Maxillary Portion
Tympanic

(Fig. 323).

Small Meningeal.

(anterior).

Middle Meningeal.

Inferior Dental.

The tympanic branch passes upwards behind the articulation of the lower jaw,
enters the tympanum through the fissure of Glaser, supplies the Laxator tympani,
and ramifies upon the membrana tympani, anastomosing with the stylo-mastoid,
Vidian, and tympanic branch from the internal carotid. It gives oft' an auricular
branch to the external meatus.
The middle meningeal is the largest of the branches which supply the dura
mater. It arises from the internal maxillary between the internal lateral ligament and the neck of the jaw, and passes vertically upwards to the foramen
spinosum of the sphenoid bone. On entering the cranium, it divides into two
The anterior branch, the larger, crosses the
branches, anterior and posterior.
great ala of the sphenoid, and reaches the groove, or canal, in the anterior inferior
it then divides into branches, which spread out
angle of the parietal bone
between the dura mater and internal surface of the cranium, some passing upwards
over the parietal bone as far as the vertex and others backwards to the occipital
bone.
The posterior branch crosses the squamous portion of the temporal, and
on the inner surface of the parietal bone divides into branches which supply the
posterior part of the dura mater and cranium.
The branches of this vessel are
distributed partly to the dura mater, but chiefly to the bones they anastomose
with the arteries of the opposite side, and with tlie anterior and posterior
:

;

meningeal.

The middle meningeal, on entering the cranium, gives off the following collat1. Numerous small vessels to the ganglion of the fifth nerve,

eral branches

:

—

A

mater in this situation. 2.
branch to the facial nerve, which
enters the hiatus Fallopii, supplies the facial nerve, and anastomoses with the
stylo-mastoid branch of the posterior auricular artery,
3. Orbital branches
which pass through the sphenoidal fissure, or through separate canals in the great
wing of the sphenoid to anastomose with the lachrymal or other branches of the
ophthalmic artery. 4. Temporal branches, which pass through foramina in the
great wing of the sphenoid, and anastomose in the temporal fossa with the deep

and

to the dura

temporal arteries.
The small Tneningeal is sometimes derived from the preceding. It enters the
skull through the foramen ovale, and supplies the Casserian ganglion and dura
mater.
Before entering the cranium it gives off a branch to the nasal fossa and
soft palate.

The m/enorc?ewtoZ descends, with

the dental nerve, to the foramen on the inner
ramus of the jaw. It runs along the dental canal in the substance
of the bone, accompanied by the nerve, and opposite the first bicuspid tooth
side of the
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divides into two branclies, incisor and mental; the former is continued forwards
beneatli the incisor teeth as far as the symphysis, where it anastomoses with the
artery of the opposite side the mental branch escapes with the nerve at the
mental foramen, supplies the structures composing the chin, and anastomoses with
the submental, inferior labial, and inferior coronary arteries. As the dental arterj
enters the foramen, it gives off' a mylo-hyoid branch, which runs in the Mylohyoid groove, and ramifies on the under surface of the Mylo-hyoid muscle. The
dental and incisor arteries, during their course through the substance of the bone,
give off a few twigs, which are lost in the cancellous tissue, and a series of branches,
which correspond in number to the roots of the teeth these enter the minute
apertures at the extremities of the fangs, and supply the pulp of the teeth.
;

;

Braxches of the Second, or Pterygoid Portion.
Deep Temporal,
Pterygoid.

Masseteric.
Buccal.

These branches are distributed, as their names imply, to the muscles in the
maxillary region.
The deep temporal branches^ two in number, anterior and posterior, each occupy
that part of the temporal fossa indicated by its name.
Ascending between the
temporal muscle and pericranium, they supply that muscle, and anastomose
with the other temporal arteries the anterior branch communicating with the
lachrymal through small branches, which perforate the malar bone and great
wing of the sphenoid.
The pterygoid branches, irregular in their number and origin, supply the
Pterygoid muscles.
The masseteric is a small branch, which passes outwards, above the sigmoid
notch of the lower jaw, to the deep surface of the Masseter. It supplies that
muscle, and anastomoses with the masseteric branches of the facial and with the
;

transverse facial artery.
The buccal is a small branch which runs obliquely forwards between the
Internal pterygoid and the ramus of the jaw, to the outer surface of the
Buccinator, to which it is distributed, anastomosing with branches of the facial
artery.

Branches of the Third, or Spheno-maxillary Portion.
Alveolar.

Vidian.

Infra-orbital.

Pterygoid-palatine.
Nasal or Spheno-palatine.

Posterior or Descending Palatine.

The alveolar is given off from the internal maxillary by a common branch
with the infra -orbital, and just as the trunk of the vessel is passing into the
spheno-maxillary fossa. Descending upon the tuberosity of the superior maxnumerous branches; one, the superior dental, larger
than the rest, supplies the molar and bicuspid teeth, its branches entering the
foramina in the alveolar process; some branches pierce the bone to supply the
lining of the antrum, and others are continued forwards on the alveolar process
to supply the gums.
The infra-orbital appears, from its direction, to be the continuation of the
trunk, of the internal maxillary.
It arises from that vessel by a common trunk
with the preceding branch, and runs along the infra-orbital canal with the
superior maxillary nerve, emerging upon the face at the infra-orbital foramen,
beneath the Levator labii superioris. Whilst contained in the canal, it gives
off' branches which ascend into the orbit, and supply the Inferior rectus and
Inferior oblique muscles, and the lachrymal gland.
Other branches descend
through canals in the bone, to supply the mucous membrane of the antrum and
illary bone, it divides into

ANTERIOR TRIANGULAR SPACE.

493

the front teetli of tlie upper jaw. On the face, it supplies the lachrymal sac
and inner angle of the orbit, anastomosing with the facial artery and nasal
iDranch of the ophthalmic and other branches descend beneath the Levator
labii superioris, and anastomose with the transverse facial and buccal branches.
The four remaining branches arise from that portion of the internal maxillary
which is contained in the spheno-maxillary fossa.
The descending palatine passes down along the posterior palatine canal with
the posterior palatine branches of Meckel's ganglion, and, emerging from the
posterior palatine foramen, runs forward in a groove on the inner side of the
alveolar border of the hard palate, to be distributed to the gums, the mucous
membrane of the hard palate, and palatine glands. Whilst it is contained in
the palatine canal, it gives off branches, which descend in the accessory palatine
canals to supply the soft palate, anastomosing with the ascending palatine artery;
and anteriorly it terminates in a small vessel, which ascends in the anterior
palatine canal, and anastomoses with the artery of the septum, a branch of the
;

spheno-palatine.

The Vidian branch

passes backwards along the Vidian canal with the Vidian
upper part of the pharynx and Eustachian tube,
sending a small branch into the tympanum, which anastomoses with the anterior
nerve.

It is distributed to the

tympanic.

The ptery go-palatine is also a very small branch, which passes backwards
through the pterygo-palatine canal with the pharyngeal nerve, and is distributed
to the upper part of the pharynx and Eustachian tube.
The nasal or spheno-palatine passes through the spheno-palatine foramen into
the cavity of the nose, at the back part of the superior meatus, and divides
one iDternal, the artery of the septum, passes obliquely
into two branches
downwards and forwards along the septum nasi, supplies the mucous membrane,
and anastomoses in front with the ascending branch of the descending palatine.
The external branches, two or three in number, supph^ the mucous membrane
covering the lateral wall of the nose, the antrum, and the ethmoid and sphenoid
;

cells.

Surgical

Anatomy

of the Triangles of the Neck.

The student having considered the relative anatomy of the large arteries of
the neck and their branches, and the relations they bear to the veins and nerves,
should now examine these structures collectively, as they present themselves in
certain regions of the neck, in each of which important operations are being
constantly performed.
For this purpose, the Sterno- mastoid, or any other muscles that have been
divided in the dissection of the vessels, should be replaced in their normal position the head should be supported by placing a block at the back of the neck,
and the face turned to the side opposite to that which is being examined.
The side of the neck presents a somewhat quadrilateral outline, limited, above,
by the lower border of the body of the jaw, and an imaginary line extending
from the angle of the jaw to the mastoid process below, by the prominent upper
border of the clavicle in front, by the median line of the neck behind, by the
anterior margin of the Trapezius muscle.
This space is subdivided into two
large triangles by the Sterno-mastoid muscle, which passes obliquely across the
The
neck, from the sternum and clavicle, below, to the mastoid process, above.
triangular space in front of this muscle is called the anterior triangle; and that
;

;

:

behind

it,

\h.Q

;

posterior triangle.

Anterior Triangular Space.
The anterior triangle is limited, in front, by a line extending from the chin to
the sternum behind, by the anterior margin of the Sterno-mastoid its base,
directed upwards, is formed by the lower border of the body of the jaw, and a
;

;

;
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extending from the angle of the jaw to the mastoid process its apex is
The space is covered bj the integument, superficial fascia,
below, at the sternum.
Platysma, and deep fascia it is crossed by branches of the facial and superficial
cervical nerves, and is subdivided into three smaller triangles by the Digastric
muscle, above, and the anterior belly of the Omo-hyoid, below.
These smaller
triangles are named from below upwards, the inferior carotid, the superior carotid,
and the submaxillary triangle.
The Inferior Carotid Triangle is limited, in front, by the median line of the
neck behind, by the anterior margin of the Sterno-mastoid above, by the
anterior belly of the Omo-hyoid and is covered by the integument, superficial
ramifying between which is seen the descendfascia, Platysma, and deep fascia
ing branch of the superficialis colli nerve. Beneath these superficial structures
are the Sterno-hyoid and Sterno-thyroid muscles, which, together with the
anterior margin of the Sterno-mastoid, conceal the lower part of the common
line

;

;

;

;

;

;

carotid artery.^
This vessel is inclosed within its sheath, together with the internal jugular
vein and pneumogastric nerve the vein lying on the outer side of the artery
on the right side of the neck, but overlapping it, or passing directly across it on
the left side the nerve lying between the artery and vein, on a plane posterior
to both.
In front of the sheath are a few filaments descending from the loop
of communication between the descendens and communicans noni behind the
sheath are seen the inferior thyroid, artery, the recurrent laryngeal nerve, and
the sympathetic nerve and on its inner side, the trachea, the thyroid gland,
much more prominent in the female than in the male, and the lower part of the
larynx.
By cutting into the upper part of this space, and slightly displacing
the Sterno-mastoid muscle, the common carotid artery may be tied below the

—

;

;

;

Omo-hyoid muscle.

The floor of the inferior carotid triangle is formed by the Longus colli muscle
below, and by the Scalenus anticus above (see Fig. 270, p. 379), between which
muscles the vertebral artery and vein will be found passing into the foramen
in the sixth transverse process
a small portion of the origin of the Eectus capitis anticus major may also be seen in the floor of the space.
The Superior Carotid Triangle is bounded, behind, by the Sterno-mastoid ;
below, by the anterior belly of the Omo-hyoid and above, by the posterior belly
of the Digastric muscle.
Its floor is formed by parts of the Thyro-hyoid, Hyoglossus, and the inferior and middle Constrictor muscles of the pharynx
and it
ramiis covered by the integument, superficial fascia, Platysma, and deep fascia
fying between which are branches of the facial and superficialis colli nerves.
This space contains the upper part of the common carotid artery, which bifurcates opposite the upper border of the thyroid cartilage into the external and
internal carotid.
These vessels are occasionally somewhat concealed from view
by the anterior margin of the Sterno-mastoid muscle, which overlaps them. The
external and internal carotids lie side by side, the external being the more anterior
of the two. The following branches of the external carotid are also met with in.
this space; the superior thyroid, running forwards and downwards; the lingual,,
directly forwards the facial, forwards and upwards the occipital, backwards
and the ascending pharyngeal, directly upwards on the inner side of the internal
carotid.
The veins met with are: the internal jugular, which lies on the outer
side of the common and internal carotid arteries
and veins corresponding to the
above-mentioned branches of the external carotid, viz., the superior thyroid, the
all of which
lingual, facial, ascending pharyngeal, and sometimes the occipital
;

;

;

;

;

;

;

;

^ Therefore the carotid
artery and jugular vein are not, strictly speaking, contained in this triangle, since they are covered by the Sterno-mastoid muscle, that is to say, lie behind the anterior
border of that muscle, which forms the posterior border of the triangle. But as they lie very
close to the structures which are really contained in the triangle, and whose position it is essential
to remember in operating on this part of the artery, it has seemed expedient to study the relations,

of

all

these parts together.
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their corresponding arteries, and terminate in the internal jugular.
In front of the sheath of the common
in this space are the following
carotid is the descendens noni. The hypoglossal nerve crosses both carotids above,
curving round the occipital artery at its origin. Within the sheath, between the
artery and vein, and behind both, is the pneumogastric nerve behind the sheath,
On the outer side of the vessels, the spinal accessory nerve
the sympathetic.
runs for a short distance before it pierces the Sterno-mastoid muscle and on the
inner side of the internal carotid, just below the hyoid bone, may be seen the
superior laryngeal nerve and still more inferiorly, the external laryngeal nerve.
The upper part of the larynx and lower part of the pharynx are also found in the
front part of this space.
The Suhmaxillary Triangle corresponds to the part of the neck immediately
beneath the body of the jaw. It is bounded, above, by the lower border of the
body of the jaw, and a line drawn from its angle to the mastoid process below,
by the posterior belly of the Digastric and stylo-hyoid muscles in front, by the
middle line of the neck. The floor of this space is formed b}'' the anterior belly
of the Digastric, the Mylo-hyoid, and Hyo-glossus muscles and it is covered by
the integument, superficial fascia, Platysma, and deep fascia ramifying between
which are branches of the facial and ascending filaments of the superficial cerviThis space contains, in front, the submaxillary gland, imbedded in
cal nerve.
the substance of which are the facial artery and vein, and their glandular
branches beneath this gland, on the surface of the Mylo-hyoid muscle, are the
submental artery and the mylo-hyoid artery and nerve. The back part of this
space is separated from the front part by the Stylo-maxillary ligament it contains the external carotid artery, ascending deeply in the substance of the parotid
gland this vessel here lies in front of, and superficial to, the internal carotid,
being crossed by the facial nerve, and gives off in its course the posterior auricular, temporal, and internal maxillary branches; more deeply is the internal
carotid, the internal jugular vein, and the pneumogastric nerve, separated from
the external carotid by the Stylo-glossus and Stylo-pharyngeus muscles, and the
glosso-pharyngeal nerve with its pharyngeal branch.^

accompany

The nerves

:

—

;

;

;

;

;

;

;

;

;

;

Posterior Triangular Space.

The posterior triangular space is bounded, in front, by the Sterno-mastoid
muscle behind, by the anterior margin of the Trapezius its base corresponds
to the upper border of the clavicle its apex, to the occiput. The space is crossed,
about an inch above the clavicle, by the posterior belly of the Omo-hyoid, which
divides it unequally into two, an upper or occipital, and a lower or subclavian
;

;

;

triangle.

The Occipital^ the larger of the two posterior triangles, is bounded, in front,
by the Sterno-mastoid behind, by the Trapezius below, by the Omo-hyoid. Its
floor is formed from above downwards by the Splenius, Levator anguli scapulae,
and the middle and posterior Scaleni muscles. It is covered by the integument,
the Platysma below, the superficial and deep fasciee and crossed, above, by the
;

;

;

ascending branches of the cervical plexus the spinal accessory nerve is directed
obliquely across the space from the Sterno-mastoid, which it pierces, to the under
surface of the Trapezius
below, the descending branches of the cervical plexus
and the transversalis colli artery and vein cross the space.
chain of lymphatic
gland is also found running along the posterior border of the Sterno-mastoid,
from the mastoid process to the root of the neck.
;

;

A

^ The same remark will apply to this triangle as was made about the inferior carotid triangle.
The structures enumerated, as contained in the back part of the space, lie, strictly speaking,
beneath the muscles which form the posterior boundary of the triangle but as it is very
important to bear in mind their close relation to the parotid gland and its boundaries (on account
;

of the frequency of surgical operations on this gland),

all

these parts are spoken of together.
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The
by the

Subclavian^ the smaller of the two posterior triangles, is bounded, above,
posterior belly of the Omo-hyoid below, by the clavicle its base, directed
The size of the subclavian triforwards, being formed by the Sterno-mastoid,
angle varies according to the extent of attachment of the clavicular portion of
the Sterno-mastoid and Trapezius muscles, and also according to the height at
which the Omo-hyoid crosses the neck above the clavicle. Its height also varies
much, according to the position of the arm, being much diminished by raising
the limb, on account of the ascent of the clavicle, and increased by drawing the
arm downwards, when that bone is depressed. This space is covered by the
integument, superficial and deep fascia and crossed by the descending branches
of the cervical plexus. Just above the level of the clavicle, the third portion of
the subclavian artery curves outwards and downwards, from the outer margin of
the Scalenus anticus, across the first rib to the axilla. Sometimes this vessel
rises as high as an inch and a half above the clavicle, or to any point intermeOccasionally, it passes in front of the
diate between this and its usual level.
Scalenus anticus, or pierces the fibres of that muscle. The Subclavian vein lies
behind the clavicle, and is usually not seen in this space but it occasionally rises
as high up as the artery, and has even been seen to pass with that vessel behind
the Scalenus anticus. The brachial plexus of nerves lies above the artery and
in close contact with it. Passing transversely across the clavicular margin of the
space are the suprascapular vessels and traversing its upper angle in the same
The external jugular vein runs vertidirection, the transverse cervical vessels.
cally downwards behind the posterior border of the Sterno-mastoid, to terminate
in the Subclavian vein
it receives the transverse cervical and suprascapular
veins, which occasionally form a plexus in front of the artery, and a small vein
which crosses the clavicle from the cephalic. The small nerve to the subclavius
lymphatic gland is also found in
also crosses this triangle about its middle.
the space. Its floor is formed by the first rib with the first digitation of the
;

;

;

;

;

;

A

Serratus magnus.

Internal Carotid Artery.
the bifurcation of the common
cartilage, and runs perpendicularly upwards, in front of the transverse processes of the three upper cervical
vertebrte, to the carotid foramen in the petrous portion of the temporal bone.
After ascending in it for a short distance, it passes forwards and inwards through
the carotid canal, and enters the skull. It then ascends to the posterior clinoid
process, curves forwards through the cavernous sinus, and at the anterior clinoid
process again turns upwards, pierces the dura mater, and divides into its terminal branches.
This vessel supplies the anterior part of the brain, the eye, and its appendages.
Its size, in the adult, is equal to that of the external carotid.
In the child, it is
larger than that vessel.
It is remarkable for the number of curvatures that it
presents in different parts of its course.
In its cervical portion it occasionally
presents one or two flexures near the base of the skull, whilst through the rest
of its extent it describes a double curvature, which resembles the italic letter s
placed horizontally. These curvatures most probably diminish the velocity of
the current of blood, by increasing the extent of surface over which it moves,
and adding to the amount of impediment produced from friction. In considering the course and relations of this vessel, it may be conveniently divided into
four portions a cervical, petrous, cavernous, and cerebral.
Cervical Portion.
This portion of the internal carotid is superficial at its commencement, being contained in the superior carotid triangle, and lying on the
same level as the external carotid, but behind that artery, overlapped by the
Sterno-mastoid, and covered by the Platysma, deep fascia, and integument it
then passes beneath the parotid gland, being crossed by the hypoglossal nerve,
the Digastric and Stylo- hyoid muscles, and the external carotid and occipital

The

internal carotid

carotid, opposite the

artery

commences

at

upper border of the thyroid

:

:
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arteries.
Higher up, it is separated from the external carotid "by the Stylo-glossus
and Stylo-pharyngeus muscles, the glosso-pharyngeal nerve, and pharyngeal
branch of the pneumogastric. It is in relation, behind^ with the Rectus capitis
anticus major, the superior cervical ganglion of the sympathetic, and superior
laryngeal nerve externally^ with the internal jugular vein and pneumogastric
nerve internally, with the pharynx, tonsil, and ascending pharyngeal artery.
;

;

Fig. 324.

—The Internal Carotid and Vertebral Arteries.

Right Side.

I'^Anrfic

Petrous Portion. When the internal carotid artery enters the canal in the
petrous portion of the temporal bone, it first ascends a short distance, and then
curves forwards and inwards, and again ascends as it leaves the canal to enter the
cavity of the skull.
In this canal, the artery lies at first anterior to the tympanum, from which it is separated by a thin, bony lamella, which is cribriform
32

:

:
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young subject, and often absorbed in old age. It is separated from the
bony wall of the carotid canal by a prolongation of dura mater, and is surrounded
by filaments of the carotid plexus.
in the

Cavernous Portion. The internal carotid artery, in this part of its course, at
ascends to the posterior clinoid process, then passes forwards by the side of
the body of the sphenoid bone, being situated on the inner wall of the cavernous
sinus, in relation, externally, with the sixth nerve, and covered by the lining
membrane of the sinus. The third, fourth, and ophthalmic nerves are placed on
the outer wall of the sinus, being separated from its cavity by the lining mem-

first

brane.
Cerebral Portion.
On the inner side of the anterior clinoid process the internal carotid curves upwards, perforates the dura mater bounding the sinus, and is
received into a sheath of the arachnoid.
This portion of the artery is on the
outer side of the optic nerve it lies at the inner extremity of the fissure of
Sylvius, having the third nerve externally.
;

Plan of the Eelations of the Internal Carotid Artery
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The length

of the internal carotid varies according to the length of the neck,
common carotid. Its origin sometimes takes
place from the arch of the aorta; in such rare instances, this vessel has been found to be placed
nearer the middle line of the neck than the external carotid, as far upwards as the larynx, when
The course of the vessel, instead of being straight,
the latter vessel crossed the internal carotid.
may be very tortuous.
few instances are recorded in which this vessel was altogether absent
in one of these the common carotid passed up the neck, and gave off the usual branches of the
external carotid the cranial portion of the internal carotid being replaced by two branches of
the internal maxillary, which entered the skull through the foramen rotundum and ovale, and
joined to form a single vessel.
Peculiarities.

and

also according to the point of bifurcation of the

A

:

Surgical Anatomy. The cervical part of the internal carotid is sometimes wounded by a stab
or gunshot wound in the neck, or even occasionally by a stab from within the mouth, as when
a person receives a thrust from the end of a parasol, or falls down with a tobacco-pipe in his
moutli.
In such cases a ligature should be applied to the common carotid. The relation of the
internal carotid with the tonsil should be especially remembered, as instances have occurred in
which the artery has been wounded during the operation of scarifying the tonsil, and fatal

hemorrhage has supervened.
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no branches.
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The tympanic is a small branch, which enters the cavity of the tympanum,
through a minute foramen in the carotid canal, and anastomoses with the tympanic branch of the internal maxillary and with the stylo-mastoid artery.
The arterise receptaculi are numerous small vessels, derived from the internal
carotid in the cavernous sinus they supply the pituitary body, the Casserian
ganglion, and the walls of the cavernous and inferior petrosal sinuses.
One of
these branches, distributed to the dura mater, is called the anterior meningeal;
it anastomoses with the middle meningeal.
The Ophthalmic Artery arises from the internal carotid, just as that vessel
is emerging from the cavernous sinug, on the inner side of the anterior clinoid
process, and enters the orbit through the optic foramen, below and on the outer
side of the optic nerve.
It then passes across the nerve, to the inner wall of the
orbit, and thence horizontally forwards, beneath the lower border of the Superior
;

oblique muscle, to the inner angle of the eye, where it divides into two terminal
branches, the frontal and nasal.
Branches. The branches of this vessel may be divided into an orbital group,
which are distributed to the orbit and surrounding parts and an ocular group,
which supply the muscles and globe of the eye.
;

Fig. 325.

—The Ophthalmic Artery and

its Branches, the Roof of the Orbit having
been removed.
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The lachrymal is the first, and one of the largest branches, derived from the
ophthalmic, arising close to the optic foramen not unfrequently it is given off
:
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from

tlie artery before it enters the orbit.
It accompanies the lachrymal nerve
along the upper border of the External rectus muscle, and is distributed to the
lachrymal gland. Its terminal branches, escaping from the gland, are distributed
to the upper eyelid and conjunctiva, anastomosing with the palpebral arteries.
The lachrymal artery gives off one or two malar branches one of which passes
through a foramen in the malar bone, to reach the temporal fossa, and anastomoses with the deep temporal arteries. The other appears on the cheek, and
anastomoses with the transverse facial.
branch is also sent backwards, through
the sphenoidal fissure, to the dura mater, which anastomoses with a branch of
the middle meningeal artery.
;

A

Peculiarities.

The lachrymal artery

is

sometimes derived from one of the anterior branches

of the middle meningeal artery.

The

the largest branch of the ophthalmic, arises from that
Ascending so as to rise above all the muscles of
the orbit, it passes forwards with the frontal nerve, between the periosteum and
Levator palpebree and, passing through the sapraorbital foramen, divides into a
superficial and deep branch, which supply the muscles and integument of the
forehead and pericranium, anastomosing with the temporal, the angular branch
This artery in the orbit supof the facial, and the artery of the opposite side.
plies the Superior rectus and the Levator palpebrse, sends a branch inwards,
across the pulley of the Superior oblique muscle, to supply the parts at the inner
canthus, and, at the supraorbital foramen, frequently transmits a branch to the
supraorbital

artery.,

vessel above the optic nerve.

;

diploe.

The ethmoidal hranches are two in number; posterior and anterior. The
former, which is the smaller, passes Jhrough the posterior ethmoidal foramen,
supplies the posterior ethmoidal cells, and, entering the cranium, gives oft' a
meningeal branch, which supplies the adjacent dura mater and nasal branches,
which descend into the nose through apertures in the cribriform plate, anastomosing with branches of the spheno-palatine. The anterior ethmoidal artery
accompanies the nasal nerve through the anterior ethmoidal foramen, supplies
the anterior ethmoidal cells and frontal sinuses, and, entering the cranium, divides
into a meningeal branch, which supplies the adjacent dura mater, and a nasal
branch, which descends into the nose, through an aperture in the cribriform plate.
The palpebral arteries., two in number, superior and inferior, aris^ from the
ophthalmic, opposite the pulley of the Superior oblique muscle; they encircle
the eyelids near their free margin, forming a superior and an inferior arch, which
the superior palpebral
lie between the orbicularis muscle and tarsal cartilages
inosculating at the outer angle of th^ orbit with the orbital branch of the temporal artery, the inferior palpebral With the orbital branch of the infraorbital
From this anastomosis, a branch passes to
artery, at the inner side of the lid.
the nasal duct, ramifying in its mucous membrane, as far as the inferior meatus.
The frontal artery., one of the terminal branches of the ophthalmic, passes
from the orbit at its inner angle, and, ascending on the forehead, supplies the
muscles, integument, and pericranium, anastomosing with the supraorbital
;

arter}'.

The nasal artery., the other terminal branch of the ophthalmic, emerges from
the orbit above the tendo oculi, and, after giving a branch to the lachrymal sac,
divides into two, one of which anastomoses with the angular artery the other
branch, the dorsalis nasi, runs along the dorsum of the nose, supplies its entire
surface, and anastomoses with the artery of the opposite side.
The ciliary arteries are divisible into three grcfups, the short, long, and anterior.
The short ciliary arteries., from twelve to fifteen in number, arise from the ophthalmic, or some of its branches they surround the optic nerve as they pass
forwards to the posterior part of the eyeball, pierce the sclerotic coat around the
entrance of the nerve, and supply the choroid coat and ciliary processes. The
long ciliary arteries^ two in number, also pierce the posterior part of the sclerotic,
;

;
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and run forwards, along eacli side of the eyeball, between the sclerotic and choroid,
where they divide into two branches; these form an arterial
circle around the circumference of the iris, from which numerous radiating
branches pass forwards, in its substance, to its free margin, where they form a
second arterial circle around its pupillary margin. The anterior ciliary arteries
are derived from the muscular branches they pierce the sclerotic a short distance
from the cornea, and terminate in the great arterial circle of the iris.
to the ciliary ligament,

;

Fie;.

IsT.

326.

B.— It

drawn
appear

-The Arteries of the Base of the Brain. The right half of the Cerebellum and
Pons have been removed.

will be noticed that in the illustration the two anterior cerebral arteries have been
at a considerable distance from each other ; this mtikes the anterior communicating artery
very much longer than it really is.
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one of the smallest brandies of the ophthalmic
nerve obliquely, and
runs forwards, in the centre of its substance, to the retina, in which its branches
In the human foetus, a
are distributed as far forwards as the ciliary processes.
small vessel passes forwards, through the vitreous humor, to the posterior surarteria centralis retinse is

It arises near the optic foramen, pierces the optic

artery.

face of the capsule of the lens.
The muscular branches^ two in number, superior and inferior, supply the muscles
The superior, the smaller, often wanting, supplies the Levator
of the eyeball.
palpebrse, Superior rectus, and Superior oblique. The inferior, more constant in
its existence, passes forwards, between the optic nerve and Inferior rectus, and is
distributed to the External and Inferior recti, and inferior oblique.
This vessel
gives off most of the anterior ciliary arteries.
The CEREBRAL branches of the internal carotid are the anterior cerebral, the
:

middle cerebral, the posterior communicating, and the anterior choroid.
The anterior cerebral arises from the internal carotid, at the inner extremity
of the fissure of Sylvius. It passes forwards in the great longitudinal fissure
between the two anterior lobes of the brain, being connected, soon after its
origin, with the vessel of the opposite side by a short anastomosing trunk, about
two lines in length, the anterior communicating. The two anterior cerebral
arteries, lying side by side, curve round the anterior border of the corpus
callosum, and run along its upper surface to its posterior part, where they terminate by anastomosing with the posterior cerebral arteries. They supply the
olfactory and optic nerves, the under surface of the anterior lobes, the third ventricle, the anterior perforated space, the corpus callosum, and the inferior surface
of the hemispheres.
The anterior communicating artery is a short branch, about two lines in length,
but of moderate size, connecting together the two anterior cerebral arteries across
the longitudinal fissure. Sometimes this vessel is wanting, the two arteries joining together to form a single trunk, which afterwards subdivides. Or the vessel
may be wholly or partially subdivided into two frequently it is longer and
smaller than usual.
The middle cerebral artery^ the largest branch of the internal carotid, passes
obliquely outwards along the fissure of Sylvius, within which it divides into
three branches an anterior, which supplies the pi a mater, investing the surface
of the anterior lobe a posterior, which supplies the middle lobe and a median
branch, which supplies the small lobe at the outer extremity of the Sylvian
fissure.
Near its origin, this vessel gives off numerous small branches, which
enter the locus perforatus anticus, to be distributed to the corpus striatum.
^\\Q posterior communicating artery arises from the back part of the internal
carotid, runs directly backwards, and anastomoses with the posterior cerebral, a
branch of the basilar. This artery varies considerably in size, being sometimes
small, and occasionally so large that the posterior cerebral may be considered as
arising from the internal carotid rather than from the basilar.
It is frequently
larger on one side than on the other.
The anterior choroid is a small but constant branch, which arises from the back
part of the internal carotid, near the posterior communicating artery.
Passing
backwards and outwards, it enters the descending horn of the lateral ventricle,
beneath the edge of the middle lobe of the brain. It is distributed to the hippocampus major, corpus fimbriatum, and choroid plexus.
;

:

;

;

ARTERIES OF THE UPPER EXTREMITY.
The

artery which supplies the upper extremity continues as a single trunk
commencement down to the elbow but different portions of it have
received different names, according to the region through which it passes.
That
part of the vessel which extends from its origin to the lower border of the first

from

its

;

\
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termed the subclavian beyond this point to tlie lower border of the axilla,
termed the axillary and from the lower margin of the axillary space to the
bend of the elbow, it is termed brachial here the single trunk terminates by
dividing into two branches, the radial and ulnar, an arrangement precisely similar
to what occurs in the lower limb.
rib, is
it is

;

;

;

Subclavian Arteries.

The subclavian artery on the right side arises from the arteria innominata
opposite the right sterno-clavicular articulation on the left side it arises from the
arch of the aorta. It follows, therefore, that these two vessels must, in the first
part of their course, differ in their length, their direction, and their relation with
;

neighboring parts.
In order to facilitate the description of these vessels, more especially in a
surgical point of view, each subclavian artery has been divided into three parts.
The first portion, on the right side, ascends obliquely outwards from the origin
of the vessel to the inner border of the Scalenus anticus.
On the left side it
ascends vertically, to gain the inner border of that muscle. The second part
passes outwards, behind the Scalenus anticus and the third part passes from
the outer margin of that muscle, beneath the clavicle, to the lower border of
the first rib, where it becomes the axillary artery. The first portions of these
two vessels differ so much in their course, and in their relation with neighboring parts, that they will be described separately. The second and third parts
are precisely alike on both sides.
;

First Part of the Eight Subclavian Artery.

(Figs. 317, 319.)

The right subclavian artery arises from the arteria innominata, opposite the
right sterno-clavicular articulation, passes upwards and outwards across the root
of the neck, and terminates at the inner margin of the Scalenus anticus muscle.
In this part of its course it ascends a little above the clavicle, the extent to
which it does so varying in different cases. It is covered, infront^ by the integument, superficial fascia, Platysma, deep fascia, the clavicular origin of the Sternomastoid, the Sterno-hyoid, and Sterno-thyroid muscles, and another layer of the
deep fascia. It is crossed by the internal jugular and vertebral veins, and by the
pneumogastric, the cardiac branches of the sympathetic, and the phrenic nerve.
Beneath^ the artery is invested by the pleura, and hehind^ it is separated by a
cellular interval from the Long-us colli, the transverse urocess of the seventh
cervical or first dorsal vertebra, and the sympathetic the recurrent laryngeal
nerve winding around the lower and back part of the vessel. The subclavian
vein lies below the subclavian artery, immediately behind the clavicle.
:

Plan of Eelations of First Portion of Eight Subclavian Artery.
In Front.
Clavicular origin of Sterno-mastoid.
Sterno-hyoid and Sterno-thyroid.
Internal jugular and vertebral veins.
Pneumogasti'ic, cardiac, and phrenic nerves.

Beneath.
Pleura.

Behind.
Recurrent laryngeal nerve.
Sympathetic.

Longus

colli.

Transvei'se process of seventh cervical or
' In five cases
recently examined, successively, the artery
process of the first dorsal.

first

was found

dorsal vertebra.^

to lie

on the transverse
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First Part of the Left Subclavian Artery.

(Fig. 317.)

The left subclavian artery arises from tlie end of the transverse portion of the
arch of the aorta, opposite the third dorsal vertebra, and ascends to the inner
margin of the first rib, behind the insertion of the Scalenus anticus muscle. This
vessel is, therefore, longer than the right, situated more deeply in the cavity of
the chest, and directed almost vertically upwards instead of archiug outwards
like the vessel of the opposite side.
It is in relation, in front^ with the pleura, the left lung, the pneumogastric,
phrenic, and cardiac nerves, which lie parallel with it, the left carotid artery,
left internal jugular and innominate veins, and is covered by the Sterno-thyroid,
Sterno-hyoid, and Sterno-mastoid muscles behind^ it is in relation with the
oesophagus, thoracic duct, inferior cervical ganglion of the sympathetic, Longus
To its inner side are the oesophagus, trachea, and
colli, and vertebral column.
thoracic duct to its outer side, the pleura.
;

;

Plan of Relations of First Portion of Left Subclavian Artery.
In Front.
Pleura and left lung.
Pneumogastric, cardiac, and phrenic nerves.
Left carotid artery.
Left internal jugular and innominate veins.
Sterno-thyroid, Sterno-hyoid, and Sterno-mastoid muscles.

Inner

side.

\

f

(Esophagus.
Trachea.
Thoracic duct.

f

SubSlIvian

Outer

side.

Pleura.
I

BeMnd.
(Esophagus and thoracic duct.
Inferior cervical ganglion of sympathetic.
colli and vertebral column.

Longus

Second and Third Parts of the Subclavian Artery.

(Fig. 319.)

The Second Portion of the Subclavian Artery lies behind the Scalenus anticus
muscle; it is very short, and forms the highest part of the arch described by
that vessel.
Relations.
It is covered, in front, by the integument, Platysma, Sterno-mastoid,
cervical fascia, and by the phrenic nerve, which is separated from the artery by
the Scalenus anticus muscle. Behind, it is in relation with the Middle Scalenus,
Above, with the brachial plexus of nerves. Below, with the pleura.
The subclavian vein lies below and in front of the artery, separated from it by the

Scalenus anticus.

Plan of Relations of Second Portion of Subclavian Artery.
In Front.
Scalenus anticus.
Phrenic nerve.
Subclavian vein.

Above.
Brachial plexus.

I

Artery

\

^^r'^to"^.

\

/

Behind.

Pleura and Middle Scalenus.

Below.
Pleura.
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The Third Portion of the Subclavian Artery passes downwards and outwards
from the outer margin of the Scalenus amicus to the lower border of the first
rib, where it becomes the axillary artery.
This portion of the vessel is the most
superficial, and is contained in a triangular space, the base of which is formed in
front by the Sterno-mastoid, and the two sides by the Omo-hyoid above and the
clavicle below.
Belations.
It is covered, in front, by the integument, the superficial fascia,
the Platysma, deep fascia and by the clavicle, the Subclavius muscle, and the
suprascapular artery and vein the clavicular descending branches of the cervical plexus and the nerve to the subclavius pass vertically downwards in front of
the artery. The external jugular vein crosses it at its inner side, and receives
the suprascapular and transverse cervical veins, which occasionally form a plexus
in front of it.
The subclavian vein is below the artery, lying close behind the
clavicle.
Behind, it lies on the Middle Scalenus muscle. Above it, and to its
outer side, is the brachial plexus and Omo-hj^oid muscle. Below, it rests on the
;

;

outer surface of the

first rib.

Plan of Eelations of Third

PoRTioisr of

Subclavian Artery.

In Front.
Cervical fascia.

External jugular, suprascapular, and transverse cervical veins.
Descending branches of cervical plexus. Kerve to Subclavius muscle.
Subclavius muscle, suprascapular artery, and clavicle.

Above.
(

Omo-hyoid.

^'^''"'.-

^S'

Brachial plexus.

1

portion,

\

First rib.

j

Behind.
Scalenus medius.
Peculiarities.
The Subclavian arteries vary in their origin, their course, and the height to
which they rise in the neck.
The origin of the right subclavian from the innominate takes place, in some cases, above the
sterno-clavicular articulation
and occasionally, but less frequently, in the cavity of the thorax,
below that joint. Or the artery may arise as a separate trunk from the arch of the aorta. In
such cases it may be either the first, second, third, or even the last branch derived from that
;

in the majority of cases it is the first or last, rarely the second or third.
When it is the
branch, it occupies the ordinary position of the innominate artery when the second or
third, it gains its usual position by passing behind the right carotid
and when the last branch,
it arises from the left extremity of the arch, at its upper or back part, and passes obliquely
towards the right side, usually behind the oesophagus and right carotid, sometimes between the
resophagus and trachea, to the upper border of the first rib, whence it follows its ordinary course.
In very rare instances, this vessel arises from the thoi-acic aorta, as low down as tlie fourth dorsal
vertebra.
Occasionally, it perforates the anterior Scalenus; more rarely it passes in front of that
muscle: sometimes the subclavian vein passes with the artery behind the Scalenus. The artery
sometimes ascends as high as an inch and a half above the clavicle, or any intermediate point
between this and the upper border of the bone, the right subclavian usually ascending higher
than the left.
The left subclavian is occasionally joined at its origin with the left carotid.
vessel

;

first

;

;

Surgical Anatomy. The relations of the subclavian arteries of the two sides having been
examined, the student should direct his attention to consider the best position in which compression of the vessel may be elfected, or in what situation a ligature may be best applied in cases of
aneurism or wound.
Compression of the subclavian artery is required in cases of operations about the shouldei", in
the axilla, or at the upper part of the arm and the student will observe that there is only one
situation in which it can be eff'ectually applied, viz., where the artery passes across the outer
surface of the first rib.
In order to compress the vessel in this situation, the shoulder should
be depressed, and the surgeon, grasping the side of the neck, may press with his thumb in the
hollow behind the clavicle downwards against the rib if from any cause the shoulder cannot be
sufficiently depressed, pressure may be made from before backwards, so as to compress the artery
against the middle Scalenus and transverse process of the seventh cervical vertebra.
In appro;

;
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priate cases, a preliminary incision may be made through the cervical fascia, and the finger may
be pressed down directly upon the artery.
Ligature of the siihclavian artery may be required in cases of wounds, or of aneurism in the
and the third part of the artery is that which is most favorable for an operation, on
axilla
account of its being comparatively superficial, and most remote from the origin of the large
branches. In those cases where the clavicle is not displaced, this operation may be performed
with comparative facility but where the clavicle is pushed up by a large aneurismal tumor in the
axilla, the artery is placed at a great depth from the surface, which materially increases the
Under these circumstances, it becomes a matter of importance to
difficulty of the operation.
consider the height to which this vessel reaches above the bone. In ordinary cases, its arch is
about half an inch above the clavicle, occasionally as high as an inch and a half, and sometimes
If the clavicle is displaced, these variations
so low as to be on a level with its upper border.
will necessarily make the operation more or less difficult, according as the vessel is more or less
accessible.
The chief points in the operation of tying the third portion of the subclavian artery are as
follows The patient being placed on a table in the horizontal position, and the shoulder depressed
as much as possible, the integument should be drawn downwards upon the clavicle, and an incision
made through it upon that bone from the anterior border of the Trapezius to the posterior border
of the Sterno-mastoid, to Avhich may be added a short vertical incision meeting the preceding in
its centre
the Platysma and cervical fascia should be divided upon a director, and if the interval
between the Trapezius and Sterno-mastoid muscles be insufficient for the performance of the
The external jugular vein will now be seen
operation, a portion of one or both may be divided.
towards the inner side of the wound: this and the suprascapular and transverse cervical A'eins
which terminate in it should be held aside, and, if divided, both ends should be tied; the supra;

;

:

;

scapular artery should be avoided, and the Omo-hyoid muscle must now be looked for, and held
if necessary.
In the space beneath this muscle, careful search must be made for the vessel;
the deep fascia having been divided with the finger-nail or silver scalpel, the outer margin of the
Scalenus muscle must be felt for, and the finger being guided by it to the first rib, the pulsation
of the subclavian artery will be felt as it passes over the rib.
The aneurism needle may then be
passed around the vessel from before backwards, by which means the vein will be avoided, care
being taken not to include a branch of the brachial plexus instead of the artery in the ligature.
If the clavicle is so raised by the tumor that the application of the ligature cannot be efii'ected in
this situation, the artery may be tied above the first rib, or even behind the Scalenus muscle; the
difficulties of the operation in such a case will be materially increased, on account of the greater
depth of the artery, and the alteration in position of the surrounding parts.
The second part of the subclavian artery, from being that portion which rises highest in the
neck, has been considered favorable for the application of the ligatui-e, when it is difficult to tie the
artery in the third part of its course.
There are, however, many objections to the operation in
this situation.
It is necessary to divide the Scalenus anticus muscle, upon which lies the phrenic
nerve, and at the inner side of which is situated the internal jugular vein and a wound of either
Again, the artery is in cono| these structures might lead to the most dangerous consequences.
and, lastly, the proximity of so many
tact««44elcf^, with the pleura, which must also be avoided
q/" 'its larger*branches arising internal to this point, must be a still further objection to the operati*:)]^.If, however, it has been determined to perform the operation in this situation, it should
be remembered that it occasionally happens that the artery passes in front of the Scalenus
anticus, or throughjhie fibres of that muscle
and that the vein sometimes passes with the artery
behind the Scalenus an*ieus.
In those cases of aneurism of theQ.jiJlarymr subclavian artery which encroach upon the outer
portion of the Scalenus muscle to such an d^jisn^.that a^^ature cannot be applied in that situation, it may be deemed advisable, as a last resource, to ^~the first portion of subclavian artery.
On the left side, this operation is almost impracticable the great depth of the artery from the
surface, its intimate rehition with the pleura, and its close proximity to the thoracic duct, and to
so many important veins and nerves, present a series of difficulties which it is next to impossible
to overcome.^
On the right side, the operation is practicable, and has been performed, though
not with success. The main objection to the operation in this situation is the smallness of the
interval which usually exists between the commencement of the vessel and the origin of the
nearest branch.
This operation may be performed in the following manner
The patient being
placedon the table in the horizontal position, with the neck extended, an incision should be made
parallel with the posterior border of the inner part of the clavicle, and a second along the inner
Ijorder of the Sterno-mastoid. meeting the former at an angle.
The sternal attachment of the
Sterno-mastoid may now be divided on a director, and turned outwards a few small arteries
and veins, and occasionally the anterior jugular, must be avoided, and the Sterno-hyoid and Sternothyroid muscles divided in the same manner as the preceding muscle. After tearing through the
deep fascia with the finger-nail, the internal jugular vein will be seen crossing the subclavian
artery this should be pressed aside, and the artery- secured by passing the needle from below
upwards, by which the pleura is more effectually avoided. The exact position of the vagus
nerve, the recurrent laryngeal, the phrenic and sympathetic nerves should be remembered, and
aside

;

;

;

;

:

—

;

;

^
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the ligature should he applied near the origin of the vertebral, in order to afford as much room
as possible for the formation of a coagulum between the ligature and the origin of the vessel.
It should be remembered, tbat the right subclavian artery is occasionally deeply placed in the first
part of its course, when it arises from the left side of the aortic arch, and passes in such cases
behind the oesophagus, or between it and the trachea.
After ligature of the thii-d part of the subclavian artery, the colCollateral Circulation.
lateral circulation is mainly established by three sets of vessels, thus described in a dissection :—
" 1.
posterior set, consisting of the suprascapular and posterior scapular branches of the subclavian, which anastomosed with the infrascapular from the axillary.
" 2. An internal set, produced by the connection of the internal mammary on the one hand,
with the short and long thoracic arteries, and the infrascapular on the other.
" 3.
middle or axillary set, which consisted of a number of small vessels derived from
branches of the subclavian, above; and, passing through the axilla, to terminate either in the
main trunk or some of the branches of the axillary below. This last set presented most conspicuously the peculiar character of newly-formed, or, rather, dilated arteries, being excessively
tortuous, and forming a complete plexus.
" The chief agent in the restoration of the axillary artery below the tumor was the infrascapular artery, which communicated most freely with the internal mammary, suprascapular, and
posterior scapular branches of the subclavian, from all of which it received so great an influx
of blood as to dilate it to three times its natural size."^

A

A

Bkanches of the Subclavian Artery.
These are four in number. Three arising from the first portion of the vessel,
the vertebral, the internal mammary, and the thyroid axis and one from the
second portion, the superior intercostal.
The vertebral arises from the upper and
Fig. 327.— Plan of the Branches of the
Eight Subclavian Artery.
back part of the first portion of the artery;
the thyroid axis from the front, and the
internal mammary from the under part of
this vessel.
The superior intercostal is
given oft' from the upper and back part
of the second portion of the artery.
On
the left side, the second ]3ortion usually
gives oft" no branch, the superior intercostal arising from the first portion of the
vessel.
On both sides of the body, the first
three branches arise close together at the
inner margin of the Scalenus anticus
in
the majority of cases, a free interval of half
an inch to an inch existing between the
commencement of the artery and the origin
of the nearest branch in a smaller number of cases, an interval of more than
an inch exists, never exceeding an inch and three-quarters. In a very few
instances, the interval had been found to be less than half an inch.
The Yertebral Artery (Fig. 324) is generally the first and largest branch
of the subclavian it arises from the upper and back part of the first portion of
the vessel, and, passing upwards, enters the foramen in the transverse process of
the sixth cervical vertebra,^ and ascends through the foramina in the transverse
processes of all the vertebrge above this.
Above the upper border of the axis, it
inclines outwards and upwards to the foramen in the transverse process of the
atlas, through which it passes
it then winds backwards behind its articular
process, runs in a deep groove on the upper surface of the posterior arch of this
bone, and, piercing the posterior occipito-atloid ligament and dura mater, enters
the skull through the foramen magnum.
It then passes in front of the medulla
;

;

;

;

;

^

had

Guy''s Hospital Reports, vol. i., 1836.
Case of axillary aneurism, in which Mr. Aston Key
tied the subclavian artery on the outer edge of the Scalenus muscle, twelve years previously.

^ The vertebral artery sometimes
enters the foramen in the transverse process of the fifth
vertebra.
Dr. Smyth, who tied this artery in the living subject, found it, in one of his dissections, passing into the foramen in the seventh vertebra.

;
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oblongata, and unites with the vessel of the opposite side at the lower border of
the pons Varolii, to form the basilar artery.
At its origin, it is situated behind the internal jugular vein and inferior
and, near the spine, lies between the Longus colli and Scalenus
th3'-roid artery
Within
anticus muscles, having the thoracic duct in front of it on the left side.
the foramina formed by the transverse processes of the vertebrae, it is accompanied by a plexus of nerves from the sympathetic, and lies between the vertebral vein, which is in front, and the cervical nerves, which issue from the
Whilst winding round the articular process
intervertebral foramina behind it.
of the atlas, it is contained in a triangular space (suboccipital triangle) formed
by the Rectus posticus major, the Superior and the Inferior oblique muscles
and at this point is covered by the Complexus muscle. Within the skull, as it
winds round the medulla oblongata, it is placed between the hypoglossal nerve
and the anterior root of the suboccipital nerve.
Branches. These may be divided into two sets, those given off in the neck,
and those within the cranium.
;

Cervical Branches.

Lateral Spinal.

Muscular,

Cranial Branches.
Posterior Meningeal.
Anterior Spinal.
Posterior Spinal.
Posterior Inferior Cerebellar,

The lateral spinal branches enter the spinal canal through the intervertebral
foramina, each dividing into two branches. Of these, one passes along the roots
of the nerves to supply the spinal cord and its membranes, anastomosing with
the other spinal arteries the other is distributed to the posterior surface of the
bodies of the vertebra.
Muscular hrayiches are given off to the deep muscles of the neck, where the
vertebral artery curves round the articular process of the atlas. They anastomose
with the occipital and deep cervical arteries.
The posterior meningeal are one or two small branches given off' from the
vertebral opposite the foramen magnum.
They ramify between the bone and
dura mater in the cerebellar fossse, and supply the falx cerebelli.
The anterior spinal is a small branch, larger than the posterior spinal, which
arises near the termination of the vertebral, and unites with its fellow of the
opposite side in front of the medulla oblongata.
The single trunk, thus formed,
descends a short distance on the front of the spinal cord, and joins with a succession of small branches which enter the spinal canal through some of the intervertebral foramina these branches are derived from the vertebral and ascending
cervical in the neck from the intercostal, in the dorsal region and from thel
lumbar, ilio-lumbar, and lateral sacral arteries in the lower part of the spine.
They unite, by means of ascending and descending branches, to form a single
anterior median artery, which extends as far as the lower part of the spinal
This vessel is placed beneath the pia mater along the anterior median
cord.
fissure
it supplies that membrane and the substance of the cord, and sends off'
branches at its lower part to be distributed to the cauda equina.
The posterior spinal arises from the vertebral, at the side of the medulla
oblongata passing backwards to the posterior aspect of the spinal cord, it descends
on either side, lying behind the posterior roots of the spinal nerve; and is reinforced by a succession of small branches, which enter the spinal canal through
the intervertebral foramina, and by which it is continued to the lower part of the
cord, and to the cauda equina.
Branches from these vessels form a free anastomosis round the posterior roots of the spinal nerves, and communicate, by means
of very tortuous transverse branches, with the vessel of the opposite side.
At
its commencement, it gives off' an ascending branch, whicii terminates on the side
of the fourth ventricle
;

;

;

;

;

;

:
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The 2'>osterior

inferior cerebellar artery (Fig, 326), the largest branch of the verwinds backwards round the upper part of the medulla oblongata, passing
between the origin of the spinal accessory and pneumogastric nerves, over the
restiform body to the under surface of the cerebellum, where it divides into two
branches an internal one, which is continued backwards to the notch between
the two hemispheres of the cerebellum
and an external one, which supplies the
under surface of the cerebellum, as far as its outer border, where it anastomoses
with the superior cerebellar. Branches from this artery supply the choroid
tebral,

:

;

plexus of the fourth ventricle.
The Basilar artery, so named from its position at the base of the skull, is a
single trunk formed by the junction of the two vertebral arteries it extends from
the posterior to the anterior border of the pons Varolii, where it divides into two
terminal branches, the posterior cerebral arteries. Its branches are, on each side,
the following
;

Transverse.

Anterior Inferior Cerebellar,

Superior Cerebellar.
Posterior Cerebral.

The transverse branches supply the pons Varolii and adjacent parts of the
brain; one (internal auditory) accompanies the auditory nerve into the internal
auditory meatus and another, of larger size, passes along the crus cerebelli, to
be distributed to the anterior border of the under surface of the cerebellum. It
is called the anterior inferior cerebellar artery.
The superior cerebellar arteries arise near the termination of the basilar. They
wind round the crus cerebri, close to the fourth nerve, and, arriving at the upper
surface of the cerebellum, divide into branches which ramify in the pia mater
and anastomose with the inferior cerebellar. Several branches are given to the
pineal gland, and also to the velum interpositum.
The posterior cerebral arteries^ the two terminal branches of the basilar, are
larger than the preceding, from which they are separated near the origin by the
third nerves. Winding round the crus cerebri, they pass to the under surface of
the posterior lobes of the cerebrum, which they supply, anastomosing with the
anterior and middle cerebral arteries.
Near their origin, they receive the posterior communicating arteries from the internal carotid, and give off numerousbranches, which enter the posterior perforated space they also give off a branch,
the posterior choroid, which supplies the velum interpositum and choroid plexus, entering the interior of the brain beneath the posterior border of the corpus callosum.
Circle of Willis.
The remarkable anastomosis which exists between the
branches of the internal carotid and vertebral arteries at the base of the brain
constitutes the circle of Willis.
It is formed, in front, by the anterior cerebral
and anterior communicating arteries on each side, by the trunk of the internal
carotid and the posterior communicating; behind, by the posterior cerebral and
point of the basilar.
It is by this anastomosis that the cerebral circulation is
equahzed, and provision made for effectually carrying it on if one or more of the
branches are obliterated. The parts of the brain included within this arterial
circle are: the lamina cinerea, the commissure of the optic nerves, the infundibulum, the tuber cinereum, the corpora albicantia, and the posterior perforated space.
The Thyroid Axis (Fig. 319) is a short, thick trunk, which arises from the
fore part of the first portion of the subclavian artery, close to the inner border
of the Scalenus anticus muscle, and divides, almost immediately after its origin,
into three branches
the inferior thyroid, suprascapular, and transversalis colli.
The Infeeior Thyroid Artery passes upwards, in a serpentine course,
behind the sheath of the common carotid vessel and sympathetic nerve (the
middle cervical ganglion resting upon it), and is distributed to the under surface
of the thyroid gland, anastomosing with the superior thyroid, and with the corresponding artery of the opposite side. Its branches are the
;

:

;

—

Laryngeal.
Tracheal.

QEsophageal.

Ascending Cervical.
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The laryngeal brancli (inferior laryngeal) ascends upon tlie trachea to the
back part of the larynx, and supplies the muscles and mucous membrane of this
part.

The tracheal branches are distributed upon the trachea, anastomosing below
with the bronchial arteries.
The oesophageal branches are distributed to the oesophagus.
The ascending cervical is a small branch which arises from the inferior thyroid,
just where that vessel is passing behind the common carotid artery, and runs up
the neck in the interval between the Scalenus anticus and Rectus anticus major.
It gives branches to the muscles of the neck, Avhich communicate with those
sent out from the vertebral, and sends one or two through the intervertebral
foramina, along the cervical nerves, to supply the bodies of the vertebrse, the
spinal cord, and its membranes.
It anastomoses with the ascending pharyngeal
artery.

The SuPEASCAPULAR Artery, smaller than the transversalis colli, passes
obliquely from within outwards across the root of the neck. It at first lies on
the lower part of the Scalenus anticus, being covered by the Sterno-mastoid it
then crosses the subclavian artery, and runs outwards behind, and parallel with,
the clavicle and Subclavius muscle, and beneath the posterior belly of the Omohyoid, to the superior border of the scapula, where it passes over the transverse
ligament of the scapula to the supraspinous fossa. In this situation it lies close
to the bone, and ramifies between it and the Supraspinatns muscle, to which it is
mainly distributed, giving off a communicating branch, which crosses the neck
of the scapula, to reach the infraspinous fossa, where it anastomoses with the dorsal
;

Fig. 328.
FosUrur

— The Scapular and

Circumflex Arteries.

Scaftular
Sufira Scapular

Acromial Brap^h
cf Thcraeicc-AcrcmiaUs

branch of the subscapular artery. Besides distributing branches to the Sternomastoid and neighboring muscles, it gives off a supra-acromial branch, which,
piercing the Trapezius muscle, supplies the cutaneous surface of the acromion,
anastomosing with the acromial thoracic and posterior circumflex arteries. As
the artery passes over the transverse ligament of the scapula, a branch descends
into the subscapular fossa, ramifies beneath that muscle, and anastomoses with
the posterior and subscapular arteries.
It also supplies the shoulder-joint.
The Transversalis Colli passes transversely outwards, across the upper
part of the subclavian triangle, to the anterior margin of the Trapezius muscle,
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beneath wliicli it divides into two branches, the superficial cervical, and the
In its passage across the neck, it crosses in front of the
posterior scapular.
Scaleni muscles and the brachial plexus, between the divisions of which it sometimes passes, and is covered by the Platysma, Sterno-mastoid, Omo-hyoid, and
Trapezius muscles.
The svperficial cervical ascends beneath the anterior margin of the Trapezius,
distributing branches to it, and to the neighboring muscles and glands in the
neck, and anastomoses with the superficial branch of the arteria princeps cervicis.
The posterior scapular^ the continuation of the transversalis colli, passes beneath
the Levator anguli scapulee to the posterior angle of the scapula, and descends
along the posterior border of that bone as far as the inferior angle, where it
anastomoses with the subscapular branch of the axillary. In its course it is
covered by the Rhomboid muscles, supplying these, the Latissimus dorsi and
Trapezius, and anastomosing with the suprascapular and subscapular arteries, and
with the posterior branches of some of the intercostal arteries.

The superficial cervical frequently arises as a separate branch from the thyroid
Peculiarities.
axis
and the posterior scapular, from the third, more rarely from the second, part of the subclavian.
;

The IntekjStal Mammary arises from the under surface of the first portion
of the subclavian artery, opposite the thyroid axis.
It descends behind the
clavicle to the inner surface of the anterior wall of the chest, resting against the
costal cartilages a short distance from the margin of the sternum
and, at the
interval between the sixth and seventh cartilages, divides into two branches, the
musculo-phrenic, and superior epigastric.
At its origin, it is covered by the internal jugular and subclavian veins, and
crossed by the phrenic nerve.
In the upper part of the thorax, it lies upon the
costal cartilages and internal Intercostal muscles in front, and is covered by the
pleura behind. At the lower part of the thorax, the Triangularis sterni separates
the artery from the pleura. It is accompanied by two veins, which join at the
upper part of the thorax into a single trunk.
The branches of the internal mammary are
;

Comes Nervi Phrenici

(superior phrenic).

Mediastinal.
Pericardiac.

Perforating.

Musculo-phrenic.
Superior Epigastric.

Sternal.

The comes

Anterior Intercostal.

nervi phrenici {superior phrenic).,

is

a long, slender branch,

which

accompanies the phrenic nerve, between the pleura and pericardium, to the
Diaphragm, to which it is distributed anastomosing with the other phrenic
arteries from the internal mammary and abdominal aorta.
The mediastinal branches are small vessels, which are distributed to the areolar
tissue in the anterior mediastinum, and the remains of the thymus gland.
Tlh.Q pericardiac branches supply the upper part of the pericardium, the lower
Some external
part receiving branches from the musculo-phrenic artery.
branches are distributed to the Triangularis sterni, and both surfaces of the
;

sternum.

The anterior intercostal arteries supply the five or six upper intercostal spaces.
The branch corresponding to each space passes outwards, and soon divides into
two, which run along the opposite borders of the ribs, and inosculate with the
They are at first situated between the
arteries from the aorta.
pleura and the internal Intercostal muscles, and then between the two layers of
those muscles.
They supply the Intercostal and Pectoral muscles, and the
mammary gland.
The perforating arteries correspond to the five or six upper intercostal spaces.
They arise from the internal mammary, pass forwards through the intercostal
spaces, and, curving outwards, supply the Pectoralis major and the integument

intercostal
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Those which correspond to the

first

three spaces are distributed to the

mammary

In females, during lactation, these branches are of large size.
The musculo -phrenic artery is directed obliquely downwards and outwards,
behind the cartilages of the false ribs, perforating the Diaphragm at the eighth
or ninth rib, and terminating, considerably reduced in size, opposite the last interIt gives off anterior intercostal arteries to each of the intercostal
costal space.
spaces across which it passes these diminish in size as the spaces decrease in
length, and are distributed in a manner precisely similar to the anterior interThe musculo-phrenio also gives branches
costals from the internal mammary.
to the lower part of the pericardium, and others which run backwards to the
Dia]:)hragm, and downwards to the abdominal muscles.
The superior epigastric continues in the original direction of the internal
mammary, descends behind the Rectus muscle, and, perforating its sheath, divides
into branches which supply the Rectus, anastomosing with the epigastric artery
from the external iliac. Some vessels perforate the sheath of the Rectus, and
supply the muscles of the abdomen and the integument, and a small branch, which
passes inwards upon the side of the ensiform appendix, anastomoses in front of
that cartilage with the artery of the opposite side.
The Superior Intercostal (Fig. 324) arises from the upper and back part
of the subclavian artery, behind the anterior scalenus on the right side, and to
the inner side of the muscle on the left side.
Passing backwards it gives off
the deep cervical branch, and then descends behind the pleura in front of the
necks of the first two ribs, and inosculates with the first aortic intercostal. In
the first intercostal space, it gives ofi:' a branch which is distributed in a manner
similar to the distribution of the aortic intercostals.
The branch for the second
intercostal space usually joins with one from the first aortic intercostal.
Each
intercostal gives off' a branch to the posterior spinal muscles, and a small one,
which passes through the corresponding intervertebral foramen, to the spinal
gland.

;

coitI

and

its

membranes.

The

deep cervical branch {profunda cervicis) arises, in most cases, from the
superior intercostal, and is analogous to the posterior branch of an aortic interPassing backwards, between the transverse process of the seventh
costal artery.
cervical vertebra and the first rib, it runs up the back part of the neck, between the
Complexus and Semispinalis colli muscles, as high as the axis, supplying these and
adjacent muscles, and anastomosing with the deep branch of the arteria princeps
cervicis of the occipital, and with branches which pass outwards from the vertebral.

Surgical Anatomy of the Axilla.

The Axilla is a pyramidal space, situated between the upper and lateral part
of the chest, and the inner side of the arm.
Boundaries. Its apex, which is directed upwards towards the root of the neck,
corresponds to the interval between the two scaleni muscles on the first rib. The
Jase, directed downwards, is formed by the integument, and a thick layer of fascia,
extending between the lower border of the Pectoralis major in front, and the
lower border of the Latissimus dorsi behind it is broad internally, at the chest,
but narrow and pointed externally, at the arm. The Anterior boundary is formed
by the Pectoralis major and minor muscles, the former covering the whole of
the anterior wall of the axilla, the latter covering only its central part. The
posterior boundary^ which extends somewhat lower than the anterior, is formed
by the Subscapularis above, the Teres major and Latissimus dorsi below. On
the inner side.^ are the first four ribs with their corresponding Intercostal muscles,
and part of the Serratus magnus. On the outer side.^ where the anterior and
posterior boundaries converge,%he space is narrow, and bounded by the humerus,
the Coraco-brachialis and Biceps muscles.
Contents.
This space contains the axillary vessels and brachial plexus of
nerves, with their branches, some branches of the intercostal nerves, and a large
;
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glands, all connected together

by a quantity of

fat

and

loose areolar tissue.
Their Position.

The axillary artery and vein, with the brachial plexus of
nerves, extend obliquely along the outer boundary of the axillary space, from its
apex to its base, and are placed much nearer the anterior than the posterior wall,
the vein lying to the inner or thoracic side of the artery, and partially concealing it.
At the fore part of the axillary space, in contact with the Pectoral muscles, are the thoracic branches of the axillary artery, and along the anterior
margin of the axilla the long thoracic arterj^ extends to the side of the chest.
At the back part, in contact with the lower margin of the Subscapularis
muscle, are the subscapular vessels and nerves winding around the lower border
of this muscle, is the dorsalis scapulae artery and veins and towards the outer
extremity of the muscle, the posterior circumflex vessels and the circumflex
nerve are seen curvino- backwards to the shoulder.
:

;

Fig. 329.

—The Axillary Aitei'v,

and

its

Branches.

'^reunifies

Along the inner or thoracic side no vessel of any importance exists, the upper
part of the space being crossed merely by a few small branches from the superior thoracic artery.
There are some important nerves, however, in this situation, viz., the posterior thoracic or external respiratory nerve, descending on the
surface of the Serratus magnus, to which it is distributed and perforating the
upper and anterior part of this wall, the intercosto-humeral nerve or nerves,
passing across the axilla to the inner side of the arm.
The cavity of the axilla is filled by a quantity of loose areolar tissue, a large
number of small arteries and veins, all of which are, however, of inconsiderable
size, and numerous lymphatic glands
these are from ten to twelve in number,
and situated chiefly on the thoracic side and lower and back part of this space.
The student should attentively consider the relation of the vessels and nerves
in the several parts of the axilla for it not unfrequently happens that the sur;

;

;
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geon

is

called

upon

to extirpate diseased glands, or to

remove

a

tumor from

this

In performing such an operation, it will be necessary to proceed with
much caution in the direction of the outer wall and apex of the space, as here
the axillary vessels will be in danger of being wounded. Towards the posterior
wall, it will be necessary to avoid the subscapular, dorsalis scapulge, and posterior
circumflex vessels, and, along the anterior wall, the thoracic branches. It is
only along the inner or thoracic wall, and in the centre of the axillary cavity,
that there are no vessels of any importance
a fortunate circumstance, for it is in
this situation more especially that tumors requiring removal are usually situated.
situation.

;

The Axillary Artery.
The

axillary artery, the continuation of the subclavian,

commences

at the

lower border of the first rib, and terminates at the lower border of the tendons
of the Latissimus dorsi and Teres major muscles, where it takes the name of
brachial.
Its direction varies with the position of the limb: when the arm lies
by the side of the chest, the vessel forms a gentle curve, the convexity being
upwards and outwards when it is directed at right angles with the trunk, the
vessel is nearly straight and when it is elevated still higher, the artery describes
a curve, the concavity of which is directed upwards.
At its commencement the
artery is very deeply situated, but near its termination is superficial, being covered
only by the skin and fascia. The description of the relations of this vessel is
facilitated by its division into three portions
the first portion being that above
the Pectoralis minor the second portion, behind and the third below that
;

;

:

;

;

muscle.
^\ie first portion of the axillary artery is in relation, m/?-ow;;, with the clavicular portion of the Pectoralis major, the costo-coracoid membrane, the Subclavius,

and the cephalic vein

behind^ with the first intercostal space, the corresponding
Intercostal muscle, the first serration of the Serratus magnus, and the posterior
thoracic nerve
on its ontei- side, with the brachial plexus, from which it is separated by a little cellular interval on its inner, or thoracic side, with the axillary
vein.
;

;

;

Relations of the First Portion of the Axillary Artery.
I?i

front.

Pectoralis major.

Oosto-coracoid membrane.
Subclavius.

Cephalic vein.

Outer

side.

I

Bi'achial plexus.

\

Axillary

Inner

\

First portion./

side.

Axillary vein.

Behind.
First Intercostal space and intercostal muscle.
First serration of Serratus magnus.

Posterior thoracic nerve.

The

second portion of the axillary artery lies behind the Pectoralis minor. It
covered, in front, by the Pectoralis major and minor muscles; behind, it is
separated from the Subscapularis by a cellular interval on the inner side is the
axillary vein.
The brachial plexus of nerves surrounds the artery, and separates
it from direct contact with the vein and adjacent muscles.
is

;

;
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the Second Portion" of the Axillary Artery,
In front.
Pectoralis major aud minor.

Inner
Outer

side.

Outer cord of plexus.

I

'Artery^

\

\

portion.

/

side.

Axillary vein.
Inner cord of plexus.

Behind.
Subscapulars.
Posterior cord of plexus.

The third portion of the axillary artery lies below the Pectoralis minor. It is
in relation, in front.^ with the lower part of the Pectoralis major above, being
covered only by the integument and fascia below hehind.^ with the lower part
of the Subscapularis, and the tendons of the Latissimns dorsi and Teres major
on its outer side.^ with the Coraco-brachialis on its inner, or thoracic side, with
the axillary vein. The nerves of the brachial plexus bear the following relation
on the outer side is the median nerve,
to the artery in this part of its course
and the musculo-cutaneous for a short distance on the inner side, the ulnar, the
internal, and lesser internal cutaneous nerves
and behind, the musculo-spiral
and circumflex, the latter extending only to the lower border of the Subscapularis muscle.
;

;

:

;

;

Relations of the Third Portion of the Axillary Artery.
In front.
Integument and

fascia.

Pectoralis major.

Outer

side.

/

Coraco-brachialis.
Median nerve.

/

Musculo-cutaneous nerve.

V

1

•

\

Arte^.^"

'

Third portion./

/

Inner

side.

Ulner nerve.
Internal cutaneous nerves.
Axillary vein.

Behind.
Subscapularis.
of Latissimus dorsi and Teres major.
Musculo-spiral and circumflex nerves.

Tendons

The axillary artery, in about one case out of every ten, gives off a large branch,
either one of the arteries of the forearm or a large muscular trunk.
In the tirst
set of cases, this artery is most frequently the radial (1 in 33), sometimes the ulnar (1 in 72), and,
very rarely, the interosseous (1 in 506). In the second set of cases, the trunk has been found to
give origin to the subscapular, circumflex, and profunda arteries of the arm.
Sometimes, only
one of the circumflex, or one of the profunda arteries, arose from the trunk. In these cases,
Peculiarities.

which forms

the brachial plexus surrounded the trunk of the branches, and not the main vessel.
Surgical Anatomy. The student, having carefully examined the relations of the axillary artery
in its various parts, should now consider in what situation compression of this vessel may be
most easily efiected, and the best position for the application of a ligature to it when necessary.
Conifression of the vessel is required in the removal of tumors, or in amputation of the upper
part of the arm and the only situation in which this can be effectually made, is in the lower
part of its course by pressing on it in this situation from within outwards against the humerus,
the circulation may be effectually arrested.
The afplication of a ligature to the axillary artery may be required in cases of aneurism of
the upper part of the brachial and there are only two situations in which it can be secured,
viz., in the first and in the third parts of its course; for the axillary artery at its central part is
so deeply seated, and, at the same time, so closely surrounded with large nervous trunks, that
the application of a ligature to it in that situation would be almost impracticable.
In the third ])urt of its course, the operation is most simple, and may be performed in the following manner
The patient being placed on a bed, and the arm separated from the side, with
the hand suptna^ed, the head of the humerus is felt for, and an incision made through the integument over it, about two inches in length, a little nearer to the anterior than the posterior fold of
;

;

;

:

—
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After carefully dissectino; throuscli the areolar tissue and fascia, tlie median nerve
the former having heen displaced to the outer, and the latter to
the inner side of the arm, the elbow being at the same time bent, so as to i-elax the structures,
and facilitate their separation, the ligature may be passed round the artery from the ulnar to the
radial side.
This ])ortion of the artery is occasionally crossed by a muscular slip derived from
the Latissiraus dorsi, which may mislead the surgeon during an operation.
The occasional
existence of this muscular fasciculus was spoken of in the description of the muscles.
It may
easily he recognized by the transverse direction of its tibres.
The first portion of the axillary artery may be tied in cases of aneurism encroaching so far
npwai'ds that a ligature cannot be applied in the lower part of its course. Notwithstanding that
this operation has been performed in some few cases, and with success, its performance is
attended with much difficulty and danger.
The student will remark that, in this situation, it
would be necessary to divide a thick muscle, and, after separating the costo-coracoid membrane,
the artery would be exposed at the bottom of a more or less deep space, with the cephalic and
axillary veins in such relation with it as must render the application of a ligature to this part of
the vessel particularly hazardous.
Under such circumstances it is an easier, and, at the same
time, more advisable operation, to tie the subclavian artery in the third part of its course.
In a case of wound of the vessel, the general practice of cutting down upon, and tying it above
and below the wounded point, should be adopted in all cases.
Collateral circulation after ligature of the axillary artery/.
If the artery be tied above the
origin of the acromial thoracic, the collateral circulation will be carried on by the same branches
as after the ligature of the subclavian; if at a lower point, between the acromial thoracic and
subscapular arteries, the latter vessel, by its free anastomoses with the other scapular arteries,
branches of the subclavian, will become the chief agent in carrying on the circulation, to which
the long thoracic, if it be below the ligature, will materially contribute, by its anastomoses with
the, inter costal and internal mammary arteries.
If the point included in the hgature be below
the origin of the subscapular artery, the anastomoses are less free. The chief agents in restoring
the circulation will be the posterior circumflex, by its anastomoses with the suprascapular and
acromial thoracic, and the communications between the subscapular and superior profunda,
which will be afterwards referred to as performing the same office after ligature of the brachial.
The cases in which the operation has been performed are few in number, and no published
account of dissection of the collateral circulation appears to exist.
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axilla.

and axillary vein are exposed
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which arises from the axillary sepathe acromial thoracic.
Running forwards
and inwards along the u.pper border of the Pectoralis minor, it passes between it
and the Pectoralis major to the side of the chest. It supplies these muscles, and
the parietes of the thorax, anastomosing with the internal mammary and intersii-jperior

rately, or

by

a

thoracic is a small artery,

common trunk with

costal arteries.

The acromial thoracic is a short trunk, which arises from the fore part of the
axillary artery. Projecting forwards to the upper border of the Pectoralis minor,
it divides into three sets of branches, thoracic, acromial, and descending.
The
thoracic branches, two or three in number, are distributed to the Serratus magnus and Pectoral muscles, anastomosing with the intercostal branches of the
The acromial branches are directed outwards towards the
internal mammary.
acromion, supplying the Deltoid muscle, and anastomosing, on the surface of the
acromion, with the suprascapular, anterior, and posterior circumflex arteries.
The descending branch passes in the interspace between the Pectoralis major and
Deltoid, accompanying the cephalic vein, and supplying both muscles.
The lony thoracic passes downwards and inwards along the lower border of
the Pectoralis minor to the side of the chest, supplying the Serratus magnus, the
Pectoral muscles, and mammary gland, and sending branches across the axilla to
the axillary glands and Subscapularis, which anastomose with the internal mammary and intercostal arteries. " ^ ^ ^$SL OWim* frnftu4 " fi <^«U^ , "i iM/ih^The alar thoracic is a small branch, which supplies the glands and areolar tissue

;
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of tlie axilla. Its place is frequently supplied by branches from some of the other
thoracic arteries.
The subscapular^ the largest branch of the axillary artery, arises opposite the
lower border of the Subscapularis muscle, and passes downwards and backwards
along its lower margin to the inferior angle of the scapula, where it anastomoses
with the posterior scapular, a branch of the subclavian. It distributes branches
to the muscles in its neighborhood, and gives off, about an inch an a half from its
origin, a large branch, the dorsalis scapulaa, which curves round the inferior border
of the scapula, leaving the axilla in the interspace between the Teres minor
above, the Teres major below, and the
Fig. 330,— The Surgical Anatomy of the
long head of the Triceps in front.
Brachial Artery.
Three branches, or sets of branches,
arise from the dorsalis scapulc^
the
tirst enters the subscapular fossa beneath the Subscapularis, which it supplies, anastomosing with the posterior
scapular and suprascapular arteries
the second, the trunk of the artery
:

{dorsalis

scapulde),

turns

round the

axillary border of the scapula, and
enters the infraspinous fossa, where it

anastomoses with the suprascapular
and posterior scapular arteries and a
third, or median branch, is continued
along the axillary border of the
scapula, between the Teres major and
;

Mu^cwlc - Spiral

minor, and, at the dorsal surface of
SitpeTi,(fr
the inferior angle of the bone, anastoProfanda
moses with the posterior scapular.
The circumflex ,arteries wind round
the neck of the humerus.
The posterior circumflex (Fig. 328), the larger of
the two, arises from the back part
of the axillary opposite the lower
Infer lOT
FrofiCTula,
border of the Subscapularis muscle,
and, passing backwards with the circumflex veins and nerve through the
quadrangular space bounded by the
Teres major and minor, the scapular
head of the Triceps and the humerus,
AjMstomo tica/
winds round the neck of that bone
and is distributed to the Deltoid muscle and shoulder -joint, anastomosing
with the anterior circumflex, suprascapular, and acromial thoracic arteries.
The anterior circumflex (Figs. 328, 329),
considerably smaller than the preceding, arises just below that vessel, from
the outer side of the axillary artery. It
passes horizontally outwards, beneath
the Coraco-brachialis and short head of
the Biceps, lying upon the fore part of
the neck of the humerus, and, on reaching the bicipital groove, gives off an ascending branch, which passes upwards along the groove to supply the head of the
bone and the shoulder -joint. The trunk of the vessel is then continued outwards
beneath the- :!55i4,^4, which it supplies, and anastomoses with the posterior circumflex aisJ^acromia thoracic arteries.
/
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Brachial Artery.

(Fig. 330.)

The Brachial Artery commences at the lower margin of the tendon of the
Teres major, and, passing down the inner and anterior aspect of the arm, terminates about half an inch below the bend of the elbow, where it divides into the
radial and ulnar arteries.
The direction of this vessel is marked by a line drawn from the outer side of
the axillary space, between the folds of the axilla, to a point midway between
th.e condyles of the humerus, which corresponds to the depression along the
inner border of* the Coraco-brachialis and Biceps muscles. In the upper part
of its course, the artery lies internal to the humerus but below, it is in front of
;

that bone.
This artery is superficial throughout its entire extent, being covRelations.
ered, in front^ by the integument, the superficial and deep fascia
the bicipital
fascia separates it opposite the elbow from the median basilic vein
the median
nerve crosses it at its middle and the basilic vein lies in the line of the artery,
but separated from it by the fascia, in the lower half of its coarse. Behind^ it is
separated from the inner side of the humerus above, by the long and inner heads
of the Triceps, the musculo-spiral nerve and superior profunda artery intervening and from the front of the bone, below, by the insertion of the Coracobrachialis muscle and by the Brachialis anticus.
By its outer side.^ it is in relation with the commencement of the median nerve, and the Coraco-brachialis and
Biceps muscles, which slightly overlap the artery. By its inner side^ its upper
half is in relation with the internal cutaneous and ulnar nerves, its lower half
with the median nerve. It is accompanied by two vense comites, which lie in
close contact with the artery, being connected together at intervals by short
transverse communicating branches.
;

;

;

;

Plan of the Relations of the Brachial Artery.
In front.
Integument and fascise.
Bicipital fascia, median
Median nerve.
Outer

/

side.

Median nerve

(above).
Coraco-brachialis.

\
Brachial

f

basilic vein.

t
\

'^''^'^\

-D-

J

i

,

i
Internal
cutaneous and ulnar nerve.
Median nerve (below).
,

-,

.

^

Behind.
Triceps.

Musculo-spiral nerve.
Superior profunda artery.
Coraco-brachialis.
Brachialis anticus.

Bend of the Elbow.
At

the bend of the elbow, the brachial artery sinks deeply into a triangular
which is directed upwards towards the humerus, and the
internally, by
sides of which are bounded, externally, by the Supinator longus
the Pronator radii teres its floor is formed by the Brachialis anticus and
Supinator brevis. This space contains the brachial artery, with its accompanying
veins the radial and ulnar arteries the median and musculo-spiral nerves and
the tendon of the Biceps. The brachial artery occupies the middle line of this
space, and divides opposite the neck of the radius into the radial and ulnar
arteries
it is covered, in front., by the integument, the superficial fascia, and
the median basilic vein, the vein being separated from direct contact with the
interval, the base of

;

;

;

;

;

;
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Behind^ it lies on the Bracbialis anticus, which
artery by tlie bicipital fascia.
The median nerve lies on the inner side of
separates it from the elbow-joint.
The
the artery, but separated from it below by an interval of half an inch
tendon of the Biceps lies to the outer side of the space, and the musculo-spiral
nerve still more externally lying upon the Supinator brevis, and partly concealed
by the Supinator longus.
.

The brachial artery, accompanied by the
Peculiarities of the Artery as regards its Course.
median nerve, may leave the inner border of the biceps, and descend towards the inner condyle
of the hnmerus, where it iTsually curves round a prominence of bone, to which it is connected by
a fibrous band it then inclines outwards, beneath or through the substance of the Pronator teres
The variation bears considerable analogy with the normal
iimscle, to the bend of the elbow.
oondition of the artery in some of the carnivora it has been referred to, above, in the descrip;

:

tion of the humerus.
As regards its Division. Occasionally, the artery is divided for a short distance at its upper
similar peculiarity occurs in the
part into two trunks, which are united above and below.
main vessel of the lower limb.
The point of bifurcation may be above or below the usual point, the former condition being
by far the most frequent. Out of 481 examinations recorded by Mr. Quain, some made on the
right and some on the left side of the body, in 386 the artery bifurcated in its normal position.
In one case ovlIj was the place of division lower than usual, being two or three inches below the
''
elbow-joint.
In 94 cases out of 481, or about one in 5^, there were two arteries instead of one
in some part, or in the whole of the arm."
There appears, however, to be no correspondence between the arteries of the two arms, with
respect to their irregular division; for in sixty-one bodies it occurred on one side only in fortythree on both sides, in different positions, in thirteen on both sides, in the same position, in

A

:

;

five.

The point

of bifurcation takes place at different parts of the arm, being most frequent in the
lower part, and least so in the middle, the most usual point for the
Application of a ligature; under any of these circumstances, two large arteries would be found
The most frequent (in three out of four) of these peculiarities is the
in the arm instead of one.
high division of the radial. That artery often arises from the inner side of the brachial, and
runs parallel with the main trunk to the elbow, where it crosses it, lying beneath the fascia or

upper part,

less so in the

;

may

perforate the fascia, and pass over the artery immediatelj" beneath the integument.
The ulnar sometimes arises from the brachial high up, and then occasionally leaves that vessel
at the lower part of the arm, and descends towards the inner condyle. In the forearm, it generally
lies beneath the deep fascia, superficial to tlie Flexor muscles
occasionally between the integument and deep fascia, and very rarely beneath the Flexor muscles.
The interosseous artery sometimes arises from the upper part of the brachial or axillary as it
passes down the arm, it lies behind the main trunk, and, at the bend of the elbow, regains its
usual position.
In some cases of high division of the radial, the remaining trunk (ulnar-interosseous) occasionally passes, together with the median nerve, along the inner margin of the arm to the inner
condyle, and then, passing from within outwards, beneath or through the Pronator teres, regains
its usual position at the bend of the elbow.
Occasionally, the two arteries representing the brachial are connected at the bend of the elbow
by a short transverse branch, and are even sometimes reunited.
Sometimes, long slender vessels, vasa. aberrantia., connect the brachial or axillary arteries with
one of the arteries of the forearm, or a branch from them. These vessels usually join the radial.
The brachial artery is occasionally concealed, in some part
Varieties in Mvscular Relations.^
of its course, by muscular or tendinous slips derived from various sources. In the upper third
of the arm, the brachial vessels and median nerve have been seen concealed, to the extent of
three inches, by a muscular layer of considerable thickness, derived from the Coraco-brachialis,
which passed round to the inner side of the vessel, and joined the internal head of the Triceps.
In the lower half of the arm the artery is occasionally concealed by a broad, thin head to the
Biceps muscle.
narrow, fleshy slip from the Biceps has been seen to cross the artery, concealing it for an inch and a half, its tendon ending in the aponeurosis covering the Pronator teres.
muscular and tendinous slip has been seen to arise from the external bicipital ridge by a long
tendon, cross obliquely behind the long tendon of the Biceps, and end in a fleshy belly, which
appears on the inner side of the arm between the Biceps and Coraco-brachialis, passes down
aiong the inner edge of the former, and crosses the artery very obliquely, so as to lie in front of
it for three inches, and, finally, gives rise to a narrow, fiattened tendon, which is inserted into the
aponeurosis over the Pronator teres.
tendinous slip, arising from the deep part of the tendon
of the Pectorahs major, has been seen to cross the artery obliquely at or below the Coracobrachialis, and join the intei'muscular septum above the inner condyle.
The Brachialis anticus
not unfrequently projects at the outer side of the artery, and occasionallj'^ overlaps it, sending
inwards, across the artery, an aponeurosis which binds the vessel down upon the Brachialis
it

;

:

A

A

A

^

See Struthees's Anatomical and Physiological Observations.
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anticns.
Sometimes, a fleshy slip from the mnscle covers the vessel, in one case to the extent of
Tn some cases of high origin of the Pronator teres, an aponeurosis extends from
three inches.
it to join the Brachialis anticns external to the artery; a kind of arch being thus formed under
which the principal artery and median nerve pass, so as to be concealed for half an inch above
the transverse level of the condyle.

Svrgiecd Anatomy.
Compression of the brachial
some other operations in the arm and forearm and

is required in cases of
will be observed that it

amputation and
be effected
If pressure is made in the upper part of the
in almost any part of the course of the artery.
limb, it should be directed from within outwaixls, and if in the lower part, from before backwards,
as the artery lies on the inner side of the humerus above, and in front of it below.
The most
favoi'able situation is near the insertion of the Coraco-brachialis.
The application of a ligature to the brachial artery may be required in cases of wounds of
the vessel, and in some cases of wound of the palmar arch. It is also sometimes necessary in
cases of aneurism of the brachial, the radial, ulnar, or interosseous arteries.
The artery may
be secured in any part of its course. The chief guides in determining its position are the surfacemarkings produced by the inner margin of the Coraco-brachialis and Biceps, the known course
of the vessel and its pulsation, which should be carefully felt for before any operation is performed,
In whatever situation
as the vessel occasionally deviates from its usual position in the arm.
the operation is performed, great care is necessary, on account of the extreme thinness of the
parts covering the artery, and the intimate connection which the vessel has throughout its
whole course with important nerves and veins. Sometimes a thin layer of muscular fibre is
met with concealing the artery if such is the case, it must be cut across in order to expose the vessel.
In tlie vfper third of the arm the artery may be exposed in the following manner: The
patient being placed horizontally upon a table, the atfected limb should be raised from the side,
and the hand supinated. An incision about two inches in length should be made on the ulnar
side of the Coi-aco-brachialis muscle, and the subjacent fascia cautiously divided, so as to avoid
wounding the internal cutaneous nerve or basilic vein, which sometimes run on the surface of
the artery as high as the axilla. The fascia having been divided, it should be remembered that
the ulnar and internal cutaneous nerves lie on the inner side of the artery, the median on the
outer side, the latter nerve being occasionally superficial to the artery in this situation, and
that the venaa comites are also in relation with the vessel, one on either side. These being
carefully separated, the aneurism needle should be passed round the artery from the ulnar to the
;

;

ai'tery
it

may

—

radial side.
If two arteries are present in the arm, in consequence of a high division, they are usually
placed side by side and if they are exposed in an operation, the surgeon should endeavor to
;

vessel, which of the two communicates with the wound
a ligature may be applied accordingly; or if pulsation or hemorrhage ceases
only when both vessels are compressed, both vessels may be tied, as it may be concluded that
the two communicate above the seat of disease, or are reunited.
It should also be remembered, that two arteries may be present in the arm in a case of high
division, and that one of these may be found along the inner intermuscular septum, in a line
towards the inner condyle of the humerus, or in the usual position of the brachial, but deeply
placed beneath the common trunk a knowledge of these facts will suggest the precautions
necessary in every case, and indicate the measures to be adopted when anomalies are met with.
In the middle of the arm the brachial artery may be exposed by making an incision along the
inner margin of the Biceps muscle. The forearm being bent so as to relax the muscle, it should
be drawn slightly aside, and, the fascia being carefully divided, the median nerve will be exposed
lying upon the artery (sometimes beneath) this being drawn inwards and the muscle outwards,
the artery should be separated from its accompanying veins and secured. In this situation the
inferior profunda may be mistaken for the main trunk, especially if enlarged, from the collateral
circulation having become established; this may be avoided by directing the incision externally
towards the Biceps rather than inwards or backwards towards the Triceps.
The lo%rer jjart of the 'brachial artery is of extreme interest in a surgical point of view, on
account of the relation which it bears to the veins most commonly opened in venesection. Of
these vessels, the median basilic is the largest and most prominent, and, consequently, the one
usually selected for the operation.
It should be remembered, that this vein runs parallel with
the bi'achial artery, from which it is separated by the bicipital fascia, and that in no case should
this vessel be selected for venesection, except in a part which is not in contact with the artery.
Collateral circulation.
After the application of a ligature to the brachial artery in the upper
third of the arm, the circulation is carried on by branches from the circumflex and subscapular
arteries, anastomosing with ascending branches from the superior profunda.
If the brachial is
tied Ijelow the origin of the profunda arteries the circulation is maintained by the branches of the
profunda, anastomosing with the recurrent radial, ulnar, and interosseous arteries. In two
cases described by !Mr. South,' in which the brachial artery had been tied some time previously,
in one " a long portion of the artery had been obliterated, and sets' of vessels are descending on

ascertain,

by alternately pressing on each

or aneurism,

when

:

;

'
Chelius' Surgery^ vol. ii., p. 254. See also White's engraving referred to by Mr. South, of
the anastomosing branches after ligature of the brachial, in White's Cases in 'Surgery. Porta
also gives a case (with drawings) of the circulation after ligature of both brachial and radial.
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from above the obliteration, to be received into others which ascend in a similar
it.
In the other, the obliteration is less extensive, and a single curved artery,
about as big as a crow-quill, passes from the upper to the lower open part of the artery."

either side

manner from below

The branches

of the brachial artery are the

Superior profunda.
Nutrient artery.

Inferior profunda.

Anastomotica magna.
Muscular.

The superior profunda arises from the inner and back part of the brach">l
opposite the lower border of the Teres major, and passes backwards to the
interval between the outer and inner heads of the Triceps muscle, accompanied
by the musculo-spiral nerve it winds round the back part of the shaft of the
humerus in the spiral groove, between the Triceps and the bone, pierces the
external intermuscular septum, and descends to the space between the Brachialis
anticus and Supinator longus, where it anastomoses with the recurrent branch of
It supplies the Deltoid, Coraco-brachialis, and Triceps muscles,
the radial artery.
and, whilst in the groove between the Triceps and the bone, it gives off the posterior articular artery, which descends perpendicularly, between the Triceps and
the bone, to the back part of the elbow-joint, accompanied by the nerve to the
Anconeus muscle, where it anastomoses with the interosseous recurrent branch,
and, on the inner side of the arm, with the posterior ulnar recurrent, and with
the anastomotica magna or inferior profunda (Fig. 333).
The nutrient artery of the shaft of the humerus arises from the brachial, about
Passing downwards, it enters the nutrient canal of that
the middle of the arm.
bone, near the insertion of the Coraco-brachialis muscle.
The inferior profunda^ of small size, arises from the brachial, a little below the
middle of the arm piercing the internal intermuscular septum, it descends, on the
surface of the inner head of the Triceps muscle, to the space between the inner
condyle and olecranon, accompanied by the ulnar nerve, and terminates by anastomosing with the posterior ulnar recurrent and anastomotica magna. It also
supplies a branch to the front of the internal condyle, which anastomoses with
the anterior ulnar recurrent.
The anastomotica magna arises from the brachial, about two inches above the
elbow-joint.
It passes transversely inwards upon the Brachialis anticus, and,
piercing the internal intermuscular septum, winds round the back part of the
humerus between the Triceps and the bone, forming an arch above the olecranon
fossa, by its junction with the posterior articular branch of the superior profunda.
As this vessel lies on the Brachialis anticus, branches ascend to join the inferior
profunda and some descend in front of the inner condyle, to anastomose with the
Behind the internal condyle an offset is given off which
anterior ulnar recurrent.
anastomoses with the inferior profunda and posterior ulnar recurrent arteries
and supplies the Triceps.
The mt^sc?/ /«;• are three or four large branches, which are distributed to the
muscles in the course of the artery. They supply the Coraco-brachialis, Biceps,
and Brachialis anticus muscles.
The Anastomosis around the Elhotu-joint (Fig. 833). The vessels engaged in
this anastomosis may be conveniently divided into those situated in front and
behind the Internal and External condyles.
The branches anastomosing in
The anastomotica magna, the anterior ulnar
front of the Internal condjde are
Those
recurrent, and the anterior terminal branch of the inferior profunda.
lehind the Internal condyle are
The anastomotica magna, the posterior ulnar
The
recurrent, and the posterior terminal branch of the inferior profunda.
branches anastomosing in front of the External condyle are
The radial
recurrent and the termination of the superior profunda.
Those behind the
External condyle (perhaps more properly described as being situated between
the external condyle and the olecranon) are
The anastomotica magna, the
interosseous recurrent, and the posterior articular branch of the superior pro;

;

;

:

:

—

—

:

:

—

—
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funda.
There is also a large arcli of anastomosis above the olecranon, formed bj
the interosseous recurrent joining with the anastomotica magna and posterior
ulnar recurrent (Fig. 333).
From this description it will be observed that the anastomotica magna is the
vessel most engaged, the only part of the anastomosis in which it is not employed
being that in front of the external condyle.

Radial Arteey.

The Radial Artery

appears, from its direction, to be the continuation of the
smaller than the ulnar.
It commences at the bifurcation of the brachial, just below the bend of the elbow, and passes along the radial
side of the forearm to the wrist it then winds backAvards, round the outer side
of the carpus, beneath the extensor tendon^-of the thumb, and, finally, passes
forwards, between the two heads of the first Dorsal interosseous muscle, into the
palm of the hand, where it crosses the metacarpal bones to the ulnar border of
At its termination, it inosculates with
the hand, to form the deep palmar arch.
The relations of this vessel may thus be
the deep branch of the ulnar artery.
conveniently divided into three parts, viz., in the forearm, at the back of the
wrist, and in the hand.
Relations.
In the forearm^ this vessel extends from opposite the neck of the
radius to the fore part of the styloid process, being placed to the inner side of
the shaft of the bone above, and in front of it below. It is superficial throughout
its entire extent, being covered by the integument, the superficial and deep fascia,
and slightly overlapped above by the Supinator longus. In its course downwards, it lies upon the tendon of the Biceps, the Supinator brevis, the Pronator
radii teres, the radial origin of the Flexor sublimis digitorum, the Flexor longus
pollicis, the Pronator quadratus, and the lower extremity of the radius.
In the
uj^per third of its course, it lies between the Supinator longus and the Pronator
radii teres in its lower two-thirds, between the tendons of the Supinator longus
and the Flexor carpi radialis. The radial nerve lies along the outer side of the
artery in the middle third of its course
and some filaments of the musculocutaneous nerve, after piercing the deep fascia, run along the lower part of the
artery as it winds round the wrist.
The vessel is accompanied by venge comites
throughout its whole course.
brachial, but, in size,

it is

;

;

;

Plax of the Relations of the Radial Artery
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In front.
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Supinator longus.
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Behind.

Tendon of

Biceps.

Supinator brevis.

Pronator radii teres.
Flexor sublimis digitorum.
Flexor longus pollicis.
Pronator quadratus.
Radius.

At

winds round the outer side of the carpus, from the styloid
interosseous space, it lies upon the external lateral ligament,
the extensor tendons of the thumb, subcutaneous veins, some

the wrist.^ as it

process to the

first

being covered by
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It is accompanied by two
filaments of the radial nerve, and the integument.
veins and a filament of the musculo-cutaneous nerve.
In the hand, it passes from the upper end of the first interosseous space, between
the heads of the Abductor inFig. 331.— The Surgical Anatomy of the Kadial and
dicis or first Dorsal interosseous
^^^^^' Arteries.
muscle, transversely across the
palm, to the base of the metacarpal bone of the little finger,
where it inosculates Avith the

communicating branch from
the ulnar artery, forming the
deep palmar arch It lies upon
.

the carpal extremities of the
metacarpal bones and the Interossei muscles, being covered
by the flexor tendons of the
fingers, the Lumbricales, the
muscles of the little fing;er,
and the Flexor brevis poUicis,
and is accompanied by the
deep branch of the ulnar nerve.

Raiial jReoa-m'e-nt—LflJI

-?_

Peculiarities.
The origin of the
radial artery varies in the proportion nearly of one in eight cases.
In one case the origin was lower
than usual. In the other cases, the

upper part of the brachial was a
more frequent source of origin than
the axillary. The variations in the
position of this vessel in the arm,
and at the bend of the elbow, have

been alread}- mentioned. In the
forearm it deviates less frequently
from its position than the ulnar.
It has been found lying over the
fascia, instead of beneath it.
It
has also been observed on the surface
of the Supinator longus, instead 'of
along its inner border: and in turning round the wrist, it has been
seen lying over, instead of beneath,
the Extensor tendons.
Surgical Anatomy. The operation
of tying the radial artery is required in cases of wounds either of
its trunk, or in some of its branches,
or for aneurism and it will be observed that the vessel may be exposed in any part of its course
through the forearm without the
division of any muscular fibres. The
operation in the middle or inferior
third of the forearm is easily per:

formed; but in the upper third, near
the elbow, it is attended with some
difficulty, from the greater depth
of the vessel, and from its being
overlapped by the Supinator longus
and Pronator teres muscles.
To tie the artery in the upper
third, an incision three inches in
length should be made through the
integument, from the bend of the

elbow

obliquely

outwards,

on the

downwards
radial

side

and
of

Jiffep

Superfiaialts Voice

branch

of Ulnar
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the fascia of the arm being divided,
the forearm, avoiding the branches of tlie median vein
and the Supinator longus drawn a httle outwards, the artery will be exposed. The venfe
coraites should be carefully separated from the vessel, and the ligature passed from the radial
to the ulnar side.
In the middle third of the forearm the artery may be exposed by making an incision of similar
In this situation, the radial nerve lies in
length on the inner margin of the Supinator longus.
close relation with the outer side of the artery, and should, as well as the veins, be carefully
avoided.
In the lower thii'd, the artery is easily secured by dividing the integument and fascia in the
interval between the tendons of the Supinator longus and Flexor carpi radialis muscles.
;

Fig. 332.

The branches

-Ulnar and Radial Arteries.

of the radial artery
divided into three groups,
corresponding with the three regions
in which the vessel is situated.
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The radial recurrent is given off'
immediately below the elbow.
It
ascends between the branches of the
musculo-spiral nerve, lying on the
Supinator brevis, and then between
the Supinator longus and Brachialis
anticus, supplying these muscles and
the elbow-joint, and anastomosing
with the terminal branches of the
superior profunda.
The muscular branches are distributed to the muscles on the radial
side of the forearm.

The

from
where this
wind round the

superficialis volse arises

the radial artery, just
Mec^ 6raneh of Ulnar

vessel is about to
Running forwards, it passes
wrist.
between the muscles of the thumb,
which it supplies, and sometimes
anastomoses with the termination of

the

ulnar

superficial

artery, completing the
palmar arch. This vessel

usually
varies considerably in size
it is very small, and terminates in the
muscles of the thumb; sometimes it
is as large as the continuation of the
;

radial.

The anterior carpal is a
branches supply the joints of the wrist.
small vessel which arises from the radial artery near the lower border of the Pronator quadratus, and, running inwards in front of the radius, anastomoses with
The carpal
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the anterior carpal branch of the ulnar arterjr. From*tht^ arch thus formed,
branches descend to supply the articulations of the wrist.
The posterior carpal is a small vessel, which arises from the radial arterv
beneath the extensor tendons of the thumb crossing the carpus transversely to
the inner border of the hand, it anastomoses with the posterior carpal branch of
the ulnar, forming the posterior carpal arch. From this arch are given oft"
descending branches, the dorsal interosseous arteries for the third and fourth
interosseous space, which anastomose with the posterior perforating branches
from the deep palmar arch and ascending branches to anastomose with the termination of the anterior interosseous artery.
The metacarpal {first dorsal interosseous branch) arises beneath the extensor
tendons of the thumb, sometimes with the posterior carpal artery running forwards on the second dorsal interosseous muscle, it communicates, behind, with
the corresponding perforating branch of the deep palmar arch and, in front,
Inosculates with the digital branch of the superficial palmar arch, and supplies
the adjoining sides of the index and middle fingers.
The dorsales pollicis are two small vessels which run along the side of the
They arise separately or occasionally by a common
dorsal aspect of the thumb.
trunk near the base of the first metacarpal bone.
The dorsalis indicis^ also a small branch, runs along the radial side of the back
of the index finger, sending a few branches to the Abductor indicis.
^he princeps p)ollicis arises from the radial just as it turns inwards to the deep
part of the hand it descends between the Abductor indicis and Flexor brevis
pollicis, along the ulnar side of the metacarpal bone of the thumb, to the base
of the first phalanx, where it divides into two branches, which run along the
sides of the j^almar aspect of the thumb, and form an arch on the under surface of
the last phalanx, from which branches are distributed to the integument and
cellular membrane of the thumb.
The radiaUs indicis arises close to the preceding, descends between the Abductor indicis and Adductor pollicis, and runs along the radial side of the index
finger to its extremity, where it anastomoses with the collateral digital artery
from the superficial palmar arch. At the lower border of the Adductor pollicis,
this vessel anastomoses with the princeps pollicis, and gives a communicating
branch to the superficial palmar arch.
^\q perforating arteries, three in number, pass backwards between the heads
of the last three Dorsal interossei muscles, to inosculate with the-dorsal interosseous
;

;

;

;

;

arteries.

^\iQ

palmar

interosseous^ three or four in number, are branches of the deep
they run forwards upon the Interossei muscles, and anastomose at
of the fingers with the digital branches of the superficial arch.

palmar arch
the clefts

;

Ulnar Artery.
The Ulnar Artery^ the larger of the two subdivisions of the brachial, commences a little below the bend of the elbow, and crosses the.. inner side of the
forearm obliquely inwards to the commencement of its lower half; it then runs
along its ulnar border to the wrist, crosses the annular ligament on the radial side
of the pisiform bone, and passes across the palm of the hand, forming the superficial palmar arch, which sometimes terminates by inosculating with the superficialis volee.

Relations in the Forearm.
In its upper half^ it is deeply seated, being covered
it is
all the superficial Flexor muscles, excepting the Flexor carpi ulnaris
crossed by the median nerve, which lies to its inner side for about an inch, audit
In
lies upon the Brachialis anticus and Flexor profundus cligitorum muscles.
the lower half of the forearm, it lies upon the Flexor profundus, being covered
by the integument, the superficial and deep fasciae, and is placed between the
Flexor carpi ulnaris and Flexor sublimis digitorum muscles. It is accompanied

by

;

:
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the ulnar nerve lies on its inner side for the lower twoand a small branch from the nerve descends on the lower
part of the vessel to the palm of the hand.

by two venae comites
thirds of

its

;

extent,

Plan of Relations of the Ulnar Artery

in the Forearm.

In front.
Superficial layer of flexor muscles.

Median nerve.
Superficial and deep

Inner

(

side.

Flexor carpi ulnaris.
Ulnar nerve (lower two-tliirds).

\

PP®^ h-^ If
•

'

half.

Older

\

side.

Flexor sublimis digitorum.

^Q^ll^^m.

1
'

\

y^

Lower

fasciaa.

ulnar

i

)

J

Behind.
Brachialis anticus.
Flexor profundus digitorum.

At

covered by the integument and fascia,
On its inner side is the pisiform,
The ulnar nerve lies at the inner side, and somewhat behind the artery.
bone.
In the palm of the hand., the continuation of the ulnar artery is called the
superficial palmar arch
it passes obliquely outwards to the interspace between
the ball of the thumb and the index finger, where it occasionally anastomoses
with the superficialis volge, and a branch from the radialis indicis, thus completing the arch. The convexity of this arch is directed towards the fingers, its concavity towards the muscles of the thumb.
If the thumb be put at right angles
to the hand, the position of the superficial palmar arch will be roughly indicated
by a line drawn along the lower margin of the thumb across the palm of the
hand the deep palmar arch is situated about a finger's breadth nearer to the

and

the wrist (Fig. 331),

lies

the ulnar artery

is

upon the anterior annular ligament.

;

:

carpus.

The

superficial palmar arch is covered by the Palmaris brevis, the palmar
and integument and lies upon the annular ligament, the muscles of the
little finger, the tendons of the superficial flexor, and the divisions of the m.edian
and ulnar nerves, the latter accompanying the arterj^ a short part of its course.
fascia,

;

Relations of the Superficial Palmar Arch.
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Peculiarities.
The ulnar artery has been found to vary in its origin nearly in the proportion;
of one in thirteen cases, in one case arising lower than usual, about two or three inches below
the elbow, and in all the other cases much higher, the brachial being a more frequent source of
origin than the axillary.
Variations in the position of this vessel are more frequent than in the radial. "When its orighi
is normal, the course of the vessel is rarely changed.
When it arises high up, it is almost invariably superficial to the Flexor muscles in the forearm, lying commonly beneath the fascia, more
rarely between the fascia and integument.
In a few cases, its position was subcutaneous in the
upper part of the forearm, subaponeurotic in the lower part.

The application of a ligature to this vessel is required in cases of w^ound
Surgical Anatomy.
In the upper half of the foreof the artery, or of its branches, or in consequence of aneurism.
arm, the artery is deeply seated beneath the superficial Flexor muscles, and their division would
be requisite in a case of recent wound of the artery in this situation, in order to secure it, but
under no other circumstances. In the middle and lower third of the forearm, this vessel may be
easily secured by making an incision on the radial side of the tendon of the Flexor carpi ulnaris
the deep fascia being divided, and the Flexor carpi ulnaris and its companion muscle, the Flexor
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from each other, the vessel will be exposed, accompanied by its venee
The veins being separated from the artery, the
comites, the ulnar nerve lying on its inner'side.
ligature should be passed from the ulnar to the radial side, taking care to avoid the ulnar nerve.
sublimis, being separated

The branches of the ulnar
'

Forearm.

artery

may

:

Anterior ulnar recurrent.
Posterior ulnar recurrent.
t
interosseous.

\

be arranged in the following groups

x.

(

Anterior interosseous,

{ -n
\

^

rosterior interosseous.

Muscular.
Anterior carpal.
\ Posterior carpal.
^

TT^

.

TT
^
nana.

r

j

Deep or communicating branch,

| j^—^^j^

The

anterior iilnar recu.rre7it (Fig. 332) arises immediately below the elbowupwards and inwards between the Brachialis anticus and Pronator
radii teres, supplies those muscles, and, in front of the inner condyle, anastomoses
with the anastomotica magna and inferior profunda.
The posterior ulnar recurrent is mnch larger, and arises somewhat lower than
It passes backwards and inwards, beneath the Flexor sublimis,
the preceding.
and ascends behind the inner condyle of the humerus. In the interval between
this process and the olecranon, it lies beneath the Flexor carpi ulnaris, ascending
between the heads of that muscle, beneath the ulnar nerve it supplies the neighboring muscles and joint, and anastomoses with the infeidor profunda, anastomotic
magna, and interosseous recurrent arteries (Fig. 333).
The interosseous artery (Fig. 332) is a short trunk about an inch in length,
and of considerable size, which arises immediately below the tuberosity of the
radius, and, passing backwards to the upper border of the interosseous membrane, divides into two branches, the anterior and posterior interosseous.
The anterior interosseous passes down the forearm on the anterior surface of
the interosseous membrane, to which it is connected by a thin aponeurotic arch.
It is accompanied by the interosseous branch of the median nerve, and overlapped by the contiguous margins of the Flexor profundus digitorum and Flexor
longus pollicis muscles, giving off' in this situation muscular branches, and the
nutrient arteries of the radius and ulnar.
At the upper border of the Pronator
quadratus, a branch descends beneath the muscle, to anastomose in front of the
carpus with branches from the anterior carpal and deep palmar arch. The continuation of the artery passes behind the Pronator quadratus (Fig. 333), and,
piercing the interosseous membrane, anastomoses with the posterior interosseous
artery.
It then descends to the back of the wrist to join the posterior carpal
arch.
The anterior interosseous gives off a long, slender branch, which accompanies the median nerve, and gives offsets to its substance. This, the median
artery^ is sometimes much enlarged.
The posterior interosseous artery passes backwards through the interval
between the oblique ligament and the upper border of the interosseous membrane, and runs down the back part of the forearm, between the superficial and
deep layer of muscles, to both of which it distributes branches. Descending to
the back of the wrist, it anastomoses with the termination of the anterior
interosseous, and with the posterior carpal branches of the radial and ulnar
arteries.
This artery gives off, near its origin, the interosseous recurrent branch,
a large vessel, which ascends to the interval between the external condyle and
olecranon, beneath the Anconeus and Supinator brevis, anastomosing with a
branch from the superior profunda, and with the posterior ulnar recurrent and
joint, passes

;

anastomotica magna.
The muscular branches are distributed to the muscles along the, ulnar side of
the forearm.

)

;
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The cavpal

tranches are intended for the supply of the wrist-joint.
is a small vessel which crosses the front of the carpus
beneath the tendons of the
333.— Arteries of th.e Back of the Forearm and Hand. Flexor profundus, and inoscuescending JBrnnch from
lates
with a correspondingbranch of the radial artery.
The posterior carpal arises
immediately above the pisiform
bone, and winds backwards beneath the tendon of the Flexor
carpi ulnaris
it gives oft'
a
branch, which passes across the
dorsal surface of the carpus beneath the extensor tendons,
anastomosing with a corresponding branch of the radial artery,
and forming the posterior carpal arch it is then continued
along the metacarpal bone of

Tlie anterior carpal
Figr.

;

;

the
teiinr Jjiterosseous

Tefitilncttton

of

nterioi- Interosseous

Posterior Ca

{Vina

Fosterior Carpa.1

(Radial

little

finger,

forming

its

dorsal branch.
The deep or communicating
branch (Fig. 332) arises at the
commencement of the palmar
arch, and passes deeply inwards
between the Abductor minimi
digiti and Flexor brevis minimi digiti, near their origins
it anastomoses with the termination of the radial artery, completing the deep palmar arch.
The digital branches (Fig.
331), four in number, are given
off from the convexity of the
superficial palmar arch.
They
supply the ulnar side of the
little finger, and the adjoining
sides of the little, ring, middle,
and index fingers; the radial
side of the index finger and
thumb being supplied from

the radial artery.

The

digital

arteries at first lie superficial to
Dorsalis FolUcL

Do 7'salls Jjidicls

the Flexor tendons, but as they
pass forwards with the digital
nerves to the clefts between the

they lie between them,
and are there joined by the interosseous branches from the
deep palmar arch. The digital
arteries on the sides of the fingers lie beneath the digital nerves and, about the middle of the last phalanx,
the two branches for each finger form an arch, from the convexity of which
branches pass to supply the matrix of the nail.
fingers,

;
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The Descending- Aorta.
The Descending Aorta
nal, in

is divided into two portions, the thoracic and abdomicorrespondence with the two great cavities of the trunli in which it is

situated.

The Thoracic Aorta commences

lower border of the fourth dorsal veropening in the Diaphragm, in
front of the last dorsal vertebra.
At its commencement, it is situated on the left
side of the spine it approaches the median line as it descends
and, at its termination, lies directly in front of the column.
The direction of this vessel being
influenced by the spine, apon which it rests, it describes a curve which is concave
forwards in the dorsal region. As the branches given oft' from it are small, the
diminution in the size of the vessel is inconsiderable. It is contained in the
back part of the posterior mediastinum, being in relation, in front^ from above
downwards, with the left pulmonary arter}^, the left bronchus, the pericardium,
and the oesophagus; hehind^ with the vertebral column and the vena azygos
minor; on the right side, with the vena azygos major and thoracic duct; on the
left side, with the left pleura and lung.
The oesophagus, with its accompanying
nerves, lies on the right side of the aorta ciI)ove : in front of the artery, in the
middle of its course whilst, at its lower part, it is on the left side, on a plane
tebra,

on the

left side,

at the

and terminates

at the aorta

;

;

;

^interior to

it.

Plan of the Relations of the Thoracic Aorta.
In/ro7it.
Left pulmonary artery.
Left bronclius.

Pericardium.
(Esophagus.

Right side.
(Esophagus (above).
Yena azygos major.
Thoracic duct.

/^ ^\
/

Thoracic
Aorta.

Left side.

^
]

/

\

Pleura.
Left lung.

(Esophagus (below).

Behind.
Vertebral column.
Vena azygos minor.
Surgical Anatomy. The student should now consider the effects likely to be produced by
aneurism of the thoracic aorta, a disease of common occurrence. When we consider the great
depth of the vessel from the surface, and the number of important structures which surround
it on every side, it may be easily conceived what a variety of obscure symptoms may arise from
disease of this part of the arterial system, and how they may be liable to be mistaken for those
Aneurism of the thoracic aorta most usually extends backwards, along the
of other aftections.
left side of the spine, producing absorption of the bodies of the vertebrse, with curvature of the
spine; whilst the irritation or pressure on the cord will give rise to pain, either in the chest,
back, or loins, with radiating pain in the left upper intercostal spaces, from pressure on the intercostal nerves
at the same time the tumor may project backwards on each side of the spine,
;

beneath the integument, as a pulsating swelling, simulating abscess connected with diseased bone;
or it may displace the cesophagus, and compress the lung on one or the other side. If the tumor
extend forward, it may press upon and displace the heart, giving rise to palpitation and other
symptoms of disease of that organ; or it may displace, or even compress, the oesophagus, causing
pain and difficulty of swallowing, as in stricture of that tube, and ultimately even open into it
by ulceration, producing fatal hemorrhage. If the disease make way to either side, it may press
upon the thoracic duct or it may burst into the pleural cavity, or into the trachea or lung; and
lastly, it may open into the posterior mediastinum.
The aorta is, comparatively often, found to be obliterated at a particular spot, viz., at the
Whether this is
Junction of the arch with the thoracic aorta, just below the ductus arteriosus.
the result of disease, or of congenital malformation, is immaterial to our present purpose it
The
affords an interesting opportunity of observing the resources of the collateral circulation.
course of the anastomosing vessels, by which the blood is brought from the upper to the lower
part of the artery, will be found well desci-ibed in an account of two cases in the Pathological
In the former (p. 162), Mr. Sydney Jones thus sums up the
Transactions, vols. viii. and x.
;

;

34
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detailed description of tlie anastomosing vessels: " The principal communications by which the
circulation was carried on, were
Firstly, the internal mammary, anastomosing with the intercostal arteries, with the phrenic of the abdominal aorta by means of the musculo-phrenic and
comes nervi phrenici, and largely with the deep epigasti'ic. Secondly, the superior intercostal,
anastomosing anteriorly by means of a large branch with the tirst aortic intercostal, and posteriorly with the posterior branch of the same artery.
Thirdly, the inferior thyroid, by means
of a branch about the size of an ordinary radial, formed a communication with the first aortic
intercostal.
Fourthly, the transversalis colli, by means of very large communications with the
posterior branches of the intercostals.
Fifthly, the branches (of the subclavian and axillary)
going to the side of the chest were large and anastomosed freely with the lateral branches of the
intercostals."
In the second case also (vol. x., p. 97), Mr. Wood describes the anastomoses in a
somewhat similar manner, adding the remark, that "the blood which was brought into the
aorta through the anastomoses of the intercostal arteries, appeared to be expended principally
in supplying the abdomen and pelvis; while the supply to the lower extremities had passed
through the internal mammary and epigastrics."

—

Branches of the Thoracic Aorta.
Pericardiac.

Esophageal,

Bronchial.

Posterior Mediastinal.
Intercostal.

^\\Q pericardiac are a iew small vessels, irregular in their origin, distributed to
the pericardium.
The hronchicd arteries are the nutrient vessels of the lungs, and vary in number, size, and origin. That of the right side arises from the first aortic intercostal,
or by a common trunk with the left bronchial, from the front of the thoracic
aorta.
Those of the left side, usually two in number, arise from the thoracic
aorta, one a little lower than the other. Each vessel is directed to the back part
of the corresponding bronchus, along which they run, dividing and subdividing
upon the bronchial tubes, supplying them, the cellular tissue of the lungs, the
bronchial glands, and the oesophagus.
The oesophageal arteries^ iisually four or five in number, arise from the front of
the aorta, and pass obliquely downwards to the oesophagus, forming a chain of
anastomoses along that tube, anastomosing with the oesophageal branches of the
inferior thyroid arteries above, and with ascending branches from the phrenic and
gastric arteries below.
l^}iQ posterior mediastinal arteries are numerous small vessels which supply the
glands
and loose areolar tissue in the mediastinum.
t)
The intercostal arteries arise from the back part of the aorta. They are usually
ten in number on each side, the superior intercostal space (and occasionally the
second one) being supplied by the superior intercostal, a branch of the subclavian.
The right intercostals are longer than the left, on account of the position of the
aorta on the left side of the spine they pass outwards, across the bodies of the
vertebra, to the intercostal spaces, being covered by the pleura, the oesophagus,
thoracic duct, sympathetic nerve, and the vena azygos major; the left passing
beneath the superior intercostal vein, the vena azygos minor, and sympathetic.
In the intercostal spaces, each artery divides into two branches an anterior, or
proper intercostal branch and a posterior, or dorsal branch.
The anterior hranch passes outwards, at first lying upon the External interIt then passes
costal muscle, covered in front by the pleura and a thin fascia.
between the two layers of Intercostal muscles, and, having ascended obliquely
to the lower border of the rib above, divides, near the angle of that bone, into
two branches of these, the larger runs in the groove on the lower border of
the rib above, the smaller branch along the upper border of the rib below passing forward, they supply the Intercostal muscles, and anastomose with* the anterior
intercostal branches of the internal mammary, and with the thoracic branches of
the axillary artery. The first aortic intercostal anastomoses with the superior
intercostal, and the last three pass between the abdominal muscles, inosculating
with the epigastric in front, and with the phrenic and lumbar arteries. Each
;

;

:

:

;
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accompanied by a vein and nerve, the former being above,
upper intercostal spaces, where the nerve is
The arteries are protected from pressure during the
at first above the artery.
action of the Intercostal muscles by fibrous arches thrown across, and attached
by, each extremity to the bone.
The posterior or dorsal branch^ of each intercostal artery, passes backwards to
the inner side of the anterior costo- transverse ligament, and divides into a spinal
branch, which supplies the vertebrte, the spinal cord and its membranes, and a
muscular branch, which is distributed to the muscles and integument of the back.

intercostal artery

and the

is

latter below, except in the

Fig. 334.

—The Abdominal Aorta and

The Abdominal Aorta.

its

Branches.

(Fig. 334.)

The Abdominal Aorta commences at the aortic opening of the Diaphragm, in
front of the body of the last dorsal vertebra, and, descending a little to the left
side of the vertebral column, terminates on the body of the fourth lumbar ver-
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tebra,

commonly

two common

a

little

to the left of the middle line/ where it divides into the
It diminishes rapidly in size, in consequence of the

iliac arteries.

man}^ large branches which it gives off. As it lies upon the bodies of the vertehvie, the curve which it describes is convex forwards, the greatest convexity corresponding to the third lumbar vertebra, which is a little above and to the left
side of the umbilicus.
delations.
It is covered, in front,

which are the branches of the

lesser omentum and stomach, behind
and the solar plexus below these, by

by the

coeliac axis

;

the splenic vein, the pancreas, the left renal vein, the transverse portion of the
duodenum, the mesentery, and aortic plexus. Behind, it is separated from the
lumbar vertebras by the left lambar veins, the receptaculum chyli, and thoracic
duct.
On the right side, it is in relation with the superior vena cava (the right
crus of the Diaplaragm being interposed above), the vena azygos, thoracic duct,
and right semilunar ganglion on the left side, with the sympathetic nerve and
left semilunar ganglion.
;

Plan

of the Relations of the

Abdominal Aorta.

In front.
Lesser omentRin aud stomach.

Branches of

and

coeliac axis

solar plexus.

Splenic vein.
Pancreas.
Left renal vein.

Transverse duodenum.
Mesentery.
Aortic plexus.

y^

Right Side.
Eight crus of Diaphragm.
Inferior vena cava.

Vena

^\

(

Left Side.

\

/

^^"^^^^i"^^

Sympathetic nerve.
Left semilunar ganglion.
)

azygos.
Thoracic duct.

Eight semilunar ganglion.
Behind.
Left lumbar veins.

Eeceptaculum

chyli.

Thoracic duct.
Vertebral column.
Surgical Anatomy. Aneurisms of the abdominal aorta near the coeliac axis communicate in
nearly equal proportion with the anterior and posterior parts of the artery.
When an aneurismal sac is connected with the back part of the abdominal aorta, it usually
produces absorption of the bodies of the vertebrge, and forms a pulsating tumor, that presents
itself in the left hypochondriac or epigastric regions, accompanied by symptoms of disturbance
Pain is invariably present, and is usually of two kinds a fixed and
of the alimentary canal.
constant pain in the back, caused by the tumor pressing on or displacing the branches of the solar
plexus and splanchnic nerves, and a sharp lancinating pain, radiating along those branches of the
lumbar nerves which are pressed on by the tumor hence the pain in the loins, the testes, the
hypogastrium, and in the lower limb (usually of the left side). This form of aneurism usually
bursts into the peritoneal cavity, or behind the peritoneum, in the left hypochondriac region; or
it may form a large aneurismal sac, extending down as low as Poupart's ligament; hemorrhage
in these cases being generally very extensive, but slowly produced, and not rapidly fatal.
When an aneurismal sac is connected with the front of the aorta near the coeliac axis, it forms
a pulsating tumor in the left hypochondriac or epigastric regions, usually attended with symptoms
of disturbance of the alimentary canal, as sickness, dyspepsia, or constipation, and accompanied
by pain, which is constant, but nearly always fixed in the loins, epigastrium, or some part of the
abdomen the radiating pain being rare, as the lumbar nerves are seldom implicated. This form
of aneurism may burst into the peritoneal cavity, or behind the peritoneum, between the layers

—

;

;

^ Prof. Lister, having accurately examined 30 bodies in order to ascertain the exact point of
termination of this vessel, found it " either absolutely, or almost absolutely, mesial in 15, while
in 13 it deviated more or less to the left, and in 2 was slightly to the right."
Syst. of Surg.,
edited by T. Holmes, 2d ed., vol. v., p. 652.
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of the mesentery, or, more rarely, into the duodenmn
it rarely extends backwards so as to
affect the spine.
The abdominal aorta has been tied several times, and although none of the patients permanently recovered, still, as one of them lived as long as ten days, the possibility of the re-establishment of the circulation may be considered to be proved. In the lower animals this artery is
often successfully tied.
The vessel may be reached in sevei-al ways. In the original operation,
performed by Sir A. Cooper, an incision was made in the linea alba, the peritoneum opened in
front, the finger carried down amongst the intestines towards the spine, the peritoneum again
opened behind, by scratching through the mesentery, and the vessel thus reached. Or either of
the operations, described below, for securing the common iliac artery, may, by extending the
dissection a sufficient distance upwards, be made use of to expose the aorta.
The chief difficulty
in the dead subject consists in isolating the artery, in consequence of its great depth
but in the
living subject, the embarrassment resulting from the proximity of the aneurismal tumor, and the
great probabiHty of disease in the vessel itself, add to the dangers and difficulties of this formidable operation so greatly that it is very doubtful whether it ought ever to be performed.
The collateral circulation would be carried on by the anastomosis between the internal mammary and the epigastric by the free communication between the superior and inferior mesenteries, if the ligature were placed above the latter vessel
or by the anastomosis between the
inferior mesenteric and the internal pudic, when (as is more common) the point of ligature is
below the origin of the inferior mesenteric, and possibly by the anastomoses of the lumbar
arteries with the branches of the internal iliac.
The circulation through the abdominal aorta may be commanded, in thin persons, by firm
pressure with the fingers.
tourniquet has been invented for this purpose, which is of the
greatest use in amputation at the hip-joint and some other operations.
;

;

;

;

A

Brakches of the Abdominal Aorta.
Phrenic.
-x

(

.

Hepatic.
Splenic.

Superior mesenteric.

Lumbar.

Suprarenal.

Sacra media.

The branches may be divided
2.

Eenal.
Spermatic.
Inferior mesenteric.

Gastric.

i

Coeliac axis,

Those distributed

into

two sets: 1, Those supplying the
abdomen.

Visceral Branches.

Parietal Branches.

Phrenic.

( Gastric.
Coeliac axis.< Hepatic.
( Splenic.
Superior mesenteric.
Inferior mesenteric.

Suprarenal.

viscera.

to the walls of the

Renal.

Lumbar.
Sacra media.

Spermatic.

Cceliac Axis.
To expose this artery, raise the liver,
layers of the lesser omentum.

(Fig. 335.)

draw down the stomach, and then

tear through the

The

Coeliac axis is a short, thick trunk, about half an inch in length, which
aorta, opposite the margin of the Diaphragm, and, passing nearly
horizontally forwards (in the erect posture), divides into three large branches, the
arises

from the

and splenic, occasionally giving off" one of the phrenic arteries.
Relations.
On the right side^ it is in
It is covered by the lesser omentum.
relation with the right semilunar ganglion and the lobus Spigelii on the left side^
with the left semilunar ganglion and cardiac end of the stomach. Beloiv^ it rests
gastric, hepatic,

;

upon the upper border of the pancreas.
The Gastric Artery ( Coronaria Ventriculi), the smallest of the three branches
of the coeliac axis, passes upwards and to the left side to the cardiac orifice of the
stomach, distributing branches to the oesophagus, which anastomose with the
aortic oesophageal arteries
others supply the cardiac end of the stomach, inosculating with branches of the splenic artery it then passes from left to right,
along the lesser curvature of the stomach to the pylorus, lying in its course between
;

:
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the layers of

organ

:

tlie

lesser

omentum, and giving branches

at its termination it

to both surfaces of the
anastomoses with the pyloric branch of the hepatic.

The Hepatic Aetery in the adult is intermediate in size between the gastric
and splenic in the foetus, it is the largest of the three branches of the coeliac axis.
It passes upwards to the right side, between the layers of the lesser omentum, and
in front of the foramen of Winslow, to the transverse fissure of the liver, where
it divides into two branches, right and left, wdiich supply the corresponding lobes
of that organ, accompanying the ramifications of the vena portee and hepatic duct.
The hepatic artery, in its course along the right border of the lesser omentum, is
;

rig. 335.

—The Coeliac Axis and

its

the Lesser

^J-

Branches, the Liver having been raised, and

Omentum removed.

>^

in relation with the ductus communis choledochus and portal veins, the duct lying
to the right of the artery, and the vena portge behind.
Its

branches are the
Pyloric.

Gastro-duodenalis.

Gastro-epiploica dextra,
Pancreatico -duodenalis superior.

Cystic.

The pyloric branch arises from the hepatic, above the pylorus, descends to the
pyloric end of the stomach, and passes from right to left along its lesser curvature, suppljdng it with branches, and inosculating with the gastric artery.
The (j astro -duodenalis (Fig. 336) is a short but large branch, which descends
behind the duodenum, near the pylorus, and divides at the lower border of the

,
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stomacli into two branches, the gastro-epiploica dextra and the pancreaticoduodenalis superior. Previous to its division, it gives off two or three small
inferior pyloric branches to the pyloric end of the stomach and pancreas.
The gastro-epiploica dextra runs from right to left along the greater curvature
of the stomach, between the layers of the great omentum, anastomosing, about
the middle of the lower border of the stomach, with the gastro-epiploica sinistra
from the splenic artery. This vessel gives off numerous branches, some of which
ascend to supply both surfaces of the stomach, whilst others descend to supply

the great omentum.
The pancreatico-duodenalis superior descends along the contiguous margins of
It supplies both these organs, and anastomoses
the duodenum and pancreas.
Fig. 336.

—The Oceliae Axis and

its Branches, the Stomach having been raised, and
the Transverse Meso-colon removed.

Gft-ftt

with the inferior pancreatico-duodenal branch of the superior mesenteric artery,
and Avith the pancreatic branches of the Splenic.
In ulceration of the duodenum, which frequently occurs in connection with
severe burns, this artery may be involved, and death may occur from hemorrhage
into the intestinal canal.
The cystic artery (Fig. 335), usually a branch of the right hepatic, passes
upwards and forwards along the neck of the gall-bladder, and divides into two
branches, one of which ramifies on its free surface, the other between it and the

substance of the liver.

The Splenic Arteey,
coeliac axis,

and

is

in the adult,

is

the largest of the three branches of the
its course.
It passes

remarkable for the extreme tortuosity of

:
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horizontally to tlie left side beliind the upper border
panied by the splenic vein, which lies below it; and, on
divides into branches, some of which enter the hilum
tributed to its structure, whilst others are distributed

of the pancreas,
arriving near the
of that organ to
to the great end

accomspleen,

be

dis-

of the

stomach.
The branches of this vessel are
Gastric (Yasa brevia).
Gastro-epiploica sinistra.

Pancreaticge parvse.

Pancreatica magna.

^\\Q pancreatic are numerous small branches derived from the splenic as it runs
behind the upper border of the pancreas, supplying its middle and left parts.
One of these, larger than the rest, is given off from the splenic near the left
extremity of the pancreas it runs from left to right near the posterior surface
of the gland, following the course of the pancreatic duct, and is called the pancreatica magna.
These vessels anastomose with the pancreatic branches of the
pancreatico-duodenal arteries, derived from the hepatic on the one hand and
superior mesenteric on the other.
The gastric {vasa brevia) consist of from five to seven small branches, which
arise either from the termination of the splenic artery or from its terminal
branches and passing from left to right, between the layers of the gastro-splenic
omentum, are distributed to the great curvature of the stomach; anastomosing
with branches of the gastric and gastro-epiploica sinistra arteries.
The gastro-epiploica sinistra^ the largest branch of the splenic, runs from left
to right along the great curvature of the stomach, between the layers of the
great omentum, and anastomoses with the gastro-epiploica dextra. In its course
it distributes several branches to the stomach, which ascend upon both surfaces;
others descend to supply the omentui*!?.
;

;

SuPEEioR Mesenteric Artery.
In order to expose this vessel, raise the great
small intestines, and cut throiagh the peritoneum
join: the artery will then be exposed, just as
pancreas.

(Fig, 337.)

omentum and

transverse colon, draw down the
where the transverse meso-colon and mesentery
it issues from beneath the lower border of the

The Superior Mesenteric Artery supplies the whole length of the small
except the first part of the duodenum it also supplies the coecum,

intestine,

;

ascending and transverse colon it is a vessel of large size, arising from the fore
part of the aorta, about a quarter of an inch below the coeliac axis being covered
at its origin by the splenic vein and pancreas.
It passes forwards, between the
pancreas and transverse portion of the duodenum, crosses in front of this portion
of the intestine, and descends between the layers of the mesentery to the right
iliac fossa, where it terminates, considerably diminished in size.
In its course it
forms an arch, the convexity of wdiich is directed forwards and downwards to
the left side, the concavity backwards and upwards to the right. It is accompanied by the superior mesenteric vein, and is surrounded by the superior mesenteric plexus of nerves.
Its branches are the
;

;

Inferior pancreatico-duodenal.

Ileo-colic.

Vasa

Colica dextra.

intestini tenuis.

Colica media.

The inferior pancreatico-duodenal is given off from the superior mesenteric
behind the pancreas, and is distributed to the head of the pancreas, with the
transverse and descending portions of the duodenum,; anastomosing with the
superior pancreatico-duodenal artery.
The vasa intestini tenuis arise from the convex side of the superior mesenteric
artery.
They are usually from twelve to fifteen in number, and are distributed
They run parallel with one another between the
to the jejunum and ileum.
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layers of the mesentery each vessel dividing into two branches, which unite
with a similar branch on each side, forming a series of arches, the convexities
of which are directed towards the intestine. From this first set of arches
branches arise, which again unite with similar branches from either side, and
thus a second series of arches is formed and from these latter, a third, and a
fourth, or even fifth series of arches are constituted, diminishing in size the
nearer they approach the intestine. From the terminal arches numerous small
straight vessels arise, which encircle the intestine, upon which they are distributed,
ramifying thickly between its coats.
;

;

Fig. 337.

—The Superior Mesenteric Artery and

its

Branches.

The ileo-colic artery is the lowest branch given off' from the concavity of the
superior mesenteric artery.
It descends between the layers of the mesentery to
the right iliac fossa, where it divides into two branches. Of these, the inferior
one inosculates with the lowest branches of the vasa intestini tenuis, from the
convexity of which branches proceed to supply the termination of the ileum,
the coecum and appendix coeci, and the ileo-coecal valve.
The superior division
inosculates with the colica dextra, and supplies the commencement of the colon.
The colica dextra arises from about the middle of the concavity of the superior mesenteric artery, and, passing beneath the peritoneum to the middle of the
ascending colon, divides into two branches a descending branch, which inosculates with the ileo-colic
and an ascending branch, which anastomoses with the
colica media.
These branches form arches, from the convexity of which vessels

k

:

;
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The branches of this 'Vessel are covered
are distributed to the ascending colon.
with peritoneum only on their anterior aspect.
The colica media arises from the upper part of the concavity of the superior
mesenteric, and, passing forwards between the layers of the transverse meso-colon,
divides into two branches the one on the right side inosculating with the colica
dextra that on the left side, with the colica sinistra, a branch of the inferior
mesenteric. From the arches formed by their inosculation, branches are disThe branches of this vessel lie between two
tributed to the transverse colon.
layers of peritoneum.
:

;

Inferior- Mesenteric Artery.

(Fig, 338.)

In order to expose this vessel, draw the small intestines and mesentery over to the right side
of the abdomen, raise the transverse colon towards the thorax, and divide the peritoneum covering the left side of the aorta.

Fig. 338.

— The Inferior Mesenteric and

its

Branches.

Inferior BtMiinrrtiuiilut

The Inferior Mesenteric Artery supplies the descending and sigmoid
flexure of the colon, and the greater part of the rectum.
It is smaller than the
superior mesenteric and arises from the left side of the aorta, between one and
two inches above its division into the common iliacs. It passes downwards to
the left iliac fossa, and then descends, between the layers of the meso-rectum,
into the pelvis, under the name of the superior hemorrhoidal artery.
It lies at
;
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first in close relation with the left side of the aorta, and then passes as the superior hemorrhoidal in front of the left common iliac artery.
Its branches are the

Colica sinistra.

Sigmoid.

Superior hemorrhoidal.

The colica sinistra passes behind the peritoneum, in front of the left kidney,
to reach the descending colon, and divides into two branches
an ascending
branch, which inosculates with the colica media; and a descending branch, which
anastomoses with the sigmoid artery. From the arches formed by these inoscu:

branches are distributed to the descending colon.
sic/moid artery runs obliquely downwards across the Psoas muscle to the
sigmoid flexure of the colon, and divides into branches which supply that part

lations,

The

of the intestine; anastomosing, above, with the colica sinistra; and below, with
the superior hemorrhoidal SLrtevj. This vessel is sometimes replaced by three or
four small branches.
The superior heraorrhoidal artery^ the continuation of the inferior mesenteric,
descends into the pelvis betAveen the layers of the meso-rectum, crossing, in its
course, the ureter and left common iliac vessels.
Opposite the middle of the
sacrum, it divides into two branches, which descend one on each side of the
rectum, where they divide into several small branches, which ar6> distributed between the mucous and muscular coats of that tube, nearly as far as its lower
end
anastomosing with each other, with the middle hemorrhoidal arteries,
branches of the internal iliac, and with the inferior hemorrhoidal branches of
the internal pudic.
The student should especially remark that the trtink of the vessel descends
along the back part of the rectum as far as the middle of the sacrum before it
divides this is about a finger's length or four inches from the anus.
In disease
of this tube, the rectum should never be divided beyond this point in that direction, for fear of involving this artery.
The SuPRAKENAL Arteries (Fig. 334) are two small vessels, which arise, one
on each side of the aorta, opposite the superior mesenteric artery. Tliey pass
obliquely upwards and outwards to the under surface of the suprarenal capsules,
to which they are distributed, anastomosing with capsular branches from the
phrenic and renal arteries. In the adult these arteries are of small size in the
foetus they are as large as the renal arteries.
The E,e:ntal Arteries are two large trunks, which arise from the sides of the
aorta, immediately below the superior mesenteric artery.
Each is directed outThe right is longer
wards, so as to form nearly a right angle with the aorta.
than the left, on account of the position of the aorta; it passes behind the inferior
vena cava. The left is somewhat higher than the right. Previously to entering
the kidney, each artery divides into four or five branches, which are distributed
to its substance.
At the hilum these branches lie between the renal vein and
ureter, the vein being usually in front, the ureter behind.
Each vessel gives off*
some small branches to the suprarenal capsules, the ureter and the surrounding
cellular membrane and muscles.
The Spermatic Arteries are distributed to the testes in the male, and to the
ovaria in the female. They are two slender vessels, of considerable length, which
arise from the front of the aorta, a little below the renal arteries.
Each artery
passes obliquely outwards and downwards, behind the peritoneum, crossing the
ureter, and resting on the Psoas muscle, the right spermatic lying in front of the
inferior vena cava, the left behind the sigmoid flexure of the colon. On reaching
the margin of the pelvis, each vessel passes in front of the corresponding external
iliac artery, and takes a different course in the two sexes.
In the male^ it is directed outwards to the internal abdominal ring, and accompanies the other constituents of the spermatic cord along the spermatic canal to
the testis, where it becomes tortuous, and divides into several branches, two or
three of which accompany the vas deferens, and supply the epididymis, anasto;

;

;
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mosing witli the artery of tlie vas deferens; others pierce the back part of the
tunica albuginea, and supply the substance of the testis.
In the female^ the spermatic arteries (ovarian) are shorter than in the male,
and do not pass out of the abdominal cavity. On arriving at the margins of
the pelvis each artery passes inwards, between the two laminae of the broad
ligament of the uterus, to be distributed to the ovary. One or two small
branches supply the Fallopian tube another passes on to the side of the uterus, and
anastomoses with the uterine arteries. Other offsets are continued along the round
ligament, through the inguinal canal, to the integument of the labium and groin.
At an Cc^rly period of foetal life, when the testes lie by the side of the spine,
below the kidneys, the spermatic arteries are short; but as these organs descend
from the abdomen into the scrotum the arteries become gradually lengthened.
The Phrenic Arteries are two small vessels, which present much variety in
their origin. They may arise separately from the front of the aorta, immediately
above the coeliac axis, or by a common trunk, which may spring either from the
aorta or from the coeliac axis. Sometimes one is derived from the aorta and the
other from one of the renal arteries. In only one out of thirty-six cases examined
did these.arteries arise as two separate vessels from the aorta. They diverge from
one another across the crura of the Diaphragm, and then pass obliquely upwards
and outwards upon its under surface. The left phrenic passes behind the oesophagus, and runs forwards on the left side of the oesophageal opening.
The right
phrenic passes behind the liver and inferior vena cava, and ascends along the
right side of the aperture for transmitting that vein.
Near the back part of the
central tendon, each vessel divides into two branches.
The internal branch runs
forwards to the front of the thorax, supplying the Diaphragm, and anastomosing
with its fellow of the opposite side, and with the musculo-phrenic, a branch of
the internal mammary. The external branch passes towards the side of the
thorax, and inosculates with the intercostal arteries. The internal branch of the
right phrenic gives off a few vessels to the inferior vena cava and the left one
some branches to the oesophagus. Each vessel also sends capsular branches to
the suprarenal capsule of its own side. The spleen on the left side, aud the liver
on the rio;ht also receive a few branches from these vessels.
The Lumbar Arteries are analogous to the intercostal. They are usually
four in number on each side, and arise from the back part of the aorta, nearly at
right angles with that vessel.
They pass outwards and backwards, around the
sides of the body of the corresponding lumbar vertebra, behind the sympathetic
nerve and the Psoas muscle those on the right side being covered by the inferior
vena cava, and the two upper ones on each side by the crura of the Diaphragm.
In the interval between the transverse processes of the vertebrae each artery
divides into a dorsal and an abdominal branch.
The dorsal hranch gives off, immediately after its origin, a spinal branch, which
enters the spinal canal
it then continues its course backwards, between the
transverse processes, and is distributed to the muscles and integument of the back,
anastomosing with the similar branches of the adjacent lumbar arteries, and with
the posterior branches of the intercostal arteries.
The spinal hranch^ besides supplying offsets which run along the nerves to the
dura mater and cauda equina, anastomosing with the other spinal arteries, divides
into two branches, one of which ascends on the posterior surface of the body of
the vertebra above, and the other descends on the posterior surface of the body
of the vertebra below, both vessels anastomosing with similar branches from
neighboring spinal arteries. The inosculations of these vessels on each side,
throughout the whole length of the spine, form a series of arterial arches behind
the bodies of the vertebrge, which are connected with each .other, and with a median
longitudinal vessel, extending along the middle of the posterior surface of the
bodies of the vertebree, by transverse branches. From these vessels offsets are
distributed to the periosteum and bones.
The ahdominal branches pass outwards, behind the Quadratus lumborum, the
;

;

;

;
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lowest branch occasionallj in front of that muscle, and, being continued between
the abdominal muscles, anastomose with branches of the epigastric and internal
mammary in front^ the intercostals above and those of the ilio-lumbar and cir^

€umflex

iliac below.

The Middle Sacral Artery
which

is

a small vessel, about the size of a crow-quill,

from the back part of the aorta, just at its bifurcation. It descends
Tipon the last lumbar vertebra, and along the middle line of the front of the
sacrum, to the upper part of the coccyx, where it anastomoses with the lateral
sacral arteries, and terminates in a minute branch, which runs down to the situation of the body presently to be described as "Luschka's gland."
From it
branches arise which run through the meso-rectum, to supply the posterior
Other branches are given oft' on each side, which anassurface of the rectum.
tomose with the lateral sacral arteries, and send off small offsets which enter the
arises

anterior sacral foramina.
Coccyjeal Gland^ or Ltischka's Gland.
Lying near the tip of the coccyx,
in a small tendinous interval formed by the union of the Levator ani muscles
of either side, and just above the coccygeal attachment of the Sphincter ani, is
a small conglobate body, about as large as a lentil or a pea, first described by
Luschka,^ and named by him the coccygeal gland^ but the real nature and uses of
which are doubtful, nor does it seem at present certain that it always exists.
Its most obvious connections are with the arteries of the part.
It receives
-comparatively large branches from the middle and lateral sacral arteries and
its stricture, according to Julius Arnold,^ consists in great measure of dilated
-arterial vessels.
On this account Arnold proposes to call it not a .gland, but
"glomerulus anterio-coccygeus." It is sometimes single, sometimes formed of
several lobes, surrounded by a very definite capsule, into which the sympathetic
ff laments from the ganglion impar are to be traced, and in which they are said
by some observers to terminate. The structure of the body is composed of a
number of cavities, which Luschka believes to be glandular follicles, but which are
regarded by Arnold as fusiform dilatations of the terminal branches from the middle
sacral arteries.
Nerves pass into this little body both from the sympathetic and
from the fifth sacral, and in the interstices of the lobules nerve-cells are described.
This body has been variously regarded as an appendage to the nervous or to the
-arterial system.
The former seems to be Luschka's view, the latter is Arnold's.^
Arnold's view is supported by the observation of Dr. Macalister,* tliat he has found
in several birds the middle sacral arteries terminating in a bunch of interlacing
and anastomosing capillaries, but without any capsule and it is rendered in the
highest degree probable, if Arnold's observation be correct, that several small
saccular bodies, of a somewhat similar kind, may be found connected with the

—

;

;

middle sacral artery.

For a more detailed description of this body, we would refer to the elaborate
account in "Luschka's Anatomic," and to the authorities quoted in Dr. Macalister's paper, as well as to a monograph by Dr. W. Mitchell Banks, reprinted in
1867 from the " Glasgow Medical Journal."

Common

Iliac Arteries.

The abdominal aorta divides into the two common iliac arteries. The bifurcation usually takes place on the left side of the body of the fourth lumbar
^
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Medicin.
^ In a course of lectures recently delivered at the College of Surgeons on the Development of
the Brain, Mr. Callender suggests that Luschka's gland may have the same relation to the development of the spinal cord as he proves the pineal and pituitary body to have to that of the brain.
Brit. Med. Journ., Jime 13. 1874.
* British Medical Journal., Jan. 11, 1868.
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This point corresponds to the left side of the umbilicus, and is on a
drawn from the highest point of one iliac crest to the other.
The common iliac arteries are about two inches in length diverging from the
termination of the aorta, they pass downwards and outwards to the margin of
the pelvis, and divide opposite the intervertebral substance, between the last
lumbar vertebra and the sacrum, into two branches, the external and internal
iliac arteries
the former supplying the lower extremity the latter, the viscera
and parietes of the pelvis.
The ri(jht common iliac is somewhat larger than the left, and passes more
obliquely across the body of the last lumbar vertebra.
In front of it are the
peritoneum, the ilium, branches of the sympathetic nerve, and, at its point of
division, the ureter.
Behind^ it is separated from the last lumbar vertebra by
the two common iliac veins.
On its outer side, it is in relation with the inferior
vena cava and the right common iliac vein, above and the Psoas magnus
muscle below.
The le/t com,mon iliac is in relation, in front, with the peritoneum, branches of
the sympathetic nerve, and the superior hemorrhoidal artery and is crossed at its
point of bifurcation by the ureter.
The left common iliac vein lies partly on the
inner side and partly beneath the arterj^ on its outer side, the artery is in relation with the Psoas magnus.
Branches. The common iliac arteries give off small branches to the peritoneum. Psoas muscles, ureters, and the surrounding cellular membrane, and occavertebra.

level with a line

;

;

;

;

;

;

sionally give origin to the ilio-lumbar or renal arteries.

Plan of the Relations of the Common Iliac Arteries.
In Front.
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The point of origin varies according to the bifurcation of the aorta. In threePeculiarities.
fourths of a large number of cases, the aorta bifurcated either upon the fourth lumbar vertebra
or upon the intervertebral disk between it and the fifth the bifurcation being, in one case out
In ten out of every thirteen cases th&
of nine below, and in one out of eleven above this point.
vessel bifurcated within half an inch above or below the level of the crest of the ilium more
frequently below than above.
The point of division is subject to great variety. In two-thirds of a large number of cases it
was between the last lumbar vertebra and the upper border of the sacrum being above that
The left common iliac artery
point in one case out of eight, and below it in one case out of six.
divides lower down more frequently than the right.
The relative length, also, of the two common iliac arteries varies. The right common iliac was
the longer in sixty-three cases the left in fifty-two; whilst they were both equal in fifty -three.
The length of the arteries varied, in five-sevenths of the cases examined, from an inch and a halt
in about half of the remaining cases, the artery was longer; and in the other
to three inches
the minimum length being less than half an inch, the maximum four and a half
half, shorter
inches.
In one instance, the right common iliac was found wanting, the external and internal
iliacs arising directly from the aorta.
;

;

;

;

;

;

The application of a ligature to the common iliac artery may be required
of aneurism or hemorrhage, implicating the external or internal iliacs, or on account
It has been seen that the
of secondary hemorrhage after amputation of the thigh high up.
origin of this vessel corresponds to the left side of the umbilicus on a level with a line drawn
from the highest point of one iliac crest to the opposite one, and its course to a line extending:
Surgical Anatomy.

on account
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of Poupart's ligament.

The

an operation for securing this vessel would materially
the surgeon select the iliac region, a curved incision,

about five inches in length, may be made, commencing on the left side of the umbilicus, carried
outwards towards the anterior superior iliac spine, and then along the upper border of Poupart's
But if the aneurismal tumor should extend high up in the abdoligament, as far as its middle.
men, along the external iliac, it is better to select the side of the abdomen, approaching the
artery from above, by making an incision from four to five inches in length, from about two
inches above and to the left of the umbilicus, carried outwards in a curved direction towards the
lumbar region, and terminating a little below the anterior superior iliac spine. The abdominal
muscles (in either case) having been cautiously divided in succession, the transversalis fascia must
be carefully cut through, and the peritoneum, together with the ureter, separated from the artery
and pushed aside the sacro-iliac articulation must then be felt for, and upon it the vessel will
be felt pulsating, and may be fully exposed in close connection with its accompanying vein. On
the right side, both common iliac veins, as well, as the inferior vena cava, are in close connection
;

Fig. 339.

—Arteries of

tlie Pelvis.

with the artery, and must be carefully avoided. On the left side, the vein usually lies on the
inner side, and Ijehind the artery but it occasionally happens that the two common iliac veins
are joined on the left instead of the right side, which would add much to the difficulty of an
The common iliac artery may be. so short that danger may be appreoperation in such a case.
hended from secondary hemorrhage if a ligature is applied to it. It would be preferable, in such
a case, to tie both the external and internal iliacs near their origin.
Collateral Circulation. The principal agents in carrying on the collateral circulation, after the
application of a ligature to the common iliac, are, the anastomoses of the hemorrhoidal branches
of the internal iliac with the superior hemorrhoidal from the inferior mesenteric; the anastomoses
of the uterine and ovarian arteries, and of the vesical arteries of opposite sides of the lateraj
;

;

;
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sacral with the middle sacral artery; of the epigastric with the internal mammary, inferior
of the obturator
intercostal, and lumbar arteries; of the ilio-lumbar with the last lumbar artery
artery, by means of its pubic branch, with the vessel of the opposite side, and with the internal
epigastric; and of the gluteal with the posterior branches of the sacral arteries.
;

Internal Iliac Artery.

(Fig. 339.)

The internal iliac artery supplies the walls and viscera of the pelvis, tlie genIt is a short, thick vessel, smaller
erative organs, and inner side of tlie tliigli.
than the external iliac, and about an inch and a half in length, which arises at
the point of bifurcation of the common iliac and, passing downwards to the
upper margin of the great sacro-sciatic foramen, divides into two large trunks,
an anterior and posterior a partially obliterated cord, the hypogastric artery,
extending from the extremity of the vessel forwards to the bladder.
Relations.
In front, with the ureter, which separates it from the peritoneum.
Behind, with the internal iliac vein, the lumbo-sacral nerve, and Pyriformis
;

;

muscle.

By

its outer side,

near

its origin,

with the Psoas muscle.

Plan of the Relations of the Internal
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In the fo&tus, the internal iliac artery (hypogastric) is twice as large as the
external iliac, and appears to be the continuation of the common iliac. Passing
forwards to the bladder, it ascends along the sides of that viscus to its summit,
to which it gives branches it then passes upwards along the back part of the
anterior wall of the abdomen to the umbilicus, converging towards its fellow of
the opposite side.
Having passed through the umbilical opening, the two
arteries twine around the umbilical vein, forming with it the umbilical cord
and, ultimately, ramifying in the placenta.
The portion of the vessel within
the abdomen is called the hypogastric artery and that external to that cavity,
the umbilical artery.
At birth, when the placental circulation ceases, the upper portion of the hypogastric artery, extending from the summit of the bladder upwards to the
umbilicus, contracts, and ultimately dwindles to a solid fibrous cord but the
lower portion, extending from its origin (in what is now the internal iliac artery),
for about an inch and a half, to the wall of the bladder, and thence to the summit of that organ, is not totally impervious, though it becomes considerably
reduced in size, and serves to convey blood to the bladder, under the name of
the superior vesical artery.
;

;

;

Peculiarities as regards length.
In two-thirds of a large number of cases, the length of the
internal iliac varied between an inch and an inch and a half; in the remaining third, it was
more frequently longer than shorter, the maximum length being three inches, the minimum half

an inch.

The lengths of the common and internal iliac arteries bear an inverse proportion to each other,
the internal iliac artery being long when the common iliac is short, and vice versa.
As regards its place of division. The place of division of the internal iliac varies between the
upper margin of the sacrum and the upper border of the sacro-sciatic foramen.

;
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The arteries of the two sides in a series of cases often diifered in length, but neither .seemed
constantly to exceed the other.
Surgical Anatomy. The application of a ligature to the internal iliac artery may be required
aneurism or hemorrhage affecting one of its branches. The vessel may be secured by
making an incision through the abdominal parietes in the iliac region, in a direction and to an
extent similar to that for securing the common iliac the transversalis fascia having been cautiously divided, and the peritoneum pushed inwards from the iliac fossa towards the pelvis, the
finger may feel the pulsation of the external iliac at the bottom of the wound
and, by tracing
this vessel upwards, the internal iliac is arrived at, opposite the sacro-iliac articulation.
It should
be remembered that the vein lies behind, and on the right side, a little external to the artery, and
in close contact with it
the ureter and peritoneum, which lie in front, must also be avoided.
The degree of facility in applying a ligature to this vessel will mainly depend upon its length.
It has been seen that, in the great majority of the cases examined, the artery was short, varying
from an inch to an inch and a half in these cases, the artery is deeply seated in the pelvis when,
on the contrary, the vessel is longer, it is found partly above that cavity. If the artery is very
short, as occasionally happens, it would be preferable to apply a ligature to the common iliac, or
upon the external and internal iliacs at their origin.
Collateral Circulation.
In Prof. Owen's dissection of a case, in which the internal iliac artery
had been tied by Stevens ten years before death, for aneurism of the sciatic artery, the internal
iliac was found impervious for about an inch above the point where the ligature had been applied
but the obliteration did not extend to the origin of the external iliac, as the ilio-lumbar artery
arose just above this point.
Below the point of obliteration, the artery resumed its natural
the obturator, lateral sacral, and gluteal arising in
diameter, and continued so for half an inch
succession from the latter portion.
The obturator artery was entirely obliterated. The lateral
sacral artery was as large as a crow's quill, and had a very free anastomosis with the artery of
The sciatic artery was entirely obliterated
the opposite side, and with the middle sacrsd artery.
as far as its point of connection with the aneurisrnal tumor; but, on the distal side of the sac, it
was continued down along the back of the thigh nearly as large in size as the femoral, being
pervious about an inch below the sac by receiving an anastomosing vessel from the profunda.'
The circulation was carried on by the anastomoses of the uterine and ovarian arteries of the
opposite vesical arteries; of the hemorrhoidal branches of the internal iliac with those from
the inferior mesenteric of the obturator artery, by means of its pubic branch, with the vessel
of the opposite side, and with the epigastric and internal circumflex
of the circumflex and perforating branches of the femoral with the sciatic of the gluteal with the posterior branches of
the sacral arteries of the ilio-lumbar with the last lumbar of the lateral sacral with the middle
sacral
and of the circumflex iliac with the ilio-lumbar and gluteal.
in cases of

;

;

;

;

;

;

;

;

;

;

;

;
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The superior vesical is that part of the foetal hypogastric artery w^ich remains
pervious after birth. It extends to the side of the bladder, distributing numerous branches to the body and fundus of the organ. From one of these a
slender vessel is derived, which accompanies the vas deferens in its course to the
This is the artery of the
testis, where it anastomoses with the spermatic artery.
vas deferens.
Other branches supply the ureter.
The middle vesical., usually a branch of the superior, is distributed to the base
of the bladder and under surface of the vesiculse seminales„
The inferior vesical arises from the anterior division of the internal iliac, in
common with the middle hemorrhoidal, and is distributed to the base of the
The branches distributed
bladder, the prostate gland, and vesiculae seminales.
to the prostate communicate with the corresponding vessel of the opposite side.
'
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The middle hemorrhoidal
It

vessel.

artery usually arises together witli
supplies the rectum, anastomosing with the other

preceding
hemorrhoidal

tlie

arteries.

downwards from the anterior trunk of the internal
the neck of the uterus. Ascending, in a tortuous course on the side of
this viscus, between the layers of the broad ligament, it distributes branches to
its substance, anastomosing, near its termination, with a branch from the
ovarian artery. Branches from this vessel are also distributed to the bladder

The

uterine artery passes

iliac to

and ureter.
The vaginal artery is analogous to the inferior vesical in the male it descends
upon the vagina, supplying its mucous membrane, and sending branches to the
neck of the bladder and contiguous part of the rectum.
The Obturatoe Artery usually arises from the anterior trunk of the internal
It passes forwards, below the brim of the
iliac, frequently from the posterior.
pelvis, to the canal in the upper border of the obturator foramen, and, escaping
from the pelvic cavity through this aperture, divides into an internal and an
In the pelvic cavity this vessel lies upon the pelvic fascia,
external branch.
beneath the peritoneum, and a little below the obturator nerve and, whilst passing through the obturator foramen, is contained in an oblique canal, formed by
the horizontal branch of the pubes, above, and the arched border of the obturator
;

;

membrane below.
Branches.
Within the pelvis^ the obturator artery gives off an iliac branch to
the iliac fossa, which supplies the bone and the Iliacus muscle, and anastomoses
with the ilio-lumbar artery a vesical branchy which runs backwards to supply
the bladder and ^ pubic branch.^ which is given off from the vessel just before it
This branch ascends upon the back of the pubes, comleaves the pelvic cavity.
municating with offsets from the epigastric artery, and with the corresponding
vessel of the opposite side.
This branch is placed on the inner side of the
femoral ring. External to the pelvis^ the obturator artery divides into an external and an internal branch, which are deeply situated beneath the Obturator
skirting the circumference of the obturator foramen, they
externus muscle
anastomose at the lower part of this aperture with each other, and with branches
of the internal circumflex artery.
;

;

;

Fig. 340.

— Variations in Origin and Course of

Obturator Artery.

The znterna? JraricA curves inwards along the inner margin of the obturator
foramen, distributing branches to the Obturator externus muscle, Pectineus,
Adductors, and Gracilis, and anastomoses with the external branch, and with
the internal circumflex artery.
The external branch curves round the outer margin of the foramen to the
space between the Gemellus inferior and Quadratus femoris, where it anastomoses with the sciatic artery. It supplies the Obturator muscles, anastomoses,
as it passes backwards, with the internal branch and with the internal circumflex,
and sends a branch to the hip-joint through the cotyloid notch, which ramifies on
the round ligament as far as the head of the femur.
Fectdiarities.
In two out of every three oases the obturator arises from the internal iliac in one
case in three and a half from the epigastric; and in about one in seventy-two cases by two roots from
;
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vessels. It arises in about the same proportion from tlie external iliac artery. The origin of the
obtm-ator from the epigastric is not commonly found on both sides of the same body.
When the obturator artery arises at the front of the pelvis from the epigastric, it descends
almost vertically to the upper part of the obturator foramen. The artery in this course usually
lies in contact with the external iliac vein, and on the outer side of the femoral ring (Fig. 340,
in such cases it would not be endangered in the operation for femoral hernia.
Occasionally,
] )
however, it curves inwards along the free margin of Gimbernat's ligament {Fig. 340, 2), and
under such circumstances would almost completely encircle the neck of a hernial sac (supposing a hernia to exist in such a case), and would be in great danger of being wounded if an
operation was performed.

both

;

The Tnteenal Pudio is the smaller of the two terminal branches of the anterior
trunk of the internal iliac, and supplies the external organs of generation. It passes
downwards and outwards to the lower border of the great sacro-sciatic foramen,
and emerges from the pelvis between the Pyriformis and Coccygeus muscles it
then crosses the spine of the ischium, and re-enters the pelvis through the lesser
The artery now crosses the Obturator internus muscle to
sacro-sciatic foramen.
the ramus of the ischium, in a sheath of the obturator fascia, and situated about
an inch and a half from the margin of the tuberosity it then ascends forwards
and upwards along the ramus of the ischium, pierces the posterior layer of the
deep perinseal fascia, and runs forwards along the inner margin of the ramus of
the pubes finally, it perforates the anterior laj^er of the deep perinseal fascia,
and divides into its two terminal branches, the dorsal artery of the penis, and
the artery of the corpus cavernosum.
Relations.
In the first part of its course, within the pelvis, it lies in front
of the Pyriformis muscle and sacral plexus of nerves, and on the outer side of
;

;

;

Fig. 341.

— The Internal Pudic Artery and
SPINE OF
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Branches
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the rectum (on the left side).
As it crosses the spine of the ischium, it is covered
by the Gluteus maximus and great sacro-sciatic ligament. In the pelvis, it lies
on the outer side of the ischio-rectal fossa, upon the surface of the Obturator
internus muscle, contained in a fibrous canal formed by the obturator fascia and
the falciform process of the great sacro-sciatic ligament.
It is accompanied by
the pudic veins and the internal pudic nerve.

The internal pudic is sometimes smaller than usual, or fails to give off one or
usual branches in such cases, the deficiency is supplied by branches derived from an

Peculiarities.

two of

its

;
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additional vessel, the accessory pudic, which generally arises from the pudic artery before its
from the great sacro-sciatic foramen, and passes forwards near the base of the hladdei-, on
the iip[)er part of the prostate gland, to the perinteum, wliere it gives off the branches, usually
derived from the pudic artery.
The deficiency most frequently met with is that in which the
internal pudic ends as the artery of the bulb
the artery of the corpus cavernosum and arteria
dorsalis penis being derived from the accessory pudic.
Or the pudic may terminate as the superficial perina?al, the artery of the bulb being derived, with the other two branches, from the
accessory vessel.
The relation of the accessory pudic to the prostate gland and urethra is of the greatest
interest in a surgical point of view, as this vessel is in danger of being wounded in the latei-al
operation of lithotomy. The student should also study the position of the internal pudic artery
and its branches, when running a normal course, with regard to the same operation. The superficial artei'ies of the perinteum and the transverse perinteal are, of necessity, divided in this operation, but the hemorrhage from these vessels is seldom excessive; should a ligature be required it
can readily be applied on account of their superficial position. The artery of the bulb may be
divided if the incision be carried too far forwards, and wound of this vessel may be attended
with serious or even fatal consequences. The main trunk of the internal pudic artery stands a
risk of being wounded if the incision be carried too far outwards
but being bound down by the
strong obturator fascia and under cover of the ramus of the ischium, the accident is not very
likely to occur unless the vessel runs an anomalous course.
exit

;

;

Branches.

Within

the pelvis^ tlie internal

which supply the muscles,

sacral nerves,

pudic gives off several small branches,

and pelvic

viscera.

In

the ijerindeum

the following branches are given off:
Inferior hemorrhoidal.
Superficial peringeal.

Artery of the bulb.
Artery of the corpus cavernosum.

Transverse perinaeal.

Dorsal artery of the penis.

The inferior hemorrhoidal are two or three small arteries which arise from the
internal pudic as it passes above the tuberosity of the ischium.
Crossing the
ischio -rectal fossa, they are distributed to the muscles and integument of the
anal region.
Tl\xQ siiperficial perinseal artery s\x'^^\iQ'& \hQ &Q,T:oiViVa and muscles and integument of the perineum. It arises from the internal pudic, in front of the preceding branches, and turns upwards, crossing either over or under the Trans versus
perinsei muscle, and runs forwards, parallel to the pubic arch, in the interspace
between the Accelerator urinas and Erector penis muscles, both of which it supplies, and is finally distributed to the skin of the dartos and scrotum.
In its
passage through the perinseum it lies beneath the superficial perinfeal fascia.
The transverse p)erinseal is a small branch, which arises either from the internal
pudic or from the superficial perinseal artery as it crosses the Transversus perinsei
muscle. It runs transversely inwards along the cutaneous surface of the Transversus perinfei muscle, which it supplies, as well as the structures between the
anus and bulb of the urethra, and anastomoses with the one of the opposite
side.

The artery of the bulb is a large but very short vessel, which arises from the
internal pudic between the two layers of the deep perinseal fascia, and, passing
nearly transversely inwards, pierces the bulb of the urethra, in which it ramifies.
This
It gives off a small branch, which descends to supply Cowper's gland.
artery is of considerable importance in a surgical point of view, as it is in danger
of being wounded in the lateral operation of lithotomy, an accident usually
attended in the adult with alarming hemorrhage. The vessel is sometimes very
even double. It sometimes arises from the internal pudic earlier than usual, and crosses the perinjeum to reach the back part of
the bulb. In such a case the vessel could hardly fail to be wounded in the performance of the lateral operation for lithotomy. If, ou the contrary, it should
arise from an accessory pudic, it lies more forward than usual, and is out of
danger in the operation.
The artery of the corpus cavernosT.nn^ one of the terminal branches of the internal pudic, arises from that vessel while it is situated between the crus penis and
small, occasionally wanting, or
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the ramus of the pubes piercing the crus penis obliqaely, it runs forwards in
the corpus cavernosum by the side of the septum pectiniforme, to which its
branches are distributed.
Tlie dorsal artery of the penis ascends between the crus and pubic symphysis,
and, piercing the suspensorj^ ligament, runs forwards on the dorsum of the penis
to the glans, where it divides into two branches, wliich supply the glans and
prepuce.
On the dorsum of the penis it lies immediately beneath the integument, parallel with the dorsal
Fig. 342.— The Arteries of the Gluteal and Posterior
vein, and the corresponding
Femoral Kegions.
artery of the opposite side.
;

It supplies the integument and
fibrous sheath of the corpus

cavernosum.

The

internal pudic artery in
is smaller than in
the male.
Its origin and
course are similar, and there
is considerable analogy in the
distribution of its branches.
The superficial artery supplies
the labia pudendi the artery
of the bulb supplies the erectile
tissue of the bulb of the vagina, whilst the two terminal
branches supply the clitoris;
the artery of the corpus cavernosum, the cavernous body
of the clitoris and the arteria
the

female

;

;

dorsalis clitoridis, the

dorsum

'iipe rio 1* Fe rforatina

of that organ.

The Sciatic Akteky

(Fig.

of the two
Middle FsrfoTftU^
terminal branches of the anterior trunk of the internal iliac,
is distributed to the muscles on
InfiriorFoifartding
It
the back of the pelvis.
passes down to the lower part
of the great sacro-sciatic foramen, behind the internal pudic,
Tevmrnation' of
PROrUHOA
resting on the sacral plexus of
nerves and Pyriformis muscle,
and escapes from the pelvis between the Pyriformis and Coc^u^erlOT* Museular
cygeus. It then descends in
the interval between the trochanter major and tuberosity ^nperllnUrnalAYtUidi
External A.rflcula r
of the ischium, accompanied
by the sciatic nerves, and covered by the Gluteus maximus,
and divides into branches,
which supply the deep muscles
at the back of the hip.
Within the pelvis it distributes branches to the Pyriformis, Coccygeus, and Levator ani muscles some
hemorrhoidal branches, which supply the rectum, and occasionally take the place
and vesical branches to the base and neck
of the middle hemorrhoidal artery
External to the pelvis^
of the bladder, vesiculge seminales, and prostate gland.
342), the

larger

;

;
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it

gives off the coccygeal, inferior gluteal, comes nervi iscliiadici, muscular, and

articular branches.

The coccyyeal branch runs inwards, pierces the great sacro-sciatic ligament, and
supplies the Grluteus maxim us, the integument, and other structures on the back
of the coccyx.
The inferior (jluteal branches^ three or four in number, supply the Gluteus
maximus muscle.
The comes nervi ischiadici is a long, slender vessel, which accompanies the
great sciatic nerve for a short distance it then penetrates it, and runs in its substance to the lower part of the thigh.
The muscular branches supply the muscles on the back part of the hip, anastomosing with the gluteal, external branch of the obturator, internal and external
circumflex, and superior perforating arteries.
Some articular branches are distributed to the capsule of the hip-joint.
The llio-lumbar Artery ascends, beneath the Psoas muscle and external iliac
vessels, to the upper part of the iliac fossa, where it divides into a lumbar and
an iliac branch.
The lumbar branch supplies the Psoas and Quadratus lumbarum muscles, anastomosing with the last lumbar artery, and sends a small spinal branch, through
the intervertebral foramen between the last lumbar vertebra and the sacrum,
into the spinal canal, to supply the spinal cord and its membranes.
The iliac branch descends to supply the Tliacus muscle, some offsets running
between the muscle and the bone anastomosing with the iliac branch of the
obturator one of these enters an oblique canal to supply the diploe, whilst others
run along the crest of the ilium, distributing branches to the Gluteal and Abdominal muscles, and anastomosing in their course with the gluteal, circumflex iliac,
external circumflex, and epigastric arteries.
The Lateral Sacral Arteries (Fig. 339) are usually two in number on each side,
superior and inferior.
The superior^ which is of large size, passes inwards, and, after anastomosing
with branches from the middle sacral, enters the first or second sacral foramen, is
distributed to the contents of the sacral canal, and, escaping by the corresponding
posterior sacral foramen, supplies the skin and muscles on the dorsum of the
sacrum, anastomosing with the gluteal.
The inferior passes obliquely across the front of the Pyriformis muscle and
sacral nerves to the inner side of the anterior sacral foramina, descends on the
front of the sacrum, and anastomoses over the coccyx with the sacra media and
In its course it gives off branches, which enter
opposite lateral sacral arteries.
the anterior sacral foramina these, after supplying the bones and membranes of
the interior of the spinal canal, escape by the posterior sacral foramina, and are
distributed to the muscles and skin on the dorsal surface of the sacrum, anastomosing with the gluteal.
The Gluteal Artery is the largest branch of the internal iliac, and appears to
be the continuation of the posterior division of that vessel. It is a short, thick
trunk, which passes out of the pelvis above the upper border of the Pyriformis
muscle, and immediately divides into a sujjerficial and deep branch. Within the
pelvis it gives off a few muscular branches to the Iliacus, Pyriformis, and Obturator internus, and just previous to quitting that cavity a nutrient artery, which
enters the ilium.
The superficial branch passes beneath the Gluteus maximus, and divides into
numerous branches, some of which supply that muscle, whilst others perforate its
tendinous origin, and supply the integument covering the posterior surface of the
sacrum, anastomosing with the posterior branches of th'e sacral arteries.
The deep branch runs between the Gluteus medius and minimus, and subdivides
into two.
Of these the superior division, continuing the original course of the
vessel, passes along the upper border of the Gluteus ininimus to the anterior
superior spine of the ilium, anastomosing with the circumflex iliac and ascending
;

;

;
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branches of the external circumflex artery. The inferior division crosses the
Gluteus minimus obliquely to the trochanter major, distributing branches to the
Some
Glutei muscles, and inosculates with the external circumflex artery.
branches pierce the Gluteus minimus to supply the hip-joint.

External Iliac Artery.

(Fig. 339.)

The

external iliac artery is the chief vessel which supplies the lower limb. It
larger in the adalt than the internal iliac, and passes obliquely downwards and
outwards along the inner border of the Psoas muscle, from the bifurcation of
the common iliac to Poupart's ligament, where it enters the thigh and becomes
the femoral arterj^ The course of this vessel would be indicated by a line drawn
from the left side of the umbilicus to a point midway between the anterior superior spinous process of the ilium and the symphysis pubis.
Relations.
In front^ with the peritoneum, subperitoneal areolar tissue, the

is

intestines, and a thin layer of fascia, derived from the iliac fascia, which surrounds
the artery and vein. At its origin it is occasionally crossed by the ureter. The
spermatic vessels descend for some distance upon it near its termination, and it
is crossed in this situation by a branch of the genito-crural nerve and the circumflex iliac vein; the vas deferens curves down along its inner side. Behind^
it is in relation with the external iliac vein, which, at the femoral arch, lies at
its inner side
on the left side the vein is altogether internal to the artery.
Externally^ it rests against the Psoas muscle, from which it is separated by the
iliac fascia.
The artery rests upon this muscle, near Poupart's ligament. Numerous lymphatic vessels and glands are found lying on the front and inner side
of the vessel.
;

Plak of the Relations of the External

Iliac Artery.

In front.
Peritoneum, intestines, and iliac fascia.
( Spermatic vessels.
j Genito-crural nerve (genital bi-anch).

XT-
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-p
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J

,

'

,

,
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Outer side.
Psoas magnus.
Iliac fascia.

j

(Jircumilex ihac vein.

V

Lymphatic vessels and

glands.

\

/
^IlfaT^^
'

Inner
External
I

/

\

side.

vein and vas deferens at
femoral arch.

iliac

Behind.

External ihac vein.
Psoas magnus.
Surgical Anatomy. The application of a ligature to the external iliac may be required in cases
of aneurism of the femoral artery, or in cases of secondary hemorrhage, after the latter vessel
has been tied for popliteal aneurism. This vessel may be secured in any part of its course,
excepting near its upper end, which is to be avoided on account of the proximity of the great
stream of blood in the internal iliac, and near its lower end, which should also be avoided, on
account of the proximity of the epigastric and circumflex iliac vessels. One of the chief points
in the performance of the opei-ation is to secure the vessel without injury to the peritoneum.
The patient having been placed in the recumbent position, an incision should be made, commencing below at a point about thi-ee-quarters of an inch above Poupart's ligament, and a little
external to its middle, and running upwards and outwards, parallel to Poupart's ligament, to a
point above the anterior superior spine of the ilium.
When the artery is deeply seated, more
room will be required, and may be obtained by curving the incision from the point last named
inwards towards the umbilicus for a short distance or, if the lower part of the artery is to be
reached, the surgeon may commence the incision nearer the inner end of Poupart's hgament,
taking care to avoid the epigastric artery.
Abernethy, who first tied this artery, made his
incision in the course of the vessel.
The precise line of incision selected is of less moment, provided an easy access to the deeper parts is secured. The abdominal muscles and transversalis
;
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been cautiously divided, the pei'itoueum should be separated from the iliac fossa
and pushed towards the pelvis and on introducing the linger to the bottom of the wound the
artery may be felt pulsating along the inner boi'der of the Psoas muscle.
The external iliac vein
is generally found on the inner side of the artery, and must be cautiously separated from it by
the tinger-nail, or handle of the knife, and tPie aneurism needle should be introduced on the inner
side, between the artery and vein.
The principal anastomoses in carrying on the collateral circulation,
Collateral Circulation.
the ilio-lumbar with the circumflex
after the application of a ligature to the external iliac, are
iliac
the gluteal with the external circumflex the obturator with the internal circumflex the
the internal
sciatic with the superior perforating and circumflex branches of the profunda artery
pudic with the external pndic, and with the internal circumflex. When the obturator arises
from the epigastric, it is supplied with blood by branches, either from the internal iliac, the
lateral sacral, or the internal pudic. The epigastric receives its supply from the internal mammary
and inferior intei'costal arteries, and from the internal iliac, by the anastomoses of its branches
with the obturator.
fascia liaving

;

—

;

;

;

;

In the dissection of a limb, eighteen years after the successful ligature of the external iliac
by Sir A. Cooper, which is to be found in Guy's Hospital Reports, vol. i., p. 50, the
very large branch
anastomosing branches are described in three sets. An anterior set. 1.
from the ilio-lumbar artery to the circumflex iliac 2. Another branch from the ilio-lumbar,
joined by one from the obturator, and breaking up into numerous tortuous branches to anastomose with the external circumflex 3. Two other branches from the obturator, which passed
over the brim of the pelvis, communicated with the epigastric, and then broke up into a plexus
to anastomose with the internal circumflex.
An internal set. Branches given off from the
obturator, after quitting the pelvis, which ramified among the adductor muscles on the inner side
of the hip-joint, and joined most freely with branches of the internal circumflex.
posterior set.
1. Three large branclres from the gluteal to the external circumflex; 2. Several branches from
the sciatic around the great sciatic notch to the internal and external circumflex, and the perforating branches of the profunda.
artery,

A

;

;

A

Branches. Besides several small branches to the Psoas muscles and the neighboring lymphatic glands, the external iliac gives off two branches of considerable
size, the
Epigastric and Circumflex iliac.

The Epigastric artery^ arises from the external iliac, a few lines above Poupart's
ligament. It at first descends to reach this ligament, and then ascends obliquely
inwards between the peritoneum and transversalis fascia, to the margin of the
sheath of the Rectus muscle. Having perforated the sheath near its lower third,
it runs vertically upwards behind the Rectus, to which it is distributed, dividing
into numerous branches, which anastomose above the umbilicus with the terminal
branches of the internal mammary and inferior intercostal arteries. It is accompanied by two veins, which usually unite into a single trunk before their termination in the external iliac vein. As this artery ascends from Poupart's ligament
to the Rectus, it lies behind the inguinal canal, to the inner side of the internal
abdominal ring, and immediately above the femoral ring. The vas deferens in
the male, and the round ligament in the female, cross behind the artery in
descending into the pelvis.
Branches. The branches of this vessel are the following The cretnasteric.^
which accompanies the spermatic cord, and supplies the Cremaster muscle, anastomosing with the spermatic artery a pubic hrancli.^ which runs across Poupart's
ligament, and then descends behind the pubes to the inner side of the femoral
ring, and anastomoses with offsets from the obturator artery
muscular hranches^
some of which are distributed to the abdominal muscles and peritoneum, anastomosing with the lumbar and circumflex iliac arteries others perforate the
tendon of the External oblique and supply the integument, anastomosing with
branches of the external epigastric.
:

;

;

:

Peculiarities.
The origin of the epigastric may take place from any part of the external iliac
between Poupart's ligament and two inches and a half above it or it may arise below this ligament, from the femoral, or from the deep femoral.
Union with Branches. It frequently arises from the external iliac, by a common trunk with
the obturator.
Sometimes the epigastric arises from the obturator, the latter vessel being fur;

^

This

gastric

is sometimes called the deep epigastric, to distinguish
branch of the femoral.

it

from the small

superficial

epi-
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nished by the internal iliac, or the epigastric may be formed of two branches, one derived from
the extei'nal iliac, the others from tlie internal iliac.

The circumflex iliac artery arises from the outer side of the external iliac
nearly opposite the epigastric artery.
It ascends obliquely outwards behind
Poupart's ligament, and runs
along the inner surface of the Fig. 343.— Surgical Anatomy of the Femoral Artery,
crest of the ilium to about its
middle, where it pierces the
Trausversalis,and runs backwards
between that muscle and the Inoblique, to anastomose
with the ilio-lumbar and gluteal
arteries.
Opposite the anterior
ternal

superior spine of the ilium it
gives off a large branch, which
ascends between the internal
oblique and Transversalis muscles, supplying them and anastomosing with the lumbar and

The circum-

epigastric arteries.

accompanied
These unite into

flex iliac artery is

by two

veins.

a single trunk, which crosses the
external iliac artery just above
Poupart's ligament, and enters
the external iliac vein.

Femoral Aetery.

(Fig. 343.)

The femoral artery is the
continuation of the external
It commences immediately
behind Poupart's ligament, midway between the anterior superior spine of the ilium and the
symphysis pubis, and, passing
down the fore part and inner
iliac.

Xong

^a[ilienous Nerve

Jttagna

side of the thigh, terminates at

opening in the Adductor
magnus, at the junction of the
middle with, the lower third of
the thigh, where it becomes the
the

popliteal artery.

A

line

drawn

Super. External ArKeuh
.Su^0^l7iUrtialA.rt£euiai

from a point midway between the
anterior superior spine of the
ilium and the symphysis pubis
IfifiT, Hxifei-Tial Arti
to the inner side of the inner
condyle of the femur will be
al Artiernearly parallel with the course
of the artery.
This vessel, at Aruer. fibmlSeourren-tthe upper part of the thigh, lies
a little internal to the head of the femur; in the lower part of its course, on
the inner side of the shaft of the bone, and between these two parts, the vessel
is far away from the bone.
In the upper third of the thigh the femoral artery is very superficial, being
covered by the integument, inguinal glands, and the superficial and deep fascia,
and is contained iu a triangular space, called " Scarpa's triangle."

;
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Scarpa's triangle. Scarpa's triangle corresponds to the depression seen immediately below the fold of the groin.
It is a triangular space, the apex of which
is directed downwards, and the sides, of which are formed externally by the
Sartorius, internally by the Adductor longus, and above by Poupart's ligament.

The

formed from without inwards by the Iliacus, Psoas,
Adductor longus, and a small part of the Adductor brevis muscles
and it is divided into two nearly equal parts by the femoral vessels, which extend
from the middle of its base to its apex the artery giving off" in this situation
floor of this space is

Pectineus,

;

cutaneous and profunda branches, the vein receiving the deep femoral and
In this space the femoral artery rests on the inner
internal saphenous veins.
margin of the psoas miuscle, which separates it from the capsular ligament of
the hip-joint. The artery in this situation has in front of it filaments from the
crural branch of the genito-crural nerve, and branches from the anterior crural,
one of which is usually of considerable size behind the artery is the branch to
the Pectineus from the anterior crural.
The femoral vein lies at its inner side,
between the margins of the Pectineus and Psoas muscles. The anterior crural
nerve lies about half an inch to the outer side of the femoral artery, deeply imbedded between the Iliacus and Psoas muscles. The femoral artery and vein
are inclosed in a strong fibrous sheath, formed by fibrous and cellular tissue, and
by a process of fascia sent inwards from the fascia lata the vessels are separated,
however, from one another by thin fibrous partitions.
In the middle third of the thigh^ the femoral artery is more deeply seated, being
covered by the integument, the superficial and deep fascia, and the Sartorius,
and is contained in an aponeurotic canal (Hunter's canal), formed by a dense
fibrous band, which extends transversely from the Vastus internus to the tendons
of the Adductor longus and magnus muscles.
In this part of its course it lies
in a depression, bounded externally by the Vastus internus, internally by the
Adductor longus and Adductor magnus. The femoral vein lies on the outer side
of the artery; in close apposition with it, and still more externally, is the internal
(long) saphenous nerve.
Relations.
From above downwards.^ the femoral artery rests upon the Psoas
muscle, which separates it from the margin of the pelvis and capsular ligament
of the hip it is next separated from the Pectineus by the profunda vessels and
femoral vein it then lies upon the Adductor longus and lastly, upon the tendon
of the Adductor magnus, the femoral vein being interposed.
To its inner side^
it is in relation, above, with the femoral vein, and, lower down, with the Adductor
longus and Sartorius. To its outer side^ the Vastus internus separates it from
the femur, in the lower part of its course.
The femoral vein.^ at Poupart's ligament, lies close to the inner side of the
artery, separated from it by a thin fibrous partition, but, as it descends, gets
behind it, and then to its outer side.
The internal saphenous nerve is situated on the outer side of the artery, in
the middle third of the thigh, beneath the aponeurotic covering, but not usually
within the sheath of the vessels. Small cutaneous nerves cross the front of the
its

;

;

;

;
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;

;
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Four cases are at present recorded in which the
Doiible femoral reunited.
Peculiarities.
femoral artery divided into two trunks below the origin of the profunda, and became reunited
near the opening in the Adductor magnus, so as to form a single popliteal artery. One of them
occurred in a patient ojierated upon for po])liteal aneurism.
similar number of cases have been recorded, in which the femoral
Change of Position.
artery was situated at the back of the thigh, the vessel being continuous above with the internal
iliac, escaping from the pelvis through the great sacro-sciatic foramen, and accompanying the
great sciatic nerve to the popliteal space, where its division occurred in the usual manner.
The femoral vein is occasionally placed along the inner side of the artery,
Position of the Vein.
throughout the entire extent of Scarpa's triangle or it may be slit, so that a large vein is placed
on each side of the artery for a greater or less extent.
Origin of the Profunda. This vessel occasionally arises from the inner side, and, more rarely,
from the back of the common trunk but the more important peculiarity, in a surgical point of
view, is that which relates to the height at which the vessel arises from the femoral. In threefourths of a large number of cases, it arose between one or two inches below Poupart's ligament
in a few cases, the distance was less than an inch
more rarely, opposite the ligament and in
one case, above Poupart's ligament, from the external iliac. Occasionally, the distance between
the origin of the vessel and Poupart's ligament exceeds two inches, and in one case it was found
to be as much as four inches.

A

;

;

;

;

Surgical Anatomy.
Compression of the femoral artery, which is constantly requisite in amputations and other operaitions on the lower limb, is most effectually made immediately below Poupart's ligament.
In this situation the artery is very superficial, and is merely separated from the
margin of the acetabulum and front of the head of the femur by the Psoas muscle so that the
surgeon, by means of his thumb, or a compressor, may effectually control the circulation through
it.
This vessel may also be compressed in the middle third of the thigh, by placing a compress
over the artery, beneath the tourniquet, and directing the pressure from within outwards, so as
""
to compress the vessel against the inner side of the shaft of the femur.
The application of a ligature to the femoral artery may be required in cases of wound or
aneurism of the arteries of the leg, of the popliteal or femoral; and the vessel may be exposed
and tied in any part of its course. The great depth of this vessel at its lower part, its close connection with important structures, and the density of its sheath, render the operation in this
situation one of much greater difficulty than the application of a ligature at its upper part, where
;

it is

more

superficial.

Ligature of the femoral ai'tery, within two inches of its origin, is usually considered unsafe, on
account of the connection of large branches with it, the epigastric and circmnflfex iliac arising
just above its origin the profunda, from one to two inches below; occasionally, also, one of the
circumflex arteries arises from the vessel in the interspace between these.
The profunda sometimes arises higher than the point above mentioned, and rarely between two or three inches (in
one case four) below Poupart's ligament. It would appear, then, that the most favorable situation for the application of a ligature to the femoral is between four and five inches from its point
of origin.
In order to expose the artery in this situation, an incision, between two and three
inches long, should be made in the course of the vessel, the patient lying in the recumbent position, with the limb slightly flexed and abducted.
large vein is frequently met with, passing in
the course of the artery to join the saphena this must be avoided, and the fascia lata having
been cautiously divided, and the Sartorius exposed, that muscle must be drawn outwards, in order
to fuUy expose the sheath of the vessels.
The finger being introduced into the wound, and the
;

A

;
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pulsation of the artery felt, the sheath should be divided over the artery to a sufficient extent to
allow of the introduction of the ligature, but no further; otherwise the nutrition of the coats of
the vessel may be interfered with, or muscular brandies which arise from the vessel at irregular
intervals may be divided.
In this part of the operation, a small nerve which crosses the sheath
should be avoided. The aneurism needle must be carefully introduced and kept close to the artery,
to avoid tlie femoral vein, which lies behind the vessel in this part of its course.
To expose the artery in the middle of the thigh, an incision should be made through the
integument, between three and four inches in length, over the inner margin of the Sartorius,
taking care to avoid the internal saphenous vein, the situation of which may be previously known
by compressing it higher up in the thigh. The fascia lata having been divided, and the Sartorius
muscle exposed, it should be drawn outwards, when the strong fascia which is stretched across
from the Adductors to the Vastus internus will be exposed, and must be freely divided the
sheath of the vessels is now seen, and must be opened, and the artery secured lay passing the
aneurism needle between the vein and artery, in the direction from within outwards. The femoral
vein in this situation lies on the outer side of the artery, the long saphenous nerve on its
anterior and outer side.
It has been seen that the femoral artery occasionally divides into two trunks, below the origin
If, in the operation for tying the femoral, two vessels are met with, the surgeon
of the profunda.
should alternately compress each, in order to ascertain which vessel is connected with the aneurismal tumor, or with the bleeding from the wound, and that one only should be tied which conIf. however, it is necessary to compress both vessels before
trols the pulsation or hemorrhage.
the circulation in the tumor is controlled, both should be tied, as it would be probable that they
became reunited, as in the four instances referred to above.
Collateral Circulation.
When the common femoral is tied, the main channels for carrying
on the circulation are the anastomoses of the gluteal and circumflex iliac arteries above with the
external circumflex below of the obturator and sciatic above with the internal circumflex below;
of the ilio-lumbar with the external circumflex, and of the comes nervi ischiadici with the arteries
in the ham.
The principal agents in carrying on the collateral circulation after ligature of the superficial
femoral artery are, according to Sir A. Cooper, as follows:^
" The arteri a profunda formed the new channel for the blood."
"The first artery sent off
passed down close to the back of the thigh bone, and entered the two superior articular branches
of the popliteal artery."
"The second new large vessel arising from the profunda at the same part with the former,
passed down by the inner side of the Biceps muscle, to an artery of the popliteal which was distributed to the Gastrocnemius muscle whilst a third artery, dividing into several branches, passed
down with the sciatic nerve behind the knee-joint, and some of its branches united themselves with
the inferior articular arteries of the popliteal, with some recurrent branches of those arteries,
with arteries passing to the Gastrocnemii, and, lastly, with the origin of the anterior and posterior
;

;

;

tibial arteries."

" In appears then that it is those branches of the profunda which accompany the sciatic nerve
that are the principal supporters of the new circulation."
In Porta's work'^ (Tab. xii., xiii.) is a good repi-esentation of the collateral circulation after the
ligature of the femoral artery.
The patient had sur\'ived the operation three years. The lower
part of the arteiy is, at least, as large as the upper; about two inches of the vessel appear to have
been obliterated. The external and internal circumflex arteries are seen anastomosing by a great
number of branches with the lower branches of the femoral (muscular and anastomotica magna),
and with the articular branches of the popliteal. The branches from the external circumflex are
extremely large and numerous; one very distinct anastomosis can be ti'aced between this artery
on the outside and the anastomotica magna on the inside, through the intervention of the superior
external articular artery, with which they both anastomose, and blood reaches even the anterior
tibial recurrent from the external circumflex by means of an anastomosis with the same external
articular artery.
The perforating branches of the profunda are also seen bringing blood round
the obliterated portion of the artery into long branches (muscular) which have been given off
just below that portion.
The termination of the profunda itself anastomoses most freely with
the superior external articular.
long branch of anastomosis is also traced down from the
internal iliac by means of the comes nervi ischiadici of the sciatic, which anastomoses on the
In this case the
popliteal nerves with branches from the popliteal and posterior tibial arteries.
anastomosis had been too free, since the pulsation and growth of the aneurism recui-red, and the
patient died after ligature of the external iliac.
?
There is an interesting preparation in the Museum of the Royal College of Surgeons of a limb
on which John Hunter had tied the femoral artery fifty years before the patient's death. The
whole of the superficial femoral and popliteal artery seems to have been obliterated. The anastomosis by means of the comes nervi ischiadici, which is shown in Porta's plate, is distinctly
seen the external circumflex, and the tei'mination of the profunda artery, seem to have been
the chief channels of anastomosis but the injection has not been a very successful one.
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;
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The braDcbes

of the femoral artery are the
Superficial Epigastric.
Superficial Circumflex Iliac.
Superficial External Pudic.

Deep External Pudic.
External Circumflex.
Internal Circumflex.

(

Profunda.

<

I

Muscular.

Three Perforating.

_

Anastomotica Magna.
from the femoral, about half an inch below
Poupart's ligament, and, passing through the saphenous opening in the fascia lata,
ascends on to the abdomen, in the superficial fascia covering the external obhque
It distributes branches to the inguinal
muscle, nearly as high as the umbilicus.
glands, the superficial fascia, and the integument, anastomosing with branches of
the deep epigastric and internal mammary arteries.

The

superficial epigastric arises

The superficial circumfiex iliac^ the smallest of the cutaneous branches, arises close
to the preceding, and, piercing the fascia lata, runs outwards, parallel with Poupart's
ligament, as far as the crest of the ilium, dividing into branches which supply the
integument of the groin, the superficial fascia, and inguinal glands, anastomosing
with the circumflex

The

iliac,

and with the gluteal and external circumflex arteries.
pudic (superior) arises from the inner side of tlie

superficial external

femoral artery, close to the preceding vessels, and, after piercing the fascia lata
near the saphenous opening, passes inwards, across the spermatic cord, to be
distributed to the integument on the lower part of the abdomen, the penis and
scrotum in the male, and the labium in the female, anastomosing with branches
of the internal pudic.
The deep external pudic (inferior), more deeply seated than the preceding, passes
inwards on the Pectineus muscle, covered by the fascia lata, which it pierces
opposite the ramus of the pubes, its branches being distributed, in the male, to
the integument of the scrotum and perineeum, and, in the female, to the labium,
anastomosing with branches of the superficial perineal artery.
The Profunda Femoris (deep femoral artery) nearly equals the size of the
superficial femoral.
It arises from the outer and back part of the femoral artery,
from one to two inches below Poupart's ligament. It at first lies on the outer
side of the superficial femoral, and then passes behind it and the femoral vein to
the inner side of the femur, and terminates at the lower third of the thigh in a
small branch, which pierces the Adductor magnus (and from this circumstance is
sometimes called the fourth perforating artery), to be distributed to the flexor
muscles on the back of the thigh, anastomosing with branches of the popliteal
and inferior perforating arteries.
Relations.
Behind.^ it lies first upon the Iliacus, and then on the Adductor
brevis and Adductor magnus muscles.
In front., it is separated from the femoral
artery, above, by the femoral and profunda veins, and below by the Adductor
longus.
On its outer side., the origin of the Vastus internus separates it from the
femur.

Plan of the Eelations of the Profunda Arteky.
In front.
Femoral and profunda
Adductor longus.

Outer

veins.

side.

Vastus internus.

Behind.
Iliacus.

Adductor brevis.
Adductor magnus.
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The External Circumflex Artery

supplies the muscles ou the front of the
from the outer side of the profunda, passes horizontally outwards, between the divisions of the anterior crural nerve, and behind the Sartorius and Rectus muscles, and divides into three sets of branches, ascending, transverse, and descending.
The ascending branches pass upwards, beneath the Tensor vaginge femoris
muscle, to the outer side of the hip, anastomosing with the terminal branches of
the gluteal and circumflex iliac arteries.
The descending branches^ three or four in number, pass downwards, behind the
Rectus, upon the Vasti muscles, to which they are distributed, one or two passing
beneath the Vastus externus as far as the knee, anastomosing with the superior
These are accompanied by the branch
articuhir branches of the popliteal artery.
of the anterior crural nerve to the Vastus externus.
The transverse branches^ the smallest and least numerous, pass outwards over
the Crurgeus, pierce the Vastus externus, and wind round the femur to its back
part, just below the great trochanter, anastomosing at the back of the thigh with
the internal circumflex, sciatic, and superior perforating arteries.
The Internal Circumflex Artery^ smaller than the external, arises from the
inner and back part of the profunda, and winds round the inner side of the femur,
between the Pectineus and Psoas muscles. On reaching the upper border of the
Adductor brevis, it gives off two branches, one of which passes inwards to be
distributed to the Adductor muscles, the Gracilis, and Obturator externus, anastomosing with the obturator artery the other descends, and passes beneath the
Adductor brevis, to supply it and the great Adductor while the continuation
of the vessel passes backwards, between the Quadratus femoris and upper border
of the Adductor magnus, anastomosing with the sciatic, external circumflex, and
thigh.

It arises

;

;

superior perforating arteries ( "the crucial anastom.osis'''' ).
Opposite the hip-joint,
this branch gives off an articular vessel, which enters the joint beneath the transverse ligament and, after supplying the adipose tissue, passes along the round
ligament to the head of the bone.
1l]iq perforating arteries (Fig. 342), usually three in number, are so called from
their perforating the tendons of the Adductor brevis and magnus muscles to reach
the back of the thigh. The first is given off' above the Adductor brevis, the
second in front of that muscle, and the third immediately below it.
T^]iQ flrst or superior perforating artery passes backwards between the Pectineus
and Adductor brevis (sometimes perforates the latter); it then pierces the Adductor magnus close to the linea aspera, and divides into branches which supply
both Adductors, the Biceps, and Gluteus maximus muscle anastomosing with
the sciatic, internal and external circumflex, and middle perforating arteries.
The second or middle perforating artery^ larger than the first, pierces the tendons of the Adductor brevis and Adductor magnus muscles, and divides into
ascending and descending branches, which supply the flexor muscles of the thigh,
anastomosing with the superior and inferior perforating. The nutrient artery of
the femur is usually given off from this branch.
The third or inferior perforating artery is given off' below the Adductor
brevis it pierces the Adductor magnus, and divides into branches which supply
the flexor muscles of the thigh, anastomosing above with the perforating arteries,
and below with the terminal branches of the profunda and the muscular branches
of the popliteal.
Muscular Branches are given off" from the superficial femoral throughout its
entire course.
They vary from two to seven in number, and supply chiefly the
Sartorius and Vastus internus.
The Anastomotica Magna arises from the femoral artery, just before it passes
through the tendinous opening in the Adductor magnus muscle, and divides into
a superficial and deep branch.
The superflcial branch accompanies the long saphenous nerve, beneath the
Sartorius, and, piercing the fascia lata, is distributed to the integument.
;

;

;
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branch descends in the substance of the Vastus internus, lying in
Adductor magnus, to the inner side of the knee, where
it anastomoses with the superior internal articular artery and recurrent branch
branch from this vessel crosses outwards above the
of the anterior tibial.
articular surface of the femur, forming an anastomotic arch with the superior
external articular artery, and supplies branches to the knee-joint.
deej)

front of the tendon of the

A

Popliteal Artery.

The popliteal artery commences at the termination of the femoral at the opening in the Adductor magnus. and, passing obliquely downwards and outwards
behind the knee-joint to the lower border of the Popliteus muscle, divides into
Through the whole of this extent the
the anterior and posterior tibial arteries.
artery lies in the popliteal space.

The Popliteal

Space.

(Fig. 344.)

A

vertical incision, about eiglit inches in length, should be made along the back
Dissection.
part of the knee-joint, connected above and below by a transverse incision from the inner to the
outer side of the limb.
The flaps of integument included between these incisions should be
reflected in the direction shown in Fig. 301, p. 447.

On removing

the integument the superficial fascia is exposed, and ramifying
along the middle line are found some filaments of the small sciatic nerve,
and towards the inner part some offsets from the internal cutaneous nerve.
The superficial fascia having been removed, the fascia lata is brought into view.
In this region it is strong and dense, being strengthened by transverse fibres, and
firmly attached to the tendons on the inner and outer sides of the space.
It is
sometimes perforated below by the external saphenous vein. This fascia having
been reflected back in the same direction as the integument, the small sciatic
nerve and external saphenous vein are seen immediately beneath it, in the middle
line.
If the loose adipose tissue is now removed, the boundaries and contents of
the space may be examined.
Boundaries. The popliteal space, or the ham, occupies the lower third of the
thigh and the upper fifth of the leg extending from the aperture in the
Adductor magnus to the lower border of the Popliteus muscle. It is a lozengeshaped space, being widest at the back part of the knee-joint and deepest above
the articular end of the femur. It is bounded, externally, above the joint, by
the Biceps, and below the joint by the Plantaris and external head of the Gastrocnemius. Internally, above the joint, by the Semimembranosus, Semitendinos'js. Gracilis, and Sartorius
below the joint, by the inner head of the Gastrocnemius.
Above, it is limited by the apposition of the inner and outer hamstring muscles
below, by the junction of the two heads of the Gastrocnemius.
The floor
is formed by the lower part of the posterior surface of the shaft of the femur,
the posterior ligament of the knee-joint, the upper end of the tibia, and the
fascia covering the Popliteus muscle, and the space is covered in by the fascia

in

it

;

;

;

lata.

Contents.
It contains the Popliteal vessels and their branches, together with
the termination of the external saphenous vein, the internal and external popliteal nerves and their branches, the small sciatic nerve, the articular branch
from the obturator nerve, a few small lymphatic glands, and a considerable quantity of loose adipose tissue.
Position of contained parts.
The internal popliteal nerve descends in the
middle line of the space, lying superficial and crossing the artery from without
inwards. The external popliteal nerve descends on the outer side of the space,
lying close to the tendon of the Biceps muscle. More deeply at the bottom of
the space are the popliteal vessels, the vein lying superficial and a little external
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which it is closely united by dense areolar tissue sometimes
placed on the inner instead of the outer side of the artery or the
vein may be double, the artery lying between the two venae comites, which are
More deeply, and close to the
usually connected by short transverse branches.
surface of the bone, is the popliteal artery, and passing oft' from it at right angles
The articular branch from the obturator nerve
are its articular branches.
descends upon the popliteal artery to supply the knee; and occasionally there is
The
found, deep in the space, an articular filament from the great sciatic nerve.
popliteal lymphatic glands, four or five in number, are found surrounding the
artery one usually lies superficial to the vessel, another is situated between it
and the bone, and the rest are placed on either side of it. The bursse usually
found in this space are 1. On the outer side, one beneath the outer head of the
Gastrocnemius (which sometimes communicates with the joint) and one beneath
the tendon of the Popliteus, which is almost always an extension of the synovial
membrane. Sometimes, also, there is a bursa above the tendon of the Popliteus,
between it and the external lateral ligament. 2. On the inner side of the joint
there is a large bursa between the inner head of the Gastrocnemius and the
femur, which sends a prolongation between the tendons of the Gastrocnemius
and Semimembranosus, and lies in contact with the ligament of Winslow. This
bursa often communicates with the joint. There is a second bursa between the
tendon of the Semimembranosus and the head of the tibia and sometimes a
bursa between the tendons of the Semitendinosus and Semimembranosus.
The Popliteal Artery, in its course downwards from the aperture in the
Adductor magnus to the lower border of the Popliteus muscle, rests first on the
in the middle of its
inner, and then on the posterior surface of the femur
course, on the posterior ligament of the knee-joint; and below, on the fascia
covering the Popliteus muscle. Superficially^ it is covered, above, by the Semimembranosus in the middle of its course, by a quantity of fat, which separates
it from the deep fascia and integument
and below, it is overlapped by the Gastrocnemius, Plantaris, and Soleus muscles, the popliteal vein, and the internal
popliteal nerve.
The popliteal vein, which is intimately attached to the artery,
lies superficial and external to it, until near its termination, when it crosses it
and lies to its inner side. The popliteal nerve is still more superficial and external, crossing, however, the artery below the joint, and lying on its inner side.
Laterally^ the artery is bounded by the muscles which form the boundaries of the
to the artery, to

the vein

;

is

;

;

:

;

;

;

;

popliteal space.
Peculiarities in point of division.
Occasionally the popliteal artery divides prematurely into
terminal branches; this division occurs most frequently opposite the knee-joint.
Unusual tranches. The artery sometimes divides into the anterior tibial and peroneal, the
posterior tibial being wanting, or very small.
In a single case, the popliteal was found to divide
into three branches, the anterior and posterior tibial, and peroneal.

its

Ligature of the popliteal artery is required in cases of wound of that
but for aneurism of the posterior tibial it is preferable to tie the superficial femoral. The
popliteal may be tied in the upper or lower part of its course; but in the middle of the ham the
operation is attended with considerable difficulty, from the great depth of the artery, and from
the extreme degree of tension of the lateral boundaries of the space.
In order to expose the vessel in the upper part of its course, the patient should be placed in
the prone position, with the limb extended.
An incision about three inches in length should tlien
be made through the integument, along the posterior margin of the Semimembranosus, and the
fascia lata having been divided, this muscle must be drawn inwards, when the pulsation of the
vessel will be detected with the finger; the nerve lies on the outer or fibular side of the artery,
the vein, superficial and also to its outer side the vein having been cautiously separated from
the artery, the aneurism needle should be passed around the latter vessel from without inwards.
To expose the vessel in the lower part of its course, where the artery lies between the two
heads of the Gastrocnemius, the patient should be placed in the same position as in the preceding
operation.
An incision should then be made through the integument in the middle line, commencing opposite the bend of the knee-joint, care being taken to avoid the external saphenous
vein and nerve.
After dividing the deep fascia, and separating some dense cellular membrane,
the artery, vein, and nerve will be exposed, descending between the two heads of the Gastrocnemius.
Some muscular branches of the popliteal should be avoided if possible, or, if divided,
tied immediately.
The leg being now flexed, in order the more effectually to separate the two
Surgical Anatomy.

vessel,

;
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heads of the Gastrocnemius, the nerve should be drawn inwards and the vein outwards, and the
aneurism needle passed between the artery and vein from without inwards.
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The

branclies of the popliteal artery are, the
Tvr

1

Muscular

i

{
(

Superior.
t J^
o
i
inierior or bural.

Cutaneous.
Superior External Articular.
Superior Internal Articular.

Azygos Articular.
Inferior External Articular.
Inferior Internal Articular.

The superior muscular branches, two or three in number, arise from the upper
part of the popliteal artery, and are distributed to the vastus externus and flexor
muscles of the thigh anastomosing with the inferior perforating and terminal
branches of the profunda.
The inferior muscular {Sural) are two large branches, which are distributed
They arise
to the two heads of the Gastrocnemius and to the Plantaris muscle.
from the popliteal artery opposite the knee-joint.
Cutaneous branches descend on each side and in the middle of the limb, between
they arise separately from the popliteal
the Gastrocnemius and integument
artery, or from some of its branches, and supply the integument of the calf
The superior articular arteries, two in number, arise one on either side of the
popliteal, and wind round the femur immediately above its condyles to the front
of the knee-joint. The internal branch passes beneath the tendon of the Adductor
magnus, and divides into two, one of which supplies the Vastus internus, inosculating with the anastomotica magna and inferior internal articular
the other
ramifies close to the surface of the femur, supplying it and the knee-joint, and
anastomosing with the superior external articular artery. The external branch
passes above the outer condyle, beneath the tendons of the Biceps, and divides
the superficial branch supplies the Vastus
into a superficial and deep branch
externus, and anastomoses with the descending branch of the external circumflex
artery; the deep branch supplies the lower part of the femur and knee-joint,
and forms an anastomotic arch across the bone with the anastomotica magna
;

;

;

:

artery.

The

azygos articular is a small branch, arising from the popliteal artery oppothe bend of the knee-joint. It pierces the posterior ligament, and supplies
the ligaments and sjaiovial membrane in the interior of the articulation.
The inferior articular arteries, two in number, arise from the popliteal beneath
the Gastrocnemius, and wind round the head of the tibia, below the joint. The
internal one passes below the inner tuberosity, beneath the internal lateral ligasite

36
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ment, at the anterior border of which it ascends to the front and inner side of
the joint, to supply the head of the tibia and the articulation of the knee. The
external one passes outwards, above the head of the fibula, to the front of the kneejoint, Ij^ing in its course beneath the outer head of the Gastrocnemius, the external lateral ligament, and the tendon of the Biceps muscle, and divides into branches,
which anastomose with the inferior internal articular artery, the superior articular
arteries, and the recurrent branch of the anterior tibial.

Anteriok Tibial Artery.
The

anterior tibial artery

commences

(Fig. 345.)

at the bifurcation of the popliteal, at the

lower border of the Popliteus muscle, passes forwards between the two heads
of the Tibialis posticus, and, through the aperture left between the bones at the
upper part of the interosseous membrane, to the deep part of the front of the leg
it then descends, on the anterior surface of the interosseous membrane and of the
tibia, to the bend of the ankle-joint, where it lies more superficially, and becomes
line drawn from the inner side of the head of the fibula
the dorsalis pedis.
to midway between the two malleoli will mark the course of the artery.
Relations. In the upper two thirds of its extent, it rests upon the interosseous
membrane, to which it is connected by delicate fibrous arches thrown across it.
In the lower third, upon the front of the tibia and the anterior ligament of the
ankle-joint.
In the upper third of its course, it lies between the Tibialis anticus
and Extensor longus digitorum in the middle third, between the Tibialis anticus
and Extensor proprius poUicis. At the bend of the ankle, it is crossed by the
tendon of the Extensor proprius pollicis, and lies between it and the innermost
tendon of the Extensor longus digitorum. It is covered, in the upper two-thirds
of its course, by the muscles which lie on either side of it, and by the deep
fascia; in the lower third, by the integument, annular ligament, and fascia.

A

;

The

anterior tibial artery is accompanied by two veins (ven^e comites), which
one on either side of the artery the anterior tibial nerve lies at first to its
outer side, and about the middle of the leg is placed superficial to it at the lower
part of the artery the nerve is generally again on the outer side.

lie

;

;

Plan of the Eelations of the Anterior Tibial Artery.
In
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side.
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Extensor proprius pollicis.
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(crosses
part).

slightly).

lower

Behind.
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Anterior ligament of ankle-joint.
This vessel may be diminished in size, may be deficient to a greater or
be entirely wanting, its place being supplied by perforating branches from

Peculiarities in Size.
less extent, or

the posterior

may

tibial,

or by the anterior division of the peroneal artery.

The

artery occasionally deviates in its course towards the fibular side of the leg,
regaining its usual position beneath the annular ligament at the front of the ankle. In two
instances, the vessel has been found to approach the surface in the middle of the leg, being
covered merely by the integument and fascia below that point.
Course.

Surgical Anatomy. The anterior tibial artery may be tied in the upper or lower part of the
In the upper part, the operation is attended with great difliculty, on account of the depth

leg.
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An incision, about four inches in length, should be made through
of the vessel from the surface.
the integument, midway between the spine of the tibia and the outer margin of the fibula, the
fascia and intermuscular septum between the Tibialis anticus and Extensor longus digitoruin
Fig. 344.

—The Pophteal, Posterior
and Peroneal Arteries.

Tibial,

—

Fig. 345.
Surgical Anatomy of the Anterior
Tibial and Dorsalis Pedis Arteries.
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being divided to the same extent. The foot must be flexed to relax these muscles, and they
must be separated from each other by the finger. The artery is then exposed, deeply seated,
lying upon the interosseous membrane, the nerve lying externally, and one of the ventB comites
on either side; these must be separated fVora the artery before the aneurism needle is passed round it.
To tie the vessel in the lower third of the leg above the ankle-joint, an incision about three
inches in length should be made through the integinnent between the tendons of the Tibialis
anticus and Extensor proprius poUicis muscles, the deep fascia being divided to the same extent;
the tendon on either side should be held aside, when the vessel will be seen lying upon the tibia,
with the nerve superficial to it, and one of the venaj comites on either side.
In order to secure the artery over the instep, an incision should be made on the fibular side of
the tendon of the Extensor proprius pollicis, between it and the innermost tendon of the long
Extensor; the deep fascia having been divided, the artery will be exposed, the nerve lying either
superficial to it or to its outer side.

The branches

of the anterior tibial artery are, the

Recurrent tibiah
Muscular.

Internal malleolar.

External malleolar.

The recurrent hranch arises from the anterior tibial, as soon as that vessel has
passed through the interosseous space it ascends in the Tibialis anticus muscle,
and ramifies on the front and sides of the knee-joint, anastomosing with the
articular branches of the popliteal, and with the anastomotica magna.
The muscular branches are numerous they are distributed to the muscles which
lie on either side of the vessel, some piercing the deep fascia to supply the integument, others passing through the interosseous membrane, and anastomosing with
branches of the posterior tibial and peroneal arteries.
The malleolar arteries supply the ankle-joint. The internal arises about two
inches above the articulation, and passes beneath the tendons of the Extensor
proprius pollicis and Tibialis anticus to the inner ankle, upon which it ramifies,
anastomosing with branches of the posterior tibial and internal plantar arteries
and with the internal calcanean from the posterior tibial. The external passes
beneath the tendons of the Extensor longus digitorum, and supplies the outer
ankle, anastomosing with the anterior peroneal artery, and with ascending
branches from the tarsal branch of the dorsalis pedis.
;

;

DoRSALis Pedis Artery.

(Fig. 345.)

The dorsalis pedis, the continuation of the anterior tibial, passes forwards from
the bend of the ankle along the tibial side of the foot to the back part of the first
interosseous space, where it divides into two branches, the dorsalis hallucis and
communicating.
delations.
This vessel, in its course forwards, rests upon the astragalus,
scaphoid, and internal cuneiform bones and the ligaments connecting them, beingcovered by the integument and fascia, and crossed near its termination by the
innermost tendon of the Extensor brevis digitorum. On its tibial side is the
tendon of the Extensor proprius pollicis on its fibular side, the innermost tendon
of the Extensor longus digitorum, and the termination of the anterior tibial
nerve.
It is accompanied by two veins.
;

.

Plaist

of the Relations of the Dorsalis Pedis Artery,
In front.
Integument and fascia.
Innermost tendon of Extensor brevis digitorum,

TiMal

pollicis.
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/

side.

Extensor proprius

[

^t?J^?]'^

Fibular
1

side.

Extensor longus digitorum.
Anterior tibial nerve.

Behind.
Astragalus.
Scaphoid.
Internal cuneiform, and their ligaments.
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The dorsal artery of the foot may be larger than usual, to compensate
Peculiarities in Size.
for a deficient plantar artery or it may be deficient in its terminal branches to the toes, which
are then derived from the internal plantar or its place may be supplied altogether by a large
anterior peroneal artery.
Position.
This artery frequently curves outwards, lying external to the line between the middle of the ankle and the back part of the lirst interosseous space.
;

;

Surgical Anatomy.
This artery may be tied, by making an incision through the integument,
between two and three inches in length, on the fibular side of the tendon of the Extensor
proprius pollicis, in the interval between it and the inner border of the short Extensor muscle.
The incision should not extend further forwai'ds than the back part of the first interosseous
The deep fascia being divided to the same extent,
space, as the artery divides in that situation.
the artery will be exposed, the nerve lying upon its outer side.

Branches.

The brandies

of

tlie

Tarsal.

Metatarsal.
Interosseous.

dorsalis pedis are, tlie

Dorsalis pollicis, or liallucis.
Comraunicatino-.

The tarsal artery arises from the dorsalis pedis, as that vessel crosses the scaphoid bone it passes in an arched direction outwards, lying upon the tarsal bones,
and covered by the Extensor brevis digitorum it supplies that muscle and the
articulations of the tarsus, and anastomoses with branches from the metatarsal,
external malleolar, peroneal, and external plantar arteries.
The metatarsal arises a little anterior to the preceding it passes outwards to
the outer part of tlie foot, over the bases of the metatarsal bones, beneath the
tendons of the short Extensor, its direction being influenced by its point of
origin and it anastomoses with the tarsal and external plantar arteries.
This
vessel gives off three branches, the interosseous, which pass forwards upon the
three outer Dorsal interossei muscles, and, in the clefts between the toes, divide
into two dorsal collateral brandies for the adjoining toes.
At the back part of
each, interosseous space these vessels receive the posterior perforating branches
from the plantar arch and at the fore part of each interosseous space they are
joined by the anterior perforating branches, from the digital arteries. The
outermost interosseous artery gives off a branch which supplies the outer side of
the little toe.
The dorsalis hallucis runs forwards along;"
O the outer border of the first metatarsal bone, and, at the cleft between the first and second toes, divides into two
branches, one of which passes inwards, beneath the tendon of the Extensor proprius pollicis, and is distributed to the inner border of the great toe the other
branch bifurcates to supply the adjoining sides of the great and second toes.
The communicating artery dips down into the sole of the foot, between the two
heads of the first Dorsal interosseous muscle, and inosculates with the termination of the external plantar artery, to complete the plantar arch.
It here gives
off two digital branches
one runs along the inner side of the great toe, on its
plantar surface the other passes forwards along the first metatarsal space, and
bifurcates for the supply of the adjacent sides of the great and second toes," anastomosing with the external plantar.
;

;

;

;

;

;

;

;

Posterior Tibial Artery.

The posterior tibial is an artery of large size, which extends obliquely downwards from the lower border of the Popliteus muscle, along the tibial side of the
leg, to the fossa between the inner ankle and the heel, where it divides beneath
the origin of the Abductor pollicis, into the internal and external plantar arteries.
At its origin it lies opposite the interval between the tibia and fibula as it
descends, it approaches the inner side of the leg, lying behind the tibia, and, in
the lower part of its course, is situated midway between the inner malleolus and
;

the tuberosity of the os calcis.
Relations.
It lies successively upon the Tibialis posticus, the Flexor longus
digitorum, the tibia, and the back part of the ankle-joint. It is covered by the
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.intermuscular fascia, wliicli separates it above from the Gastrocnemius and Soleus
In tlie lower third, where it is more superficial, it is covered only by
muscles.
the integument and fascia, and runs parallel with the inner border of the tendo
Achillis.
It is accompanied by two veins, and by the posterior tibial nerve,
which lies at first to the inner side of the artery, but soon crosses it, and is, in the
greater part of its course, on its outer side.

Plax of the Relations of the Posterior Tibial Artery.
In front.
Tibialis posticus.

Flexor longus digitorum.
Tibia.

Ankle-joint.

Inner
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\
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side.

Posterior tibial nerve,
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third.
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side.
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lower two-thirds.
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Behind the Inner AnJcIe^ the tendons and blood-vessels are arranged in the folFirst, the tendons of the Tibialis posticus
lowing order, from within outwards
and Flexor longus digitorum, lying in the same groove, behind the inner malleExternal to these is the posterior tibial
olus, the former being the most internal.
artery, having a vein on either side
and, still more externally, the posterior
tibial nerve.
About half an inch nearer the heel is the tendon of the Flexor
longus pollicis.
:

;

Peculiarities in Size.
The posterior tibial is not unfrequently smaller than usual, or absent, its
place being supplied by a large peroneal artery, which passes inwards at the lower end of the
tibia, and either joins the small tibial artery or continues alone to the sole of the foot.

Surgical Anatomy. The application of a ligature to the posterior tibial may be required in
cases of wound of the sole of the foot, attended with great hemorrhage, when the vessel should
be tied at the inner ankle. In cases of wound of the posterior tibial, it will be necessary to
enlarge the wound so as to expose the vessel at the wounded point, excepting where the vessel
is injured by a punctured wound from the front of the leg.
In cases of aneurism from wound
of the artery low down, the vessel should be tied in the middle of the leg.
But in aneurism of
the posterior tibial high up, it would be better to tie the femoral artery.
To tie the posterior tibial artery at the ankle, a semiUmar incision should be made through the
integument, about two inches and a half in length, midway between the heel and inner ankle, or
a little nearer the latter.
The subcutaneous cellular membrane having been divided, a strong
and dense fascia, the internal annular ligament, is exposed. This ligament is continuous above
with the deep fascia of the leg, covers the vessels and nerves, and is intimately adherent to the
sheath of the tendons. This having been cautiously divided upon a director, the sheath of the
vessels is exposed, and, being opened, the artery is seen with one of the venfe comites on each
side.
The aneurism needle should be passed round the vessel from the heel towards the ankle,
in order to avoid the posterior tibial nerve, care being at the same time taken not to include the
vena3 comites.
The vessel may also be tied in the lower third of the leg by making an incision about three
inclies in length, parallel with the inner margin of the tendo Achillis.
The internal saphenous
vein being carefully avoided, the two layers of fascia must be divided upon a director, when the
artery is exposed along the outer margin of the Flexor longus digitorum, with one of its venas
comites on either side, and the nerve lying external to it.
To tie the posterior tibial in the middle of the leg is a very difficult operation, on account of
the great depth of the vessel from the surface, and its being covered, by the Gastrocnemius and
Soleus muscles. The patient being placed in the recumbent position, the injured limb should rest
on its outer side, the knee being partially bent and the foot extended, so as to relax the muscles
of the calf. An incision about four inches in length should then be made through the integument, a finger's breadth behind the inner margin of the tibia, taking care to avoid the internal
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saphenous vein. The deep fascia having been divided, the margin of the Gastrocnemius is exposed,
and must be drawn aside, and the tibial attachment of the Soleus divided, a director being previously passed beneath it. The artery may now be felt pulsating beneath the deej) fascia, about an
inch from the margin of the tibia. The fascia having been divided, and the limb placed in such
a position as to relax the muscles of the calf as much as possible, the veins should be separated
from the artery, and the aneurism needle passed round the vessel from without inwards, so as to
avoid wounding the posterior tibial nerve.

The branches

of the posterior tibial artery are, the

Peroneal.

Nutrient.

Anterior peroneal.
Muscular.

Communicating.
Internal calcanean.

The Peroneal Artery lies, deeply seated, along the back part of the fibular side
of the leg. It arises from the posterior tibial, about an inch below the lower
border of the Popliteus muscle, passes obliquely outwards to the fibula, and then
descends along the inner border of that bone to the lower third of the leg, where
It then passes across the articulation between
it gives off' the anterior peroneal.
the tibia and fibula to the outer side of the os calcis, supplying the neighboring
muscles and back of the ankle, and anastomosing with the external malleolar,
tarsal, and external plantar arteries.
Relations.
This vessel rests at first upon the Tibialis posticus, and then, for
the greater part of its course, on the interosseous membrane close to the bone,
surrounded by the fibres of the Flexor longus pollicis. It is covered in the
upper part of its course by the Soleus and deep fascia helow^ by the Flexor
longus pollicis.
;

Plan of the Relations of the Peroneal Artery.
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Peculiarities in Origin.
The peroneal artery may arise three inches below the Popliteus, or
from the posterior tibial high up, or even from the popliteal.
Its size is more frequently increased than diminished
and then it either reinforces the posterior
tibial by its junction with it, or altogether takes the place of the posterior tibial in the lower
part of the leg and foot, the latter vessel only existing as a short muscular branch.
In those
rare cases where the peroneal artery is smaller than usual, a branch fi-om the posterior tibial supplies its place
and a branch from the anterior tibial compensates for the diminished anterior
peroneal artery.
In one case, the peroneal artery lias been found entirely wanting.
The anterior peroneal is sometimes enlarged, and takes the place of the dorsal artery of
;

;

the foot.

The peroneal

artery, in its course, gives

posticus. Flexor longus pollicis,

off'

branches to the Soleus, Tibialis

and Peronei muscles, and a nutrient branch to

the fibula.
The Anterior Peroneal, the only named branch of the peroneal artery, pierces
the interosseous membrane, about two inches above the outer malleolus, to reach
the fore part of the leg, and, passing down beneath the Peroneus tertius to the
outer ankle, ramifies on the front and outer side of the tarsus, anastomosing with
the external malleolar and tarsal arteries.
The nutrient artery of the tibia arises from the posterior tibial near its origin,
and, after supplying a few muscular branches, enters the nutrient canal of that
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This is the largest
bone, wliicli it traverses obliquely from above downwards.
nutrient artery of bone in the body.
The muscular branches of the posterior tibial are distributed to the Soleus and
deep muscles along the back of the leg.
The communicating branch to the peroneal runs transversely across the back
of tbe tibia, about two inches above its lower end, passing beneath the Flexor
longus

pollicis.

The

internal caJcanean are several large arteries, which, arise from the posthey are distributed to the fat and integuterior tibial just before its division
ment behind the tendo Achillis and about the heel, and to the muscles on the
inner side of the sole, anastomosing with the peroneal and internal malleolar
;

arteries.

The Internal Plantar Artery (Figs. 346, 347), much, smaller than tlie external,
passes forwards along the inner side of the foot. It is at first situated above ^ the
Fig

—

34(3.
840.—
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The

Superficial
irficial

Arteries,

View.

Fig.

347.— The Plantar Arteries.
Deep View.

Abductor pollicis, and then between it and the Flexor brevis digitorum, both of
which it supplies. At the base of the first metatarsal bone, where it has become

much diminished
culating with

its

in size, it passes along the inner border of the great toe, inosdigital branches.

The External Plantar Artery^ much larger than the internal, passes obliquely
outwards and forwards to the base of the fifth metatarsal bone. It then turns
obliquely inwards to the interval between the bases of the first and second metatarsal bones, where it anastomoses with the communicating branch from the dorsalis pedis artery, thus completing the plantar arch.
As this artery passes outwards, it is at first placed between the os calcis and Abductor pollicis, and then
between the Flexor brevis digitorum and Flexor accessorius and as it passes
forwards to the base of the little toe, it lies more superficially between the
Flexor brevis digitorum and Abductor minimi digiti, covered by the deep fascia
;

^ This refers to
the erect position of the body,
than tlie muscle.

In the ordinary dissection, the artery

is

deeper

—
PULMONAKY.

569

and integument. The remaining portion of the vessel is deeply situated it
extends from the base of the metatarsal bone of the little toe to the back part
of the first interosseous space, and forms the plantar arch it is convex forwards,
lies upon the Interossei muscles, opposite the tarsal ends of the metatarsal bones,
and is covered by the Adductor pollicis, the flexor tendons of the toes, and the
Lumbricales.
Branches. The plantar arch, besides distributing numerous branches to the
muscles, integument, and fascise in the sole, gives off the following branches
;

;

:

Digital

Posterior perforating.

— Anterior perforating.

The

Posterior Perforating ai'e three small branches, which ascend through the
back part of the three outer interosseous spaces, between the heads of the Dorsal
interossei muscles, and anastomose with the interosseous branches from the metatarsal artery.

The Digital Branches are four in number, and supply the three outer toes and
1^\iq first passes outwards from the outer side of the plantar
half the second toe.
arch, and is distributed to the outer side of the little toe, passing in its course
beneath the Abductor and short Flexor muscles. The second^ third^ and fourth
run forwards along the metatarsal spaces, and on arriving at the clefts between
the toes divide into collateral branches, which supply the adjacent sides of the
At the bifurcation of the
three outer toes and the outer side of the second.
toes, each digital artery sends upwards, through the fore part of the corresponding metatarsal space, a small branch, w-hich inosculates with the interosseous
branches of the metatarsal artery. These are the anterior perforating branches.
From the arrangement already described of the distribution of the vessels to
the toes, it will be seen that both sides of the three outer toes, and the outer side
of the second toe, are supplied by branches from the plantar arch both sides of
the great toe, and the inner side of the second, being supplied by the communicating branch of the dorsalis pedis.
;

Pulmonary Artery.

(Fig. 317.)

The pulmonary artery conveys the venous blood from the right side of the
heart to the lungs. It is a short, wide vessel, about two inches in length, arising
from the left side of the base of the right ventricle, in front of the aorta. It
ascends obliquely upwards, backwards, and to the left side, as far as the under
surface of the arch of the aorta, where it divides into two branches of nearly
equal size, the right and left pulmonary arteries.
Relations.
The greater part of this vessel is contained, together with the
ascending part of the arch of the aorta, in the pericardium, being inclosed with
it in a tube of serous membrane, continued upwards from the base of the heart,
and has attached to it, above, the fi.brous layer of the membrane. Behind, it
rests at first upon the ascending aorta, and higher up lies in front of the left
auricle.
On either side of its origin is the appendix of the corresponding
auricle and a coronary artery
and higher up it passes to the left side of the
ascending aorta.
little to the left of its point of bifurcation it is connected to the under
surface of the arch of the aorta by a short fibrous cord, the remains of a vessel
peculiar to foetal life, the ductus arteriosus.
The right pulmonary artery^ longer and larger than the left, runs horizontally
outwards, behind the ascending aorta and superior vena cava, to the root of the
right lung, where it divides into two branches, of which the lower, which is the
larger, supplies the lower lobe
the upper giving a branch to the middle lobe.
The left pulmonary artery.^ shorter and somewhat smaller than the right, passes
horizontally in front of the descending aorta and left bronchus to the root of the
left lung, where it divides into two branches for the two lobes.
The terminal branches of the pulmonary artery will be described with the
anatomy of the lung.
;

A

;

Of the Veins.
are the vessels whicli serve to return the blood from the capillaries
THEofVeins
They consist of two disthe different parts of the body to the heart.
tinct sets of vessels, the

pulmonary and systemic.

The Pulmonary
which

Veins, unlike other vessels of this kind, contain arterial blood,
they return from the lungs to the left auricle of the heart.

The Systemic Veins

return the venous blood from the body generally to the
of the heart.
The Portal Vein, an appendage to the systemic venous system, is confined to
the abdominal cavity, returning the venous blood from the viscera of digestion,
and carrying it to the liver by a single trunk of large size, the venaportse. From
this organ, the same blood is conveyed to the inferior vena cava by means of the
hepatic veins.
The veins, like the arteries, are found in nearly every tissue of the body.
They commence by minute plexuses which communicate with the capillaries.
The branches which have their commencement in these plexuses unite together
into trunks, and these, in their passage towards the heart, constantly increase in
size as they receive branches, and join other veins similar in size to themselves.
The veins are larger and altogether more numerous than the arteries hence,
the entire capacity of the venous system is much greater than that of the arterial;
the pulmonary veins excepted, which do not exceed in capacity the pulmonary
arteries.
From the combined area of the smaller venous branches being greater
than the main trunks, it results, that the venous system represents a cone, the
summit of which corresponds to the heart: its base to the circumference of the
body. In form, the veins are not perfectly cylindrical like the arteries, their
walls being collapsed when empty, and the uniformity of their surface being
interrupted at intervals by slight contractions, which indicate the existence of
They usually retain, however, the same calibre as long
valves in their interior.
as they receive no branches.
The veins communicate very freely with one another, especially in certain
regions of the body; and this communication exists between the larger trunks
Thus, in the cavity of the cranium,
as well as between the smaller branches.
and between the veins of the neck, where obstruction would be attended with
imminent danger to the cerebral venous system, we find that the sinuses and
The same free commularger veins have large and very frequent anastomoses.
nication exists between the veins throughout the whole extent of the spinal
canal, and between the veins composing the various venous plexuses in the
abdomen and pelvis, as the spermatic, uterine, vesical, prostatic, etc.
The veins are subdivided into three sets superficial, deep, and sinuses.
The Superficial or Cutaneous Veins are found between the layers of the superficial fascia, immediately beneath the integument
they return the blood from
these structures and communicate with the deep veins by perforating the deep
risfht auricle

.

-I

;

:

;

fascia.

The Deep Veins accompany the arteries, and are usually inclosed in the same
sheath with those vessels. In the smaller arteries, as the radial, ulnar, brachial,
tibial, peroneal, they exist generally in pairs, one lying on each side of the vessel,
and are called vense comites.
The larger arteries, as the axillary, subclavian,
popliteal, and femoral, have usually only one accompanying vein.
In certain
organs of the body, however, the deep veins do not accompany the arteries for
instance, the veins in the skull and spinal canal, the hepatic veins in the liver,
and the larger veins returning blood from the osseous tissue.
;

(570)
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Sinuses are venous channels, which, in their structure and mode of distribufrom the veins. They are found only in the interior of
the skull, and are formed by a separation of the layers of the dura mater their
outer coat consisting of fibrous tissue, their inner of an endothelial layer continuous with the lining membrane of the veins.
Yeins have thinner walls than arteries, the difference in thickness being due
to the small amount of elastic and muscular tissues which the veins contain.
The superficial veins usually have thicker coats than the deep veins, and the
veins of the lower limb are thicker than those of the upper.
The minute structure of these vessels is described in the Introduction.
1. Those of the head and neck,
The veins may be arranged into three groups
upper extremity, and thorax, which terminate in the superior vena cava. 2.
Those of the lower limb, pelvis, and abdomen, which terminate in the inferior
vena cava. 3. The cardiac veins, which open directly into the right auricle of
the heart.
tion, differ altogether

;

:

—

Yeins of the Head and Neck.

—

The veins of the head and neck may be subdivided into three groups
1. The
veins of the exterior of the head. 2. The veins of the neck.
3. The veins of
the diploe and interior of the cranium.
:

The veins

of the exterior of the head are, the

Facial.

Temporo-maxillary,

Temporal.

Posterior auricular.

Internal maxillary.

Occipital.

The Facial Vein passes obliquely across the side of the face, extending from
the inner angle of the orbit downwards and outwards, to the anterior margin of
the Masseter muscle. It lies to the outer side of the facial artery, and is not so
tortuous as that vessel. It commences at the side of the root of the nose, and
is the direct continuation of the angular vein, formed by the junction of the
frontal and supra-orbital veins.
The frontal vein commences on the anterior part of the skull, by a venous
plexus, which communicates with the anterior branches of the temporal vein
the veins converge to form a single trunk, which runs dowuAvards near the middle line of the forehead parallel with the vein of the opposite side, and unites
with it at the root of the nose, by a transverse trunk, called the nasal arch.
Occasionally, the frontal veins join to form a single trunk, which bifm^cates at
the root of the nose into the two angular veins. At the nasal arch the branches
diverge, and run along the sides of the root of the nose.
The frontal vein as it
descends upon the forehead receives the svpra-orhital^ and becomes the angular
ve'n.

The svpra-orhital vein commences on the forehead, communicating with tlie
anterior temporal and superior palpebral veins, and runs downwards and inwards,
beneath the occ'p)ito -frontalis muscle, receiving branches from the neighboring
structures and joins the frontal vein at the inner angle of the orbit to form the
angular vein;
The angular vein, formed by the junction of the two preceding vessels, runs
obliquely downwards and outwards on the side of the root of the nose and
receives the veins of the ala nasi on its inner side, and the superior palpebral
veins on its outer side it moreover communicates with the ophthalmic vein,
which establishes an important anastomosis between this vessel and the cavernous sinus. Some small veins from the dorsum of the nose terminate in the nasal
:

arch.

The /acmZ vein commences at the inner angle of the orbit, being a continuation of the angular vein.
It passes obliquely downwards and outwards, beneath
the Zygomaticus major and minor muscles, descends along the anterior border
of the Masseter, crosses over the body of the lower jaw, with the facial artery.

;
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and backwards, beneath the Platjsma and cervibranch of communication from the temporo-maxillary
vein, to form a trunk of large size which enters the internal jugular.
Branches.
The facial vein receives, near the angle of the mouth, communicating branches from the pterygoid plexus.
It is also joined hj the inferior
palpebral, the superior and inferior labial veins, the buccal veins from the cheek,
and the masseteric veins. Below the jaw it receives the submental, the inferior
and, passing obliquely outwards

cal fascia, unites witli a

Fig. 348.

—Veins of

the

Head and Neck.

which returns the blood from the plexus around the tonsil and soft
palate the submaxillary vein, which commences in the submaxillary gland
and, generally, the ranine vein.
The Temporal Vein commences by a minute plexus on the side and vertex of

palatine,
;

the skull, which communicates with the frontal vein in front, the corresponding
vein of the opposite side, and the posterior auricular and occipital veins behind.
From this network anterior and posterior branches are formed which unite above
the zygoma, forming the trunk of the vein. This trunk is joined in this situation
by a large vein, the middle temporal^ which receives the blood from the substance
of the Temporal muscle and pierces the fascia at the upper border of the zygoma.
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The temporal vein tlien descends between the external auditory meatus and the
condyle of the jaw, enters the substance of the parotid gland, and unites with the
internal maxillary vein to form the temporo-maxillary.
Branches. The temporal vein receives in its course some parotid veins, an
articular branch from the articulation of the jaw, anterior auricular veins from
the external ear, and a vein of large size, the transverse facial.^ from the side of
the face,
The Internal Maxillary Vein is a vessel of considerable size, receiving branches
which correspond with those of the internal maxillary artery. Thus it receives
the middle meningeal veins, the deep temporal, the pterygoid, masseteric, and
buccal, some palatine veins, and the inferior clental. These branches form a large
plexus, the pterygoid, whicli is placed between the Temporal and External pterygoid, and partly between the Pterygoid muscles. This plexus communicates very
freely with the facial vein, and with the cavernous sinus, by branches through
The trunk of the vein then passes
the foramen Yesalii at the base of the skull.
backAvards, behind the neck of the lower jaw, and unites with the temporal vein,
forming the temporo-maxillary.
The Te'inporo -maxillary Vein, formed by the union of the temporal and internal
maxillary veins, descends in the substance of the parotid gland, between the ramus
of the jaw and the Sterno-mastoid muscle, and divides into two branches, one of
which passes inwards to join the facial vein, the other is joined by the posterior
auricular vein and becomes external jugular.
The Posterior Auricular Vein commences upon the side of the head, by a plexus
which communicates with the branches of the temporal and occipital veins. The
vein descends behind the external ear and joins the temporo-maxillary vein forming the external jugular. This vessel receives the stylo-mastoid vein, and some
branches from the back part of the external ear.
The Occipital Vein commences at the back part of the vertex of the skull, by
It follows the course of the
a plexus in a similar manner to the other veins.
occipital artery, passes deeply beneath the muscles of the back part of tlie neck,
and terminates in the internal jugular, occasionally in the external jugular. As
this vein passes across the mastoid portion of the temporal bone, it receives the
mastoid vein, whicli establishes a communication with the lateral sinus.

Veins of the Neck.

The

veins of the neck, which return the blood from the head and face, are

the

External jugular.

Anterior jugular.

Posterior external jugular.
Vertebral.

Internal jugular.

The External Jugular Vein receives the greater part of the blood from the
exterior of the cranium and deep parts of the face, being formed by the junction
of the temporo-maxillary and posterior auricular veins.
It commences in the
substance of the parotid gland, on a level with the angle of the lower jaw, and
runs perpendicularly down the neck, in the direction of a line drawn from the
angle of the jaw to the middle of the clavicle. In its course it crosses the Sternomastoid muscle, and runs parallel with its posterior border as far as its attachment to the clavicle, where it perforates the deep fascia, and terminates in the
subclavian vein, on the outer side of the internal jugular. In the neck it is
separated from the Sterno-mastoid by the anterior layer of the deep cervical
fascia, and is covered by the Platysma, the superficial fascia, and the integument.
This vein is crossed about its middle by the superficial cervical nerve, and its
upper half is accompanied by the auricularis magnus nerve. The external
jugular vein varies in size, bearing an inverse proportion to that of the other
veins of the neck it is occasionally double.
It is provided with two pairs of
;
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valves, the lower pair being placed at its entrance into the subclavian vein, the

upper pair in most cases about an inch and a half above the clavicle. The portion of vein between the two sets of valves is often dilated, and is termed the
sinus. These valves do not prevent the regurgitation of the blood, or the passage
of injection from below upwards.^
Branches. This vein receives the occipital occasionally, the posterior external
jugular, and, near its termination, the suprascapular and transverse cervical
It communicates with the anterior jugular, and, in the substance of the
veins.
parotid, receives a large branch of communication from the internal jugular.
The Posterior External Jugular Vein returns the blood from the integument
and superficial muscles in the upper and back part of the neck, lying between
the Splenius and Trapezius muscles. It runs down the back part of the neck,
and opens into the external jugular just below the middle of its course.

The Anterior Jugular Vein commences near the hyoid bone from the convergence of several superficial branches from the sub-maxillary region. It passes
down between the median line and the anterior border of the Sterno-mastoid,
and, at the lower part of the neck, passes beneath that muscle to open into the
termination of the external jugular, or into the subclavian vein (Fig. 355). This
vein varies considerably in size, bearing almost always an inverse proportion to
the external jugular.
Most frequently there aj^e two anterior jugulars, a right
and left; but occasionally only one. This vein receives some laryngeal branches,
and occasionally an inferior thyroid vein. Just above the sternum, the two
anterior jugular veins communicate by a transverse trunk, which receives
branches from the inferior thyroid veins. It also communicates with the internal jugular.
There are no valves in this vein.
The Internal Jugular Vein collects the blood from the interior of the cranium,
from the superficial parts of the face, and from the neck. It commences just
external to the jugular foramen, in the base of the skull, being formed by the
coalescence of the lateral and inferior petrosal sinuses (Fig. 853).
At its origin
it is somewhat dilated, and this dilatation is called the sinus, or gulf, of the internal jugular vein. It runs down the side of the neck in a vertical direction, lying
at first on the outer side of the internal carotid, and then on the outer side of the
common carotid, and at the root of the neck unites with the subclavian vein, to
form the vena innominata. The internal jugular vein, at its commencement,
lies upon the Rectus lateralis, behind, and at the outer side of the internal carotid, and the eighth and ninth pairs of nerves
lower down, the vein and artery
lie upon the same plane, the glosso-pharyngeal and hypoglossal nerves passing
forwards between them the pneumogastric descends between and behind them,
in the same sheath
and the spinal accessory passes obliquely outwards, behind
the vein. At the root of the neck the vein of the right side is placed at a little
distance from the artery; on the left side, it usually crosses at its lower ]^art.
The right internal jugular vein crosses the first part of the subclavian arter3^ The
vein is of considerable size, but varies in different individuals, the left one being
usually the smaller. It is provided with a pair of valves, which are placed at
its point of termination, or from half to three-quarters of an inch above it.
Branches. This vein receives in its course the facial, lingual, pharjmgeal,
At its point of
superior and middle thyroid veins, and sometimes the occipital.
junction with the branch common to the temporal and facial veins, it becomes
greatly increased in size.
The lingual veins commence on the dorsum, sides, and under surface of the
tongue, and, passing backwards, following the course of the lingual artery and its
branches, terminate in the internal jugular. Sometimes the ranine vein joins the
lingual instead of the facial.
The pharyngeal vein commences in a minute plexus, the pharyngeal, at the
:

;

;

^ The student may refer to an interesting paper by Dr. Struthers, " On Jngnlar Venesection
in Asphyxia, Anatomically and Experimentally Considered, including the Demonstration of
Valves in the Veins of the Neck," in the Edinburgh Medical Journal, for November, 1856.
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back part and sides of the pbarynx, and, after receiving meningeal branches, and
It
the Vidian and spheno-palatine veins, terminates in tlie internal jugular.
occasionally opens into the facial, lingual, or superior thyroid vein.
The superior thy roid vein commences in the substance and on the surface of the
thyroid gland, by branches corresponding with those of the superior thyroid
artery, and terminates in the upper part of the internal jugular vein.
The middle thyroid vein collects the blood from the lower part of the lateral
lobe of the thyroid gland, and, being joined by some branches from the larynx
and trachea, terminates in the lower part of the internal jugular vein.
The facial and occipital veins have been described above.
The Vertebral Vein commences in the occipital region, by numerous small
branches, from the deep muscles at the upper and back part of the neck, passes
outwards, and enters the foramen in the transverse process of the atlas, and
descends by the side of the vertebral artery, in the canal formed by the transEmerging from the foramen in the
verse processes of the cervical vertebrae.
transverse process of the sixth cervical, it terminates at the root of the neck in
the back part of the innominate vein near its origin, its mouth being guarded
by a pair of valves. On the right side, it crosses the first part of the subcLavian
This vein, in the lower part of its course, occasionally divides into two
artery.
branches, one of which emerges with the artery at the sixth cervical vertebra:
the other escapes through the foramen in the seventh cervical.
Branches. The vertebral vein receives in its course a vein from the inside of
the skull through the posterior condyloid foramen, muscular branches from the
muscles in the prevertebral region dorsi-spinal veins, from the back part of the
meningo-rachidian veins, from the interior of the
cervical portion of the spine
spinal canal
and lastly, the ascending and deep cervical veins.
;

;

;

Veins of the Diploe.

The diploe of the cranial bones
tortuous canals, which are lined by a
Fig.

349.— Veins of the Diploe

is

channelled in the adult by a number of
less complete layer of compact tissue.

more or

as Displayed by the

Removal

of the Outer Table ot the Skull.

The veins they contain are large and capacious, their walls being thin, and
formed only of epithelium, resting upon a layer of elastic tissue, and they present,
at irregular intervals, pouch-like dilatations, or culs de sac, which serve as reservoirs
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These are the veins of the diploe
removing the outer table of the skull.

for the blood.

:

they can only be displayed by

In adult life, as long as the cranial bones are distinct and separable, these veins
are confined to the particular bones but in old age, when the sutures are united,
they communicate with each other, and increase in size. These vessels communicate, in the interior of the cranium, with the meningeal veins and with the
sinuses of the dura mater and on the exterior of the skull, with the veins of the
pericranium. They are divided into the frontal^ which opens into the suprathe anterior temporal^
orbital vein, by an aperture at the supra-orbital notch
which is confined chiefly to the frontal bone, and opens into one of the deep
temporal veins, after escaping by an aperture in the great wing of the sphenoid;
the posterior temporal^ which is confined to the parietal bone, and terminates in
the lateral sinus by an aperture at the posterior inferior angle of the parietal
bone and the occipital^ the largest of the four, which is confined to the occipital
bone, and opens either into the occipital vein or the occipital sinus.
;

;

;

;

Cerebral Veins.
The Cerebral Veins are remarkable for the extreme thinness of their coats, in
consequence of the muscular tissue in them being wanting, and for the absence
of valves.
They may be divided into two sets, the superficial, which are placed
on the surface, and the deep veins, which occupy the interior of the organ.
The Superficial Cerebral Veins ramify upon the surface of the brain, being
lodged in the sulci, between the convolutions, a few running across the convolutions.
They receive branches from the substance of the brain, and terminate in
the sinuses.
They are named, from the position they occupy, superior, inferior,
internal,

and external.

The Superior

Cerebral Veins, seven or eight in number on each side, pass
forwards and inwards towards the great longitudinal fissure, where they receive
the internal cerebral veins, which return the blood from the convolutions of the
flat surface of the corresponding hemisphere; near their termination, they become
invested with a tubular sheath of the arachnoid membrane, and open into the
superior longitudinal sinus, in the opposite direction to the course of the blood.
The external cerebral veins, which return the blood from the convolutions on the
outer surface of the hemisphere, also open, for the most part, into these veins.
The Inferior Cerebral Veins are divisible into three sets, from the position they
occupy at the base of the brain they are named Anterior, Lateral, and Median
Inferior Cerebral Veins.
The Anterior Inferior Cerebral Veins commence on the under surface of the
anterior lobes of the brain, and terminate in the cavernous sinuses.
The Lateral Inferior Cerebral Veins commence on the under surface of the
temporo-sphenoidal lobe and at the base of the brain they unite to form from
three to five veins, which open into the lateral sinus from before backwards.
One of these sometimes opens into the superior petrosal sinus.
The Median Inferior Cerebral Veins, which are very large, commence at the
fore part of the under surface of the cerebrum, and from the convolutions of the
posterior lobe, and terminate in the straight sinus behind the venas Galeni.
The Deep Cerebral or Ventricular Veins (venae Galeni), are two in number,
one from the right, the other from the left, ventricle. They are each formed by
two veins, the vena corporis striati, and the choroid vein. They run backwards,
parallel with one another, inclosed within the velum interpositum, and pass out
of the brain at the great transverse fissure, between the posterior extremity, or
splenium, of the corpus callosum and the tubercula quadrigemina, to enter the
straight sinus.
The two veins usually unite to form one before opening into the
;

:

straight sinus.

The vena corp)oris striati commences in the groove between the corpus striatum
and thalamus opticus, receives numerous veins from both of these parts, and unites
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loehind the anterior pillar of tlie fornix witli tlie choroid vein, to form one of the
venas Galeni.
The choroid vein rans alons; the whole leno-th of the outer border of the choroid
plexus, receiving veins from the hippocampus major, the fornix and corpus
callosum, and unites, at the anterior extremity of the choroid plexus with the
vein of the corpus striatum.
The Cerebellar Veins occupy the surface of the cerebellum, and are disposed in
The superior pass forwards and
three sets, superior, inferior, and lateral.
inwards, across the superior vermiform process, and terminate in the straight
sinus
some open into the vem^ Graleni. The inferior cerebellar veins, of large
size, run transversel}^ outwards, and terminate by two or three trunks in the
The lateral anterior cerebellar veins terminate in the superior
lateral sinuses.
petrosal sinuses.
:

Sinuses of the

Dura Mater.

The sinuses of the dura mater are venous channels analogous to the veins,
their outer coat being formed by the dura mater; their inner, by a continuation
of the lining membrane of the veins. They are fifteen in number, and are divided
2.
into two sets
1. Those situated at the upper and back part of the skull
'Those at the base of the skull.
The former are the
:

—

;

Superior longitudinal.
Inferior longitudinal.
Occipital sinuses.

Straight sinus.
Lateral sinuses.

The

Superior Longitudinal Sinus occupies the attached margin of the falx
Commencing at the foramen C£ecum, through which it constantly communicates by a small branch with the veins of the nasal fossae, it runs from
before backwards, grooving the inner surface of the frontal, the adjacent margins
'of the two parietal, and the superior division of the crucial ridge of the occipital
bone, and terminates by opening into the torcular Herophili. The sinus is
triangular in form, narrow in front, and gradually increasing in size as it passes
backwards. On examining its inner surface, it presents the internal openings
of the cerebral veins, which run, for the most part, from behind forwards, and
open chiefly at the back part of the sinus, their orifices being concealed by
cerebri.

fibrous areolcTe
numerous fibrous bands {chordse Willisii) are also seen, which
extend transversely across the inferior angle of the sinus and lastly, some small,
This sinus receives the
Avhite, projecting bodies, the glandulse Pacchioni.
.superior cerebral veins, numerous veins from the diploe and dura mater, and, at
the posterior extremity of the sagittal suture, veins from the pericranium, which
pass through the parietal foramen.
The point where the superior longitudinal and lateral sinuses are continuous
;

;

is called the confliience of the sinuses^ or the torcular Herophili.

It presents a
•considerable dilatation of very irregular form, and is the point of meeting of
.six sinuses, the superior longitudinal, the two lateral, the two occipital, and the
.straight.

The Inferior Longitudinal Sinus^ more correctly described as the inferior longitudinal vein^ is contained in the posterior part of the free margin of tlie falx
cerebri.
It is of a circular form, increases in size as it passes backwards, and
terminates in the straight sinus. It receives several veins from the falx cerebri,
and occasionally a few from the flat surface of the hemispheres.
The Straight Sinus is situated at the line of junction of the falx cerebri with
the tentorium. It is triangular in form, increases in size as it j^i'oceeds backwards, and runs obliquely downwards and backwards from the termination of
the inferior longitudinal sinus to the torcular Herophili. Besides the inferior
longitudinal sinus, it receives the vense Galeni, the inferior median cerebral
^eins, and the superior cerebellar,
few transverse bands cross its interior.

A
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The Lateral Sinuses are of large size, and are situated in the attached margin
of the tentorium cerebelli. They commence at the torcular Herophili, and, passing horizontally outwards to the base of the petrous portion of the temporal bone,
curve downwards and inwards on each side to reach the jugular foramen, where
they terminate in the internal jugular vein. Each sinus rests in its course upon
the inner surface of the occipital, the posterior inferior angle of the parietal, the
mastoid portion of the temporal, and on the occipital again just before its termiThese sinuses are frequently of unequal size, and they increase in size
nation.
as they proceed from behind forwards. The horizontal portion is of a triangular
form, the curved portion semi-cylindrical their inner surface is smooth, and not
These sinuses at their
crossed by the fibrous bands found in the other sinuses.
commencement receive blood from the superior longitudinal, the straight, and
the occipital sinuses they receive the blood from the superior petrosal sinuses
at the base of the petrous portion of the temporal bone, and they unite with the
inferior petrosal sinus, just external to the jugular foramen, to form the internal
jugular vein (Fig. 245). They communicate with the veins of the pericranium
by means of the mastoid and posterior condyloid veins, and they receive the
;

;

Vertical Section of the Skull, showing the Sipuses of the

Dura Mater.

Foramen Cacum

lateral inferior cerebral

and inferior cerebellar

veins,

and some veins from the

diploe.

The

Occipital are the smallest of the cranial sinuses.
They are usually two in
in the attached margin of the falx cerebelli.
They com-

number, and situated

mence by several small veins around the posterior margin of the foramen magnum, which communicate with the posterior spinal veins, and terminate by separate openings (sometimes by a single aperture) in the torcular Herophili.
The sinuses at the base of the skull are, the
Cavernous.

Inferior petrosal.

Circular.

Superior petrosal.
Transverse.

The Cavernous Sinuses are named from their presenting a reticulated structure.
They are two in number, of large size, and placed one on each side of the sella
Turcica, extending from the sphenoidal fissure to the apex of the petrous portion
of the temporal bone they receive anteriorly the ophthalmic vein through the
sphenoidal fissure, and communicate behind with the petrosal sinuses, and with
each other by the circular and transverse sinuses. On the inner wall of each
wnus is found the internal carotid artery, accompanied by filaments of the carotid
;
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plexus, and bj the sixtli nerve
and on its outer wall the third, fourth, and ophthalmic nerves. These parts are separated from the blood flowing along the sinus
by the lining membrane, which is continuous with the inner coat of the veins.
The cavity of the sinus, which, is larger behind than in front, is intersected by
filaments of fibrous tissue and small vessels.
The cavernous sinuses receive the
inferior anterior cerebral veins
they communicate with the lateral sinuses by
;

;

Fig. 351.

—Plan

showing the Relative Position of the Structures in the Right Cavernous Sinus,
Viewed from Behind.
LINING MEMBRANE OF SINUS
NERVE

DURA MATER
FOSSA

LINING PITUITARY
4ti'

NERVE
\'J^

DIVISION OF

S''-"

NERVE

6W NERVE
INTERNAL CAROTID

means of the superior and

inferior petrosal, and with the facial vein through, the
ophthalmic.
The ophthalmic is a large vein, which connects the angular vein at the inner
angle of the orbit with, the cavernous sinus it pursues the same course as the
ophthalmic artery, and receives branches corresponding to those derived from
that vessel. Forming a short, single trunk, it passes through the inner extremity
of the sphenoidal fissure, and terminates in the cavernous sinus.
;

Fig.

352.— The Sinuses

at the

Base of the Skull.

The Circular Sinus completely surrounds the pituitary body, and communicates
on each side with tbe cavernous sinus. Its posterior half is larger than the
anterior and in old age it is more capacious than at an early period of life.
It
receives veins from the pituitary body, and from the adjacent bone and dura mater.
The Inferior Petrosal Sinus is situated in the groove formed by the junction.
;

VEINS.

580

of the inferior border of the petrous portion of the temporal with the basilar
process of the occipital.
It commences in front at the termination of the cavernous sinus, and behind joins the lateral sinus, at the jugular foramen, forming
the internal jugular vein.
The junction of the two sinuses takes place at the lower border of, or just
The exact relation of the parts to one another
external to, the jugular foramen.
in the foramen is as follows
The inferior petrosal sinus is in front, and is directed
obliquely downwards and backwards the lateral sinus is situated at the back
part of the foramen, and between the two is the eighth pair of nerves.
The
junction of the sinuses takes place external to the nerves, so that these latter lie
a little internal to the venous channels in the foramen. (See Fig. 353.) These
sinuses are semi-cylindrical in form.
:

;

Fig. 353.

— Relation of Structures in Jugular Foramen.

The Transverse Sinus is placed transversely across the fore part of the basilar
process of the occipital bone, serving to connect the two inferior petrosal and
second is occasionally found just in front of the foramen
cavernous sinuses.

A

magnum.
The Superior

Petrosal Sinus is situated along the upper border of the petrous
portion of the temporal bone, in tlie front part of the attached margin of the
tentorium. It is small and narrow, and connects together the cavernous and
It receives a cerebellar vein {anterior lateral cerelateral sinuses at each side.
bellar) from the anterior border of the cerebellum, a vein from the internal ear,
and sometimes a cerebral vein {inferior lateral cerebral) from the under part
of the middle lobe.

VEINS OF THE UPPER EXTREMITY.
The veins of the upper extremity are divided into two sets, superficial and deep.
The Superficial Veins are placed immediately beneath the integument between
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— The Superficial Veins of the
Upper Extremity.

or less

complete arch.

The Deep Veins accompany

the arteries,

and constitute the ven^e comites of those
vessels.

Both
valves,

sets of vessels are

provided with

which are more numerous

in the

deep than in the superficial.

The

superficial veins of the

upper ex-

tremitv are the

Anterior ulnar.
Posterior ulnar.
Radial.

Median.

Median
Median

basilic.

cephalic.

Basilic.

Cephalic.

The Anterior Ulnar Vein commences on
the anterior surface of the ulnar side of
the hand and wrist, and ascends along the
inner side of the forearm to the bend of
the eT*bow, where it joins with the posterior ulnar vein to form the common ulnar.
It communicates with branches of the
median vein in front, and with the posterior ulnar behind.
The Posten'or Ulnar Vein commences on
the posterior surface of the ulnar side of
the hand, and from the vein of the little
finger {vena salvatella), situated over the
fourth metacarpal space.
It runs on the
posterior surface of the ulnar side of the
forearm, and just below the elbow unites
with the anterior ulnar vein to form the

common

ulnar.

The Radial Vein commences from the
dorsal surface of the thumb, index finger,
and radial side of the hand, by branches

communicating with the vena salvatella,
and forming by their union a large vessel,
which ascends along; the radial side of the
forearm, and receives numerous branches
from both its surfaces. At the bend of
the elbow it receives the median cephalic,
when it becomes the cephalic vein.
The Median Vein collects the blood from
the superficial structures on the palmar
surface of the hand and middle line of the
forearm, communicatinaf with the anterior
ulnar and radial veins.
At the bend
of the elbow, it receives a branch of communication from the deep veins accompanying the brachial artery, and divides
into two branches, the median cephalic and median basilic, which diverge from
each other as they ascend.
The Median Cephalic^ usually the smaller of the two, passes outwards in the
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groove between the Supinator longus and Biceps muscles, and joins with the
The branches of the external cutaneous nerve
radial to form the cephalic vein.
pass behind this vessel.
The Median Basilic vein passes obliquely inwards, in the groove between the
Biceps and Pronator radii teres, and joins the common ulnar to form the basilic.
This vein passes in front of the brachial artery, from which it is separated by a
fibrous expansion {the bicipital fascia)^ which is given off' from the tendon of the
Biceps to the fascia covering the Flexor muscles of the forearm. Filaments of
the internal cutaneous nerve pass in front as well as behind this vessel.^
is a ;vein of considerable size, formed by the coalescence of the
ulnar vein'' with the median basilic. It passes upwards along the inner
side of the Biceps muscle, pierces the deep fascia a little below the middle of the
arm, and ascends in the course of the brachial artery, terminating either in one
of the ven£e comites of that vessel or in the axillary vein.
The Cephalic Vein courses along the outer border of the Biceps muscle to the
upper third of the arm it then passes in the interval between the Pectoralis
major and Deltoid muscles, accompanied by the descending branch of the acromialthoracic artery and the upper external cutaneous branch of the musculo-spiral
nerve, pierces the costo-coracoid membrane, and terminates in the axillary vein
This vein is occasionally connected with the external
just below the clavicle.
jugular or subclavian by a branch which passes from it upwards in front of the

The

Basilic

common

;

clavicle.

The Deep Veins

of the upper extremity follow the course of the arteries, forming
They are generally two in number, one lying on each side
of the corresponding artery, and they are connected at intervals by short transverse branches.
There are two digital veins accompanying each artery along the sides of the
fingers
these, uniting at their base, pass along the interosseous spaces in the
palm, and terminate in the two superficial palmar veins. Branches from these
vessels on the radial side of the hand accompany the superficialis volse, and on
the ulnar, side terminate in the deep ulnar veins. The deep ulnar veins, as they
pass in front of the wrist, communicate with the interosseous and superficial
veins, and at the elbow unite with the deep radial veins to form the vense comites
of the brachial artery.
The Interosseous Veins accompany the anterior and posterior interosseous
arteries.
The anterior interosseous veins commence in front of the wrist, where
they communicate with the deep radial and ulnar veins; at the upper part of the
forearm they receive the posterior interosseous veins, and terminate in the venas
comites of the ulnar artery.
The Deep Palmar Veins accompany the deep jDalmar arch, being formed by
branches which accompany the ramifications of that vessel. They communicate
with the superficial palmar veins at the inner side of the hand and on the outer
side terminate in the venae comites of the radial artery.
At the wrist they
receive a dorsal and a palmar branch from the thumb, and unite with the deep
radial veins. Accompanying the radial artery these vessels terminate in the ven^
comites of the brachial artery.
The Brachial Veins are placed one on each side of the brachial artery, receivingbranches corresponding with those given off' from that vessel; at the lower margin
of the axilla they unite with the basilic to form the axillary vein.
The deep veins have numerous anastomoses, not only with each other, but also
with the superficial veins.
their venae, comites.

;

;

^ Cruveilhier says
" Numerous varieties are observed in the disposition of the veins of
the elbow; sometimes the common median vein is wanting; but in tliose cases, its two
branches of bifurcation are furnished by the radial vein, and the cephalic is almost always in
a rudimentary condition. In other cases, only two veins are found at the bend of the elbow,
the radial and ulnar, which are continuous, without any demarcation, with the cephalic and
:

basilic."
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The AxiLLAEY Vein is of large size, and formed by the continuation upwards
It commences at the lower part of the axillar}" space,
of the basilic vein.
increases in size as it ascends, by receiving branclies corresponding with those of
the axillary artery, and terminates immediately beneath, tlie clavicle at the outer
margin of the first rib, where it becomes the subclavian vein. This vessel is
covered in front by the Pectoral muscles and costo-coracoid membrane, and lies
on the thoracic side of the axillary artery. Opposite the Subscapularis it is
joined by a large vein, formed by the junction of the venee comites of the
brachial and near its termination it receives the cephalic vein.
This vein is
provided Avith a pair of valves, opposite the lower border of the Subscapularis
muscle; valves are also found at the termination of the cephalic and subscapular
;

veins.

The Subclavian Vein, the continuation of the axillary, extends from the outer
margin of the first rib to the inner end of the sterno-clavicular articulation, where
it unites with the internal jugular to form the vena innominata.
It is in relation,
in front, with the clavicle and Subclavius muscle
behind, with the subclavian
artery, from which it is separated internally by the Scalenus anticus and phrenic
nerve.
Below, it rests in a depression on the first rib and upon the pleura.
Above, it is covered by the cervical fascia and integument.
Tlie subclavian vein occasionally rises in the neck to a level with the third
part of the subclavian artery, and in two instances has been seen passing with
this vessel behind the Scalenus anticus.
This vessel is usually provided with
valves about an inch from its termination in the innominate, just external to the
;

entrance of the external jugular vein.
Branches. It receives the external and anterior jugular veins and a small
branch from the cephalic, outside the Scalenus; and on the inner side of that
muscle, the internal jugular vein.
The Ven^ iNNOMiNATiB or Brachio-Cephalic Veins (Fig. 355) are two
large trunks, placed one on each side of the root of the neck, and formed by the
union of the internal jugular and subclavian veins of the corresponding side.
The Right Vena Innotninata is a short vessel, about an inch and a half in
length, which commences at the inner end of the clavicle, and, passing almost
vertically downwards, joins with the left vena innominata, just below the cartilage
of the first rib, close to the right border of the Sternum, to form the superior
vena cava. It lies superficial and external to the arteria innominata; on its right
This vein, at
side the pleura is interposed between it and the apex of the lung.
the angle of junction of the internal jugular with the subclavian, receives the
right vertebral vein and right lymphatic duct
and, lower down, the right
internal mammary, right inferior thyroid, and right superior intercostal veins.
The Left Vena Innominata^ about three inches in length, and larger than the
right, passes obliquely from left to right across the upper and front part of the
chest, to unite with its fellow of the opposite side, forming the superior vena
cava.
It is in relation, in front, with the sternal end of the clavicle, the sternoclavicular articulation, and the first piece of the sternum, from which it is separated by the Sterno-hyoid and Sterno-thyroid muscles, the thymus gla^nd or its
remains, and some loose areolar tissue.
Behind, it lies across the roots of the
three large arteries arising from the arch of the aorta.
This vessel is joined by
the left vertebral, left inferior thyroid, left internal mammary, and the left superior
intercostal veins, and occasional!}'' some thymic and pericardiac veins. There are
no valves in the venge innominatae.
;

Peculiarities.
Sometimes the innominate veins open separately into the I'ight auricle ; in such
cases the right vein takes the ordinary course of the superior vena cava, but the left vein, after
communicating by a small branch with the right one, passes in front of the root of the left lung,
and, turning to the back of the heart, receives the cardiac veins, and terminates in the back of
the I'ight auricle. This occasional condition of the veins in the adult is a regular one in the
The
foetus at an early period, and the two vessels are persistent in birds and some mammalia.
subsequent changes which take place in these vessels are the following: The communicating
branch between the two trunks enlarges and forrhs the future left innominate vein the remaining
;

—
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Fig. 355.

—The Venae Cavie
their

and Azygos Veins, with
Formative Branches.

part of the left trunk is obliterated
as far as the heart, where it remains
pervious, and forms the coronary
sinus
a remnant of the obliterated
vessel is seen in adult life as a tibrous
band passing along the back of the
left auricle and in front of the root
of the left lung, called by Mr. Marshall the vestigial fold of the peri;

1

zEsofeitial Jvi/tilar

cardium.

The internal mammary veins.,
two in number

to each artery,

follow the course of that vessel, and receive branches corresponding with those derived
from it. The two veins of
each side unite into a single
trunk, which terminates in
the innominate vein.
The inferior thyroid veins.,
two, frequently three or four
in number, arise in the venous
plexus on the thyroid body,
communicating with the middle and superior thyroid veins.
The left one descends in front
of the trachea, behind the
Sterno-thyroid muscles, communicating with its fellow by
transverse branches, and terminates in the left vena innomiThe right one, which
nata.
is placed a little to the right
of the median line, opens into
the right vena innominata, just
at its junction with the superior cava. These veins receive
tracheal and inferior laryngeal
branches, and are provided
with valves at their termination in the innominate veins.
The Superior Intercostal
Veins return the blood from
the upper intercostal spaces.
The riyht superior intercostal.,
much smaller than the
left, closely corresponds with
the superior intercostal artery,
receiving the blood from the
first, or first and second intercostal spaces, and terminates
in the right vena innominata.
Sometimes it passes down, and
opens, into the vena azygos
major.
The left superior intercostal is always larger than the right, but varies in size
in different subjects, being small when the left upper azygos vein is large, and
vice versa.
It is usually formed by branches from the two or three upper inter-

;
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costal spaces, and, passing across the arcli of the aorta, terminates in the left

The left bronchial vein opens into it.
The Superior Yena Cava receives the blood which

vena innominata.

is conveyed to the heart
from the whole of the upper half of the body. It is a short trunk, varying
from two inches and a half to three inches in length, formed by the junction of
the two vente innominat;^. It commences immediately below the cartilage of
the first rib close to the sternum on the right side, and, descending vertically,
enters the pericardium about an inch and a half above the heart, and terminates
in the upper part of the right auricle.
In its course, it describes a slight curve,
the convexity of which is turned to the right side.
Relations.
In front., with the pericardium and process of cervical fascia which
is continuous with it, this separates it from the thymus gland, and from the
sternum behind^ with the root of the right lung. On its right side., with the
phrenic nerve and right pleura on its left side., with the ascending part of the
aorta.
The portion contained within the pericardium is covered by the serous
layer of that membrane, in its anterior three-fourths.
It receives the vena azygos
major, just before it enters the pericardium, and several small veins from the
pericardium and parts in the mediastinum. The superior vena cava has no
;

;

valves.

The Azygos Veins connect together the superior and inferior venae cava3,
supplying the place of those vessels in the part of the chest which is occupied
by the
The

heart.

vein., commences opposite the first or second lumbar
a branch from the right lumbar veins {the ascending lumbar) ; sometimes by a branch from the right renal vein, or from the inferior vena cava. It
enters the thorax through the aortic opening in the Diaphragm, and passes along
the right side of the vertebral column to the third dorsal vertebra, where it
arches forward over the root of the right lung, and terminates in the superior
vena cava, just before that vessel enters the pericardium. Whilst passing through
the aortic opening of the Diaphragm, it lies with the thoracic duct on the right
side of the aorta; and in the thorax, it lies upon the intercostal arteries, on the
right side of the aorta and thoracic duct, in the posterior mediastinum.
Branches. It receives nine or ten lower intercostal veins of the right side, the
vena azygos minor, several oesophageal, mediastinal, and vertebral veins near its
termination, the right bronchial vein and is occasionally connected with the
right superior intercostal vein.
few imperfect valves are found in this vein
but its branches are provided with complete valves.
The intercostal veins on the left side, below the two or three upper intercostal
spaces, usually form two trunks, named the left lower and the left upper azygos

larger, or right azygos

vertebra,

by

;

;

A

veins.

The left lower., or smaller azygos vein., commences in the lumbar region, b}^ a
branch from one of the lumbar veins {ascending lumbar)., or from the left renal.
It passes into the thorax, through the left crus of the Diaphragm, and, ascending
on the left side of the spine, as high as the sixth or seventh dorsal vertebra,
passes across the column, behind the aorta and thoracic duct, to terminate in the
right azygos vein.
It receives the four or five lower intercostal veins of the left
side, and some cesophageal and mediastinal veins.
The left wp-per azygos vein varies according to the size of the left superior intercostal.
It receives veins from the intercostal spaces between the left superior
intercostal vein and highest branch of the left lower azygos.
They are usually
two or three in number, and join to form a trunk, which ends in the right azygos
vein or in the left lower azygos.
When this vein is small, or altogether wanting, the left superior intercostal vein will extend as low as the fifth or sixth intercostal space.^

For an account' of the arrangement of the Azygos and superior intercostal veins in a number
from the same dissecting-room, see a paper by Mr. B. G. Morison, Journ. of
Anat. and Fhys., vol. xiii., p. 346. The most important difference between his description and
'

of consecutive cases
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The hronchial veins return the blood from tlie substance of the hmgs that of
the right side opens into the vena az3^gos major, near its termination that of the
left side, into the left superior intercostal vein.
;

;

The Spinal Veins.
The numerous venus plexuses placed upon and within the

spine

may be arranged

into four sets.
1.

2.

Those placed on the exterior of the spinal column (the dorsi-sjnnal veins).
Those situated in the interior of the spinal canal, between the vertebrae and

the theca vertebralis [meningo-rachidian veins).
3. The veins of the bodies of the vertebras [vense basis vertehrarum).
4. Tlie veins of the spinal cord [m.edulU- spinal).
1. The Dorsi-spinal Veins commence by small branches, which receive their
blood from the integument of the back of the spine, and from the muscles in the
vertebral grooves.
They form a complicated network, which surrounds the
spinous processes, the lamina, and the transverse and articular processes of all
the vertebrse. At the bases of the transverse processes they communicate, by
means of ascending and descending branches, with the veins surrounding the
contiguous vertebra, and they join with the veins in the spinal canal by branches
which perforate the ligamenta subflava. Other branches pass obliquely forwards,
between the transverse processes, and communicate with the intra-spinal veins
through the intervertebral foramina. They terminate by joining the vertebral
veins in the neck, the intercostal veins in the thorax, and the lumbar and sacral
veins in the loins and pelvis.
2. The principal veins contained in the spinal canal are situated between the
theca vertebralis and the vertebrae. They consist of two longitudinal plexuses,
one of which runs along the posterior surface of the bodies of the vertebrae
throughout the entire length of the spinal canal {anterior longitudinal spinal
veins), receiving the veins belonging to the bodies of the vertebras (yense basis
vertebrarum).
The other plexus [posterior longitudinal spinal veins) is placed on
the inner or anterior surface of the laminee of the vertebras, and extends also
along the entire length of the spinal canal.
The Anterior Longitudinal Sj^inal Veins consist of two large, tortuous, venous
canals, which extend along the whole length of the vertebral column, from the
foramen magnum to the base of the coccyx, being placed one on each side of the
posterior surface of the bodies of the vertebrge, external to the posterior common
ligament. These veins communicate together opposite each vertebra, by transverse trunks, which pass beneath the ligament, and receive the large venae basis
vertebrarum from the interior of the body of each vertebra. The anterior longitudinal spinal veins are least developed in the cervical and sacral regions. They
are not of uniform size throughout, being alternately enlarged and constricted.
At the intervertebral foramina, they communicate with the dorsi-spinal veins,
and with the vertebral veins in the neck, with the intercostal veins in the dorsal
region, and with the lumbar and sacral veins in the corresponding regions.
The Posterior Longitudinal Spinal Veins, smaller than the anterior, are situated
one on either side, betA\^een the inner surface of the laminse and the theca vertebralis.
They communicate (like the anterior), opposite each vertebra, by transand with the anterior longitudinal veins, by lateral transverse
verse trunks
branches, which pass from behind forwards. These veins, by branches which
Finally they
perforate the ligamenta subflava, join with the dorsi-spinal veins.
converge to the intervertebral foramina, through which they pass and join the
vertebral, intercostal, lumbar, and sacral veins.
;

is that he always found two superior intercostal veins on both sides; the vein
space being separate, and joining the corresponding innominate vein. The lower
(and larger) superior intercostal vein he describes as opening into the Azj-gos on the right and
innominate on the left side.

that in the text,

from the

first
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3. The Veins of the Bodies of the Vertebrse [venae basis vertebrarum) emerge from
the foramina on their posterior surface, and join the transverse trunk connecting
the anterior longitudinal spinal veins.
They are contained in large, tortuous
channels, in the substance of the bones, similar in every respect to those found
in the diploe of the cranial bones.
These canals lie parallel to the upper and

Fig. 350.

—Transverse Section of a Dorsal Vertebra,

showing the Spinal Veins.

X

They commence by

small openings on the front and
through which communicating branches from
the veins external to the bone pass into its substance, and converge to the principal canal, which is sometimes double towards its posterior part.
They become
greatly developed in advanced age.
4. The Veins of the Spinal Cord {niedulli- spinal) consist of a minute, tortuous
venous plexus, which covers the entire surface of the cord, being situated between
the pia mater and arachnoid.
These vessels emerge chiefly from the posterior

lower surface of the bones.

sides of the bodies of the vertebra,

Fig. 357.

—Vertical Section of

two Dorsal

Vertebrre, showing the Spinal Veins.

median farrow, and are largest in the lumbar region. Near the base of the skull
they unite, and form two or three small trunks, which communicate with the
vertebral veins, and then terminate in the inferior cerebellar veins, or in the
petrosal sinuses.
Each of the spinal nerves is accompanied by a branch as far as
the intervertebral foramina, where they join the other veins from the spinal
canal.

There are no valves

in the spinal veins.
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VEINS OF TPIE LOWER EXTEEMITY.
The veins of the loAver extremity
two sets, superficial and deep the

are subdivided, like those of the upper, into

superficial veins being placed beneath the
integument, between the two layers of superficial fascia; the deep veins accompanying the arteries, and
forming the ven^B comites of those vessels. Both
sets of veins are provided with valves, which are
more numerous in the deep than in the superficial
set.
These valves are also more numerous in the
lower than in the upper limb.
The Svperficial Veins of the lower extremity are
the internal or long saphenous, and the external or
short saphenous.
On the dorsum of the foot is a venous arch, situated in the superficial structures over the anterior
extremities of the metatarsal bones.
It has its convexity directed forAvards, and receives digital branches
from the upper surface of the toes at its concavity
it is joined by numerous small branches, which form
a plexus on the dorsum of the foot.
The arch terminates internally in the long saphenous, externally
in the short saphenous vein.
The internal or long saphenoiis vein (Fig. 358) commences at the inner side of the arch on the dorsum of
the foot it ascends in front of the inner malleolus,
and along the inner side of the leg, behind the inner
margin of the tibia, accompanied, by the internal
:

Fig. 358.— The Internal
Long Saphenous Vein and

Branches.

or
its

;

^r

;

saphenous nerve. At the knee, it passes backwards
behind the inner condyle of the femur, ascends along
the inside of the thigh, and, passing through the
saphenous opening in the fascia lata, terminates in the
femoral vein about an inch and a half below PouThis vein receives in its course
part's ligament.
cutaneous branches from the leg and thigh, and at
the saphenous opening the superficial epigastric,
superficial circumflex iliac, and external pudic veins.
The veins from the inner and back part of the thigh
frequently unite to form a large vessel, which enters
the main trunk near the saphenous opening
and
sometimes those on the outer side of the thigh join
to form a large branch
so that occasionally three
large veins are seen converging from different parts
of the thigh toAvards the saphenous opening.
The
internal saphenous vein communicates in the foot
;

;

in the leg, Avith the
AAdth the internal plantar vein
posterior tibial veins, by branches which perforate the
tibial origin of the Soleus muscle, and also with the
anterior tibial veins at the knee, with the articular
veins in the thigh, with the femoral vein by one or
more branches. The valves in this vein vary from
tAvo to six in number they are more numerous in the
thigh than in the leg.
The external or short saphenous vein (Fig. 359) commences at the outer side of the arch on the dorsum of
;

;

;

:

the foot it ascends behind the outer malleolus, and
along the outer border of the tendo Achillis, across
;
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ILIAC.

589

which it passes at an acute angle to reach the middle line of the posterior aspect of
the leg. Passing directly upwards, it perforates the deep fascia in the lower part of
the popliteal space, and terminates in the j^opliteal vein, between the heads of the
Gastrocnemius muscle.^ It is accompanied by the external saphenous nerve. It
receives numerous large branches from the back part of the leg, and communicates
with the deep veins on the dorsum of the foot and behind the outer malleolus.
This vein has a variable number of valves, from three to nine (Gay), one of
which is always found near its termination in the popliteal vein.
The Deep Veins of the lower extremity accompany the
Fig. 359.— Exterarteries and their branches, and are called the vense comites
nal or Short Sapheof those vessels.
nous Vein.
The external and internal plantar veins unite to form
the posterior tibial. They accompany the posterior tibial
artery, and are joined by the peroneal veins.
The anterior tibial veins are formed by a continuation
upwards of the venje comites of the dorsalis pedis artery.
They pass through the aperture in the interosseous membrane at the upper part of the leg, and form, by their junction
with the posterior tibial, the popliteal vein.
/
The valves in the deep veins are very numerous.
The Popliteal Y'S.m is formed by the junction of the
vense comites of the anterior and posterior tibial vessels it
ascends through the popliteal space to the tendinous aperture in the Adductor magnus, where it becomes the femoral
vein.
In the lower part of its course it. is placed internal to
between the heads of the Gastrocnemius, it is
the artery
superficial to that vessel but above the knee-joint, it is close
It receives the sural veins from the Gasto its outer side.
trocnemius muscle, the articular veins, and the external
saphenous. The valves in this vein are usually four in
;

;

;

number.

The Femoral Vein accompanies the femoral artery
through the upper two-thirds of the thigh. In the lower
part of its course, it lies external to the artery; higher up,
and beneath Poupart's ligament, it lies to its
it is behind it
inner side, and on the same plane.
It receives numerous
muscular branches the profunda femoris joins it near its
termination, and about an inch and a half below Poupart's
ligament the internal saphenous vein. The valves in this
vein are four or five in number.
;

;

The External Iliac Yein commences at the termination of the femoral, beneath the crural arch, and, passing
upwards along the brim of the pelvis, terminates opposite
the sacro-iliac sjanphysis, by uniting with the internal iliac
to form the common iliac vein.
On the right side, it lies at
first along the inner side of the external iliac artery
but
as it passes upwards, gradually inclines behind it.
On the left side, it lies
altogether on the inner side of the artery.
It receives, immediately above
Poupart's ligament, the epigastric and circumflex iliac veins. It has no valves.
The Internal Iliac Vein is formed by the venas comites of the branches of
the internal iliac artery, the umbilical arteries excepted. It receives the blood
from the exterior of the pelvis by the gluteal, sciatic, internal pudic, and obtu;

^ Mr.
Gay calls attention to the fact that the external saphenous vein often (he says invariably)
penetrates the fascia at or about the point where the tendon of the gastrocnemius commences,
and runs below the fascia in the rest of its course, or sometimes among the muscular fibres, to
join the popliteal vein.
See Gay on Varicose Disease of the Loioer Extremities^ p. 24, where
there is also a careful and elaborate description of the branches of the saphenous veins.
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rator veins and from tlie organs in the cavity of the pelvis by the hemorrhoidal
and vesico-prosLatic plexuses in the male, and the uterine and vaginal plexuses
The vessels forming these plexuses are remarkable for their
in the female.
large size, their frequent anastomoses, and the number of valves which they
The internal iliac vein lies at first on the inner side and then behind
contain.
the internal iliac artery, and terminates opposite the sacro-iliac articulation, by
uniting with the external iliac, to form the common iliac vein. This vessel has
no valves.
The hemorrhoidal plexus surrounds the lower end of the rectum, being formed
by the superior hemorrhoidal veins (branches of the inferior mesenteric), and the
middle and inferior hemorrhoidal, which terminate in the internal iliac. The
portal and general venous sj'-stems have a free communication by means of the
branches composing this plexus.
The vesico-prostatic plexus surrounds the neck and base of the bladder and
prostate gland.
It communicates with the hemorrhoidal plexus behind, and
receives the dorsal vein of the penis, which enters the pelvis beneath the subpubic ligament. This plexus is supported upon the sides of the bladder by a
The veins composing it are very liable to become
reflection of the pelvic fascia.
varicose, and often contain hard, earthy concretions, coW-Qdi phleboliths.
The dorsal vein of the penis is a vessel of large size, which returns the blood
from the body of that organ. At first it consists of two branches, which are
contained in the groove on the dorsum of the penis, and it receives veins from
the glans, the corpus spongiosum, and numerous superficial veins these unite
near the root of the penis into a single trunk, which passes through the
suspensory ligament of the penis, pierces the triangular ligament beneath the
pubic arch, and divides into two branches, which enter the prostatic plexus.
The vaginal plexus surrounds the mucous membrane, being especially developed
it communicates with the vesical plexus in front,,
at the orifice of the vagina
;

;

;

and with the hemorrhoidal plexus behind.

The uterine plexus is situated along the sides and superior angles of the uterus
between the layers of the broad ligament, receiving large venous canals (the
uterine sinuses) from the substance of the uterus.
The veins composing this
plexus anastomose frequently with each other and with the ovarian veins. They
are not tortuous like the arteries.
The Common Iliac Veins are formed by the union of the external and
passing obliquel}^
internal iliac veins in front of the sacro-iliac articulation
upwards towards the right side, they terminate upon the intervertebral substance
between the fourth and fifth lumbar vertebrae, where the veins of the two sides
The right common iliac
unite at an acute angle to form the inferior vena cava.
is shorter than the left, nearly vertical in its direction, and ascends behind and
then to the outer side of its corresponding arterj''. The left common iliac, longer
and more oblique in its course, is at first situated on the inner side of the corresponding artery, and then behind the right common iliac. Each common
The left
iliac receives the ilio-lumbar and sometimes the lateral sacral veins.
receives, in addition, the middle sacral vein.
No valves are found in these
veins.
The middle sacral vein accompanies its corresponding artery along the front
of the sacrum, and terminates in the left common iliac vein occasionally in the
commencement of the inferior vena cava.
;

;

Peculiarities.
The left common iliac vein, instead of joining with the right in its usual position^
occasionally ascends on the left side of the aorta as high as the kidney, where, after receiving
the left renal vein, it crosses over the aorta, and then joins with the right vein to form the vena
cava.
In these cases, the two common iliacs are connected by a small communicating branch
at the spot where they are usually united.-^

^ See two cases which have been described by Mr.
Reports, vols. xvi. and xvii.

Walsham

in the St. Bartholomew'' s Hospital
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The Inferiok Vena Cava returns to the heart the blood from all the parts
below the Diaphragm. It is formed by the junction of the two common iliac
veins on the right side of the intervertebral substance between the fourth and
fifth lumbar vertebrte.
It passes upwards along the front of the spine, on the
right side of the aorta, and, having reached the under surface of the liver, is
It then perforates the central
contained in a groove in its posterior border.
tendon of the Diaphragm, enters the pericardium, where it is covered by its
serous layer, and terminates in the lower and back part of the right auricle.
At
its termination in the auricle it is provided with a valve, the Eustachian^ which
is of large size daring foetal life.
Relations.
In front from below upwards, with the mesentery, transverse portion of the duodenum, the pancreas, portal vein, and the posterior border of the
liver, which partly and occasionally completely surrounds it
hehincl^i Math the
vertebral column, the right crus of" the Diaphragm, the right renal and lumbar
arteries
on the left side., with the aorta. It receives in its course the following
branches
^

;

;

Lumbar,
Right spermatic.
Renal.

Suprarenal.
Phrenic.
Hepatic.

Peculiarities.
In Position. This vessel is sometimes placed on the left side of the aorta, as
high as the left renal vein, after receiving which it crosses over to its usual position on the right
side
or it may be placed altogether on the left side of the aorta, as far upwards as its termination in the heart: in such cases, the abdominal and thoracic viscera, together with the great
vessels, are all transposed.
Point of Termination. Occasionally, the inferior vena cava joins the right azj^gos vein, which
is then of large size.
In such cases, the superior cava receives the whole of the blood from the
body before transmitting it to the right auricle, except the blood from the hepatic veins, which
passes directly into the right auricle.
;

lumbal^ veins., three or four in number on each side, collect the blood by
branches from the muscles and integument of the loins, and by abdominal
branches from the walls of the abdomen, where they communicate with the
epigastric veins.
At the spine, they receive branches from the spinal plexuses,
and then pass forwards, round the sides of the bodies of the vertebrae beneath
The left
the Psoas magnus, and terminate at the back part of the inferior cava.
lumbar veins are longer than the right, and pass behind the aorta. The lumbar
veins communicate with each other by branches which pass in front of the transverse processes.
Usually, two or more of these veins unite to form a single trunk,
the ascending lumhar., which forms the most frequent origin of the correspondingvena azygos, and serves to connect the common iliac, ilio-lumbar, lumbar, and
azygos veins of the corresponding side of the body.
The s]3ermatic veins emerge from the back of the testis, and receive branches
from the epididymis they form a branched and convoluted plexus, called the
spermatic plexus {plexus pampinifoTmis\ below the abdominal ring the vessels
composing this plexus are very numerous, and ascend along the cord in. front of
the vas deferens having entered the abdomen through the inguinal canal, they
coalesce to form two branches, which ascend on the Psoas muscle, behind the
peritoneum, lying one on each side of the spermatic artery, and unite to form a
single vessel, which opens on the right side into the inferior vena cava, at an
The speracute angle, on the left side into the left renal vein, at a right angle.
matic veins are provided with valves.^ The left spermatic vein passes behind
the sigmoid flexure of the colon, a part of the intestine in which faecal accumulation is common; this circumstance, as well as the indirect communication of the
vessel with the inferior vena cava, may serve to explain the more frequent
occurrence of varicocele on the left side.

The

doi^sal

;

:

;

Rivington has pointed out that a valve is usually found at the orifices of both the right and
spermatic veins. When no valves exist at the opening of the left spermatic vein into the
left renal vein, valves are generally present in the renal vein within a quarter of an inch from the
orifice of the right renal vein.
Journal of Anatomy and Physiology vol. vii., p. 163.
1

left

.,
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The ovarian veins are analogous to the spermatic in the male they form a
plexus near the ovary, and in the broad ligament and Fallopian tube, communicating with the uterine plexus.
They terminate as in the male. Yalves are
occasionally found in these veins.
These vessels, like the uterine veins, become
much enlarged during pregnancy.
The renal veins are of large size, and placed in front of the renal arteries.^
The left is longer than the right, and passes in front of the aorta, just below the
origin of the superior mesenteric artery.
It receives the left spermatic, the left
inferior phrenic, and, generally, the left suprarenal veins. It opens into the vena
cava, a little higher than the right.
The suprarenal vein terminates on the right side in the vena cava; on the left
side, in the left renal or phrenic vein.
The phrenic veins follow the course of the phrenic arteries. The two superior^
of small size, accompany the phrenic nerve and comes nervi phrenici artery; the
right terminating opposite the junction of the two ven£e innominatas, the left in
the left superior intercostal or left internal mammary.
The two inferior phrenic
veins follow the course of the phrenic arteries, and terminate, the right in the
inferior vena cava, the left in the left renal vein.
The hepatic veins commence in the substance of the liver, in the capillary terminations of the portal vein and hepatic artery these branches, gradually uniting,
usually form three large veins, which converge towards the posterior border of
;

:

the liver, and open into the inferior vena cava, whilst that vessel is situated in
the groove at the back part of this organ.
Of these three veins, one from the
right and another from the left lobe, open obliquely into the vena cava that
from the middle of the organ and lobulus Spigelii having a straight course.
The hepatic veins run singly, and are in direct contact Avith the hepatic tissue.
They are destitute of valves.
;

Portal System of Veins.
The portal venous system is composed of four large veins, which collect the
venous blood from the viscera of digestion. The trunk formed by their union [vena
portse) enters the liver and ramifies throughout its substance
and in branches
again emerging from that organ as the hepatic veins terminate in the inferior
vena cava. The branches of this vein are in all cases single, and destitute of valves.
The veins forming the portal system are, the
;

The

Inferior mesenteric.

Splenic.

Superior mesenteric.

Gastric.

from the rectum, sigmoid flexure,
with the ramifications of the branches of the
inferior mesenteric artery.
Ascending beneath the peritoneum in the lumbar
region, it passes behind the transverse portion of the duodenum and pancreas,
and terminates in the splenic vein. Its hemorrhoidal branches inosculate with
those of the internal iliac, and thus establish a communication between the j)ortal
and the general venous system.^
The superior mesenteric vein returns the blood from the small intestines, and
from the caecum and ascending and transverse portions of the colon, corresponding
with the distribution of the branches of the superior mesenteric artery. The
inferior mesenteric vein returns the blood

and descending

colon, corresponding

'
The student may observe that all veins above the Diaphragm, which do not lie on the same
plane as the arteries which they accompany, lie in front of them and that all veins below the
Diaphragm, which do not lie on the same plane as the arteries which they accompany, he behind
them, except the renal and profunda femoris vein.
^ Besides
this anastomosis between the portal vein and the branches of the vena cava, other
anastomoses between the portal and systemic veins are formed by the communication between
the gastric veins and the oesophageal veins which empty themselves into the vena azygos minor,
between the left renal vein and the veins of the intestines, especially of the colon and duodenum,
and between superficial branches of the portal veins of the liver and the phrenic veins, as pointed
out by Mr. Kiernan (Todd and Bowman).
;
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large trunk formed by the union of these branches ascends along the right side
in front of the corresponding artery, passes in front of the transverse portion of the duodenum, and unites behind the upper border of the pancreas with
the splenic vein to form the vena portje. It receives the right gastro-epiploic
vein.

and

The

splenic vein

commences by

Fig. 360.

which return the
These uniting form a single vessel,

five or six large branches,

blood from the substance of the spleen.

—Portal Vein and

which passes from

its

Brandies.

left to right behind the upper border of the pancreas, below
the artery, and terminates at its greater end by uniting at a right angle with the
superior mesenteric to form the vena portse.
The splenic vein is of large size,
and not tortuous like the artery. It receives the vasa brevia from the left
extremity of the stomach, the left gastro-epiploic vein, pancreatic branches from
the pancreas, the pancreatico-duodenal vein, and the inferior mesenteric vein.
The gastric veins are two in number one, a small vein, corresponds to the
pyloric branch of the hepatic artery the other, considerably larger, corresponds
:

;

38

VEINS.

594

The former [pyloric^ Walsham) runs along the lesser
to the gastric artery.
curvature of the stomach towards the pyloric end, receives branches from the
pylorus aad duodenum, and ends in the vena portge. The latter {coronary^ Walsham) begins near the pylorus, runs along the lesser curvature of the stomach
towards the oesophageal opening, and then curves downwards and backwards
between the folds of the lesser omentum, to end in the vena portge.^
The Portal Vein is formed by the junction of the superior mesenteric and
splenic veins, their union taking place in front of the vena cava, and behind the
upper border of the great end of the pancreas. Passing upwards through the
right border of the lesser omentum to the under surface of the liver, it enters
the transverse fissure, where it is somewhat enlarged, forming the sinus of the
portal vein, and divides into two branches, which accompany the ramifications of
the hepatic artery and hepatic duct throughout the substance of the liver. Of
these two branches the right is the larger but the shorter of the two.
The portal
vein is about four inches in length, and, whilst contained in the lesser omentum,
lies behind and between the hepatic duct and artery, the former being to the right,
the latter to the left.
These structures are accompanied by filaments of the
hepatic plexus of nerves, and numerous lymphatics, surrounded by a quantity
of loose areolar tissue [capsule of Glisson), and placed between the layers of the
lesser omentum.
The vena portee receives the gastric and cystic veins the latter
vein sometimes terminates in the right branch of the vena portse. Within the
liver the portal vein receives the .blood from the branches of the hepatic artery.
;

Cardiac Veins.

The

veins which return the blood from the substance of the heart are, the

Great cardiac vein.
Posterior cardiac vein.

Anterior cardiac
Venae Thebesii.

veins.

The Great Cardiac Vein [coronary) is a vessel of considerable size, which commences at the apex of the heart, and ascends along the anterior interventricular
groove to the base of the ventricles. It then curves to the left side, around the
auriculo-ventricular groove, between the left auricle and ventricle, to the back
part of the heart, and opens into the coronary sinus, its aperture being guarded
by two valves. It receives, in its course, branches from both ventricles, but
especially the left, and also from the left auricle one branch, ascending along
the thick margin of the left ventricle, is of considerable size.
The branches
;

joining it are provided with valves.
The Posterior Cardiac Vein commences, by small branches, at the apex of the
heart, communicating with those of the preceding.
It ascends along the posterior interventricular groove to the base of the heart, and terminates in the
coronary sinus, its orifice being guarded by a valve. It receives the veins from
the posterior surface of both ventricles.
The Anterior Cardiac Veins are three or four small branches, which collect
the blood from the anterior surface of the right ventricle. One of these [the
vein of Galen)^ larger than the rest, runs along the right border of the heart.
They open separately into the lower part of the right auricle.
The Vense Thebesii are numerous minute veins, which return the blood directly
from the muscular substance, without entering the venous current. They open
by minute orifices (foramina Thebesii) on the inner surface of the right auricle.
The Coronary Sinus is that portion of the great cardiac vein which is situated
in the posterior part of the left auriculo-ventricular groove.
It is about an inch
in length, presents a considerable dilatation, and is covered by the muscular
•

^ The above description of the gastric veins is the one given by Mr. Walsham, and differs from
Since the publication of Mr. Walsham's paper, I have
that usually found in the text-books.
See Journal of Anatomy and Physiology^ vol. xiv., p. 399.
verified the truth of his description.
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It receives the great cardiac vein, the posterior cardiac

and an oblique vein from the back part of the left auricle, the remnant of
the obliterated left innominate trunk of the foetus, described by Mr. Marshall.
The coronary sinus terminates in the right auricle, between the inferior vena
cava and the auriculo- ventricular aperture, its orifice being guarded by a semilunar fold of the lining membrane of the heart, the coronary valve. All the
branches joining this vessel, excepting the oblique vein above mentioned, are
provided with valves.
vein,

The Pulmonary Veins.
The Pulmonary

Veins return the arterial blood from the lungs to the left
They are four in number, two for each lung. The pul1. They carry arterial instead
monary dififer from other veins in several respects
3. They are only slightly
of venous blood.
2. They are destitute of valves.
larger than the arteries they accompany. 4. They accompany those vessels singly.
They commence in a capillary network, upon the walls of the air-cells, where
they are continuous with the ramifications of the pulmonary artery, and, uniting
These branches, uniting succestogether, form a single trunk for each lobule.
sively, form a single trunk for each lobe, three for the right, and two for the left
lung.
The vein from the middle lobe of the right lung unites with that from
the upper lobe, in most cases, forming two trunks on each side, which open sepaOccasionally, they remain separate there are then
rately into the left auricle.
three veins on the right side.
Not unfrequently, the two left pulmonary veins
terminate by a common opening.
Within the luny^ the branches of the pulmonary artery are in front^ the veins
behind^ and the bronchi hetioeen the two.
At the root of the lung^ the veins are in front^ the artery in the middle^ and the
auricle of the heart.

:

—

;

bronchus behind.
Within the pericardium.^ their anterior surface
of this

and ascending aorta

pulmonary

artery.

is invested by the serous layer
right pulmonary veins pass behind the right auricle
the left pass in front of the thoracic aorta, with the left

The

membrane.
;

Of the Lymphatics.
Lymphatics have derived their name from the appearance of the fluid conTHE
They are also called absorbents^
tained in their interior {lympha^ water).
from the property they possess of absorbing certain materials from the tissues,
and conveying them into the circulation.
The lymphatic system includes not only the Ijmiphatic vessels and the glands
through which they pass, but also the lacteal, or chyUferous vessels. The lacteals
are the lymphatic vessels of the small intestine, and differ in no respect from the
lymphatics generally, excepting that they contain a milk-white fluid, the chyle^
during the process of digestion, and convey it into the blood through the thoracic
duct.

The lymphatics are exceedingly delicate vessels, the coats of which are so
transparent that the fluid they contain is readily seen through them. They retain
a nearly uniform size, being interrupted at intervals by constrictions which give
them a knotted or beaded appearance. These constrictions are due to the presence
Lym23hatics have been found in nearly every texture
of valves in their interior.
and organ of the body, with the exception of the substance of the brain and spinal
cord, the eyeball, cartilage, tendon, the membranes of the ovum, the placenta, and
umbilical cord, the nails, cuticle, and hair. Their existence in the substance of
bone is doubtful, but is asserted by Cruickshank, Klein, and others.
The lymphatics are arranged into a superficial and deep set. The superficial
lymphatics, on the surface of the body, are placed immediately beneath the
integument, accompanying the superficial veins they join the deep lymphatics
In the interior of the body,
in certain situations by perforating the deep fascia.
they lie in the submucous areolar tissue, throughout the whole length of the
gastro-pulmonary and genito-urinary tracts and in the subserous areolar tissue
in the cranial, thoracic, and abdominal cavities.
The method of their origin is
described along with the other details of their minute anatomy in the Introduction.
Here it will be sufficient to say that a plexiform network of minute lymphatics may be found interspersed among the proper elements and blood-vessels
of the several tissues the vessels composing which, as well as the meshes between
them, are much larger than those of the capillary plexus. From these networks
small vessels emerge, which pass either to a neighboring gland or to join some
larger lymphatic trunk.
The deep lymphatics, fewer in number and larger than
the superficial, accompany the deep blood-vessels. Their mode of origin is not
known it is, however, probably similar to that of the superficial vessels. The
lymphatics of any part or organ exceed the veins in number but in size they are
much smaller. Their anastomoses also, especially those of the large trunks, are
more frequent, and are effected by vessels equal in diameter to those which they
connect, the continuous trunks retaining the same diameter.
The lymphatic or absorbent glands, named also conylohate glands^ are small,
solid, glandular bodies, situated in the course of the lymphatic and lacteal vessels.
They are found in the neck and on the external parts of the head in the upper
extremity, in the axilla and in front of the elbow; in the lower extremity, in the
groin and popliteal space. In the abdomen, they are found in large numbers in
the mesentery, and along the side of the aorta, vena cava, and iliac vessels and
in the thorax, in the anterior and posterior mediastina.
They are somewhat
flattened, and of a round or oval form.
In size the}' vary from a hemp-seed to
an almond, and their color, on section, is of a pinkish gray tint, excepting the
;

;

;

;

;

;

;
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broncliial glands, which, in the adult are mottled with black.
Each gland has a
layer or capsule of cellular tissue investing it, from which prolongations dip into
its substance, forming partitions. The lymphatic and lacteal vessels pass through
these bodies in their passage to the thoracic and lymphatic ducts.
lymphatic
or lacteal vessel, previous to entering a gland, divides into several small branches,
which are named afferent vessels. As they enter, their external coat becomes continuous with the capsule of the gland, and the vessels, much thinned, and consisting only of their internal, or endothelial coat, pass into the gland, where they

A

subdivide and pursue a tortuous
course
and they finally anasto;

mose so as to form a plexus. The
vessels composing this plexus unite
to form a single efferent vessel,
which, on emerging from the gland,

Fig-

361.— The Thoracic and Right Lymphatic Duct,

MigJii
Lymp/iatic

again invested with an external
Further details on the minute anatomy of the lymphatic vessels and glands will be found in the
Introduction.
is

coat.

Thoracic Duct.

The

thoracic duct (Fig. 361)
the great mass of the
lymph and chyle into the blood.
It is the common trunk of all the
lymphatic vessels of the body, excepting those of the right side of
the head, neck, and thorax, and
right upper extremity, the right
lung, right side of the heart, and
the convex surface of the liver.
It varies in length from eighteen to
twenty inches in the adult, and extends from the second lumbar vertebra to the root of the neck.
It
commences in the abdomen by a
triangular dilatation, the receptacuIvm chyli {reservoir or cistern of
Pecquet)^ which is situated upon
the front of the body of the
second lumbar vertebra, to the
right side and behind the aorta, by
the side of the right crus of the
Diaphragm. It ascends into the
thorax through the aortic opening
in the Diaphragm, lying to the
right of the aorta, and is placed in
the posterior mediastinum in front
of the vertebral column, lying between the aorta and vena azygos
major. Opposite the fourth dorsal
vertebra, it inclines towards the
left side and ascends behind the
arch of the aorta, on the left side
of the oesophagus, and behind the
first portion of
the left subcla-

conveys

Tnt£r costal^
Glands
I

Lwmbtt)' fflancla
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vian artery to the upper orifice of the thorax. Opposite the upper border
of the seventh cervical vertebra, it curves downwards above the subclavian artery, and in front of the Scalenus anticus muscle, so as to form an
arch; and terminates near the angle of junction of the left internal jugular and subclavian veins. The thoracic duct, at its commencement, is about equal
in size to the diameter of a goose-quill, diminishes considerably in its calibre in
the middle of the thorax, and is again dilated just before its termination. It is
generally flexuous in its course, and constricted at intervals so as to present a
The thoracic duct not unfrequently divides in the middle
varicose appearance.
of its course into two branches of unequal size, which soon reunite, or into
It occasionally^ bifurseveral branches, which form a plexiform interlacement.
cates, at its upper part, into two branches, of which the one on the left side
terminates in the usual manner, while that on the right opens into the right subThe thoracic duct
clavian vein, in connection with the right lymphatic duct.
has numerous valves throughout its whole course, but they are more numerous
at its termination it is provided with a pair
in the upper than in the lower part
of valves, the free borders of which are turned towards the vein, so as to prevent
the passage of venous blood into the duct.
Branches. The thoracic duct, at its commencement, receives four or five large
trunks from the abdominal lymphatic glands, and also the trunk of the lacteal
Within the thorax, it is joined by the l_ymphatic vessels from the left
vessels.
half of the wall of the thoracic cavity, the lymphatics from the sternal and intercostal glands, those of the left lung, left side of the heart, trachea, and oesophagus; and just before its termination it receives the lymphatics of the left side of
the head and neck, and left upper extremity.
(Fig. 62.)
Structure.
The thoracic duct is composed of three coats, which
difl'er in some respects from those of the lymphatic vessels.
The internal coat
consists of a layer of epithelium, with a sub-epithelial layer similar to that, found
in the arteries, and an elastic fibrous coat, the fibres of which run in a longitudinal direction.
The middle coat consists of a longitudinal layer of white connective tissue with elastic fibres, external to which are several laminae of muscular
tissue, the fibres of which are disposed transversely, and intermixed with the
elastic fibres.
The external coat is composed of areolar tissue, with elastic fibres
and isolated fasciculi of muscular fibres.
The Right Lymphatic Duct is a short trunk, about an inch in length, and a line
or a line and a half in diameter, which receives the lymph from the right side of
the head and neck, the right upper extremity, the right side of the thorax, the
right lung and right side of the heart, and from the convex surface of the liver,
and terminates at the angle of the union of the right subclavian and right internal jugular veins.
Its orifice is guarded by two semilunar valves, which prevent
the entrance of blood from the veins.
;

Lymphatics of the Head, Face, and Neck,

The Superficial Lymphatic Olands of the Head (Fig. 362) are of small size, few
in number, and confined to its posterior region.
They are the occipital., placed
and the
at the back of the head along the attachment of the occipito-frontalis
posterior auricular., near the upper end of the Sterno-mastoid.
These glands are
affected in cutaneous eruptions and other diseases of the scalp.
In the face, the
superficial lymphatic glands are more numerous they are the parotid., some of
which are superficial and others deeply placed in the substance of the parotid
gland the zygomatic^ situated under the zygoma the buccal., on the surface of
the Buccinator muscle; and the submaxillary., the largest, beneath the body of
the lower jaw.
The superficial lymphatics of the head are divided into an anterior and a posterior set, which follow the course of the temporal and occipital vessels. The temporal set accompany the temporal artery in front of the ear, to the parotid
;

:

;

;

OF THE HEAD, FACE, AND NECK.
lymphatic glands, from whicli

the}?
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proceed to the lymphatic glands of the neck.

The

occipital set follow the course of the occipital artery, descend to the occipital
and posterior auricular lymphatic glands, and from thence join the cervical
glands.

The

superficial lymphatics of the face are more numerous than those of the
commence over its entire surface. Those from the frontal region

head, and

accompany the

frontal vessels; they then pass obliquely across the face, ranning
with the facial vein, pass through the buccal glands on the surface of the Buc-

Fig. 362.

— The Superficial Lymphatics and Glands of

the Head, Face, and Neck.

cinator muscle, and join the submaxillary lymphatic glands.
The latter receive
the Ij^mphatic vessels from the lips, and are often fouod enlarged in cases of malignant disease of those parts.
T^^Q deep lymphatics of the face are derived from the pituitary membrane of
the nose, the mucous membrane of the mouth and pharynx, and the contents
of the temporal and orbital fossae; they accompany the branches of the internal
maxillary artery, and terminate in the deep parotid and cervical lymphatic
glands.

The

deep lymphatics of the craniuin consist of two sets, the meningeal and
The meningeal lymphatics accompany the meningeal vessels, escape
through foramina at the base of the skull, and join the deep cervical lymphatic
glands.
The cerebral lymphatics are described by Eshmann as being situated
cerebral.
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between the araclmoid and pia mater, as well as in tlie clioroid plexuses of the
lateral ventricles
they accompany the trunks of the carotid and vertebral arteries, and probably pass through foramina at the base of the skull, to terminate
They have not at present been demonstrated in the
in the deep cervical glands.
dura mater, or in the substance of the brain.
The Lymphatic Glands of the Neck are divided into two sets, superficial and
;

deep.

The

superficial cervical glands are placed in the course of the external jugular

between the Platysma and Sterno-mastoid. They are most numerous at
the root of the neck, in the triangular interval between the clavicle, the Sternovein,

Fig. 363.

—The Deep Lymphatics and Glands of the Neck and Thorax.

mastoid, and the Trapezius, where they are continuous with the axillary glands.
few small glands are also found on the front and sides of the larynx.
The deep cervical glands (Fig. 363) are numerous and of large size they form
an uninterrupted chain along the sheath of the carotid artery and internal jugular vein, lying by the side of the pharynx, oesophagus, and trachea, and extending from the base of the skull to the thorax, where they communicate with the
lymphatic glands in that cavity.
The superficial and deep cervical lymphatics are a continuation of those already
described on the cranium and face. After traversing the glands in those regions,
they pass through the chain of glands which lie along the sheath of the carotid

A

;
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being joined by the lymphatics from the pharynx, oesophagus, larynx,
At the lower part of the neck, after receiving some
lymphatics from the thorax, they unite into a single trunk, which terminates
on the left side, in the thoracic duct on the right side, in the right lymphatic
vessels,

trachea, and thyroid gland.

;

duct.

Lymphatics of the Upper Extremity.
of the upper extremity (Fig. 364) may be subdivided
and deep.
The superficial lymphatic glands are few and of small size. There are occa-

The Lymphatic Glands

into

two

sets, superficial

Fig. 364.

—The Superficial Lymphatics and Glands of the Upper Extremity.

two or three in front of the elbow, and one or two above the internal
condyle of the humerus, near the basilic vein.
The deep lymphatic glands are also few in number. In the forearm a few small
ones are occasionally found in the course of the radial and ulnar vessels and
in the arm, there is a chain of small glands along the inner side of the brachial
sionally

;

artery.
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The axillary glands are of large size, and usually ten or twelve in number.
chain of these glands surrounds the axillary vessels imbedded in a quantity of
loose areolar tissue; they receive the lymphatic vessels from the arm; others are
dispersed in the areolar tissue of the axilla the remainder are arranged in two
series, a small chain running along the lower border of the Pectoralis major, as
far as the mammary gland, receiving the lymphatics from the front of the chest
and mamma; and others are placed along the lower margin of the posterior wall
of the axilla, which receive the lymphatics from the integument of the back..
Two or three subclavian lymphatic glands are placed immediately beneath the
clavicle it is through these that the axillary and deep cervical glands commuIn malignant diseases, tumors, or other affections implinicate with each other.
cating the upper part of the back and shoulder, the front of the chest and mamma,
the upper part of the front and side of the abdomen, or the hand, forearm, and
arm, the axillary glands are liable to be found enlai^ged.
The superficial lymphatics of the upper extremity commence on the fingers; two
vessels running along either side of each finger, one on the palmar and the other
on the dorsal surface. Those on the palmar surface form an arch in the palm of
the hand, from which are derived two sets of vessels, which pass up the forearm,
taking the course of the subcutaneous veins. The lymphatics from the dorsal
surface of the fingers form a plexus on the back of the hand, and winding around
the inner and outer borders of the forearm unite with those in front. Those from
the inner border of thehand accompany the ulnar veins along the inner side of
the forearm to the bend of the elbow, where they join with some lymphatics from
the outer side of the forearm; they then follow the course of the basilic vein,
communicate with the glands immediately above the elbow, and terminate in the
axillary glands, joining with the deep lymphatics.
The superficial lymphatics
from, the outer and back part of the hand accompany the radial veins to the bend
of the elbow.
They are less numerous than the preceding. At the bend of the
elboAV the greater number join the basilic group; the rest ascend with the cephalic
vein on the outer side of the arm, some crossing the upper part of the Biceps
obliquely, to terminate in the axillary glands, whilst one or two accompany the
cephalic vein in the cellular interval between the Pectoralis major and Deltoid,
and enter the subclavian lymphatic glands.
The deep lymphatics of the upper extremity accompany the deep blood-vessels.
In the forearm they consist of four sets, corresponding with the radial, ulnar,
and interosseous arteries; thej^ pass through the glands occasionally found in the
course of those vessels, and communicate at intervals with the superficial lymphatics.
In their course upwards some of them pass through the glands which lie
upon the brachial artery; they then enter the axillary and subclavian glands, and
at the root of the neck terminate, on the left side, in the thoracic duct, and on the
right side in the right lymphatic duct.
:

;

Lymphatics of the Lower Extremity.

The Lym^phatic Olands

of the lower extremity ma}'- be subdivided into two
and deep; the former are confined to the inguinal region.
The svperficial inguinal glands^ placed immediately beneath the integument,
are of large size, and vary from eight to ten in number. They are divisible into
two groups an upper, disposed irregularly along Poupart's ligament, which receive
the lymphatic vessels from the integument of the scrotum, penis, parietes of the
abdomen, perineal and gluteal regions; and an inferior group, which surround the
saphenous opening in the fascia lata, a few being sometimes continued along the
saphenous vein to a variable extent. The latter receive the superficial lymphatic
vessels from the lower extremity.
These glands frequently become enlarged in
Thus in
diseases implicating the parts from which their lymphatics originate.
malignant or syphilitic affections of the prepuce and penis, or of the labia majora
in the female, in cancer scroti, in abscess in the perinseum, or in any other disease

sets, superficial

:
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Fig. 365. — The Superficial Lymphatics and
integument and superficial

affecting the
structures in those parts, or the

subum-

bilical part of the abdomen or gluteal region, the upper chain of glands is almost
invariabl}^ enlarged, the lower chain being
implicated in diseases aft'ecting the lower

limb.

The dee'p liimphatic glands are the
anterior tibial, popliteal, deep inguinal,
gluteal,

and

ischiatic.

The

anterior tibial gland isnot constant
It is generally found by
in its existence.
the side of the anterior tibial artery,
upon the interosseous membrane at the
upper part of the leg. Occasionally two
glands are found in this situation.
The deep popliteal glands, four or five
in number, are of small size
they surround the popliteal vessels, imbedded in
;

the cellular tissue and fat of the popliteal
space.

The deep inguinal glands are placed beneath the deep fascia around the femoral
They are of small size,
artery and vein.
and communicate with the superficial
inguinal glands through the saphenous
opening.
The gluteal and ischiatic glands are
placed, the former above, the latter
below, the Pyriformis muscle, resting on
their corresponding vessels as they pass
through the great sacro-sciatic foramen.
The Lymphatics of the lower extremity,
like the veins, may be divided into two
sets, superficial

The

and deep.

lymphatics are placed
beneath the integument m the superficial
fascia, and are divisible into two groups:
an internal group, which follow the course
of the internal saphenous vein
and an
external group, which accompany the
external saphenous.
The internal group,
the larger, commences on the inner side
and dorsum of the foot they pass, some
in front, and some behind the inner
ankle, run up the leg with the internal
saphenous vein, pass with it behind the
inner condyle of the femur, and accompany it to the groin, where they terminate in the group of inguinal glands
which surround the saphenous opening.
Some of the efferent vessels from these
glands pierce the cribriform fascia and
sheath of the femoral vessels, and terminate
in a lymphatic gland contained in the femoral canal, thus establishing a communication between the lymphatics of the lower
superficial

;

;
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extremity and those of the trunk others pierce the fascia lata, and join the
deep inguinal glands. The external group arise from the outer side of the foot,
ascend in front of the leg, and, just below the knee, cross the tibia from without
iuAvards, to join the lymphatics on the inner side of the thigh. Others commence
on the outer side of the foot, pass behind the outer malleolus, and accompany the
external saphenous vein along the back of the leg, where they enter the popliteal
;

glands.

The deep lymphatics of the lower extremity are few in number, and accompany the deep blood-vessels. In the leg, they consist of three sets, the anterior
tibial, peroneal, and posterior tibial, which accompany the corresponding bloodthey ascend with the blood-vessels, and enter
vessels, two or three to each artery
the lymphatic glands in the popliteal space the efferent vessels from these glands
accompany the femoral vein, and join the deep inguinal glands from these, the
vessels pass beneath Poupart's ligament, and communicate with the chain of
;

;

;

glands surrounding the external iliac vessels.
The deep lymphatics of the gluteal and ischiatic regions follow the course of
the blood-vessels, and join the gluteal and ischiatic glands at the great sacrosciatic foramen.

Lymphatics of the Pelvis and Abdomen.
The

deep lymphatic glands in the pelvis are, the external iliac, the internal iliac,
sacral.
Those of the abdomen are the lumbar glands.
The external iliac glands form an uninterrupted chain round the external iliac
vessels, three being placed round the commencement of the vessels just behind
the crural arch. They communicate below with the femoral lymphatics, and
above with the lumbar glands.
The internal iliac glands surround the internal iliac vessels they receive the
lymphatics corresponding to the branches of the internal iliac artery, and communicate with the lumbar glands.
The sacral glands occupy the sides of the anterior surface of the sacrum, some
being situated in the meso-rectal fold. These and the internal iliac glands are
affected in malignant disease of the bladder, rectum, or uterus.'
The lumbar glands are very numerous; they are situated on the front of the
lumbar vertebra, surrounding the common iliac vessels, the aorta, and vena cava
they receive the lymphatic vessels from the lower extremities and pelvis, as well
as from the testes and some of the abdominal viscera; the efferent vessels from
these glands unite into a few large trunks, which, with the lacteals, form the commencement of the thoracic duct. In some cases of malignant disease, these glands
become enormously enlarged, completely surrounding the aorta and vena cava,
and occasionally greatly contracting the calibre of those vessels. In all cases of
malignant disease of the testis, and in malignant disease of the lower limb, before
any operation is attempted, careful examination of the abdomen should be made,
in order to ascertain if any enlargement exists
and if any should be detected,
all operative measures should be avoided as fruitless.
The lymphatics of the pelvis and abdomen may be divided into two sets, superficial and deep.
The superficial lymphatics of the walls of the abdomen and pelvis follow the course
of the superficial blood-vessels.
Those derived from the integument of the lower
part of the abdomen below the umbilicus follow the course of the superficial
epigastric vessels, and converge to the superior group of the superficial inguinal
glands the deep set accompany the deep epigastric vessels, and communicate with
the external iliac glands. The superficial lymphatics from, the sides of the lumbar
part of the abdominal wall wind round the crest of the ilium, accompanying the
superficial circumflex iliac vessels, to join the superior group of the superficial
inguinal glands the greater number, however, run backwards, along with the
ilio-lumbar and lumbar vessels, to join the lumbar glands.

and the

;

;

;

;

;
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The superficial lymphatics of the gluteal region turn liorizoatally round the outer
side of the nates, and join tlie superficial inguinal glands.
The superficial lymphatics of the scrotum and perinseum follow the course of
the external pudic vessels, and terminate in the superficial inguinal glands.
The superficial lymphatics of the penis occupy the sides and dorsum of the organ,
the latter receiving the lymphatics from the skin covering the glans penis they
;

Fig. 866.

—The Deep Lymphatic Vessels and Glands of

the

Abdomen and

Pelvis.

Deep Lymphatics

converge to the upper chain of the superficial inguinal glands.
lymphatic vessels of the penis follow the course of the internal pudic
all

The deep
vessels,

and

join the internal iliac glands.
In the female, the lymphatic vessels of the mucous membrane of the labia,
nymphas, and clitoris, terminate in the upper chain of the inguinal glands.
The deep lymphatics of the pelvis and ahdomeii take the course of the principal
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Those of the parietes of the pelvis, which accompany the gluteal,
and obturator vessels, follow the course of the internal iliac artery, and
ultimately join the lumbar lymphatics.
The efterent vessels from the inguinal gland enter the pelvis beneath Poupart's
ligament, where they lie in close relation with the femoral vein they then pass
through the chain of glands surrounding the external iliac vessels, and finally
terminate in the lumbar glands. They receive the deep epigastric and circumflex
blood-vessels.
ischiatic,

;

iliac

lymphatics.

The lymphatics of the bladder arise from the entire surface
greater number run beneath the peritoneum on its posterior

of the organ the
surface, and, after
passing through the lymphatic glands in that situation, join with the lymphatics
from the prostate and vesiculse seminales, and enter the internal iliac glands.
The lymphatics of the rectum are of large size after passing through some small
glands that lie upon its outer wall and in the meso-rectum, they pass to the lumbar glands.
The lymphatics of the uterus consist of two sets, superficial and deep the formerbeing placed beneath the peritoneum, the latter in the substance of the organ.
The lymphatics of the cervix uteri, together with those from the vagina, enter
the internal iliac and sacral glands those from the body and fundus of the
uterus pass outwards in the broad ligaments, and, being joined by the lymphatics from the ovaries, broad ligaments, and Fallopian tubes, ascend with the ovarian
In the unimpregnated uterus, they are
vessels to open into the lumbar glands.
small but during gestation they become very greatlj^ enlarged.
The lymphatics of the testicle consist of two sets, superficial and deep the former commence on the surface of the tunica vaginalis, the latter in the epididymis
and body of the testis. They form several large trunks, which ascend with the
spermatic cord, and, accompanying the spermatic vessels into the abdomen, open
into the lumbar glands hence the enlargement of these glands in malignant diseases of the testis.
The lymphatics of the kidneys arise on the surface, and also in the interior of
the organ: they join at the hilum, and, after receiving the Ij^mphatic vessels:
from the ureter and suprarenal capsules, open into the lumbar glands.
The lymphatics of the liver are divisible into two sets, superficial and deep..
The former arise in the sub-peritoneal areolar tissue over the entire surface of
the organ.
Those on the convex surface may be divided into four groups
1.
Those which pass from behind forwards, consisting of three or four branches,
which ascend in the longitudinal ligament, and unite to form a single trunk,
which passes up between the fibres of the Diaphragm, behind the ensiform cartilage, to enter the anterior mediastinal glands, and finally ascends to the root of
the neck, to terminate in the right lymphatic duct. 2. Another group, which
also incline from behind forwards, are reflected over the anterior margin of the
liver to its under surface, and from thence pass along the longitudinal fissure to
the glands in the gastro-hepatic omentum. 3.
third group incline outwards to
the right lateral ligament, and, uniting into one or two large trunks, pierce the
Diaphragm, and run along its upper surface to enter the anterior mediastinal
glands or, instead of entering the thorax, turn inwards across the crus of the
Diaphragm, and open into the commencement of the thoracic duct. 4. The
fourth group incline outwards from the surface of the left lobe of the liver to the
left lateral ligament, pierce the Diaphragm, and, passing forwards, terminate in
the glands in tlie anterior mediastinum.
The superficial lymphatics on the under surface of the liver are divided into three
sets
1. Those on the right side of the gall-bladder enter the lumbar glands.
2. Those surrounding the gall-bladder form a remarkable plexus
they accompany the hepatic vessels, and open into the glands in the gastro-hepatic omentum.
3. Those on the left of the gall-bladder pass to the oesophageal glands, and to the
glands Avhich are situated along the lesser curvature of the stomach.
The deep lymphatics accompany the branches of the portal vein and the hepatic
;

;

;

;

;

;

;

:

A

;

:

—

:

—
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artery and duct through the substance of the liver passing out at the transverse
they enter the lymphatic glands along the lesser curvature of the stomach
and behind the pancreas, or join with one of the lacteal vessels previous to its
termination in the thoracic duct.
The lymphatic glands of the stomach are of small size; they are placed along
the lesser and greater curvature, some within the gastro-splenic omentum, whilst
others surround the cardiac and pyloric orifices.
The lymphatics of the stomach consist of two sets, superficial and deep the
former originating in the subserous, and the latter in the submucous coat. They
follow the course of the blood-vessels, and may, consequently, be arranged into
three groups.
The first group accompany the coronary vessels along the lesser
curvature, receiving branches from both surfaces of the organ, and pass to the
glands around the pylorus. The second group pass from the great end of the
stomach, accompanying the vasa brevia, and enter the splenic lymphatic glands.
The third group run along the greater curvature with the right gastro-epiploic
vessels, and terminate at the root of the mesentery in one of the principal lacteal
;

fissure,

;

vessels.

The lymphatic glands of

occupy the hilum. Its lymphatic vessels
the former are placed beneath its peritoneal covering, the latter in the substance of the organ they accompany the
blood-vessels, passing through a series of small glands, and, after receiving the
lymphatics from the pancreas, ultimately pass into the thoracic duct.
consist of

two

the spleen

sete, superficial

and deep

;

:

The Lymppiatic System of the

Intestines.

The lymphatic glands of the small intestines are placed between the layers of
the mesentery, occupying the meshes formed by the superior mesenteric vessels,
and hence called mesenteric glands. They vary in number from a hundred to a
hundred and fifty and in size, from that of a pea to that of a small almond.
These glands are most numerous, and largest, above, near the duodenum, and
below opposite the termination of the ileum in the colon. This latter group
becomes enlarged and infiltrated with deposit in cases of fever accompanied with
ulceration of the intestines.
The lymphatic glands of the large intestines are much less numerous than the
mesenteric glands; they are situated along the vascular arches formed by the
arteries previous to their distribution, and even sometimes upon the intestine
itself.
They are fewest in number along the transverse colon, where they form
an uninterrupted chain with the mesenteric glands.
The lymphatics of the small intestine are called lacteals, from the milk-white
they consist of two sets, superficial and deep the
fluid they usually contain
former lie beneath the peritoneal coat, taking a longitudinal course along the
outer side of the intestine, the latter occupy the submucous tissue, and course
transversely round the intestine, accompanied by the branches of the mesenteric
vessels they pass between the layers of the mesentery, enter the mesenteric
glands, and finally unite to form two or three large trunks, which terminate in
the thoracic duct.
The lymphatics of the large intestine consist of two sets those of the c£ecum,
ascending and transverse colon, which, after passing through their proper glands,
enter the mesenteric glands and those of the descending colon and rectum, which
pass to the lumbar glands.
;

:

:

;

:

;

The Lymphatics of the Thorax.
The deep lymphatic glands of the thorax are the intercostal, internal mammary,
anterior mediastinal, and posterior mediastinal.
The intercostal glands are small, irregular in number, and situated on each side

;
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of the spine, near the costo -vertebral articulations, some being placed between the
two planes of intercostal muscles.
The internal mammary glands are placed at the anterior extremity of each
intercostal space, by the side of the internal mammary vessels.
The anterior mediastinal glands are placed in the loose areolar tissue of the
anterior mediastinum, some lying upon the Diaphragm in front of the pericardium,
and others round the great vessels at the base of the heart.
The posterior mediastinal glands are situated in the areolar tissue in the posterior mediastinum, forming a continuous chain by the side of the aorta and
oesophagus they communicate on each side with the intercostal, below with the
lumbar, and above with the deep cervical glands.
The superficial lymphatics of the front of the thorax run across the great
Pectoral muscle, and those on the back part of this cavity lie upon the Trapezius
and Latissimus dorsi they all converge to the axillary glands. The lymphatics
from the greater part of the mammary gland pass outwards to the lower border
of the Pectoralis major muscle, where they enter a chain of small glands, situated
Some few
in the axillary space along the lower border of its anterior boundary.
lymphatics from the inner side of the mammary gland pass through the intercostal spaces to reach the anterior mediastinal glands.
The deep lymphatics of the thorax are the intercostal, internal mammary, and
diaphragmatic.
The intercostal lymphatics follow the course of the intercostal vessels, receiving
lymphatics from the intercostal muscles and pleura they pass backwards to the
spine, and unite with lymphatics from the back part of the thorax and spinal
After traversing the intercostal glands, they incline down the spine, and
canal.
terminate in the thoracic duct.
The internal onammary lymphatics follow the course of the internal mammary vessels they commence in the muscles of the abdomen above the umbilicus communicating with the epigastric lymphatics, ascend between the fibres
of the Diaphragm at its attachment to the ensiform appendix, and in their
course behind the costal cartilages are joined by the intercostal lymphatics
they terminate on the right side in the right lymphatic duct, on the left side in
the thoracic duct.
The lymphatics of the Diaphragm follow the course of their corresponding
vessels, and terminate, some in front, in the anterior mediastinal and internal
mammary glands, some behind in the intercostal and posterior mediastinal
;

;

;

;

Ijmiphatics.

The hronchicd glands are situated round the bifurcation of the trachea and
roots of the lungs.
They are ten or twelve in number, the largest being placed
opposite the bifurcation of the trachea, the smallest round the bronchi and their
primary divisions for some little distance within the substance of the lungs. In
infancy, they present the same appearance as lymphatic glands in other situations
in the adult they assume a brownish tinge, and in old age a deep black color.
Occasionally, they become sufficiently enlarged to compress and narrow the
canal of the bronchi and they are often the seat of tubercle or cretaceous
deposits.
The lymphatics of the lung consist of two sets, superficial and deep the former
are placed beneath the pleura, forming a minute plexus, which covers the outer
surface of the lung the latter accompan}^ the blood-vessels, and run along the
bronchi they both terminate at the root of the lungs in the bronchial glands.
The efferent vessels from these glands, two or three in number, ascend upon the
trachea to the root of the neck, traverse the tracheal and oesophageal glands, and
terminate on the left side in the thoracic duct, and on the right side in the right
lymphatic duct.
The cardiac lymphatics consist of two sets, superficial and deep; the former
arise in the subserous areolar tissue of the surface, and the latter in the deep
tissues of the heart.
They follow the course of the coronary vessels those of
,

:

;

:

;

OF THE THORAX.

609

the right side unite into a trunk at the root of the aorta, which, ascending across
the arch of that vessel, passes backwards to the trachea, upon which it ascends,
Those of the
to terminate at the root of the neck in the right lymphatic duct.
left side unite into a single vessel at the base of the heart, which, passing along
the pulmonary artery, and traversing some glands at the root of the aorta,
ascends on the trachea to terminate in the thoracic duct.
The thymic lymphatics arise from the spinal surface of the thymus gland, and
terminate on each side in the internal jugular veins.
The thyroid lymphatics arise from either lateral lobe of this organ they converge to form a short trunk, which terminates on the right side in the right
lymphatic duct, on the left side in the thoracic duct.
The lymphatics of the oisophagus form a plexus round that tube, traverse the
glands in the posterior mediastinum, and, after communicating with the pulmonary lymphatic vessels near the roots of the lungs, terminate in the thoracic
;

duct.

39

:

Nervous System.
Nervous System
composed
of a series of large centres of nerveTHE
matter, called, collectively, the c&rebro-sinnal centre or axis
of smaller
is

:

1.

2.

;

termed ganglia ; 3. of nerves^ connected either with the cerebro-spinal
axis or the ganglia and 4. of certain modifications of the peripheral terminations of the nerves, forming the organs of the external senses.
The Cerebro-sjnnal Centre consists of two parts, the spinal cord and the

centres,

;

encephalon: the latter maybe subdivided into the cerebrum, the cerebellum,
the pons Varolii, and the medulla oblongata.

The Spinal Cord and

its

Membranes.

To dissect the cord and its membranes, it will be necessary to lay open the whole
Dissection.
length of the spinal canal. For this purpose tlie muscles must be separated from the vei'tebral
grooves, so as to expose the spinous jii'ocesses and laminas of the vertebra}; and the latter must
be sawn thi-ougli on each side, close to the roots of the transverse processes, from the third or
fourth cervical vertebra, above, to the sacrum below. The vertebral arches having been displaced by means of a chisel, and the separate fragments removed, the dura mater will be exposed,
covered by a plexus of veins and a quantity of loose areolar tissue, often infiltrated with serous
fluid.
The arches of the upper vertebrte are best divided by means of a strong pair of cutting
bone-forceps.

Membranes of the Cord.
The membranes which envelop the spinal cord are three in number. The
most external is the dura mafer^ a strong fibrous membrane, which forms a loose
sheath around the cord. The most internal is the jjia mater, a cellulo-vascular
membrane, which closely invests the entire surface of the cord. Between the
two is the arachnoid membrane, an intermediate structure, which envelops the
cord, and is connected to the pia mater by slender filaments of connective tissue.
The Dura Mater of the cord, continuous with that which invests the brain,
is a loose sheath which surrounds the cord, and is separated from the bony walls
of the spinal canal by a quantity of loose areolar adipose tissue, and a plexus of
veins.
It is attached to the circumference of the foramen magnum, and to the
posterior common ligament, throughout the whole lengtli of the spinal canal, by
fibrous tissue
and extends, below, as far as the top of the sacrum but, beyond
this point, it is impervious, being continued, in the form of a slender cord, to the
back of the coccyx, where it blends with the periosteum. This sheath is much
larger than is necessary for its contents, and its size is greater in the cervical and
lumbar regions than in the dorsal. Its inner surface is smooth, covered by a
layer of polygonal cells and on eacli side may be seen the double openings which
transmit the two roots of the corresponding spinal nerve, the fibrous layer of the
dura mater being continued in the form of a tubular prolongation on them as
tliey issue from these apertures.
These prolongations of the dura mater are
short in the upper part of the spine, but become gradually longer below, forming
a number of tubes of fibrous membrane, which inclose the sacral nerves, and are
;

;

;

contained in the spinal canal.
The chief peculiarities of the .dura mater of the cord, as compared with that
investing the brain, are the following
The dura mater of the cord is not adherent to the bones of the spinal canal,
which have an independent periosteum.
It does not send partitions into the fissures of the cord, as in the brain.
Its fibrous laminas do not separate to form venous sinuses, as in the brain.
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The dura mater

consists of white fibrous and elastic tissue, arranged
most part, are parallel with one another. It is sparingly
supplied with vessels and some few nerves have been traced into it.
The Arachnoid is exposed by slitting up the dura
Fig. 367.— The Spinal Cord
mater, and reflecting that membrane to either side
and its Membranes.
(Fig. 367).
It is a thin, delicate, tubular membrane,
which invests the surface of the cord, and is connected to the pia mater by slender filaments of connective tissue.
Above, it is continuous with the
cerebral arachnoid on either side it is reflected on
the various nerves, so as to form a sheath for them
as they pass outwards to the intervertebral foramina.
The outer surface of the arachnoid is in contact with
the inner surface of the dura mater, and the tAVO are,
here and there, connected together by isolated connective-tissue trabeculge, especially on the posterior
surface of the cord.
For the most part, however, the
membranes are not connected together, and the interval between them is named the suh-dural space.
The inner surface of the arachnoid is separated from
the pia mater by a considerable interval, which is called
Structure.

in bands, which, for the
;

;

the suh-araclvnoidean space.
This space is largest at
the lower part of the spinal canal, and incloses the
mass of nerves which form the cauda equina. It
contains an abundant serous secretion, the cerebrospinal
fluid.! ^^^cl usually communicates with the general ventricular cavity of the brain, by means of an opening
in the fibrous layer of the inferior boundary of the
fourth ventricle {foramen of Magendie).
This secretion is sufficient in amount
to expand the arachnoid membrane, so as to completely fill up the whole of the
space included in the dura mater. The sub-arachnoidean space is crossed, at
the back part of the cord, by numerous
fibrous bands, which stretch from the arachFig. 368.
Transverse Section of the
noid to the pia mater, especially in the cerSpinal Cord and its Membranes.
vical region, and is partially subdivided by a
longitudinal membranous partition, which
serves to connect the arachnoid with the pia
mater opposite the posterior median fissure.
This partition is incomplete, and cribriform
in structure, consisting of bundles of white
fibrous tissue, interlacing with each other.^
Structure.
The arachnoid is a delicate
membrane, made up of closely arranged
parallel bundles of connective tissue, covered on the outer or dural surface by
one or two layers of endothelial cells. On the inner surface it gives ofi' the
trabeculse which stretch across the sub- arachnoid space.

—

It will be noticed that this description of the arachnoid varies from that in former editions,
which described this membrane as a closed sac, one layer of which, the visceral layer., insheathed
the cord, and the other, the parietal layer, was reflected over the inner surface of the dura mater.
The space between the two layers was termed the "cavity of the arachnoid," and cori-esponded
to the "sub-dural" space in the above description.
Kolliker was the first to deny that the inner
surface of the dura mater was covered by an outer layer of the arachnoid; he states that nothing
is found here except epithelium, no trace of a special membrane existing.
This view is now very
generally adopted by anatomists, and appears to have derived additional confirmation from the
investigations of Retzius and Axel Key, who state that the connection, which was formerly
described as taking place between the two layers of the arachnoid as they were prolonged in the
form of a tubular sheath over the nerves, does not exist. The same remark a])plies to the arachnoid membrane of the brain, which is no longer regarded as a closed sac. See p. 616.
'
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The Pia Mater

exposed on the removal of the arachnoid (Fig.
which it is very intimately
adherent, forming its neurilemma, and sends a process downwards into its anteIt also
rior fissure, and another, extremely delicate, into the posterior fissure.
forms a sheath for eacli of the filaments of the spinal nerves, and invests the
longitudinal fibrous band extends along the middle line
nerves themselves.
on its anterior surface, called by Haller the linea splendens; and a somewhat
At the
similar band, the liij amentum, denticulatum^ is situated on each side.
point where the cord terminates, the pia mater becomes contracted, and is
continued down as a long, slender filament [filum terminale\ which descends
through the centre of the mass of nerves forming the cauda equina, and is
blended with the impervious sheath of dura mater, on a level with the top
It assists in maintaining the cord in its position during the
of the sacral canal.
movements of the trunk, and is, from this circumstance, called the central ligament of the spinal cord. It contains a little gray, nervous substance, which may
be traced for some distance into its upper part, and is accompanied by a small
artery and vein.
Structure.
The pia mater of the cord is less vascular in structure than the
pia mater of the brain, with which it is continuous, being thicker, more dense
in structure, and composed of bundles of connective-tissue fibres, arranged for
the most part longitudinally. It is usually described as consisting of two layers,
between which is a network of elastic fibres, in which the vessels ramifj^ It is
also supplied with nerves, which are derived from the sympathetic, and from the
367).

of the cord

is

It covers the entire surface of the cord, to

A

posterior roots of the spinal nerves.

At

the

uj^per part of the cord, the pia

owing to yellow or brown pigment cells scattered among the elastic fibres.
The Ligamentum Denticulatum (Fig. 367) is a narrow, fibrous band, situated
on each side of the spinal cord, throughout its entire length, and separating the
anterior from the posterior roots of the spinal nerves, having received its name
from the serrated appearance which it presents. Its inner border is continuous
mater presents a grayish, mottled

tint,

which

is

with the pia mater, at the side of the cord. Its outer border presents a series
of triangular, dentated serrations, the points of which are fixed, at intervals, to
the dura mater. These serrations are about twenty in number, on each side, the
first being attached to the dura mater, opposite the margin of the foramen magnum, between the vertebral artery and the hypoglossal nerve and the last near
the lower end of the cord. Its use is to support the cord in the fluid by which
it is surrounded.
;

The Spinal Cord.
The spinal cord {medulla spinalis) is the cylindrical, elongated part -of the
cerebro-spinal axis, which is contained in the vertebral canal.
Its length is
usually about sixteen or seventeen inches, and its weight, when divested of its
membranes and nerves, about one ounce and a half, its proportion to the encephalon being about 1 to 33. It does not nearly fill the canal in which it is contained, its investing membranes being separated from the surrounding walls by
areolar tissue and a plexus of veins.
It occupies, in the adult, the upper twothirds of the vertebral canal, extending from the upper border of the atlas to
the lower border of the body of the first lumbar vertebra, where it terminates
in a slender filament of gray substance, which is continued for some distance
into l\\Q filum terminale.
In the foetus, before the third month, it extends to the
bottom of the sacral canal but, after this period, it gradually recedes from below,
as the growth of the bones composing the canal is more rapid in proportion than
that of the cord so that, in the child at birth, the cord extends as far as the
third lumbar vertebra.
Its position varies also according to the degree of curvature of the spinal column, being raised somewhat in flexion of the spine.
On
examining its surface, it presents a difi'erence in its diameter in different parts,
being marked by two enlargements, an upper or cervical, and a lower or lumbar.
;

;
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Tlie cervical enlargement, wliicli is the larger, extends from the third cervical
its greatest diameter is in the transverse direction,
and it corresponds with the origin of the nerves which supply the upper extremiThe lower, or lumbar enlargement, is situated opposite the last dorsal
ties.
vertebra, its greatest diameter being from before backwards.
It corresponds with
the origin of the nerves which supply the lower extremities. In form, the spinal
It presents on its anterior surface, along the middle
cord is a flattened cylinder.
line, a longitudinal fissure, the anterior median fissure ; and, oq its posterior surface, another fissure, which also extends along the entire length of the cord, the
to the first dorsal vertebra

:

median fissure. These fissures serve to divide the cord into two symmetrical halves, which are united in the middle line, throughout their entire
length, by a transverse band of nervous substance, the commissure.
The Anterior median fissure is wider, but of less depth, than the posterior,
extending into the cord for about one-third of its thickness, and is deepest at
It contains a prolongation from the pia mater
the lower part of the cord.
and
its floor is formed by the anterior white commissure, which is perforated by
numerous blood-vessels, passing to the centre of the cord.
The Posterior median fissure is much less marked than the anterior, and most
distinct at the upper and lower parts of the cord.
It extends into the cord to
about one-half of its depth. It contains a little connective tissue, and numerous
blood vessels, and its floor is formed by a thin layer of white substance, the posterior white commissure.
Some anatomists state that
Fig. 369.— Spinal Cord. Side
the bottom of this fissure corresponds to the gray
View. Plan of the Fissures
matter, except in the cervical region, and at a point
and Columns.
corresponding to the enlargement in the lumbar

posterior

;

region.'

Lateral Fissures.

On

PosteTooT

either side of the anterior

'Median

TCssuve

of foramina may be observed, indicating the points where the anterior roots
Posterior
This is
of the spinal nerves emerge from the cord.
LatcrU'l Fissure
called, by some anatomists, the atitero-lateral fissure of
the cord, although no actual fissure exists in this
situation.
And on either side of the posterior
median fissure, along the line of attachment of the
posterior roots of the nerves, a delicate fissure may
be seen, leading down to the gray matter which
this is
approaches the surface in this situation
called the posterodatera.1 fissure of the spinal cord.
On the posterior surface of
the spinal cord, on either side of the posterior median fissure, is a slight longitudinal furrow, marking off two slender tracts, the posterior median columns. These
are most distinct in the cervical region, but are stated by Foville to exist throughout the whole length of the cord.
Colu7nns of the Cord.
The fissures divide each half of the spinal cord into
four columns, an anterior column, a lateral column, a posterior column, and a

median

fissure, a linear series

;

posterior median column.
The anterior column includes all the portion of the cord between the anterior
median fissure and the antero-lateral fissure, from which the anterior roots of
the nerves arise.
It is continuous with the anterior pyramid of the medulla
oblon2;ata.

The lateral column., the largest segment of the cord, includes all the portion
between the antero- and postero-lateral fissures. It is continuous with the lateral
column of the medulla. By some anatomists, the anterior and lateral columns
are included together, under the name of the antero-lateral column, which forms
rather more than two-thirds of the entire circumference of the cord.
^ This was the teaching
of Vicq d'Azyr, who is followed by Sappey and most of the best
niodern anatomists. On the other hand, Meckel strongly affirms the existence of a distinct
posterior white commissui-e.
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The

column

posterior

is

SYSTEM.

situated between the posterior

median and postero-

continuous with the restiform body of the medulla.
The posterior median column is that narrow segment of the cord which is seen
on each side of the posterior median fissure, usually included with the preceding,
as the posterior column.
Structure of the Cord.
If a transverse section of the spinal cord be made, it
will be seen to consist of white and gray nervous substance.
The white matter
The gray substance occuis situated externally, and constitutes the greater part.
pies the centre, and is so arranged as to present on the surface of the section two
crescentic masses, placed one in each lateral half of the cord, united together by
Each crescentic mass
a transverse band of gray matter, the gray commissure.
has an anterior and posterior horn. The posterior horn is long and narrow, and
approaches the surface of the postero-lateral fissure, near which it presents a
slight enlargement.
The anterior horn is short and thick, and does not quite
reach the surface, but extends towards the point of attachment of the anterior
roots of the nerves.
Its margin presents a dentate or stellate appearance.
Owing to the projections towards the surface of the anterior and posterior horns
of the gray matter, each half of the cord is divided, more or less completely,
into three columns, anterior, middle, and posterior the anterior and middle being
joined to form the antero-lateral column, as the anterior horn does not quite
reach the surface.
The gray commissure, Avhich connects the two crescentic masses of gray
matter, is separated from the bottom of the anterior median fissure by the anterior white commissure
and from the bottom of the
Transverse Sections
Fig. 370.
posterior fissure by the posterior white commissure,
lateral tissures.

-It is

;

;

—

or rne (jova.

Oj^^osiu

ojjj, us Ltc

Mcddu

The gray commissure

of CervLcal reg:^

Middle of Dorsal re^^

consists of a transverse band
of gray matter and of white fibres, derived from the
opposite half of the cord and the posterior roots of
the nerves.
The anterior commissure is formed of
fibres, partly from the anterior column, and partly
from the fibrils of the anterior roots of the spinal
nerves, which decussate as they pass across from one
to the other side.
The mode of arrangement of the gray matter, and
its amount in proportion to the white, vary in different
parts of the cord.
Thus, the posterior horns are long
and narrow, in the cervical region short and narrower, in the dorsal short, but wider, in the lumbar
region.
In the cervical region, the crescentic portions
are small, and the white matter more abundant than
\w auy otlicr rcgioD of the cord.
In the dorsal region,
;

;

Oj]j!osLtc

iiimUr region,

the gray matter is least developed, the white matter
being also small in quantity. In the lumbar region, the gray matter is more
abundant than
any other region of the cord. Towards the lower end of the
cord, the white matter gradually ceases.
The crescentic portions of the gray
matter soon blend into a single mass, Avhich forms the only constituent of the
extreme point of the cord.
The minute anatomy of the cord is described in the Introduction,

m

The Brain and

its

Membranes.

Dissection.
To examine the brain with its membranes, the skull-cap must be removed. In
order to effect this, saw through the external table, the section commencing, in front, about an
inch above the margin of the orbit, and extending, behind, to a level with the occipital protuberance.
Then break the internal table with the chisel and hammer, to avoid injuring the investing
membranes or brain; loosen, and forcibly detach the skull-cap, when the dura mater will be
exposed. The adhesion between the bone and the dura mater is very intimate, and much more
so in the young subject than in the adult.

;
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of the brain are, the dura mater, arachnoid membrane, and

pia mater.

DuEA Mater.
The dura mater is a thick and dense inelastic fibrous membrane, which lines
the interior of the skull. Its outer surface is rough and tibrillated, and adheres
closel)^ to the inner surface of the bones, forming their internal periosteum, this
adhesion being more intimate opposite the sutures and at the base of the skull
at the margin of the foramen magnum, it becomes continuous with the dura
mater lining the spinal canal. Its inner surface is smooth and epitheliated, being
It sends numerous processes inwards, into
lined by a layer of endothelial cells.
the cavity of the skull, for the support and protection of the different parts of
the brain and is prolonged to the outer surface of the skull, through the various
foramina which exist at the base, and thus becomes continuous with the pericranium its fibrous layer forms sheaths for the nerves which pass through these
apertures.
At the base of the skull, it sends a fibrous prolongation into the foramen ct^cum it lines the olfactory groove, and sends a series of tubular prolongations round the filaments of the olfactory nerves as they pass through the cribriform plate a prolongation is also continued through the sphenoidal fissure into
the orbit, and another is continued into the same cavity through the optic foramen, forming a sheath for the optic nerve, which is continued as far as the eyeball.
In certain situations in the skull, already mentioned, the fibrous layers of
this membrane separate, to form sinuses for the passage of venous blood.
Upon
the upper surface of the dura mater, in the situation of the longitudinal sinus,
may be seen numerous small, whitish bodies, the glandulee Pacchioni.
Structure.
The dura mater consists of white fibrous and elastic tissues,
:

;

;

;

A

arranged in flattened laminae, which intersect one another in every direction.
layer of nucleated epithelial plates, similar to those found on serous membranes,
lines its inner surface
these were formerly regarded as belonging to the arach;

noid membrane.
Its arteries are very numerous, but are chiefly distributed to the bones. Those
found in the anterior fossa are the anterior meningeal branches of the anterior
and posterior ethmoidal and internal carotid. In the middle fossa are the middle
and small meningeal, branches of the internal maxillar}^, and a branch from the
ascending pharyngeal, which enters the skull through the foramen lacerum basis
cranii.
In the posterior fossa, are the meningeal branch of the occipital, which
enters the skull through the jugular foramen; the posterior meningeal, from the
vertebral and occasionally meningeal branches from the ascending pharyngeal,
which enter the skull, one at the jugular foramen, the other at the anterior condyloid foramen.
The vei7is^ which return the blood from the dura mater, and partly from the
bones, anastomose with the diploic veins.
These vessels terminate in the various
sinuses, with the exception of two which accompany the middle meningeal artery,
and pass out of the skull at the foramen spinosum.
The nerves of the dura mater are, the recurrent branch of the fourth, and filaments from the Casserian ganglion, from the ophthalmic nerve, and from the
;

sympathetic.

The so-called glandulse Pacchioni are numerous small, whitish granulations,
usually collected into clusters of variable size, which are found in the following
situations: 1. Upon the outer surface of the dura mater, in the vicinity of the
superior longitudinal sinus, being received into little depressions on the inner
surface of the calvarium.
2. On the inner surface of the dura mater.
3. In the
superior longitudinal sinus.
4. On the pia mater, near the margin of the hemispheres.

These bodies are not glandular in structure, but simply enlarged normal villi
of the arachnoid.
In their growth they perforate the dura mater, and are thus
found on

its

outer surface, and

when

of large size, they cause absorption of the
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come to be lodged in pits or depressions on the inner table of tlie skull.
The manner in which thev perforate the dura mater is as follows
At an early

bone, and

:

—

period of their growth they project through minute holes in the inner layer of
the dura mater, which open into large venous spaces, situated in the tissues of the
membrane, on either side of the longitudinal sinus and communicating with it.
In their onward growth the villi push the outer layer of the dura mater before
them, and this forms over them a delicate membranous sheath. In structure they
consist of trabecule of connective tissue, covered over by a layer of epithelium.
The spongy tissue of which they are composed is continuous with the trabecular
tissue of the sub-arachnoid space.
These bodies are not found in infancy, and very rarely until the third year.
They are usually found after the seventh year and from this period they increase
in number as age advances.
Occasionally they are wanting.
Processes of the Dura Mater.
The processes of the dura mater, sent inwards
into the cavity of the skull, are three in number, the falx cerebri, the tentorium
cerebelli, and the falx cerebelli.
The/aZx cerebri^ so named from its sickle-like form, is a strong-arched process
of the dura mater, which descends vertically in the longitudinal fissure between
It is narrow in front, where it is attached to
the two hemispheres of the brain.
the crista galli process of the ethmoid bone and broad behind, where it is connected with the upper surface of the tentorium. Its upper margin is convex, and
attached to the inner surface of the skull as far back as the internal occipital
protuberance. In this situation it is broad, and contains the superior longitudinal
sinus.
Its lower margin is free, concave, and presents a sharp, curved edge, which
contains the inferior longitudinal sinus.
The tentorium cerehelli is an arched lamina of dura mater, elevated in the middle,
and inclining downwards towards the circumference. It covers the upper surface
of the cerebellum, and supports the posterior lobes of the brain, and prevents
them pressing upon the cerebellam. It is attached, behind, by its convex border
to the transverse ridges upon the inner surface of 'the occipital bone, and there
incloses the lateral sinuses in front, to the superior margin of the petrous portion of the temporal bone, inclosing the superior petrosal sinuses, and from the
apex of this bone, on each side, is continued to the anterior and posterior clinoid
Along the middle line of its upper surface the posterior border of
processes.
the falx cerebri is attached, the straight sinus being placed at their point of junction.
Its anterior border is free and concave, and presents a large oval opening
for the transmission of the crura cerebri.
The/aL': cerehelli is a small, triangular process of dura mater, received into the
indentation between the two lateral lobes of the cerebellum behind. Its base is
attached, above, to the under and back part of the tentorium its posterior
maro;in, to the lower division of the vertical crest on the inner surface of the
occipital bone.
As it descends, it sometimes divides into two smaller folds, which
are lost on the sides of the foramen magnum.
;

;

;

;

Arachnoid Membrane.
The arachnoid

(dpa^^vii,

sffJo?,

lihe

a

spider'' a web), so

membrane which envelops

named from

its

extreme thin-

the brain, lying between the pia
mater internally and the dura mater externally from this latter membrane it is
separated by a space, the suh-dural space}
It invests the brain loosely, being separated from direct contact with the cerebral substance by the pia mater, and a quantity of loose areolar tissue, the suharachnoidean.
On the upper surface of the cerebrum, the arachnoid is thin and
transparent, and may be easily demonstrated by injecting a stream of air beneath
it by means of a blowpipe
it passes over the convolutions without dipping down
ness, is a delicate

;

;

^

See footnote,

p. 611.

:
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At the base of the brain the arachnoid is thicker,
into the sulci between them.
and slightly opaque towards the central part it covers the anterior lobes, and is
extended across between the two middle lobes, so as to leave a considerable interval
between it and the brain, the anterior suh-arachnoidean space ; it is in contact with
the pons and under surface of the cerebellum but between the hemispheres of
the cerebellum and the medulla oblongata another considerable interval is left
between it and the brain, called the posterior sub-arachnoidean space. These two
The arachnoid memspaces communicate together across the crura cerebelli.
brane surrounds the nerves which arise from the brain, and incloses them in loose
sheaths as far as their point of exit from the skull.
The suh-arachnoid space is the interval between the arachnoid and pia mater
but at the base of the
this space is narrow on the surface of the hemispheres
;

;

;

brain a wide interval is left between the two middle lobes, and behind, between
This space is the
the hemispheres of the cerebellum and the medulla oblongata.
seat of an abundant serous secretion, the cerebrospinal fluids which fills up the
The sub-arachnoid space usually
interval between the arachnoid and pia mater.
communicates with the general ventricular cavity of the brain by means of an
opening in the inferior boundary of the fourth ventricle.
The sub-dural space also contains fluid this is, however, small in quantity
compared with the cerebro- spinal fluid.
Structure.
The arachnoid consists of bundles of white fibrous and elastic tissue
intimately blended together. Its outer surface is covered with a layer of scaly
epithelium. From its inner surface are given off a number of bundles of fine
connective tissue, which form a sponge-like trabecula^r network in the sub-arachnoid space, in the interstices of which the cerebro-spinal fluid is contained. Vessels
of considerable size, but few in number, and, according to Bochdalek, a rich plexus
of nerves derived from the motor division of the fifth, the facial, and the spinal
accessory nerves, are found in the arachnoid.
The cerebro-spinal fluid fills up the sub-arachnoid space. It is a clear, limpid
fluid, having a saltish taste, and a slightly alkaline reaction.
According to Lassaigne, it consists of 98.5 parts of water, the remaining 1.5 per cent, being solid
It varies in quantity, being most abundant in old
matters,, animal and saline.
Its chief use is probably to afford mechanical
persons, and is quickly reproduced.
protection to the nervous centres, and to prevent the effects of concussions communicated from without.
;

Pia Mater.

The pia mater is a vascular
carotid and vertebral arteries.

membrane, and derives its blood from the internal
It consists of a minute plexus of blood-vessels,

held together by an extremely fine areolar tissue. It invests the entire surface
of the brain, dipping down between the convolutions and laminse, and is prolonged into the interior, forming the velum interpositum and choroid plexuses
of the fourth ventricle.
Upon the surfaces of the hemispheres, where it covers
the gray matter of the convolutions, it is very vascular, and gives off from its
inner surface a multitude of minute vessels, which extend perpendicularly for
some distance into the cerebral substance. At the base of the brain, in the situation of the anterior and posterior perforated spaces, a number of long, straight
vessels are given off", which pass through the Avhite matter to reach the gray substance in the interior.
On the cerebellum the membrane is more delicate, and
the vessels from its inner surface are shorter.
Upon the crura cerebri and pons
Varolii its characters are altogether changed it here presents a dense fibrous
structure, marked only by slight traces of vascularity.
According to Fohmann and Arnold, this membrane contains numerous lymphatic vessels.
Its nerves are derived from the sympathetic, and also from the
third, sixth, seventh, eighth, and spinal accessoiy.
They accompany the branches
of the arteries.
;
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The Brain.
The brain {encephalon) is that portion of the cerebro-spinal axis that is contained in the cranial cavity.
It is divided into four principal parts, viz., the
cerebrum, the cerebellum, the pons Varolii, and the medulla oblongata.
The cerebrum forms the largest portion of the encephalon, and occupies a considerable part of the cavity of the cranium resting in the anterior and middle
fossae of the base of the skull, and separated posteriorly from the cerebellum by
the tentorium cerebelli.
About the middle of its -under surface is a narrow,
constricted portion, part of which, the crura cerebri^ is continued onwards into
the pons Varolii below, and through it to the medulla oblongata and spinal
cord
whilst another portion, the crura cerebelli^ passes down into the cerebellum.
The cerebellum (little brain or after brain) is situated in the inferior occipital
fossse, being separated from the under surface of the posterior lobes of the cerebrum by the tentorium cerebelli. It is connected to the rest of the encephalon
by means of connecting bands, called crura : of these, two ascend to the cerebrum, two descend to the medulla oblongata, and two blend together in front,
forming the pons Varolii.
^h.e pons Varolii is that portion of the encephalon which rests upon the upper
part of the basilar process and body of the sphenoid bone.
It constitutes the
bond of union of the various segments above named, receiving, above, the crura
from the cerebrum at the sides, the crura from the cerebellum and below, the
medulla oblongata.
The medulla oblongata extends from the lower border of the pons Varolii to
the upper part of the spinal cord.
It lies beneath the cerebellum, resting on the
lower part of the basilar groove of the occipital bone.
Weight of the encephalon.
The average weight of the brain, in the adult
male, is 49| oz., or a little more than 3 lbs. avoirdupois; that of the female, 44
the average difference between the two being from 5 to 6 oz.
The prevailoz.
ing weight of the brain, in the male, ranges between 46 oz. and 53 oz. and in
the female, between 41 oz. and 47 oz. -In the male, the maximum weight out of
278 cases was 65 oz., and the minimum weight 34 oz. The maximum weight
of the adult female brain, out of 191 cases, was 56 oz., and the minimum weight
31 oz. It appears that the weight of the brain increases rapidly up to the
seventh year, more slowly to between sixteen and twenty, and still more slowly
Beyond this period,
to between thirty and forty, when it reaches its maximum.
as age advances and the mental faculties decline, the brain diminishes slowly in
These results
weight, about an ounce for each subsequent decennial period.
apply alike to both sexes.
The size of the brain appears to bear a general relation to the intellectual
capacity of the individual.
Cuvier's brain weighed rather more than 64 oz.,
that of the late Br. Abercrombie 63 oz., and that of Dupuytren 62| oz.
On the
other hand, the brain of an idiot seldom weighs more than 23 oz.
The human brain is heavier than that of all the lower animals, excepting the
elephant and whale. The brain of the former weighs from 8 lbs. to 10 lbs. and
that of a whale, in a specimen seventy -five feet long;, Aveighed rather more than
5 lbs.
;

;

;

;

;

;

Medulla Oblongata.
The medulla oblongata is the upper enlarged part of the spinal cord, and
extends from the upper border of the atlas to the lower border of the pons
Varolii.
its anterior surIt is directed obliquely downwards and backwards
face rests on the basilar groove of the occipital bone, its posterior surface is
received into the fossa between the hemispheres of the cerebellum, forming the
floor of the fourth ventricle.
It is pyramidal in form, its broad extremity
directed upwards, its lower end being narrow at its point of connection with the
;

I
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It measures an incli and a quarter in length, three-quarters of an inch in
cord.
breadth at its widest part, and half an inch in thickness. Its surface is marked,
in the median Kne, in front and behind, by an anterior and posterior median
The anterior fissure
fissure, which are continuous with those of the spinal cord.
pons in a cul-dethe
below
just
terminates
and
mater,
contains a fold of pia
The posterior is a deep but narrow fissure, continued
sac^ the foramen csecinn.
upwards along the floor of the fourth ventricle, where it is finally lost. These
two fissures divide the medulla into two symmetrical halves, each lateral half
being subdivided by minor grooves into four columns, which, from before backwarcfs, are named the anterior pyramid, lateral tract and olivary body, the restiform body, the posterior pyramid.
The anterior pyramids^ or corpora pyramidalia^ are two pyramidal bundles of

Fig. 371.

—Medulla Oblongata and Pons Varolii.

Fig. 372.

—Posterior Surface of

the

Medulla Oblongata.

Anterior Surface.

white matter, placed one on either side of the anterior median fissure, and separated from the olivary body, which is external to them, by a slight depression.
At the lower border of the pons they are somewhat constricted they then
become enlarged, and taper slightly as they descend, being continuous below
with the anterior columns of the cord. On separating the pyramids beloAV, it
will be observed that their innermost fibres form from four to five bundles on
each side, which decussate with one another; this decussation, however, is not
formed entirely of fibres from the pyramids, but mainly from the deep portion
of the lateral columns of the cord which pass forwards to the surface between
the diverging anterior columns.
The outermost fibres do not decussate they
are derived from the anterior columns of the cord, and are continued directly
upwards through the pons Varolii.
Lateral tract and olivary body.
The lateral tract is continuous with the lateral
column of the cord. Below, it is broad, and includes that part of the medulla
between the anterior pyramid and restiform body but above, it is pushed a little
backwards, and narrowed by the projection forwards of the olivary body.
The olivary bodies are two prominent oval masses, situated behind the anterior
pyramids, from which they are separated by slight grooves. They equal, in
breadth, the anterior pyramids, are a little broader above than below, and are
about half an inch in length, being separated above from the pons Varolii by a
;

;

;
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sliglit depression.
Numerous white fibres {jihrse arciformes) are seen winding
round the lower end of each body, sometimes crossing their surface.
The restiform bodies (Fig. 372) are the largest columns of the medulla, and
They are two
continuous, below, with the posterior columns of the cord.
rounded, cord-like eminences, placed between the lateral tracts, in front, and the
posterior pyramids, behind from both of which they are separated by slight
As they ascend they diverge from each other, assist in forming the
grooves.
lateral boundaries of the fourth ventricle, and then enter the corresponding hemisphere of the cerebellum, forming its inferior peduncle, while other fibres are
continued from the restiform bodies into the cerebrum.
^h-Q posterior pyramids [fasciculi graciles) are two narrow, white cords placed
one on each side of the posterior median fissure, and separated from the restiform
They consist entirely of white fibres, and are conbodies by a narrow groove.
These bodies lie,
tinuous with the posterior median columns of the spinal cord.
at first, in close contact.
Opposite the apex of the fourth ventricle they form an
enlargement [processus clavatus), and then, diverging, are lost in the corresponding restiform body. The upper part of the posterior pyramids form the lateral
boundaries of the calamus scriptorius.
The posterior surface of the medulla oblongata forms part of the floor of the
fourth ventricle. It is of a triangular form, bounded on each side by the diverging posterior pyramids, and is that part of the ventricle which, from its resemThe divergence
blance to the point of a pen, is called the calamus scriptorius.
of the posterior pyramids and restiform bodies opens to view the gray matter
of the medulla, which is continuous, below, Avith the gray commissure of the
In the middle line is seen a longitudinal furrow, continuous with the poscord.
terior median fissure of the cord, terminating, below, at the point of the ventricle,
in a cul-de-sac^ the ventricle of Arantius^ which
Fig. 373.— Transverse Section of
descends into the medulla for a slight extent.
Medulla Oblongata.
j^ jg ^j^g remains of a canal, which, in the foetus,
;

^F:-scccuii Teretts
j-o,teriorr/.sure^

oxtcnds tliroughout

tlic cutirc Icugth of thc cord.
Structure.
The columns of the cord are
directly continuous with those of the medulla
oblongata, below
but, higher up, both the
;

Ant^iorTisZJ^"^

Anterior FyramiJ

white and gray constituents are rearranged before
thcy arc coutinucd upwards to the cerebrum
and cerebellum.

The anterior pyramid is composed of fibres derived from the anterior column of the cord of its own side, and from the lateral
column of the opposite half of the cord, and is continued upwards into the cerebrum and cerebellum. The cerebellar fibres form a superficial and deep layer,
which pass beneath the olivary body to the restiform body, and spread out into
the structure of the cerebellum.
deeper fasciculus incloses the olivary body,
and, receiving fibres from it, enters the pons as the olivary fasciculus or fillet ; but
the chief mass of fibres from the pyramid, the cerebral fibres, enter the pons in
their passage upwards to the cerebrum.
The anterior pyramids contain no gray
matter.
The lateral tract is continuous, below, with the lateral column of the cord.
Its fibres pass in three different directions.
The most external join the restiform body, and pass to the cerebellum. The internal, .more numerous, pass
forwards, pushing aside the fibres of the anterior column, and form part of the
opposite anterior pyramid.
The middle fibres ascend, beneath the olivary body,
to the cerebrum, passing along the back of the pons, and form, together with

A

fibres

from the restiform body and posterior pyramids,

t\\e

fasciculi teretes^ in the

floor of the fourth ventricle.

Olivary body. If a transverse section is made through either olivary body, it
will be found to consist of a small ganglionic mass, deeply imbedded in the
medulla, partly appearing on the surface as a smooth, olive-shaped eminence

;
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It consists, externall}^, of white substance; and, internally, of a gray
The gray matter is arranged in the form of a
nucleus, the corpus dentatum.
hollow capsule, open at its upper and inner part, and presenting a zigzag or
dentated outline.
White fibres pass into or from the interior of this body, by

(Fig. 373).

the aperture in the upper part of the capsule.
They join with those fibres of
the anterior column which ascend on the outer side, and beneath the olivary
body, to form the olivary fasciculus, which ascends to the cerebrum.
The restiform body is formed chiefly of fibres from the posterior column of the
cord but it receives some from the lateral column, and a fasciculus from the
anterior, and is continued, upwards, to the cerebrum and cerebellum.
On entering the pons, it divides into two fasciculi, above the point of the fourth ventricle.
The external fasciculus enters the cerebellum the inner fasciculus joins the posterior pyramid, is continued up along the fourth ventricle, and is traced up to the
;

;

cerebrum with the fasciculi teretes.
The posterior pyramid is formed by the posterior median column of the cord
it joins the fasciculus teres, and is continued with it to the cerebrum.
Fig. 374.

—The Columns of the Medulla Oblongata, and their connection with the
Cerebrum and Cerebellum.

The course of the

fibres of the medulla will be better understood by reference
accompanying plan
copied, by permission of Mr. H. E. Clark, from
Wilson's "Anatomist's Yade-Mecum.""^
Septum of the medulla oblongata. Above the decussation of the anterior
pyramids, numerous white fibres extend, from behind forwards, in the median
line, forming a septum, which subdivides the medulla into two lateral halves.
Some of these fibres emerge at the anterior median fissure, and form a band
which curves round the lower border of the olivary body, or passes transversely
across it, and round the sides of the medulla, forming the arciform fibres of
Rolando. Others appear in the floor of the fourth ventricle, issuing from the
posterior median fissure, and form the white striae in that situation.
Gray Tnatter of the m,edulla oblonyata. The gray matter of the medulla is a
to the

;

continuation of that contained in the interior of the spinal cord, besides a series
of 'special deposits or nuclei.
In the lower part of the medulla, the gray matter is arranged as in the cord,
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375.— Plan

of Fibres of Medulla.
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but at the upper part it becomes more abundant, and is disposed with less
apparent regularity, becoming blended with all the white fibi'es, except the
anterior pyramids.
The part corresponding to the transverse gray commissure
of the cord is exposed to view in the floor of the fourth ventricle, by the
divergence of the restiform bodies and posterior pyramids, becoming blended
with the ascending fibres of the lateral column, and thus forming the fasciculi
teretes.
The lateral crescentic portions, but especially the posterior horns, become
enlarged, blend with the fibres of the restiform bodies, and form the tuherculo
cinereo of Rolando.
Special deposits of gray matter are found both in the anterior and posterior
parts of the medulla forming, in the former situation, the corpus dentatum
within the olivary body, and, in the latter, a series of special masses, or nuclei,
connected with the roots of origin of the spinal accessory, vagus, glosso-pharyngeal, and hypoglossal nerves.
It thus appears that the closest analogy in structure, and alsp probably in general endowments, exists between the medulla
oblongata and the spinal cord. The larger size and peculiar form of the medulla
depend on the enlargement, divergence, and decussation of the various columns
and also on the addition of special deposits of gray matter iu the olivary bodies
and other parts, evidently in adaptation to the more extended range of function
which this part of the cerebro-spinal axis possesses.
;

Pons Yarolii.
The pons Yarolii [mesocephale^ Chaussier) is the bond of union of the various
segments of the eucephalon, connecting the cerebrum above, the medulla oblongata
below, and the cerebellum behind. It is situated above the medulla oblongata,
below the crura cerebri, and between the hemispheres of the cerebellum.
Its under surface presents a broad, transverse band ol white fibres, which arches
like a bridge across the upper part of the medulla, extending between the two
hemispheres of the cerebelhim. This surface proje ts considerably beyond the
level of these parts, is of quadrangular form, rests upon the sphenoid and basilar
groove of the occipital bone, and is limited befbr^ and behind by very prominent margins. It presents along the middle line a longitudinal groove, wider in
front than behind, which lodges the basilar artery
numerous transverse stri^
are also observed on each side, which indicate the course of its superficial fibres.
Its upper surface forms part of the floor of the fourth ventricle, and at each
side it becomes contracted into a thick, rounded cord, the cms cerehelU^ which
enters the substance of the cerebellum, constituting its middle peduncle.
Structure.
The pons Yarolii consists of alternate layers of transverse and
longitudinal fibres intermixed with gray matter (Fig. 374).
The transverse fibres connect together the two lateral hemispheres of the cerebellum, and constitute its great transverse commissure.
They consist of a superficial and a deep layer.
The superficial layer passes uninterruptedly across the
surface of the pons, forming a uniform layer, which consists of fibres derived
from the crus cerebelli on each side, meeting in the median line. The deep layer
of transverse fibres decussates with the longitudinal fibres continued up from the
medulla, and contains much more gray matter between its fibres.
The longitudinal fibres are continued up through the pons
1. From the anterior pyramid.
2. From the olivary body.
3. From the lateral and posterior
columns of the cord, receiving special fibres from the gray matter of the pons itself
1. The fibres from the anterior pyramid ascend through the pons, imbedded
between two layers of transverse fibres, being subdivided in their course into
smaller bundles; at the upper border of the pons they enter the crus cerebri,
forming its fasciculated portion or crusta.
2. The olivary fasciculus divides in the pons in+o two bundles, one of which
ascends to the corpora quadrigemina the other is continued to the cerebrum
with the fibres of the lateral column.
:

:

;

—

;
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The, fibres from the lateral and posterior columns of the cord, with a bundle
fasciculus, are intermixed with much gray matter, and appear
in the floor of the fourth ventricle as the fasciculi teretes
they ascend to the
deep or cerebral part of the crus cerebri.
Foville believes that a few fibres from each of the longitudinal tracts of the
medulla turn forwards, and are continuous with the transverse fibres of the pons.
Septum. The pons is subdivided into two lateral halves by a median septum
which extends through its posterior half. The septum consists of antero-posterior
and transverse fibres. The former are derived from the floor of the fourth ventricle and from the transverse fibres of the pons, which bend backwards before
passing across to the opposite side. The latter are derived from the floor of the
fourth ventricle; they pierce the longitudinal fibres, and are then continued
across from one to the other side of the medulla, piercing the antero-posterior
fibres.
The two halves of the pons, in front, are connected together by trans3.

from the olivary

:

verse commissural fibres.

Upper Surface.

Cerebrum.

(Fig. 376.)

The cerebrum, in man, constitutes the largest portion of the encephalon. Its
upper surface is of an ovoidal form, broader behind than in front, convex in its
general outline, and divided into two lateral halves or hemispheres, right and left,
by the great longitudinal fissure, which extends throughout the entire length of
the cerebrum in the middle line, reaching down to the base of the brain in front
and behind, but interrupted in the middle by a broad, transverse commissure of
white matter, the corpus callosum^ which connects the two hemispheres together.
This fissure lodges the falx cerebri, and indicates the original development of the
brain by two lateral halves.
Bach hemisphere presents an outer surface, which is convex, to correspond
with the vault of the cranium an inner surface, flattened, and in contact with
the opposite hemisphere (the two inner surfaces forming the sides of the longitudinal fissure); and an under surface or base, of more irregular form, which
rests in front, on the anterior and middle fossse of the base of the skull, and
behind upon the tentorium.
Convolutions. If the arachnoid is removed with the forceps, the entire surface
of each hemisphere will be seen to present a number of convoluted eminences,
the convolutions^ separated from each other by depressions (sulci) of various depths.
The outer surface of each convolution, as well as the sides and bottom of the
sulci between them, are composed of gray matter, which is here called the cortical substance.
The interior of each convolution is composed of white matter
and white fibres also blend with the gray matter at the sides and bottom of the
sulci.
By this arrangement the convolutions are adapted to increase the amount
of gray matter without occupying much additional space, while they also afford
a greater extent of surface for the termination of the white fibres in gray matter.
On closer examination, however, the cortical substance is found subdivided into
The
four layers, two of which are composed of gray and two of white matter.
most external is an outer white stratum, not equally thick over all parts of the
brain, being most marked on the convolutions in the longitudinal fissure and on
the under part of the brain, especially on the middle lobe, near the descending
horn of the lateral ventricle. Beneath this is a thick, reddish-gray lamina, and
then another thin white stratum lastly, a thin stratum of gray matter, which
lies in close contact with the white fibres of the hemispheres
consequently white
and gray laminae alternate with one another in the convolutions.^ In certain
convolutions, however, the cortical substance consists of no less than six layers,
three gray and three white, an additional white stratum' dividing the most super;

;

:

^ The
student should bear in mind that it is extremely doubtful whether these laminte, visible
to the naked eye, correspond to the layers of which the cortical gray matter is said to be histologically composed, and which were described in the Introduction.

.
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ficial

gray one into two

;

this is especially

marked
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in those convolutions

which

are situated near the corpus callosum.

There is no accurate resemblance between the convolutions in dif!erent brains,
nor are they symmetrical on the two sides of the same brain. Occasionally the
free borders or the sides of a deep convolution present a fissured or notched
appearance.
The sulci are generally an inch in depth they also vary in different brains, and
they are usually deepest on the outer convex
in different parts of the same brain
the deepest is situated on the inner surface of the
surface of the hemispheres
hemisphere, on a level with the corpus callosum, and corresponds to the projection in the posterior horn of the lateral ventricle, the hippocampus minor.
;

;

;

Fig. 376.

— Upper Surface of the Brain, the Arachnoid having been removed.
Great Zonffituilinal T^isSTlTe

mj. PARIETAL
FISSURE

PARIBTO-OCCIPITAL

FISSURE

1

The number and extent of the convolutions, as well as their de])th, appear to
bear a close relation to the intellectual power of the individual, as is shown in
their increasing complexity of arrangement as we ascend from the lowest mammalia up to man. Thus they are absent in some of the lower orders of mammalia,
and they increase in number and extent through the higher orders. In man they
present the most complex arrangement.
Again, in the child, at birth, before the
mtellectual faculties are exercised, the convolutions have a very simple arrangement, presenting few undulations and the sulci between them are less deep than
;

^ In the specimen from whic'h
this figure wSiS drawn, the parieto-occipital fissure has been
bridged over, or obliterated, by one of the annectant convolutions of the occipital lobe, but its
continuation can be traced on the intei-nal aspect of the hemisphere.
See Fig. 386, 3.
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In old age, when the mental faculties have diminished in activity,
the convolutions become much less prominently marked.
The convolutions on the outer convex surface of the hemisphere, the general
direction of which is more or less oblique, are the largest and most complicated
convolutions of the brain, frec[uently becoming branched like the letter
in their
course upwards and backwards, towards the longitudinal fissure these convolutions attain their greatest development in man, and. are especially characteristic
They are seldom symmetrical on the two sides.
of the human brain.
Each hemisphere of the brain on its external surface is divided into five lobes,
the division being made by the main fissures and by imaginary lines drawn to
connect them (Fig. 377).
in the adult.

Y

:

Fig. 377.

— Convolutions and Fissures of the Outer Surface of the Cerebral Hemisphere.

The fissures dividing the five lobes on the external surface of the hemispheres
are three in number, and are named: fissure of Sylvius, fissure of Rolando, and
parieto-occipita I fiss are.
The 7?5s^^re of Sylvius begins at the base of the brain at the anterior perforated
space, and, passing outwards to the external surface of the hemisphere, divides
into two one branch, passing upwards towards the longitudinal fissure, may be
termed the ascending limb; the other, the longer one, running nearly horizontally
;

backwards,

may

be called the horizontal limb.
is situated about the middle of the outer surface of the
hemisphere. It commences at or near the longitudinal fissure and runs downwards and forwards to terminate a little above the horizontal limb of the fissure
of Sylvius.
In its course it runs parallel to and some distance behind the ascending
limb of the Sylvian fissure.
The parieto-occipital fissure is only seen to a slight extent on the outer surface
of the hemisphere, and is not so distinctly marked as the others.
The portion
l^\\e

fissure of

Rolando

CONVOLUTIONS OF THE BRAIN.

627

hemisphere is sometimes called the external parietoit from the continuation of the sulcus on the
internal surface of the hemisphere, which would then be termed the internal
parieto-occipital fissure.
It commences about midway between the posterior
extremity of the brain and the fissure of Rolando, and runs downwards and forwards for a variable distance, becoming indistinct below.
These three fissures divide the external surface of the hemisphere into five
lobes: t\\e frontal^ the parietal^ the occipital^ the tencporo- sphenoidal^ and the central
on the outer surface of

tlie

occipital fissure, to distinguish

or island of Reil.
The frontal lobe is that portion of the brain which is situated in front of the
fissure of Rolando and above the horizontal limb of the fissure of Sylvius.
Its
under surface rests on the orbital plate of the frontal bone, and is termed the
orbital lobe.
Fiff.

378.

— Convolutions and Fissures of

the Under Surface of the Anterior Lobe.

The ascending limb of the fissure of Sylvius, called also the precentral fissure,
runs upwards through this lobe, dividing off a convolution, which lies between
it and the fissure of Rolando, and which is Gsdledtlie ascending frontal convolution.
The remainder of the lobe on the outer surface, namely, that part in front of the
ascending limb of the fissure of Sylvius, is divided into three principal convolutions by two transverse sulci, named respectively the s^qjerior^ middle, and inferior
frontal convolutions.

The under

surface of the frontal lobe, which rests on the orbital plate of the
named the orbital lobe (Fig. 378). It presents a well-marked
groove or sulcus for the olfactory nerve. The convolution internal to this sulcus
forms part of the marginal gyrus, hereafter to be described. External to the
sulcus this surface of the frontal lobe is divided into three convolutions, whicli
are named, from their positions, the internal^ external, and posterior orbital convolutions.

frontal bone, is
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The

bounded in front by tlie fissure of Rolando, behind by the
below by the horizontal limb of the fissure of Sylvius,
which separates it from the temporo-sphenoidal lobe. It presents four wellmarked convolutions, more or less separated from each other by secondary fissures.
Of these fissures, one, the intra-parietal^ commences at the horizontal limb of the
fissure of Sylvius, and runs upwards, parallel to and behind the fissure of Eolando,
separating a convolution, the ascending parietal^ which thus lies between the
fissure of Rolando and the intra-parietal fissure, and is parallel with the ascending
frontal convolution.
The intra-parietal fissure then turns backwards and joins
parietal lobe

is

parieto-occipital fissure, and

the parieto-occipital fissure

;

it

runs parallel with the great longitudinal

fissure,

and separates a convolution, the superior parietal (postero-parietal lobule), which
lies along the margin of the longitudinal fissure, and is continuous in front with
the ascending parietal convolution, and behind is limited by the parieto-occipital
fissure.
The remaining part of the parietal lobe, namely, that part between the
intra-parietal fissure above and in front and the horizontal fissure of Sylvius
below, is divided into two convolutions by a short vertical fissure ascending from
the fissure of Sylvius the anterior of these is the supra- marginal convolution,
and the posterior the angular convolution this latter convolution is joined with
the temporo-sphenoidal and occipital lobes by small connecting convolutions.
The occipital lobe is situated at the posterior extremity of the brain, and is
separated above from the parietal lobe by the parieto-occipital fissure below and
in front it is united with the temporo-sphenoidal and parietal lobes by small con:

,

;

necting convolutions. It is imperfectly divided, by two small transverse fissures,
into three convolutions, named respectively the jirst^ second^ and third occipital
convolutions.
The temp) or 0- sphenoidal lobe is that portion of the hemisphere which is lodged
in the middle fossa of the base of the skull.
In front and above it is limited by
the fissure of Sylvius behind it is connected with the parietal and occipital
lobes.
It is divided into three convolutions by two transverse fissures of these,
the upper one runs parallel to the horizontal limb of the fissure of Sylvius, and
is hence named the para ?/e? fissure.
The three convolutions formed by these two
fissures are named respectively the j^rs^!, second^ and third temporo-sphenoidal convolutions in their numerical order from above downwards.
The central lohe^ or island of Reil^ is situated in the fissure of Sylvius at the
base of the brain being connected in front with the posterior extremity of the
orbital lobe, and separated externally by a deep sulcus from the inferior frontal
convolution, and from the lower ends of the ascending frontal and parietal convolutions.
It is a triangular-shaped prominent cluster of about six convolutions,
the gyri operti^ so called from being covered in by the sides of the fissure.
By
the removal of these convolutions the extra- ventricular part of the corpus striatum
would be reached.
On the inner or median surface of the hemispheres the arrangement of the convolutions is less complex they are generally well-defined, and some of them being
of great length, there is not the same subdivision into smaller lobes as on the
external surface (Fig. 379). The fissures (_)n the internal surface are five in number,
and are named the calloso-margi7ial, the parieto-occi'pital^lhQ calcarine, the collat;

;

:

;

eral.!

and the

The

dentate.

calloso-viargijial fissure is seen in front,

commencing below the

anterior

extremity of the corpus callosum it, at first, runs forwards and upwards parallel
with the rostrum of the corpus callosum, and, winding round the genu of that
body, it continues from before backwards, between the upper margin of the hemisphere and the corpus callosum, to about midway between the anterior and posterior extremities of the brain, Avh ere it turns upwards to reach the upper margin
of the inner surface of the hemisphere and joins the superior extremity of the
fissure of Rolando, or terminates in its immediate vicinity.
It separates the
marginal convolution from the gyrus fornicatiis.
;

The

parieto-occipital fissure (internal parieto-occipital) is the continuation of
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the fissure of the same name seen on the outer surface of the hemisphere.
It
extends in a curved direction downwards and forwards to join the calcarine fissure.
It separates the quadrate from the cuneate lobe.
The calcarine fissure commences, usually by two branches, at the back of the
hemisphere, and runs nearly horizontally forwards, is joined by the parietooccipital fissure, and continues as far as the posterior inferior extremity of the
gyrus fornicatus. It separates the cuneate lobe from the uncinate gyrus.
The collateral fissure is situated below the preceding, being separated from it
by the uncinate gyrus. It runs forwards, from the posterior extremity of the
It lies below
brain nearly as far as the commencement of the fissure of Sylvius.
the posterior and middle horn of the lateral ventricle, and causes the prominence
known as the eminentia collateralis.
The dentate fissure commences immediately below the posterior extremity of
the corpus callosum, and runs forward to terminate at the recurved part of the

Fig. 379.

— Convolutions and Fissures of the Inner Surface of the Cerebral Hemisphere.
OBE
VN^^

SVRUS

,/

HOOK OF
UNCINATE GYRUS

uncinate gyrus. It corresponds with the prominence of the hippocampus major
in the descending horn of the lateral ventricle.
The lobes or convolutions seen on the internal surface of the hemisphere are
six in number, and are named
gyrus fornicatus^ marginal^ quadrate, cuneate,
:

uncinate,

and temporo-sphenoidal.

The gyrus fornicatus, or convolution of the corpus callosum,
which begins just in front of the anterior perforated space

lobe,

is

a well-marked

at the base of the

it ascends in front of the genu of the corpus callosum and runs backwards
along the upper surface of this body to its posterior extremity, where it joins the
uncinate convolution. It is bounded above by the calloso-marginal fissure, which
separates it from the marginal convolution.
The mar gi7ial convolution is situated above the preceding, and has received its
name from its position along the edge of the longitudinal fissure. It commences
in front at the anterior perforated space, runs along the margin of the longitudinal fissure on the under surface of the orbital lobe, being bounded externally by the sulcus for the olfactory nerve
it tlien turns upwards to the upper

brain;

:
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surface of the hemisphere, and runs backwards, forming the marginal convolution on the inner surface to the point where the calloso-marginal fissure turns
upwards to reach the superior border of the hemisphere.

The quadrate lobe is the marginal convolution of the longitudinal fissure
behind the calloso-marginal sulcus, lying between this fissure in front and the
parieto-occipital behind.
It joins below the gyrus fornicatus.
The cwneaie lobe is triangular in shape, being situated between the parietooccipital and calcarine fissures, which, as above mentioned, meet behind the
posterior extremity of the gyrus fornicatus.
The uncinate gyrus extends from the posterior extremity of the hemisphere
to the fissure of Sylvius, being bounded above by the calcarine and dentate
fissures, and separated below from the temporo-sphenoidal lobe by the collateral
fissure.
From the anterior extremity a narrow portion is recurved or bent backwards in the form of a hook, which is sometimes called the crochet.
The temporo-sphenoidal lobe. Below the uncinate gyrus, and separated from it
by the collateral fissure, is the temporo-sphenoidal convolution already described
on the external aspect of the hemisphere. It turns round the lower margin of
the brain, and appears on the inner surface.
Besides the great primary convolutions above named and described, and which
can be recognized in almost any well-developed brain, there are a great number
of secondary convolutions which pass from one to another of the primary, and
often render the arrangement of the latter somewhat obscure of these, the connections of the occipital lobe, above mentioned, and which are named annectant
convolutions, may be taken as examples.
;

Cerebkum.

Under Surface

-or Base.

(Fig. 380.)

The under

surface of each hemisphere presents a subdivision, as already mennamed, from their position, anterior, middle, and posterior.
The anterior or frontal lohe^ of a triangular form, with its apex backAvards, is
somewhat concave, and rests upon the convex surface of the roof of the orbit,
being separated from the middle lobe by the fissure of Sylvius. The middle lobe^
which is more prominent, is received into the middle fossa of the base of the
skull, and comprises the parietal and temporo-sphenoidal lobes.
The posterior
or occipital lobe rests upon the tentorium, its extent forwards being limited by
the anterior margin of the cerebellum.
The various objects exposed to view on the under surface of the cerebrum, in
and near the middle line, are here arranged in the order in which they are met
with from before backwards.
tioned, into three lobes,

Tuber cinereum.

Longitudinal fissure.
Corpus callosum and

Lamina

its

peduncles.

cinerea.

Olfactory nerve.
Fissure of Sylvius.
Anterior perforated space.

Infundibulum.
Pituitary body.
Corpora albicantia.
Posterior perforated space.

Crura cerebri.

Optic commissure.

The

longitudinal fissure partially separates the two hemispheres from one
it divides the two anterior lobes in front
and on raising the cerebellum
and pons, it will be seen completely separating the two posterior lobes, the intermediate portion of the fissure being filled up by the great transverse band of
white matter, the corpus callosum. Of these two portions of the longitudinal
fissure, that which separates the posterior lobes is the longer.
In the fissure
between the two anterior lobes the anterior cerebral arteries may be seen ascending on the corpus callosum and at the back part of this portion of the fissure,
the anterior curved portion of the corpus callosum descends to the base of the

another

:

;

:

brain.

BASE OF THE BRAIN.

631

at tlie base of the brain by a concave margin,
connected with the tuber cinereum through, the intervention of a thin
This may be exposed by gently
layer of gray substance, tlie lamina cmerea.
broad white band may be
raising and drawing bacl^ the optic commissure.
observed on each side, passing from the under surface of the corpus callosum
backwards and outwards, to the commencement of the fissure of Sylvius these
bauds are called the peduncles of the corpus callosum. Laterally, the corpus callosum extends into the anterior lobe.
The lamina cmerea is a thin layer of gray substance, extending backwards
above the optic commissure from the termination of the corpus callosum to the

The corpus callosum terminates

which

is

A

;

Fig.

380.—Base

of the Brain.

NTAL tOBE

PARIETAL LOBE
POST"? DIVISION OF

SYLVIAN FISSURE

TEMPO RO-SPHEN

CCIPITAL

LOBE

tuber cinereum it is continuous on either side with the gray matter of the
anterior perforated space, and forms the anterior part of the inferior boundary
of the tliird ventricle.
It connects the genu^ or reflected portion, of the corpus
callosum with the optic commissure, and is on this account described by Sappey
as the gray root of the optic nerves.
The olfactory nerve^ with its bulb, is seen on either side of the longitudinal
fissure, upon the under surface of each anterior lobe.
The fissure of Sylvius separates the anterior and middle lobes, and lodges the
middle cerebral artery. At its commencement is seen a point of medullary substance, corresponding to a subjacent band of white fibres, connecting the frontal
and temporo-sphenoidal lobes, and called the fascicxlus uncifornnis ; on following
;
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this fissure

outwards,

shaped prominent

it

divides into two brandies, wliicli inclose the triangularof isolated convolutions called the island of Reil {yyri

cl aster

operti).

The anterior perforated space {substantia perforata) is situated at the iinier side
It is of a triangular shape, bounded in front by the
of the fissure of Sylvius.
convolutions of the anterior lobe and the roots of the olfactory nerve behind,
by the optic tract; externally, by the middle lobe and commencement of the fissure of Sjdvius internally, it is continuous with the lamina cinerea, and crossed
by the peduncle of the corpus callosum. It is of a grayish color, and corresponds
to the under surface of the corpus striatum, a large mass of gray matter, situated
in the interior of the brain; it has received its name from being perforated by
numerous minute apertures for the transmission of small straight vessels into the
substance of the corpus striatum.
The optic commissure is situated in the middle line, immediately behind the
lamina cinerea. It is the point of junction between the two optic nerves.
Immediately behind the diverging optic tracts, and between them and the
peduncles of the cerebrum {crura cerebri)^ is a lozenge-shaped interval, the i7iterpeduncular space^ in which are found the following parts, arranged in the following
order from before backwards the tuber cinereum, infundibulum, pituitary body,
corpora albicantia, and the posterior perforated space.
The tuber cinereum is an eminence of gray matter, situated between the optic
tracts and the corpora albicantia
it is connected with the surrounding parts of
the cerebrum, forms part of the floor of the third ventricle, and is continuous
with the gray substance in that cavity. From the middle of its under surface
a conical tubular process of gray matter, about two lines in length, is continued
downwards and forwards, to be attached to the posterior lobe of the pituitary
body; this is the infundibulum. Its canal, which is funnel-shaped, communicates
with the third ventricle.
The pituitary body {hypophysis cerebri) is a small, reddish-gray, vascular mass^
weighing from five to ten grains, and of an oval form, situated in the sella Turcica,
in connection with which it is retained by the dura mater forming the inner wall
of the cavernous sinus.
It is very vascular, and consists of two lobes, separated
from one another by a fibrous lamina. Of these, the anterior is the larger, of an
oblong form, and somewhat concave behind, where it receives the posterior lobe,
which is round. The anterior lobe consists externally of a firm, yellowish- gray
substance, and internally of a soft pulpy substance of a yellowish- white color.
The posterior lobe is darker than the anterior. In the foetus it is larger proportionally than in the adult, and contains a cavity which communicates through the
infundibulum with the third ventricle. In the adult it is firmer and more solid,
and seldom contains any cavity. Its structure, especially the anterior lobe, is
similar to that of the ductless glands.
It consists externally of a membranous
capsule, inclosing a sponge-like tissue, made up of a collection of minute oblong
or spherical spaces or alveoli.
These alveoli are formed by slender processes
prolonged into the interior of the organ from the external capsule, which branch
;

;

:

;

and communicate with each other.
or

The alveoli contain nucleated cells
more rows, and often having in

of variable size, arranged as a lining of one
their centre a cavity filled with semifluid

granular contents.
The corpora albica7itia, or mammillaria, are two small, round, white masses, each
about the size of a pea, placed side by side immediately behind the tuber cinereum. They are formed by the anterior crura of the fornix, hence called the
bulbs of the fornix^ which, after descending to the base of the brain, are folded
upon themselves, before passing upwards to the thalami optici. They are composed externally of white substance, and internally of gray matter; the gray
matter of the two being connected by a transverse commissure of the same
material.
At an early period of foetal life they are blended together into one
large mass, but become separated about the seventh mouth.
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posterior perforated space {pons Tarini) corresponds to a whitish- gray subbetween the corpora albicantia in front, the pons Varolii behind,

stance, placed

and the crura cerebri on either side. It forms the back part of the floor of the
third ventricle, and is perforated by numerous small orifices for the passage of
blood-vessels to the optic thalami.
The crura cerelrri {peduncles of the cerehrum) are two thick, cylindrical bundles
of white matter, which emerge from the anterior border of the pons, and diverge
as they pass forwards and outwards to enter the under part of either hemisphere.
Each crus is about three-quarters of an inch in length, and somewhat broader in
front than behind. They are marked upon their surface with longitudinal strige
and each is crossed, just before entering the hemisphere, by a flattened white band,
the optic tract^ which is adherent by its upper border to the peduncle. In the
interior of the crura is contained a mass of dark-gray matter, called locus niger.
The third nerve may be seen emerging from the inner side of either crus, and the
fourth nerve winding round its outer side from above.
Each crus consists of a superficial and deep layer of longitudinal white fibres,
continued upwards from the pons these layers are separated from each other by
the locus niger.
The superficial longitudinal fibres are continued upwards, from the anterior
pyramids to the cerebrum. They consist of coarse fasciculi, which form the free
part of the crus, and have received the name of the fasciculated portion or crusta
of the peduncle (Fig. 375).
The deep longitudinal fibres are continued upwards, in two layers, one from the
lateral and posterior columns of the medulla and from the olivary fasciculus, these
fibres consisting of some derived from the same, and others from the opposite
lateral tract of the medulla.
More deeply are finer fibres, mixed with gray
matter, derived from the cerebellum, blended with the former. The cerebral surface of the crus cerebri is formed of these fibres, and is named the tegmentum.
The locus niger is a mass of gray matter, situated between the superficial and
deep layers of fibres above described. It is placed nearer the inner than the
outer side of the crus.
The posterior lobes of the cerebrum are concealed from view by the upper
surface of the cerebellum and pons Yarolii. When these parts are removed, the
two hemispheres are seen to be separated by the great longitudinal fissure, this
fissure being interrupted b}^ the posterior rounded border of the corpus callosum.
:

General Arrangement of the Parts Composing the Cerebrum.
As the peduncles of the cerebrum enter the hemispheres, they diverge from
one another, so as to leave an interval between them, the interpeduncular space.
As they ascend, the component fibres of each pass through two large masses of
gray matter, the ganglia of the brain, called the thalamus opticus and corpus
striatum.^ which project as rounded eminences from the upper and inner side of
each peduncle. The hemispheres are connected together, above these masses, by
the great transverse commissure, the corpus callosum, and the interval left between
its under surface, the upper surface of the ganglia, and the parts closing the
interpeduncular space, forms the general ventricular cavity. The upper part of
this cavity is subdivided into two by a vertical septum, the septum lucidum ; and
thus the two lateral ventricles are formed.
The lower part of the cavity forms
the third ventricle, which communicates with the lateral ventricles above, and with
the fourth ventricle behind.
The fifth ventricle is the interval left between the
two layers composing the septum lucidum.
Interior of the Cerebrum,
If the upper part of either hemisphere is removed with a scalpel, about half
an inch above the level of the corpus callosum, its internal white matter will be
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exposed. It is an oval shaped centre, of white substance, surrounded on all sides
a narrow, convoluted margin of gray matter, which presents an equal thickness
in nearly every part.
This white central mass has been called the centrum, ovale
minus. Its surface is studded with numerous minute red dots [puncta vasculosa),
produced by the escape of blood from divided blood-vessels. In inflammation
or great congestion of the brain these are very numerous, and of a dark color.
If the remaining portion of one hemisphere is slightly separated from the other,
a broad band of white substance will be observed connecting them at the bottom
of the longitudinal fissure; this is the corpus callosum.
The margins of the
hemispheres, which overlap this portion of the brain, are called the labia cerebri.
Each labium is j)art of the convolution of the corpus callosum {gyrus for nicatus\
already described and the space between it and the upper surface of the corpus
callosum has been termed the ventricle of the corpus callosum (Fig. 383, 2),

by

:

Fig. 381.

— Section of the Brain.

Made on

a level with the Corpus Callosum.

The hemispheres should now be sliced off to a level with the corpus callosum,
when the white substance of that structure will be seen connecting the two
hemispheres. The large expanse of medullary matter now exposed, surrounded
is called the centrum ovale majus of
Vieussens.
The corpus callosum is a thick stratum of transverse fibres, exposed at the
bottom of the longitudinal fissure. It connects the two hemispheres of the
and forms the roof of a space
brain, forming their great transverse commissure
It is about four inches
in the interior of each hemisphere, the lateral ventricle.
anterior, and to within
half
the
inch
and
a
of
to
within
an
extending
in length,
two inches and a half of the posterior, part of the brain. It is somewhat broader

by the convoluted margin of gray substance,

;

LATERAL VENTRICLES.
behind than in

front,

tliicliest beliind.

and

is

635

thicker at eitlier end than in

It presents a

its central part, being
(Fig. 386, 5) from before

somewhat arched form

bade wards, terminating anterior!}^ in a rounded border, whicli curves downwards
and baclv wards between the anterior lobes to the base of the brain. In its course
it forms a distinct bend, named the genu, and is then continued downwards and
backwards to the base of the brain, where it is connected, through the lamina
Tlie reflected portion of the corpus callosum
cinerea, with the tuber cinereum.
is called the heah or rostrum, it becomes gradually narrower as it descends, and
is attached by its lateral margins to the frontal lobes.
At its termination the
corpus callosum gives off two bundles of white substance, which, diverging from
one another, pass backwards across the anterior perforated space to the entrance
of the fissure of Sylvius.
They are called the peduncles of the corpus callosum.
Posteriorly, the corpus callosum forms a thick, rounded fold, called the splenium
or pad, which is free for a little distance, as it curves forwards, and is then continuous with the fornix.
On its upper surface its fibrous structure is very ap]3arent to the naked eye, being collected into coarse transverse bundles. Along the
middle line is a linear depression, the raphe, bounded laterally by two or more
slightly elevated longitudinal bands, called the sti-ise longitudinales or nerves of
Lancisi ; and, still more externally, other longitudinal strise are seen beneath the
convolutions which rest on the corpus callosum. These are the sirise longitudinales later ales.
The under surface of the corpus callosum is continuous behind
with the fornix, being separated from it in front by the septum lucidum, which
forms a vertical partition between the two ventricles. On either side the fibres
of the corpus callosum penetrate into the substance of the hemispheres, and
connect together the anterior, middle, and part of the posterior lobes. It is the
large number of fibres derived from the anterior and posterior lobes which
explains the great thickness of the two extremities of this commissure.

An

now be made tlu'ough the corpus callosum, on either side of the raphd,
large irregular-shaped cavities will be exposed, which extend through a great part of
the length of each hemisphere.
These are the lateral ventricles.
incision should

when two

are serous cavities, formed by the upper part of the:B0^''
JD^ ''-^
general ventricular space in the interior of the brain.
Tliey are lined by a thin
diaphanous lining membrane, covered by nucleated epithelium [the ependyma^,
with cilia scattered here and there in patches. It is moistened by a serous fluid,
which is sometimes, even in health, secreted in considerable quantity. These
cavities are two in number, one in each hemisphere, and they are separated from
each other by a vertical septum, the septum lucidum.
Each lateral ventricle consists of a central cavity, or body, and three smaller
cavities, or cornua, which extend from it in different directions.
The anterior
cornu curves forwards and outwards into the substance of the anterior lobe. The
posterior cornu, called the digital cavity, curves backwards into the posterior lobe.
The middle cornu descends into the middle lobe.
The central cavity, or body of the lateral ventricle, is triangular in form. It
is bounded, above, by the under surface of the corpus callosum, which forms the
roof of the cavity. Internally is a vertical partition, the septum lucidum,, which
separates it from the opposite ventricle, and connects the under surface of the

The

lateral ventricles

corpus callosum with the fornix. Its floor is formed by the following parts,
enumerated in their order of position, from before backwards the corpus striatum, taenia semicircular is, optic thalamus, choroid plexus, corpus fimhriatum, and
:

fornix.

The .anterior cornu

is triangular in form, passing outwards into the anterior
and curving round the anterior extremity of the corpus striatum. It is
bounded, above and in front, by the corpus callosum behind, by the corpus

lobe,

;

striatum.
T\\Q posterior cornu, or digital cavity, curves backwards into the substance of
the posterior lobe, its direction being backwards and outwards, and then inwards.
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On its floor is seen a longitudinal eminence, wliicli is produced by the extension
inwards of the calcarine sulcus; this is called the hippocampus minor. Between
the middle and posterior horns a smooth eminence is observed, which varies
considerably in size in different subjects. It is called the eminentia collateralis.
The corpus striatum has received its name from the striped appearance which
its section presents, in consequence of diverging white fibres being mixed with
the gray matter which forms the greater part of its substance. The intra- ventricular
portion [nucleus caudatus) is a large, pear-shaped mass, of a gray color externally;
its broad extremity is directed forwards, into the fore part of the body and
anterior cornu of the lateral ventricle its narrow end is directed outwards and
backwards, being separated from its fellow by the optic thalami it is covered by
the serous lining of the cavity, and crossed by some veins of considerable size.
The extra-ventricular portion (nucleus lenticularis) is imbedded in the white substance of the hemisphere.
:

:

Ym.

382.

—The Lateral Ventricles of the Brain.

The tsenia semicircularis is a narrow, whitish, semi-transparent band of medullary substance, situated in the depression between the corpus striatum and thalamus_ opticus. Anteriorly, it descends in connection with the anterior pillar of the
fornix; behind, it is continued into the descending horn of the ventricle, where
becomes

Its surface, especially at its fore part, is transparent, and dense
and this was called by Tarinus the horny hand. It consists of longitudinal white fibres, the d^pest of which run between the corpus striatum and
optic thalamus.
Beneath it is a large vein {vena. corporis striati\ which receives
numerous small veins from the surface of the corpus striatum and optic thalamus,
and joins the venae Galeni.
it

lost.

in structure,
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The choroid plexus is a highly vascular, fringe-like membrane, occupying the
margin of the fold of pia mater {velum interpositum)^ in the interior of the brain.
It extends, in a curved direction, across the floor of the lateral ventricle.
In
front, where it is small and tapering, it communicates with the choroid plexus of
the opposite side, through a large oval aperture, the foramen of Monro.
Posteriorly, it descends into the middle horn of the lateral ventricle, where it joins
with the pia mater through the transverse fissure. In structure, it consists of
minute and highly vascular villous processes, composed of large round corpuscles,
containing, besides a central nucleus, several yellowish granules and fat molecules,
and covered by a single layer of flattened epithelium. The arteries of the choroid
Fig. 3S3.

—Transverse Vertical Section of
Magnuui, looked

1.

2.

3.

4.

at

from the

tlie

front.

Corpus callosum in relation with the falx and the
cerebral hemisphei'es.
Ventricle of the corpus callosum.
Lateral Ventricles.
Cornu Ammonis, white externally, and gray internally.

5.

6.

Cerebellum, separated from the cerebrum by the tentorium.
Section through the corpora quadrigemina, aqueduct
of Sylvius,

and pons Varolii.

Brain, tlirougli the fore part of the
(After Hirschfeld and Leveille.)

7.

8.

Foramen

Medulla oblongata, with the vertebral Arteries and the
anterior spinal branch in relation with it.
Auditory nerve, passing into the meatus auditoruis
internus.

Pneumogastric nerve passing through the posterior
lacerated foramen.
10. Ninth nerve, passing through the anterior condyloid
foramen.
11,12. Gray and white substance of the convolutions. The
9.

fibres of the

corpus callosum are shown radiating

through the white to the gray substance.

plexus enter the ventricle at the descending cornu, and, after ramifying through
The veins of the
its substance, send branches into the substance of the brain.
choroid plexus terminate in the ven« Galeni.
The corpus fimbriatum {tfsnia hippocampi) is a narrow, white, tape-like band,
situated immediately behind the choroid plexus.
It is the lateral edge of the
posterior pillar of the fornix, and is attached along the inner border of the hippocampus major as it descends into the middle horn of the lateral ventricle. It
may be traced as far as the pes hippocampi.
The optic thcdamiis ^nd fornix will be described when more completely exposed,
in a later stage of the dissection of the brain.
The middle cornu should now be exposed, throughout its entire extent, by introducing the little
finger gently into it and cutting outwards along the finger through the substance of the hemisphere, which should be removed, to an extent sufficient to expose tbe entire cavity.

;
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The middle^ or descending cornu^ the largest of the three, traverses the middle
lobe of the brain, forming in its course a remarkable curve round the back of
It passes, at first, backwards, outwards, and dowmwards, and
the optic thalamus.
then curves round the crus cerebri, forwards and inwards, nearly to the point of
Its upper boundary is formed
the middle lobe, close to the fissure of Sylvius.
by the medullary substance of the middle lobe and the under surface of the
Its lower boundary, or floor, presents for examination the foloptic thalamus.
lowing parts the hipjjocampus tnajor^ pes hippocampi^ pes accessorius. corpus
fimbriatum^ choroid plexus^ fascia dentata^ transverse fissure.
The hippocampus major, or cornu Ammonis (Fig. 384), so called from its
resemblance to a ram's horn, is a white eminence, of a curved, elongate form,
extending throughout the entire length of the floor of the middle horn of the
lateral ventricle.
At its lower extremity it becomes enlarged, and presents a
number of rounded elevations with intervening depressions, which, from presenting some resemblance to the paw of an animal, is called the pes hippocamp)i. If
a transverse section is made through the hippocampus major (Fig. 383, 4), it will
be seen that this eminence is produced by the extension inwards of the dentate
I^his sulcus is filled with gray substance,
sulcus on the exterior of the brain.
which projects along the free margin of the hippocampus major, forming a
notched ridge, the, fascia dentata. The hippocampus is covered on its ventricular
surface by a thin lamina of gray matter, which is continuous with the corpus
fimbriatum of the fornix.
The pes accessorius, or em^inentia collateralis, has already been mentioned, as a
white eminence, varying in size, placed between the hippocampus major and hippocampus minor, at the junction of the posterior with the descending cornu. It is
formed by the protrusion inwards of the collateral fissure.
The corpus fimbriatum is the thin lateral margin of the posterior pillar of the
fornix, prolonged, as already mentioned, from the central cavity of the lateral
:

ventricle.

Fascia dentata. On separating the inner border of the corpus fimbriatum from
the choroid plexus, and raising the edge of the former, a serrated band of gray substance, the edge of the gray substance of the dentate convolution, will be seen
beneath it: this is the fascia dentata. Correctly speaking, it is placed external
to the cavity of the descending cornu.
The transverse fissure is seen on separating the corpus fimbriatum from the
optic thalamus.
It is situated beneath the fornix, extending from the middle
line behind, downwards on either side, to the end of the descending cornu.
It
is of a horse-shoe shape.
Its horizontal portion is bounded above by the
splenium, or rounded posterior extremity of the corpus callosum, and below, by
the corpora quadrigemina. Its lateral portions curve downwards and forwards,
and are bounded below and in front by the crura cerebri and optic thalami;
above and behind by the hippocampus major and the corpus fimbriatum of the
Through this fissure the pia mater passes from the exterior of the brain
fornix.
mto the ventricles, to form the choroid plexuses. Where the pia mater projects
into the lateral ventricle, beneath the edge of the fornix, it is connected with
the lining membrane of these cavities so as to exclude all communication with
the exterior of the brain.
The septum lucidum (Fig. 384, 6) forms the internal boundary of the lateral
ventricle.
It is a thin, semi-transparent septum, attached, above, to the under
surface of the corpus callosum below, to the anterior part of the fornix and, in
front of this, to the prolonged portion of the corpus callosum.
It is triangular
in form, broad in front, and narrow behind, its surfaces looking towards the cavities of the ventricles.
The septum consists of two laminae, separated by a narrow interval, the fifth ventricle.
Fifth Ventricle. Each lamina of the septum lucidum consists of an internal
layer of white substance, covered by the lining membrane of the fifth ventricle
and an outer layer of gray matter, covered by the lining membrane of the lateral
;

;

THE FORNIX.
ventricle.

The

cavity of

tlie

fifth

ventricle

is

639
lined

by

a serous

membrane,

covered with epithelium, and contains fluid. In the foetus, and in some animals,
but in the adult, it
this space communicates, below, with the third ventricle
forms a separate cavity. In case of serous effusion into the ventricles, the septum
jis often found softened and partially broken down.
;

may

be exposed by cutting through tlie septum, and attached portion of the
after examining whicli, the corpus callosum siiould be cut across,
towards its anterior part, and the two portions carefully dissected, the one forwards, the other
backwards, when the fornix will be exposed.

The

fifth ventricle

(iorpus callosum,

with

scissors

;

The fornix (Figs. 382, 384, 386) is a longitudinal lamella of white fibrous
matter, situated beneath the corpus callosum, with which it is continuous behind,
but separated from it in front by the septum lucidum. It may be described as
Fig. 384.- -The Fornix,

Velum

Interpositum, and Middle or Descending Cornu of
the Lateral Ventricle.

These two
consisting of two symmetrical halves, one for either hemisphere.
portions are joined together in the middle line, where they form the hody^ but
are separated from one another in front and behind, forming the anterior and
posterior crura.
The hody of the fornix is triangular narrow in front, broad behind. Its upper
surface is connected, in the median line, to the septum lucidum in front, and the
corpus callosum behind. Its under surface rests upon the velum interpositum,
which separates it from the third ventricle, and the inner portion of the optic
thalami.
Its lateral edges form, on each side, part of the floor of the lateral
ventricles, and are in contact with the choroid plexuses.
;
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The anterior crura arch downwards towards the base of the brain, separated
from each other by a narrow interval. They are composed of white fibres, which
descend through a quantity of gray matter in the lateral walls of the third
ventricle, and are placed immediately behind the anterior commissure.
At the
base of the brain, the white fibres of each crus form a sudden curve upon themselves, spread out and form the outer part of the corresponding corpus albicans^
from which point they may be traced upwards into the substance of the corresponding optic thalamus (Fig. 386). The anterior crura of the fornix are connected in their course with the optic commissure, the white fibres covering the
optic thalamus, the peduncle of the pineal gland, and the superficial fibres of the
ttenia semicircularis.

The

posterior crura^ at their

commencement, are intimately connected by

upper surfaces with the corpus callosum
Fig.

downwards

;

their

diverging from one another, they pass

385.—The Third and Fourth

Ventricles.

into the descending horn of the lateral ventricle, being continuous
with the concave border of the hippocampus major. The lateral thin edges of
the posterior crura have received the name of corpus Jimbriatum^ already described.
On the under surface of the fornix, towards its posterior part, between the
diverging posterior crura, may be seen some transverse lines, and others longitudinal or oblique.
This appearance has been termed the lyra^ from the fancied
resemblance it bears to the strings of a harp.
Between the anterior pillars of the fornix and the anterior extremities of the
optic thalami, an oval aperture is seen on each side, the foramen of Monro (Fig.
The two openings descend towards the middle line, and, joining together,
385).

;
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lead into the upper part of the third ventricle.
These openings communicate
with the lateral ventricles on each side, and below with the third ventricle.
Divide the fornix across anteriorly, and reflect the two portions, the one forwards, the other
backwards, when the velum interpositum will be exposed.

The velum interpositum (Fig. 384) is a vascular membrane, reflected from the
pia mater into the interior of the brain through the transverse fissure, passing
iDeueath the posterior rounded border of the corpus callosum and fornix, and
above the corpora quadrigemina, pineal gland, and optic thalami. It is of a triangular form, and separates the imder surface of the body of the fornix from the
cavity of the third ventricle.
Its posterior border forms an almost complete
investment for the pineal gland. Its anterior extremity, or apex, is bifid each
bifurcation being continued into the corresponding lateral ventricle, through the
foramen of Monro^ forming the anterior extremity of the choroid plexus. On
its under surface are two vascular fringes, which diverge from each other behind,
and project into the cavity of the third ventricle. These are the choroid plexuses
of the third ventricle. To its lateral margins are connected the choroid plexuses
of the lateral ventricles. The arteries of the velum interpositum enter fi'om
behind, beneath the corpus callosum.
Its veins, the vense Galeni.^ two in number,
run along its under surface they are formed by the vense corporis striati and
the veins of the choroid plexuses the venge Galeni unite posteriorly into a single
trunk, which terminates in the straight sinus (Fig. 850).
;

;

;

The velum interpositum should now be removed. This must be effected carefully, especially
the optic thalami will then be exposed
its posterior part, where it invests the pineal gland
with the cavity of the third ventricle between them (Fig. 385).

at

;

The optic thalami are two large, oblong masses, placed between the diverging
portions of the corpora striata they are of a white color superficially internally
the}^ are composed of white fibres intermixed with gray matter. Each thalamus
rests upon its corresponding crus cerebri, which it embraces.
Externally^ it is
"bounded by the corpus striatum and taenia semicircularis and is continuous
with the hemisphere. Inter nodly it forms the lateral boundary of the third
ventricle
and running along its upper border is seen the peduncle of the pineal
gland.
Its upper surface is free, being partly seen in the lateral ventricle
it is
partially covered by the fornix, and marked in front by an eminence, the anterior
tubercle.
Its binder surface forms the roof of the descending cornu of the lateral
ventricle; into it the crus cerebri passes.
Its posterior and inferior part, which
projects into the descending horn of the lateral ventricle, presents two small
rounded eminences, the internal and external geniculate bodies. Its anterior
extremity., which is narrow, forms the posterior boundary of the foramen of
;

;

;

^

;

;

Monro.

The third ventricle is the narrow, oblong fissure placed between the optic thalami,
and extending to the base of the brain. It is bounded, above, by the under surface of the velum interpositum, from which are suspended the choroid plexuses
of the third ventricle and, laterally, by two white tracts, one on either side, the
peduncles of the pineal gland.
Its floor, somewhat oblique in its direction, is
formed, from before backwards, by the parts which close the interpeduncular
;

space, viz., the lamina cinerea, the tuber cinereum and infundibulum, the corpora albicantia, and the locus perforatus posticus its sides, by the optic thalami
;

bounded, in front, by the anterior crura of the fornix and part of the
anterior commissure behind, by the posterior commissure, and tlie iter a tertio
ad quartum ventriculum.
The cavity of the third ventricle is crossed b}^ three commissures, named, from
their position, anterior., middle., smd posterior.
The anterior co'mmissure is a rounded cord of white fibres, placed in front of the
anterior crura of the fornix. It perforates the corpus striatum on either side, and
spreads out into the substance of the hemispheres, over the roof of the descending horn of eacli lateral ventricle.
41

it

is

;
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The ffiiddle or soft commissure consists almost entirely of gray matter. It connects together the optic thalami, and is continuous with the gray matter lining
the anterior part of the third ventricle. It is frequently broken in examining
the brain, and might then be supposed to have been wanting.
^\\Q posterior commissure^ smaller than the anterior, is a flattened white band
of iibres, connecting together the two optic thalami posteriorly.
It bounds the
third ventricle, posteriorly, and is placed in front of and beneath the pineal
gland, above the opening leading to the fourth ventricle.
The third ventricle has four openings connected with it. In front are the two
oval apertures of the foramina of Monro, one on either side, through which the
third communicates with the lateral ventricles.
Behind is a third opening lead-
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1.

3.
4.

of the Encephalon,

callosum.
Above it is the
cajloso-marginal fissure, running out at 2 to join the
fissure of Rolando.

lobe.
5.
6.
7.

8.

9.

The

16.

line.

optic thalamus.

12.

15.

Anterior pillar of the fornix, descending to the base of
the brain, and turning on itself to form the corpus
albicans. Its course to the optic thalamus is indicated

by a dotted

10.

11.
13.
14.

The corpus callosum.
The septum lucldum.
The fornix.

In front of the number

in the

middle

line.

behind the anterior crus of the fornix, a shaded part
indicates the foramen of Monro; behind the numbel
an oval mark shows the position of the gray mattet
continuous with the middle commissure.

Convolution of corpus

The parieto-occipital iissure.
4 point to the calcarine iissure, which is just above the
numbers. Between 2 and 3 are the convolutions of
the quadrate lobe. Between 3 and 4 is the cuneate

showing the parts

17.
18.
19.

The velum interpositum.
The pineal gland.
The corpora quadrigemina.
The crus cerebri.
The valve of Vieussens (above the number).
The pons Varolii.
The third nerve.
The pituitary body.
The optic nerve.
Points to the anterior commissure, indicated by ai
oval mark behind the number.

and

ing into the fourth ventricle by a canal, the aqueduct of Sylvius^ or iter a tertio ad
quartum ventriculum.. The fourth, situated in the anterior part of the floor of
the ventricle, is a deep pit, which leads downwards to the funnel-shaped cavity
of the infundibulum [iter ad infundibulum).
The lining membrane of the lateral ventricles is continued through the foramen of Monro into the third ventricle, and extends along the iter a tertio into
the fourth ventricle; at the bottom of the iter ad infundibulum it ends in a culde-sac.
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T\ie, foramen of Monro is the means by whicli the two lateral ventricles communicate with the third ventricle. It may be regarded as a Y-shaped passage;
the two upper diverging limbs communicating with the lateral vessels respecIts roof is formed by
tively, and joining below to open into the third ventricle.
the anterior extremity of the body of the fornix, which, dividing into its two
crura, arches downwards in front of the anterior extremity of the optic thalami.
The crus is not, however, in contact with the thalamus, but an interval is left
between the two, which is the foramen of Monro. Its boundaries are, therefore,
behind, the anterior extremity of the
in front, the anterior pillars of the fornix
and below, the groove Vv^here the
optic thalamus above, the body of the fornix
corpus striatum and optic thalamus meet.
layer of gra}^ matter covers the greater
Oray matter of the third ventricle.
In the floor of this cavity it exists in
part of the surface of the third ventricle.
great abundance, and is prolonged upwards on the sides of the thalami, extending across the cavity as the soft commissure below, it enters into the corpora
albicantia, and surrounds in part the anterior pillars of the fornix.
Behind the third ventricle, and in front of the cerebellum, are the corpora
quadrigemina and resting upon these, the pineal gland.
The pineal gland (epiphysis cerebri), so named from its peculiar shape (pinuSj
a fir-cone), is a small, reddish-gray body, conical in form (hence its synonym,
conarium), placed immediately behind the posterior commissure, and between
It is retained in its position by a duplicature of
the nates, upon which it rests.
pia mater, derived from the under surface of the velum interpositum, which
almost completely invests it. The pineal gland is about four lines in length, and
from two to three in width, at its base, and is said to be larger in the child than
Its base is connected to the
in the adult, and in the female than in the male.
cerebrum by two peduncles {the peduncles of the pineal yland), which pass forwards
upon the upper and inner margin of the optic thalami to the anterior crura of
the fornix, with which they become blended: these two peduncles join together
at their posterior extremity, in front of the pineal gland, forming a sort of festoon, and the base of the gland is connected to their posterior margin at the point
of junction.
In front the band of union* is joined to the back of the posterior
commissure. The pineal gland is very vascular, and consists chiefly of gray
In its base is a small cavity, said by some
matter, with a few medullary fibres.
It contains a transparent,
to communicate with that of the third ventricle.
viscid fluid, and occasionally a quantity of sabulous matter, named acervulus cerebri^ composed of phosphate and carbonate of lime, phosphate of magnesia and
ammonia, with a little animal matter. These concretions are almost constant in
their existence, and are found at all periods of life.
When this body is solid,
the sabulous matter is found upon its surface, and occasionally upon its peduncles.
;

;

;

A

;

;

On the removal of the pineal gland and adjacent portion of pia mater, the corpora quadrigemina are exposed.

The corpora or tuhercida quadrigemina {optic lobes) are four rounded eminences,
placed in pairs, two in front and two behind, and separated from one another by
a crucial depression.
They are situated immediately behind the third ventricle
and posterior commissure, beneath the posterior border of the corpus callosum,
and above the iter a tertio ad quartum ventriculum.
The anterior pair, the
nates, are the larger, oblong from before backwards, and of a gray color.
The
posterior pair, the testes, are hemispherical in form, and lighter in color than the
preceding.
They are connected on each side with the optic thalamus and commencement of the optic tracts, by means of two Avhite, prominent bands, termed
hrachia.
Those connecting the nates with the thalamus {hrachia anteriora) are
the larger, and pass obliquely outwards.
Those connecting the testes with the
thalamus are called the hrachia posteriora. Both pairs, in the adult, ai^e quite
solid, being composed of white matter externally and gray matter within.
These
bodies are larger in the lower animals than in man.
In fishes, reptiles, and birds,

;
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they are only two in number, are called the optic lobes, from their connection
with the optic nerves, and are hollow in their interior but in mammalia, they
In the human foetus, they are
are four in number, as in man, and quite solid.
developed at a very early period, and form a large proportion of the cerebral
mass at first they are only two in number, as in the lower mammalia, and hol;

;

low in their interior.
These bodies receive, from below, white

fibres from the olivary fasciculus or
they are also connected with the cerebellum by means of a large white
cord on each side, the processus ad testes, or superior peduncles of the cerebellum, which is continued onwards to the thalami through the tubercula quadrigemina.
The valve of Vieussens is a thin, translucent lamina of medullary substance,
stretched between the two processus e cerebello ad testes it covers in the canal
leading from the third to the fourth ventricle, forming part of the roof of the
It is narrow in front, where it is connected with the testes
latter cavity.
and
broader behind, at its connection with the vermiform process of the cerebellum.
slight elevated ridge, the frsenulum, descends upon the upper part of the
valve from the corpora quadrigemina, and on either side of it may be seen the
Its lower half is covered by a thin, transfibres of origin of the fourth nerve.
versely grooved lobule of gray matter, prolonged from the anterior border of
the cerebellum this is called by the Italian anatomists the linguetta latninosa.
The corpora geniculata are two small, flattened, oblong masses, placed on the
outer side of the corpora quadrigemina, and on the under and back part of each
optic thalamus, and named, from their position, corpus yeniculatum externum and
internurti.
They are placed one on the outer and one on the inner side of each
In this situation, the optic tract may be seen dividing into two bands,
optic tract.
one of which is connected with the external geniculate body and nates, the other
being connected with the internal geniculate body and testes.
Structure of the cerebrum.
The white matter of each hemisphere consists of
three kinds of fibres
1. Diverging or peduncular fibres, which connect the
hemisphere with the cord and medulla oblongata. 2. Transverse commissural
fibres, which connect together the two hemispheres.
3. Longitudinal commissural
fibres, which connect distant parts of the same hemisphere.
The diverging ov peduncular fibres consist of a main body, and of certain accessory fibres. The main body originate in the columns of the cord and medulla
oblongata, and enter the cerebrum through the cms cerebri, where they are
arranged into two bundles, separated by the locus niger. Those fibres which form
the inferior or fasciculated portion of the crus are derived from the anterior
pyramid, and, ascending, pass mainly through the centre of the striate body
those on the opposite surface of the crus, which form the tegmentum, are derived
from the posterior pyramid and fasciculi teretes as they ascend, they pass, some
through the under part of the thalamus, and others through both thalamus and
corpus striatum, decussating in these bodies with each other, and with the fibres
of the corpus callosum.
The optic thalami also receive accessory fibres from the
processus ad testes, the olivary fasciculus, the corpora quadrigemina, and corpora
geniculata.
Some of the diverging fibres end in the cerebral ganglia, whilst
others pass through and receive additional fibres from them, and, as they emerge,
radiate into the anterior, middle, and posterior lobes of the hemisphere, decussating again with the fibres of the corpus callosum, before passing to the convolutions.
These fibres have received the name of corona radia.ta.
The transverse commissural fibres connect together the two hemispheres across
They are formed by the corpus callosum and the anterior and
the middle line.
posterior commissures.
The longitudinal commissural fibres connect together distant parts of the same
hemispheres, the fibres being disposed in a longitudinal direction. They form the
fornix, the taenia semicircularis, and peduncles of the pineal gland, the striee longitudinales, the fibres of the gyrus fornicatus, and the fasciculus unciformis.
fillet

;

;

;

A

;

:

;
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The Ceeebellum.
The Cerebellum, or little brain, is that portion of the encephalon which is conIt is situated beneath the posterior lobes
tained in the inferior occipital fossEe.
Its average weight
of the cerebrum, from which it is separated by the tentorium.
It attains its maximum weight between the twentyin the male is 5 oz. 4 drs.
Fig. 387.

— Upper Surface of

tlie

Cerebellum.

its increase in weight after the fourteenth year being
fifth and fortieth year
The proportion between the
relatively greater in the female than in the male.
cerebellum and cerebrum is, in the male, as 1 to 8| and in the female, as 1 to 8^.
;

;

In the infant, the cerebellum is proportionately much smaller than in the adult,
the relation between it and the cerebrum being, according to Chanssier, between
1 to 13, and 1 to 26
by Cruveilhier the proportion was found to be 1 to 20. In
form, the cerebellum is oblong, and flattened from above downwards, its great
;

Fis;.

388.

— Under Surface of

the Cerebellum.

It measures from three and a half to four inches
from two to two and a half inches from before backwards, being
about two inches thick in the centre, and about six lines at the circumference,
which is the thinnest part. It consists of gray and white matter the former,

diameter being from side to side.
transversely, and

:

darker than that of the cerebrum, occupies the surface the latter, the interior.
The surface of the cerebellum is not convoluted like the cerebrum, but traversed
by numerous curved furrows or sulci, which vary in depth at different parts, and
separate the laminas of which its exterior is composed.
;

:;
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Its iipper surface (Fig. 387) is somewhat elevated in the median line, and
depressed towards its circumference; it consists of two lateral hemispheres, connected together by an elevated median portion or lobe, the superior vermiform
The median lobe is the fundamental part, and in some animals, as fishes
process.
and reptiles, the only part which exists; the hemispheres being additions, and
attaining their maximum size in man.
The hemispheres are separated, in front,
by a deep notch, the incisura cerehelli anterior^ which encircles the coi'pora quadrigemina behind; theyare also separated by a similar notch behind, the incisura
cerehelli 'posterior^ in which is received the upper part of the falx cerebelli.
The
superior vermiform process (upper part of the median lobe of the cerebellum)
extends from the notch on the anterior to that on the posterior border. It is
divided into three lobes: the lohulus centralis, a small lobe, situated in the incisura
anterior; the monticulus cerebelli^ the central projecting part of the process; and
the commissura simplex^ a small lobe near the incisura posterior.
The under surface of the cerebellum (Fig. 888) is subdivided into two lateral
hemispheres by a depression, the valley^ which extends from before backwards in
The lateral hemispheres are lodged in the inferior occipital
the middle line.
the median depression, or valley, receives the back part of the medulla
fosste
oblongata, is broader in the centre than at either extremity, and has, projecting
from its floor, part of the median lobe of the cerebellum, called the inferior vermiform process. The parts entering into the composition of this body are, from
behind forwards, the commissura brevis, situated in the incisura posterior; in front
of this, a laminated conical projection, the pyramid ; more anteriorly, a larger
eminence, the uvula., which is placed between the two rounded lobes which occupy
the sides of the valley, the amycjdalse or tonsils.^ and is connected with them by
a commissure of gray matter indented on the surface, called the furrowed hand.
In front of the uvula is the nodule ; it is the anterior pointed termination of the
inferior vermiform process, and projects into the cavity of the fourth ventricle
it has been named by Malacarne the laminated tubercle.
On each side of the
nodule is a thin layer of white substance, attached externally to the flocculus, and
internally to the nodule; these form together the posterior medullary vehim^ or
commissure of the flocculus. It is usually covered in and concealed by the
amygdalae, and cannot be seen until they are drawn aside. This band is of a
semilunar form on each side, its anterior margin being free and concave, its posterior attached just in front of the furrowed band.
Between it and the nodulus
and uvula, behind, is a deep fossa, called the swallouJ's nest (nidus hirundinis).
Lobes of the cerebellum. Each hemisphere is divided into an upper and a lower
portion by the great horizontal fissure, which commences in front at the pons,
and passes horizontally round the free margin of either hemisphere, backwards,
to the middle line.
From this primary fissure numerous secondary fissures proceed, which separate the cerebellum into lobes.
Upon the upper surface of either hemisphere there are two lobes, separated
from each other by a fissure. These are the anterior or square lobe^ which extends
as far back as the posterior edge of the vermiform process, and the posterior or
semilunar lobe., which passes from the termination of the preceding to the great
horizontal fissure.
Upon the under surface of either hemisphere there are five lobes, separated
bysulci; these are from before backwards, 1. ihe flocculus or sub -peduncular
middle peduncle of the
lobe., a prominent tuft, situated behind and below the
cerebellum its surface is composed of gray matter, subdivided into a few small
laminae it is sometimes called the pneumogastric lobule.^ from being situated
behind the pneumogastric nerve 2. the amygdala or tonsil, situated on either
side of the great median fissure or valley, and projecting into the fourth ventricle
3. the digastric lobe.^ situated on the outside of the tonsil, and connected in part
with the pyramid 4. the slender lobe^ behind the digastric, and connected with
the back part of the pyramid and the commissura brevis: and more posteriorly
(5.), the inferior posterior lobe., which also joins the commissura brevis in the valley.
;

;

;

:

:

:
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Structure.
(Fig. 389.) If a vertical section is made through either hemisphere
of the cerebellum, midway between its centre and the superior vermiform process,
the interior will be found to consist of a central stem of white matter, which
contains in its interior a dentate body.
From the surface of this central stem a
series of plates of medullarj matter are detached, which, covered with gray
matter, form the laminse and from the anterior part of each hemisphere arise
three large processes or peduncles, superior, middle, and inferior, by which the
cerebellum is connected with the rest of the encephalon.
The laminee are about ten or twelve in number, including those on both surfaces of the cerebellum, those in front being detached at a right angle, and those
behind at an acute angle; as each lamina proceeds outw^ards, other secondary
laminae are detached from it, and from these, tertiarj^ laminte.
The arrangement
thus described gives to the
Fig. 389.
Vertical Section of the Cerebellum,
cut surface of the organ a
foliated appearance, to which
the name arbor vitse has been
Each lamina consists
given.
of white matter, covered externally by a layer of gray
The white matter
substance.
of each lamina is derived
partly from the central stem
in addition to which white
fibres pass from one lamina to
another.
The gray matter
resembles somewhat the cortical substance of the convolutions.
It consists of two
laj'ers
the external one, soft
and of a grayish color the
hiternal one, firmer and of a
;

—

:

;

rust color.

The corpus dentatum, or ganglion of the cerebellum, is situated a little to the
inner side of the centre of the stem of white matter.
It consists of an open bag
or capsule of gray matter, the section of which presents a gray dentated outline,
open at its anterior part. It is surrounded by white fibres white fibres are also
contained in its interior, which issue from it to join the superior peduncles.
;

The
nect

it

pediincles of the cerebellum, superior, middle,

and

inferior, serve to con-

with the rest of the encephalon.

^he superior peduncles {processus e cerebello ad testes) connect the cerebellum
with the cerebrum they pass forwards and upwards to the testes, beneath which
they ascend to the crura cerebri and optic thalami, forming part of the diverging cerebral fibres: each peduncle forms part of the lateral boundary of the
fourth ventricle, and is connected with its fellow of the opposite side by the
valve of Vieussens. The peduncles are continuous beliind with the folia of the
inferior vermiform process, and with the white fibres in the interior of the corpus dentatum. Beneath the corpora quadrigemina, the innermost fibres of each
peduncle decussate with each other, so that some fibres from the right half of
the cerebellum are continued to the left half of the cerebrum.
The inferior peduncles {processus ad medullam) connect the cerebellum with
the medulla oblongata. They pass downwards, to the back part of the medulla,
and form part of the restiform bodies. Above, the fibres of each process are
connected chiefly with the laminse, on the upper surface of the cerebellum and
below, they are connected with all three tracts of one half of the medulla and
through these, with the corresponding half of the cord, excepting the posterior
median columns.
The middle peduncles {processus ad pontem), the largest of the three, connect
;

;

;
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tlie two hemisplieres of the cerebellum, forming their great transverse
commissure. They consist of a mass of curved fibres, which arise in the lateral
parts of the cerebellum, and pass across to the same points on the opposite side.
They form the transverse fibres of the pons Varolii.

together

Fourth Ventricle,

(Fig. 385.)

The fourth ventricle, or ventricle of the cerebellum, is the space between the
posterior surface of the medulla oblongata and pons in front, and the cerebellum
behind. It is lozenge- shaped, being contracted above and below, and broadest
across its central part.
It is bounded laterally by the processus e cerebello ad
testes above, and by the diverging posterior pyramids and restiform bodies
below.

The roof is arched it is formed by the valve of Vieussens and the under surface of the cerebellum, which presents, in this situation, four small eminences or
lobules, the nodulas^ uvula^ and two amygdalse.
;

The anterior boundary, or floor, is formed by the posterior surface of the
medulla oblongata and pons. In the median line is seen the posterior median
fissure, which becomes gradually obliterated above, and terminates below in the
point of the calamus scriptorius, formed by the convergence of the posterior
pyramids. At this point is the orifice of a short canal terminating in a cul-desac, the remains of the canal which extends in foetal life through the centre of
the cord. On each side of the median fissure are two slightly convex longitudinal
eminences, the fasciculi teretes : they extend the entire length of the floor, being
indistinct below and of a grayish color, but well marked and whitish above.
Each eminence consists of fibres derived from the lateral tract and restiform body^
which ascend to the cerebrum. Opposite the crus cerebelli, on the outer side
of the fasciculi teretes, is a small eminence of dark-gray substance, which presents a bluish tint through the thin stratum covering it
this is called the locus
cseruleus ; and a thin streak of the same color continued up from this on either
;

side of the fasciculi teretes, as far as the top of the ventricle, is called the tsenia
The lower part of the floor of the ventricle is crossed by several white

violacea.

transverse lines, li7iese transversse ; they emerge from the posterior median fissure;
some enter the crus cerebelli, others enter the roots of origin of the auditory
nerve, whilst some pass upwards and outwards on the floor of the ventricle.
The Haling membrane, of the fourth ventricle is continuous with that of the
third, through the aqueduct of Sylvius, and its cavity communicates below with
the sub-arachnoid space of the brain and cord through an aperture in the layer
of pia mater extending between the cerebellum and medulla oblongata. Laterally, this membrane is reflected outwards a short distance between the cerebellum
and medulla.
The choroid "plexuses of the fourth ventricle are two in number; they are delicate vascular fringes, which project into the ventricle on each side, passing from
the point of the inferior vermiform process to the outer margin of the restiform
bodies.
The gray matter in the floor of the ventricle consists of a tolerably thick'
stratum, continuous below with the gray commissure of the cord, and extending
up as high as the aqueduct of Sylvius and, in addition, of some special deposits
connected with the roots of origin of certain nerves. In the upper half of the
ventricle is a p.rojection situated over the nucleus, from which the sixth and facial
nerves take a common origin, In the lower half are three eminences on each
side for the roots of origin of the eighth and ninth nerves.
;

.

—

—

Cranial Nerves.
Cranial Nerves, nine in number on each side, arise from some part of the
THE
cerebro-spinal centre, and are transmitted through foramina in the

base of
They have been named numerically, according to the order in
the cranium.
which they pass out of the base of the brain. Other names are also given to
them, derived from the parts to which they are distributed, or from their funcTaken in their order, from before backwards, they are as follows
tions.
:

Olfactory.
Optic.

1st.

2d.

^

3d. Motor oculi.
4th. Pathetic.

,

Glosso-pharyngeal.
Pneumogastric (Par vagum).
( Spinal accessory.
Hypoglossal.

(

8th.

5th. Trifacial (Trigeminus).

Abducens.

6th.

j Facial (Portio dura).
\ Auditory (Portio mollis),

9th.

<

however, the 7th pair be considered as two, and the 8th pair as three disnumber will be increased to twelve, which is the arrangement adopted by Sommerring.
The cranial nerves may be subdivided into four groups, according to the peculiar function possessed by each, viz., nerves of special sense
nerves of common
sensation nerves of motion
and mixed nerves. These groups may be thus
arranged
If,

tinct nerves, then their

;

;

;

:

Nerves of Special Sense.

Nerves of Motion.

Motor

Olfactory.
Optic.

Auditory.
Part of Glosso-pharyngeal.
Lingual or gustatory branch of

oculi.

Pathetic.
Part of third division of

fifth.

Abducens.
fifth.

Facial.

Hypoglossal.

Nerves of Common Sensation.
Fifth (greater portion).
Part of glosso-pharyngeal.

Mixed

Nerves.

Pneumogastric.
Spinal accessory.

All the cranial nerves are connected to some part of the surface of the brain.
This is termed their superficial or apparent origin. But their fibres may, in all
This part is called
cases, be traced deeply into the substance of the organ.
their deep or real origin}

Olfactory Nerve.
The First or Olfactory Nerve, the

(Fig. 380, p. 631.)
special nerve of the sense of smell,

may

be regarded as a lobe, or portion of the cerebral substance pushed forward in
direct relation with the organ to which it is distributed.
It arises by three
roots.
^ The deep origin or point of
connection of the cranial nerve with the brain is still, in some
instances, a matter of uncertainty.
It seems probable that each of the nerves arises from some
special centre of gray matter, termed a nucleus: at all events, many of them can be traced to
such special nuclei, through which, no doubt, they are connected with other portions of the
cerebral mass.
It has been thought advisable in the text to give only the most modern views as
to the deep origin of these nerves, Avithout burdening the student's mind with all the diiferent

opinions of anatomists, which have at various times been set forth in regard to the place from
which these nerves take their origin. For these recent views the editor, as stated in a former
edition, is indebted to the late Dr. Lockhart Clarke.

(649)
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The external or long root is a narrow, white, medullary band, which passes
outwards across the fissure of Sylvius into the substance of the middle lobe of
the cerebrum. Its deep origin has been traced to a nucleus of gray matter in
the temporo-sphenoidal lobe, in front of the pes hippocampi.
The middle or gray root arises from a papilla of gray matter (caruncula mammillaris) imbedded in the anterior lobe.
It contains white fibres in its interior,
which are connected with the corpus striatum.
The internal or short root is composed of white fibres, which arise from the
inner and back part of the anterior lobe, being connected, according to Foville,
with the longitudinal fibres of the gyrus fornicatus.
These three roots unite and form a flat band, narrower in the middle than at
either extremity, and of a somewhat prismoid form on section.
It is soft in
texture, and contains a considerable amount of gray matter in its substance.
As
it passes forwards, it is contained in a deep sulcus, between two convolutions,
lying on the under surface of the anterior lobe, on either side of the longitudinal
lissure, and is retained in position by the arachnoid membrane which covers it.
On reaching the cribriform plate of the ethmoid bone, it expands into an oblong
mass of grayish- white substance, the olfactory bulb. From the under part of this
bulb are given off numerous filaments, about twenty in number, which pass
throusfh the cribriform foramina, and are distributed to the mucous membrane
of the nose.
Each filament is surrounded by a tubular prolongation from the
dura mater and pia mater the former being hx'^t on the periosteum lining the
nose, the latter in the neurilemma of the nerve. The filaments, as they enter the
nares, are divisible into three groups
an inner group, larger than those on the
outer wall, spread out over the upper third of the septum
a middle set, confined
to the roof of the nose
and an outer set, which are distributed over the superior and middle turbinated bones and the surface of the ethmoid in front of them.
As the filaments descend, they unite in a plexiform network, and are believed by
most observers to terminate in the cells of Schultze (p. 729).
The olfactory differs in structure from other nerves, in containing gray matter
in its interior, and being soft and pulpy in consistence.
Its filaments ar'e" deficient
in the white substance of Schwann, are not divisible into fibrill^e, and resemble
the gelatinous fibres, in being nucleated, and of a finely granular texture.
;

:

;

;

Optic Nerve.

The Second, or Optic Nerve, the special nerve of the sense of sight, is distributed exclusively to the eyeball.
The nerves of opposite sides are connected
together at the commissure, and from the
Fig. 390.— The Optic Nerves and
back of the commissure they may be traced
Optic Tract.
to the brain, under the name of the optic
tracts.

The

o'ptic tract, at

its

brain, is divided into

connection with the

two bands, which

arise

from the optic thalami, the corpora geniculata,
and the anterior lobes (nates) of the corpora
quadrigemina. The fibres of origin from the
thalamus may be traced partly from its surFrom this
face and partly from its interior.
origin the tract winds obliquely across the
under surface of the crus cerebri, in the form
of a flattened band, destitute of neurilemma,
and is attached to the crus by its anterior margin.
It now assumes a cylindrical form, and,
as it passes forwards, is connected with the
tuber cinereum and lamina cinerea, from
both of which it receives fibres. According

THIKD NERVE.

651

it is also connected with the tsenia semicircularis and the anterior
termination of the gyrus fornicatus. It finally joins with the nerve of the
opposite side to form the optic commissure.
The commissure or chiasma^ somewhat quadrilateral in form, rests upon the
optic groove of the sphenoid bone, being bounded, above, by the lamina cinerea;
behind, by the tuber cinereum on either side, by the anterior perforated space.
Within the commissure, the optic nerves of the two sides undergo a partial
decussation. The fibres which form the inner margin
of each tract are continued across from one to the Fig, 391. Course of the FiOptic Com^'".^^ ^^ ^^^^
other side of the brain, and have no connection with
These may be regarded as commisthe optic nerves.
sural fibres (^inter-cerebral) between the thalami of
opposite sides. Some fibres are continued across the
anterior border of the chiasma, and connect the optic
nerves of the two sides, having no relation with the
'v^^^^o/.f^^^-fc^*
^^v"
They may be regarded as commissural
optic tracts.
fibres between the two retinae (^inter-retinal Jibres). The
outer fibres of each tract are continued into the optic nerve of the same side.
The central fibres of each tract are continued into the optic nerve of the opposite
side, decussating in the commissure with similar fibres of the opposite tract.^
The optic nerves arise from the fore part of the commissure, and, diverging
from one another, become rounded in form and firm in texture, and are inclosed
in a sheath derived from the arachnoid.
As each nerve passes through the corresponding optic foramen, it receives a sheath from the dura mater and as it
enters the orbit this sheath subdivides into two layers, one of which becomes
continuous with the periosteum of the orbit the other forms a sheath for the
nerve, and surrounds it as far as the sclerotic.
The nerve passes through the
cavity of the orbit, pierces the sclerotic and choroid coats at the back part of the
eyeball, a little to the nasal side of its centre, and expands into the retina.
Arnold describes a communication between the optic nerve in the orbit and the
ascending branches of Meckel's ganglion.
small artery, the arteria centralis
retime, perforates the optic nerve a little behind the globe, and runs along its
interior in a tubular canal of fibrous tissue.
It supplies the inner surface of the
retina, and is accompanied by corresponding veins.

to Foville,

;

—

;

;

A

Third Nerve.
The Third,

(Figs. 892, 393.)

Motor Oculi Nerve,

supplies all the muscles of the orbit,
it also sends motor filaments
to the iris.
It is a rather large nerve, of rounded form and firm texture, having
its apparent origin from the inner surface of the crus cerebri, immediately in
front of the pons Varolii.
The deep origin may be traced through the locus niger and tegmentum of the
crus to a nucleus situated on either side of the median line in the floor of the
aqueduct of Sylvius, beneath the corpora quadrigemina. On emerging from the
brain, the nerve is invested with a sheath of pia mater, and inclosed in a prolongation from the arachnoid. It then pierces the dura mater below and external
to the posterior clinoid process, passing between the two processes from the free
and attached borders of the tentorium, which are prolonged forwards, to be connected with the anterior and posterior clinoid processes of the sphenoid bone.
It passes along the outer wall of the cavernous sinus, above the other orbital
nerves, receiving in its course one or two filaments from the cavernous plexus of
the sympathetic.
It then divides into two branches, which enter the orbit
through the sphenoidal fissure, between the two heads of the External rectus
muscle. On passing through the fissure, the nerve is placed below the fourth,

or

except the Superior oblique and External rectus

A

;

^
specimen of congenital absence of the optic commissure
the Westminster Hospital.

is

to be

found in the

Museum

of
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and the frontal and lachrymal branches of the ophthalmic nerve, and has, passing
between its two divisions, the nasal nerve.
The superior division^ the smaller, passes inwards across the optic nerve, and
It occasionally communicates
supplies the Superior rectus and Levator palpebras.
with the ganglionic branch of the
Fig. 3'J2.

—Nerves of

the Orbit.

Seen from above.

nasal nerve.

The inferior division^ the larger,
divides into three branches. One
passes beneath the optic nerve to
the Internal rectus
another to
the Inferior rectus; and the third^
the largest of the three, passes
forwards, between the Inferior
and External recti, to the InfeFrom the latter, a
rior oblique.
short, thick branch is given off to
the lower part of the lenticular
ganglion, forming its inferior
root, as well as two filaments to
the Inferior rectus. All these
branches enter the muscles on
their ocular surface.
;

X7^ra.TroehlettpJT\

Fourth Nerve.
The

Nerve

Fourth,

(Fig. 392.)

or

Pathetic

(trochlear), the smallest

of the cranial nerves, supplies
the Superior oblique muscle. Its
apparent origin, at the base of
the brain, is on the outer side of
the crus cerebri, just in front of
the pons Varolii, but the fibres
can be traced backwards, beneath
Recurrent Fllcvment
the corpora quadrigemina, to the
to -Dura-Mater
valve of Vieussens, on the upper
surface of which the two nerves
Its
are connected by a transverse band of fibres, forming a kind of commissure.
deep origin may be traced partly to the posterior part of the same nucleus in the
and partly
floor of the aqueduct of Sylvius from which the third nerve arises
into a gray nucleus, at the upper part of the floor of the fourth ventricle, close to
the origin of the fifth nerve.
The nerve winds round the outer side of the crus
cerebri, immediately above the pons Varolii, pierces the dura mater in the free
border of the tentorium cerebelli, near the posterior clinoid process, above the
oval opening for the fifth nerve, and passes forwards through the outer wall of
the cavernous sinus, between the third and the ophthalmic division of the fifth,
and enters the orbit, through the sphenoidal fissure. It now becomes the highest
of all the nerves
lying at the inner extremity of the fissure internal to the
frontal nerve.
In the orbit, it passes inwards, above the origin of the Levator
palpebrte, and finally enters the orbital surface of the Superior oblique muscle.
In the outer wall of the cavernous sinus this nerve receives some filaments
from the cavernous plexus of the sympathetic. It is not unfrequently blended
with the ophthalmic division of the fifth and occasionally gives off a branch to
assist in the formation of the lachrymal nerve.
It also gives off a recurrent
branch, which passes backwards between the layers of the tentorium, dividing
into two or three filaments, which may be traced as far back as the wall of the
;

;

;

lateral sinus.

;
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Fifth Nervj:.

The Fifth, or Trifacial Nerve {trigeminus)^ is the largest cranial nerve, and
resembles a spinal nerve in several particulars it arises by two roots of these
the anterior is the smaller and is the motor root, the posterior, the larger and
Moreover, like the spinal nerves, the posterior or sensory root has a
sensory.
The functions of this nerve are various. It is a
ganglion developed upon it.
nerve of special sense, of common sensation, and of motion. It is the great
sensitive nerve of the head and face, the motor nerve of the muscles of masticaIt
tion, and its lingual branch is one of the nerves of* the special sense of taste.
arises by two roots, a posterior larger or sensory, and an anterior smaller or motor
Its superficial origin is from the side of the pons Varolii, a little nearer
root.
The smaller root consists of three or four
to the upper than the lower border.
bundles in the larger, the bundles are more numerous, varying in number from
seventy to a hundred the two roots are separated from one another by a fcAv of
The large root of the fifth or trigeminal arises
the transverse fibres of the pons.
chiefly from the gray tubercles of Eolando, or the upper expanded extremities
the small or motor root arises from
of the posterior gray horns of the medulla
two masses of large multipolar cells, situated each on the inner side and close to
The two roots of the nerve
the gray tubercle and intimately connected with it.

—

;

;

:

;

Eig. 393.

—

JSTerves of

the Orbit and Ophthalmic Ganghon.

Side View.

Internal
A Cwrotcd

Moot

pass forwards through an oval opening in the dura mater, on the superior border
of the petrous portion of the temporal bone, above the internal auditory meatus
they then run between the bone and the dura to the apex of the petrous portion
of the temporal bone, where the fibres of the sensory root form a large semilunar
ganglion {Casserian), while the motor root passes beneath the ganglion without
having any connection with it, and joins outside the cranium with one of the

trunks derived from

The Casserian

it.

Semilunar Ganglion is lodged in a depression near the
.apex of the petrous portion of the temporal bone.
It is of a somewhat crescentic
form, with its convexity turned forwards. Its upper surface is intimately
adherent to the dura inater. Besides the small or motor root, the large superficial petrosal nerve lies underneath the ganglion.
Branches.
This ganglion receives, on its inner side^ filaments from the carotid
plexus of the sympathetic and from it some minute branches are given off to
the tentorium cerebelli and the dura mater, in the middle fossa of the cranium.
or

;
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From its anterior border^ which is directed forwards and outwards, three large
branches proceed the ophthalmic^ superior maxillary^ and inferior maxillary.
The ophthalmic and superior maxillary consist exclusively of fibres derived
from the larger root and ganglion, and are solely nerves of common sensation.
The third division, or inferior maxillary, is composed of fibres from both roots.
This, therefore, strictly speaking, is the only portion of the fifth nerve which
can be said to resemble a spinal nerve.
:

Ophthalmic Nerve.

(Figs. 392, 393.)

The O^hthahnic, or first division of the fifth, is a sensory nerve. It supplies
the eyeball, the" lachrymal gland, the mucous lining of the eye and nasal foss^,
and the integument and muscles of the eyebrow, forehead, and nose. It is the
smallest of the three divisions of the fifth, arising from the upper part of the Casserian ganglion.
It is a short, flattened band, about an inch in length, which
passes forwards along the outer wall of the cavernous sinus, below the other nerves,
and just before entering the orbit, through the sphenoidal fissure, divides into
three branches, lachrymal, frontal, and nasal.
The ophthalmic nerve is joined
by filaments from the cavernous plexus of the sympathetic, communicates with
the sixth nerve, and is not unfrequently joined with the fourth, and gives off
recurrent filaments, which pass between the layers of the tentorium along with
a branch from the fourth nerve.
Its branches are, the
Lachrymal.

Lachrymal

Frontal.

Nasal.

the smallest of the three branches of the ophthalmic. Not
by two filaments, one from the ophthalmic, the other from
It passes forwards
the fourth, and this Swan considers to be its usual condition.
in a separate tube of dura mater, and enters the orbit through the narrowest
part of the sphenoidal fissure.
In the orbit it runs along the upper border of
the External rectus muscle, with the lachrymal artery, and is connected with
Within the lachrymal gland
the orbital branch of the superior maxillary nerve.
it gives off several filaments, which supply the gland and the conjunctiva.
Finally, it pierces the palpebral ligaments, and terminates in the integument of
the upper eyelid, joining with filaments of the facial nerve.
The Frontal is the largest division of the ophthalmic, and may be regarded,,
both from its size and direction, as the continuation of this nerve. It enters the
orbit above the muscles, through the highest and broadest part of the sphenoidal
fissure, and runs forwards along the middle line, between the Levator palpebrse
and the periosteum. Midway between the apex and base of the orbit it divides
into two branches, supra-trochlear and supra-orbital.
The supra-Jrochlear branch, the smaller of the two, passes inwards, above the
pulley of the Superior oblique muscle, and gives off a descending filament,,
which joins with the infra-trochlear branch of the nasal nerve. It then escapea
from the orbit between the pulley of the Superior oblique and the supra-orbital
foramen, curves up on to the forehead close to the bone, and ascends beneath the
Corrugator supercilii and Occipito-frontalis muscles, to both of which it is distributed finally, it is lost in the integument of the forehead.
The supra-orbital branch passes forwards through the supra-orbital foramen,
and gives off, in this situation, palpebral filaments to the upper eyelid. It then
ascends upon the forehead, and terminates in muscular, cutaneous, and pericranial
branches.
The '^muscular branches supply the Corrugator supercilii, Occipitofrontalis, and Orbicularis palpebrarum, furnishing these muscles with common
sensation, and joining in the substance of the latter muscle with the facial nerve..
The cutaneous branches, two in number, an inner and an outer, supply the integument of the cranium as far back as the occiput. They are at first situated
beneath the Occipito-frontalis, the inner branch perforating the frontal portion,
Tlie

unfrequentty

;

it

is

arises

;
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of the muscle, tlie outer branch, its tendinous aponeurosis.
The pericranial
branches are distributed to the pericranium over the frontal and parietal bones.
They are derived from the cutaneous branches whilst beneath tlie muscle.
The Nosed nerve is intermediate in size between the frontal and lachrymal, and
more deeply placed than the other branches of the ophthalmic. It enters the
orbit between the two heads of the External rectus, and passes obliquely inwards
across the optic nerve, beneath the Levator palpebrae and Superior rectus muscles,
to the inner wall of the orbit, where it enters the anterior ethmoidal foramen,
immediately below the superior oblique. It then enters tTe cavity of the cranium,
traverses a shallow groove on the front of the cribriform plate of the ethmoid
bone, and passes down, through the slit by the side of the crista galli, into the
nose, where it divides into two branches, an internal and an external.
The
internal branch supplies the mucous membrane near the fore part of the septum
of the nose.
The external branch descends in a groove on the inner surface of
the nasal bone, and supplies a few filaments to the mucous membrane covering
the fore part of the outer wall of the nares as far as the inferior spongy bone
it then leaves the cavity of the nose, between the lower border of the nasal bone
and the upper lateral cartilage of the nose, and, passing down beneath the Compressor nasi, supplies the integument of the ala and the tip of the nose, joining
with the facial nerve.
The branches of the nasal nerve are, the ganglionic^ ciliary^ and infra-trochlear.

The

gangjionig. is a slender branch, about half an inch in length, which usually
from the nasal, between the two heads of the External rectus. It passes
forward on the outer side of the optic nerve, and enters the superior and posterior angle of the ciliary ganglion, forming its superior, or long root.
It is sometimes joined by a filament from the cavernous plexus of the sympathetic, or
from the superior division of the third nerve.
The long^ ciliaj;y, .nerves, two or three in number, are given off" from the nasal
as it crosses the optic nerve.
They join the short ciliary nerves from the ciliary
ganglion, pierce the posterior part of the sclerotic, and, running forwards between
it and the choroid, are distributed to the ciliary muscle and iris.
The infra-trochlear branch is given off just as the nasal nerve passes through
the anterior "ethraoidal foramen. It runs forwards along the upper border of the
Internal rectus, and is joined, beneath the pulley of the Superior oblique, by a
filament from the supra-trochlear nerve.
It then passes to the inner angle of
the eye, and supplies the Orbicularis palpebrarum, the integument of the eyelids,
and side of the nose, the conjunctiva, lachrymal sacj and caruncula lachrymalis.
arises

Ophthalmic Ganglion.
Connected with the three divisions of the

(Fig. 393.)

fifth

nerve are four small ganglia,

With the
division is connected the ophthalmic ganglion with the second division, the
spheno-palatine, or Meckel's ganglion and with the third, the otic and submaxillary ganglia.
All the four receive sensitive filaments from the fifth, and motor
and sympathetic filaments from various sources these filaments are called the
roots of the ganglia.
The ganglia are also connected with each other, and with
the cervical portion of the sympathetic.
The OphthalTnic, Lenticular or Ciliary Ganglion is a small, quadrangular, flattened ganglion, of a reddish-gray color, and about the size of a pin's head,
situated at the back part of the orbit between the optic nerve and the External
rectus muscle, lying generally on the outer side of the ophthalmic artery.
It is
inclosed in a quantity of loose fat, which makes its dissection somewhat difficult.
Its branches of communication^ or roots, are three, all of which enter its posterior border.
One, the long root, is derived from the nasal branch of the ophthalmic, and joins its superior angle.
The second, the short root, is a short, thick
which form the whole of the cephalic portion of the sympathetic.
first

;

;

;

,

.
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nerve, occasionally divided into two parts, wliicli is derived from the branch of
the third nerve for the Inferior oblique muscle, and is connected with the infeThe third, the sympathetic root, is a slender filarior angle of the ganglion.
ment from the cavernous plexus of the sympathetic. This is occasionally blended
with the long root, and sometimes passes to the ganglion separately. According
to Tiedemann, this ganglion receives a filament of communication from the
spheno-palatine ganglion.
These are delicate
Its branches of distribution are the short ciliary nerves.
filaments, from ten to twelve in number, which arise from the fore part of the
ganglion in two bundles, connected with its superior and inferior angles the
upper bundle consisting of four filaments, and the lower of six to eight. They
run forwards with the ciliary arteries in a wavy course, one set above and the
other below the optic nerve, pierce the sclerotic at the back part of the globe,
pass forwards in delicate grooves on its inner surface, and are distributed to the
small filament is described by Tiedemann, penetrating
•ciliary muscle and iris.
the optic nerve with the arteria centralis retinas.
;

A

Superior Maxillary Nerve.

(Fig. 394.)

The Superior Maxillary, or second division of the fifth, is a sensory nerve. It
intermediate, both in position and size, between the ophthalmic and inferior
maxillary.
It commences at the middle of the Casserian ganglion as a flattened
plexiform band, and passes forwards through the foramen rotundum, where it
becomes more cylindrical in form and firmer in texture. It then crosses the
spheno-maxillary fossa, enters the orbit through the spheno-maxillary fissure,
traverses the infra-orbital canal in the floor of the orbit, and appears upon the
At its termination, the nerve lies beneath the
face at the infra-orbital foramen.
Levator labii superioris muscle, and divides into a leash of branches, which spread
out upon the side of the nose, the lower eyelid, and upper lip, joining with filaments of the facial nerve.
The branches of this nerve maybe divided into three groups: 1. Those given
2. Those in the infra-orbital canal.
off in the spheno-maxillary fossa.
3. Those
*
on the face.
r Orbital.
Spheno-maxillary fossa < Spheno-palatine.
( Posterior dental.
Infra-orbital canal
Anterior dental.

is

—

.

{Palpebral.
Nasal.
Labial.

The orbital branch arises in the spheno-maxillary fossa, enters the orbit by the
•spheno-maxillary fissure, and divides at the back of that cavity into two branches,
temporal and malar.
The temporal branch runs in a groove along the outer wall of the orbit (in the
malar bone), receives a branch of communication from the lachrymal, and, passing
through a foramen in the malar bone, enters the temporal fossa. It ascends between
the bone and substance of the Temporal muscle, pierces this muscle and the temporal fascia about an inch above the zygoma, and is distributed to the integument
•covering the temple and side of the forehead, communicating with the facial and
auriculo-temporal branch of the inferior maxillary nerve. As it pierces the
temporal fascia it gives off a slender twig, which runs between the two layers of
the fascia to the outer angle of the orbit.
The malar branch passes along the external inferior angle of the orbit, emerges
upon the face through a foramen in the malar bone, and, perforating the Orbicularis palpebrarum muscle, supplies the skin on the prominence of the cheek,
•and is named subcutaneous malse.
It joins with the facial and the palpebral
branches of the superior maxillary.
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The spheno-palatine branches^ two in number, descend to the spheno-palatine
ganglion.
The posterior dental branches arise from the trunk of the nerve just as it is
about to enter the infra-orbital canal they are two in number and pass downwards on the tuberosity of the superior maxillary bone. One of them enters a
canal in the substance of the superior maxillary bone, passes from behind forNumerous
wards, and joins opposite the canine fossa with the anterior dental.
filaments are given oft' from the lower border of this nerve, which form a minute
plexus in the outer wall of the superior maxillary bone, immediately above the
From this plexus filaments are distributed to the pulp of the molar
alveoli.
and second bicuspid teeth, the lining membrane of the antrum, and corresponding
The other branch is distributed to the gums and Buccinator
portion of the gums.
muscle.
;

Fig. 394.

— Distribution of

Settsory

the Second and Third Divisions of the Fifth Nerve and
Submaxillary Ganglion.

Ro

M^D'fOT Hoof'

AuTtcuIo -Ternpi

The anterior dental^ of large size, is given off from the superior maxillary nerve
just before its exit from the infra-orbital foramen; it enters a special canal in the
anterior wall of the antrum, and communicates with the posterior dental.
From
nerve some filaments are distributed to the incisor, canine, and first bicuspid
teeth
others are lost upon the lining membrane covering the fore part of the
inferior meatus.
In this situation it forms the communication with a nasal
this

;

branch from Meckel's ganglion, called the ganglion of Bochdaleh.
The palpebral branches pass upwards beneath the Orbicularis palpebrarum.
They supply this muscle, the integument, and conjunctiva of the lower eyelid
with sensation, joining at the outer angle of the orbit with the facial nerve and
malar branch of the orbital.
The nasal branches pass inwards they supply the muscles and integument of
the side of the nose, and join with the nasal branch of the ophthalmic.
42
;
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The lahial Iranches, tlie largest and most numerous, descend beneath the
Levator labii superioris, and are distributed to the integument and muscles of
the upper lip, the mucous membrane of the mouth, and labial glands.
All these branches are joined, immediately beneath the orbit, bj filaments
from the facial nerve, forming an intricate plexus, the infra-orlital.
Spheno-palatine Ganglion.

(Fig. 395.)

The spheno-palatine ganglion (Meckel's), the largest of the cranial ganglia, is
deeply placed in the spheno-maxillary fossa, close to the spheno-palatine foramen.
It is triangular or heart-shaped, of a reddish-gray color, and is situated just below
ihe superior maxillary nerve as it crosses the fossa.
The two spheno-palatine
branches of this nerve descend to the ganglion the fibres derived from them,
for the most part, pass in front of the ganglion as they proceed to their destination
;

Fig. 395.

Temm"

—The

Spheno-palatine Ganglion and

its

Branches,

of

in the palate and nasal fossa, and are not incorporated in the ganglionic mass;
some few of the fibres, however, enter the ganglion, constituting its sensory root.
Like the other ganglia of the fifth nerve, it possesses a motor, a sensory, and a

sympathetic root. Its motor root is derived from the facial, through the Vidian;
sensory root from the fifth and its sympathetic root from the carotid plexus,
through the Vidian. Its branches are divisible into four groups: ascending, which
pass to the orbit descending, to the palate internal, to the nose and posterior
branches, to the pharynx.

its

;

;

;

;

The ascending branches are two or three delicate filaments, which enter the
Arnold
orbit by the spheno-maxillary fissure, and supply the periosteum.
describes and delineates these branches as ascending to the optic nerve; one, to
the sixth nerve (Bock); and one to the ophthalmic ganglion (Tiedemann).
The descending ov palatine branches are distributed to the roof of the mouth,
the soft palate, tonsil, and lining membrane of the .nose.
They are almost a
direct continuation of the spheno-palatine branches of the superior maxillary
nerve, and are three in number anterior, middle, and posterior.
The anterior, or large palatine nerve, descends through the posterior palatine
:

canal,

emerges upon the hard palate,

at the posterior palatine foramen,

and

I
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passes forwards through a groove in the hard palate, nearly as far as the incisor
teeth.
It supplies the gums, the mucous membrane and glands of the hard
palate, and communicates in front with the termination of the naso-palatine
While in the posterior palatine canal, it gives off inferior nasal branches,
nerve.
which enter the nose through openings in the palate bone, and ramify over the

middle meatus, and the middle and inferior spongy bones and at its exit from
the canal, a palatine branch is distributed to both surfaces of the soft palate.
Tiie middle, or external palatine nerve, descends in the same canal as the preceding, to the posterior palatine foramen, distributing branches to the uvula,
It is occasionally wanting.
tonsil, and soft palate.
The posterior, or small palatine nerve, descends with a small artery through
the small posterior palatine canal, emerging by a separate opening behind the
posterior palatine foramen.
It supplies the Levator palati and Azygos uvulte
The middle and posterior palatine
muscles, the soft palate, tonsil, and uvula.
join with the tonsillar branches of the glosso-pharyngeal to form the plexus
around the tonsil (circulus tonsillaris). One of these palatine nerves usually
supplies the palato-glossus and palato-pharyngeus muscles.
The internal branches are distributed to the septum and outer wall of the nasal
fossae.
They are the superior nasal (anterior), and the naso-palatine.
The superior nasal branches (anterior), four or five in number, enter the back
part of the nasal fossa by the spheno-palatine foramen.
They supply the
mucous membrane covering the superior and middle spongy bones, and that
lining the posterior ethmoidal cells, a few being prolonged to the upper and back
part of the septum.
One of these branches (the posterior) is continued on to the
wall of the antrum, and there forms a communication with the anterior dental
nerve.
At the point of communication a swelling exists, denominated "the
ganglion of Bochdalek," the nature of which seems, however, uncertain.
The naso-palatine nerve (Cotunnius) enters the nasal fossa with the other
nasal nerves, and passes inwards across the roof of the nose, below the orifice of
the sphenoidal sinus, to reach the septum it then runs obliquely downwards
and forwards, along the lower part of the septum, to the anterior palatine foramen, lying between the periosteum and mucous membrane. It descends to the
roof of the mouth by a distinct canal, which opens below in the anterior palatine
fossa
the right nerve, also in a separate canal, being posterior to the left one.
In the mouth, they become united, supply the mucous membrane behind the
incisor teeth, and join with the anterior palatine nerve.
The naso-palatine
nerve occasionally furnishes a few small filaments to the raucous membrane of
the septum.
The posterior branches are the Vidian and the pharyngeal (pterygo-palatine).
The Vidian nerve, if traced /?-om Meckel's ganglion, may be said to arise from
the back part of the spheno-palatine ganglion, and then passes through the
Vidian canal, enters the cartilage filling in the foramen lacerum basis cranii, and
divides into two branches, the large petrosal and the carotid.
In its course along
the Vidian canal, it distributes a few filaments to the lining membrane at the
back part of the roof of the nose and septum, and that covering the end of the
Eustachian tube. These are upper posterior nasal branches.
The large petrosal branch {yiervus petrosus svperfidaJis major) enters the
cranium through the foramen lacerum basis cranii, having pierced the cartilaginous substance which fills in this aperture. It runs beneath the Casserian
ganglion and dura mater contained in a groove in the anterior surface of the
petrous portion of the temporal bone, enters the hiatus Fallopii, where it receives
a communicating branch from Jacobson's nerve, and, being continued through it
into the aquseductus Fallopii, joins the gangliform enlargement on the facial
nerve.
Properly speaking, this nerve passes from the facial to the spheno-palatine ganglion, forming its motor root.
The carotid branch is shorter, but larger than the petrosal, of a reddish gray
color and soft in texture.
It crosses the foramen lacerum surrounded b}- the
;

;

;
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cartilaginous substance wliicli iills in that aperture, and enters the carotid canal
on the outer side of the carotid artery, to join the carotid plexus.
This description of the Vidian nerve as a branch from the ganglion is the more
convenient anatomically, inasmuch as the nerve is generally dissected from the
ganglion, as a single trunk dividing into two branches. But it is more correct,
physiologicall}'", to describe the Vidian as being formed by the union of the two
branches (great petrosal and carotid) from the facial and the sympathetic, and as
running into the ganglion. The filaments, which are described above as given off

from the Vidian nerve, would then be regarded as branches from the ganglion
which are merely inclosed in the same sheath as the Vidian.
The pharyngeal nerve (pterygo-palatine) is a small branch arising from the
back part of the ganglion, occasionally together with the Vidian nerve. It passes
through the pterygo-palatine canal with the pterygo-palatine artery, and is distributed to the lining membrane of the pharynx, behind the Eustachian tube.

Inferior Maxillary Nerve.

(Fig. 394.)

The Inferior Maxillary Nerve distributes branches to the teeth and gums of
the lower jaw, the integument of the temple and external ear, the loAver part of
the face and lower lip, and the muscles of mastication: it also supplies the tongue
with one of its special nerves of the sense of taste. It is the largest of the three
divisions of the fifth, and consists of two portions the large or sensory root, proceeding from the inferior angle of the Casserian ganglion; and the small or motor
root, which passes beneath the ganglion, and unites with the inferior maxillary
nerve iust after its exit throug-h the foramen ovale. Immediatelv beneath the
base of the skull this nerve divides into two trunks, anterior and posterior
The anterior, and smaller division, which receives nearly the whole of the
motor root, divides into branches, which supply the muscles of mastication. They
are the masseteric, deep temporal, buccal, and two pterygoid.
The masseteric branch passes outwards, above the External pterygoid muscle,
in front of the temporo-maxillary articulation, and crosses the sigmoid notch,
with the masseteric artery, to the Masseter muscle, in which it ramifies nearly as
far as its anterior border. It occasionally gives a branch to the Temporal muscle,
and a filament to the articulation of the jaw.
The deep temporal branches^ two in number, anterior and posterior, supply the
deep surface of the Temporal muscle. The posterior branchy of small size, is
It is sometimes joined with the masplaced at the back of the temporal fossa.
seteric branch.
The anterior branch is reflected upwards, at the pterygoid ridge
of the sphenoid, to the front of the temporal fossa. It is occasionally joined with
the buccal nerve.
The buccal branch pierces the External pterygoid, and passes downwards beneath
the inner surface of the coronoid process of the lower jaw, or through the fibres
of the Temporal muscle to reach the surface of the Buccinator, upon which it
divides into a superior and an inferior branch. It gives a branch to the External
pterygoid during its passage through that muscle, and a few ascending filaments
to the Temporal muscle, one of which occasionally joins with the anterior branch
of the deep temporal nerve. The upper branch supplies the integument and apper
part of the Buccinator muscle, joining with the facial nerYe round the facial vein.
The lotoer branch passes forwards to the angle of the mouth it supplies the
integument and Buccinator muscle, as well as the mucous membrane lining the
inner surface of that muscle, and joins the facial nerve.^
The pterygoid branches are two in number, one for each pterygoid muscle. The
branch to the Internal pterygoid is long and slender, and passes inwards to enter
the deep surface of the muscle. This nerve is intimately connected at its origin
:

;

^

It is

donbtfnl whether the buccal branch conveys only sensory

motor influence

likewise.

power

to the Buccinator, or

I
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with the otic ganglion. The branch to the External pterygoid is most frequently
derived from the buccal, but it may be given off separately from the anterior
trunk of the nerve.
The posterior and larger division of the inferior maxillarj^ nerve also receives
a few filaments from the motor root.
It divides into three branches
auriculotemporal, gustatory, and inferior dental.
The AURICULO-TEMPORAL Nerve generally arises by two roots, between which
It runs backwards beneath the External
the middle meningeal artery passes.
pterygoid muscle to the inner side of the articulation of the lower jaw. It then
turns upwards Avith the temporal artery, between the external ear and condyle
of the jaw, under cover of the parotid gland, and, escaping from beneath this
structure, divides into two temporal branches. The posterior temporal^ the smaller
of the two, is distributed to the upper part of the pinna and the neighboring
tissues.
The anterior temporal accompanies the temporal artery to the vertex of
the skull, and supplies the integument of the temporal region, communicating
with the facial nerve and orbital branch of the superior maxillary.
The auriculo-temporal nerve has branches of communication with the facial and
otic ganglion.
Those joining the facial nerve, usually two in number, pass forwards, from behind the neck of the condyle of the jaw, to join this nerve at the
posterior border of the Masseter muscle. They form one of the principal branches
The filaments of comof communication between the facial and the fifth nerve.
munication with the otic ganglion are derived from the commencement of the
auriculo-temporal nerve.
The auricular branches are two in number, inferior and superior. The inferior
auricular arises behind the articulation of the jaw, and is distributed to the ear
below the external meatus other filaments twine round the internal maxillary
artery, and communicate with the sympathetic.
The superior auricular arises
in front of the external ear, and supplies the integument covering the tragus
:

;

and pinna.
Branches to the meatus auditorius^ two in number, arise from the point of communication between the auriculo-temporal and facial nerves, and are distributed
to the meatus.
The branch to the temporo-7naxillary articulation is usually derived from the
auriculo-temporal nerve.
The parotid branches supply the parotid gland.
The Gustatory or Lingual Nerve, one of the special nerves of the sense of
taste, supplies the papillse and mucous membrane of the tongue.
It is deeply
placed throughout the whole of its course.
It lies at first beneath the External
pterygoid muscle, together with the inferior dental nerve, being placed to the
inner side of the latter nerve, and is occasionally joined to it by a branch whicli
crosses the internal maxillary artery.
The chorda tj^mpani also joins it at an
acute angle in this situation.
The nerve then passes between the Internal pterygoid muscle and the inner side of the ramus of the jaw, and crosses obliquely to
the side of the tongue over the Superior constrictor muscle of the pharjaix, and
between the Stylo-glossus muscle and deep part of the submaxillary gland the
nerve lastly runs across Wharton's duct and along the side of the tongue to its
apex, being covered by the mucous membrane of the mouth.
Its branches of communication are with the submaxillary ganglion and hypoglossal nerve.
The branches to the submaxillary ganglion are two or three in
number; those connected with the hypoglossal nerve form a plexus at the anterior
margin of the Hyo-glossus muscle.
Its branches of distribution are few in num.ber.
They supply the mucous membrane of the mouth, the gums, the sublingual gland, the filiform and fungiform
papillae, and mucous membrane of the tongue, the terminal filaments anastomosing
at the tip of the tongue with the hypoglossal nerve.
The Inferior Dental is the largest of the three branches of the inferior
maxillary nerve. It passes downwards with the inferior dental artery, at first
;
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beneath the External pterygoid muscle, and then between the internal lateral
ligament and the ramus of the jaAv to the dental foramen. It then passes forwards in the dental canal of the inferior maxillary bone, l^^ing beneath the teeth,
as far as the mental foramen, where it divides into two terminal branches, incisor
and mental. The incisor branch is continued onwards within the bone to the
middle line, and supplies the canine and incisor teeth.
The mental branch
emerges from the bone at the mental foramen, and divides beneath the Depressor
anguli oris into an external branch, which supplies that muscle, the Orbicularis
oris, and the integument, communicating with the facial nerve
and an inner
branch, which ascends to the lower lip beneath the Quadratus menti it supplies
that muscle and the mucous membrane and integument of the lip, communicating
with the facial nerve.
The branches of the inferior dental are the mylo-hyoid and dental.
The mylo-hyoid is derived from the inferior dental just as that nerve is about
to enter the dental foramen.
It descends in a groove on the inner surface of the
ramus of the jaw, in which it is retained by a process of fibrous membrane. It
supplies the cutaneous surface of the Mylo-hyoid muscle, and the anterior belly
of the Digastric, occasionally sending one or two filaments to the submaxillary
;

;

gland.

the molar and bicuspid teeth. They correspond in
teeth each nerve entering the orifice at the point
of the fang, and supplying the pulp of the tooth.
Two small ganglia are connected with the inferior maxillary nerve the otic,
with the trunk of the nerve; and the submaxillary, with its lingual branch, the
gustatory.

The dental branches supply
number to the fangs of those

:

:

Otic Ganglion.

(Fig. 396).

The otic r/«?^y/^or^ (Arnold's) is a small, oval- shaped, flattened ganglion of a
reddish-gray color, situated immediately below the foramen ovale, on the inner
Fig. 396.

— The Otic Ganglion and

its

Branches.

surface of the inferior maxillary nerve, and round the origin of the internal pterygoid nerve. It is in relation, externally, with the trunk of the inferior maxillary
nerve, at the point where the motor root joins the sensory portion; internally,
with the cartilaginous part of the Eustachian tube, and the origin of the Tensor
palati muscle behind it, is the middle meningeal artery.
;
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Branches of communication. This ganglion is connected witli the inferior
maxillary nerve, aad its internal pterygoid branch, by two or three short, delicate
filaments, and also with the auriculo-temporal nerve. From the former it obtains
its motor, from the latter, its sensory root; its communication with the sympathetic being effected by a filament from the plexus surrounding the middle
meningeal artery. This ganglion also communicates with the glosso -pharyngeal
and facial nerves, through the small petrosal nerve continued from the tympanic
plexus (page 670).
Its branches of distribution are a filament to the Tensor tympani, and one to
the Tensor palati.
The former passes backwards, on the outer side of the Eustachian tube the latter arises from the ganglion, near the origin of the internal
pterygoid nerve, and passes forwards.
;

Submaxillary Ganglion.

(Fig. 394).

The submaxillary gamjlion is of small size, circular in form, and situated above
the deep portion of the submaxillary gland, near the posterior border of the
Mylo-hyoid muscle, being connected by filaments with the lower border of the
gustatory nerve.
Branches of communication. This ganglion is connected with the gustatory
nerve by a few filaments, wdiich join it separately, at its fore and back part. It
also receives a branch from the chorda tympani, by which it communicates with
the facial and communicates with the sympathetic by filaments from the nervi
molles the sympathetic plexus around the facial artery
Branches of distribution. These are five or six in number they arise from the
loAver part of the ganglion, and supply the mucous membrane of the mouth and
Wharton's duct, some being lost in the submaxillary gland. According to Meckel
a branch from this ganglion occasionally descends in front of the Hvo-glossus
muscle, and, after joining with one from the hypoglossal, passes to the Geniohyo-glossus muscle.

—

;

;

Sixth Nerve.

(Fig. 393.)

or Abducens Nerve, supplies the External rectus muscle.
ItS'
apparent origin is by several filaments from the constricted part of the corpus
pyramidale, close to the pons, or from the lower border of the pons itself.
The deep origin of this nerve is from the gray substance of the fasciculus teres,
on the floor of the fourth ventricle, from a nucleus common to it and a part of the
facial nerve.
The nerve pierces the dura mater on the basilar surface of the
sphenoid bone, runs through a notch immediately below the posterior clinoid
process, and enters the cavernous sinus.
It passes forwards through the sinus,
lying on the outer side of the internal carotid artery, where it is joined by several
filaments from the carotid and cavernous plexus, by one from Meckel's ganglion
(Buck), and another from the ophthalmic nerve. It enters the orbit through the
sphenoidal fissure, and lies above the ophthalmic vein, from which it is separated
by a lamina of dura mater. It then passes between the two heads of the External rectus, and is distributed to that muscle on its ocular surface.
The above-mentioned nerve, as well as the third, fourth, and the ophthalmic
division of the fifth, as they pass to the orbit, bear a certain relation to each other
in the cavernous sinus, at the sphenoidal fissure, and in the cavity of the orbit,

The Sixth,

which

Avill

be

now

described.

In the cavernous sinus (Fig. 351), the third, fourth, and ophthalmic division of
the fifth, are placed in the dura mater of the outer wall of the sinus, in their
numerical order, both from above downwards and from within outwards. The
sixth nerve lies at the outer side of the internal carotid artery.
As these nerves
pass forwards to the sphenoidal fissure, the third and fifth nerves become divided
into branches, and the sixth approaches the rest
so that their relative position
;

becomes considerably chano-ed.

/
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In tlie sphenoidal fissure^ the fourth, and the frontal and lachrymal divisions of
the ophthalmic, lie upon the same plane, the former being most internal, the latter
external and they enter the cavity of the orbit above the muscles. The remaining nerves enter the orbit between the two heads of the External rectus. The
superior division of the third is the highest of these beneath this lies the nasal
branch of the fifth then the inferior division of the third and the six lowest
of all (Fig. 397).
In the orhit^ the fourth, and the frontal and lachrymal divisions of the ophthalmic, lie on the same plane immediately beneath the periosteum, the fourth
;

;

;

;

Fig. 39Y.

—Relations of

Structures passing through Sphenoidal Fissure.

bUPCRIOR DIVISION OF 352
(JASAL

INTERIOR DIVISION OF 3?°
.\

-OPHTHALMIC VEIN

nerve being internal and resting on the Superior oblique, the frontal resting on
the Levator palpebrse, and the lachrymal on the External rectus. Next in order
comes the superior division of the third nerve, lying immediately beneath the
Superior rectus, and then the nasal division of the fifth crossing the optic nerve,
from the outer to the inner side of the orbit. Beneath these is found the optic
nerve, surrounded in front by the ciliary nerves, and having the lenticular ganglion on its outer side, between it and the External rectus.
Below the optic is
the inferior division of the third, and the sixth, which lies on the outer side of
the orbit.

/

Facial Nerve.

1vX.

(Figs. 898, 399.)

The Facial Nerve,

or portio dura of the seventh pair, is the motor nerve of
the muscles of expression in the face, and of the Platysma and Buccinator.
It supplies also two of the muscles of the external ear, the posterior belly of the
Digastric, and the Stylo-hyoid.
Through the chorda tympani it supplies the
Lingualis; by its tympanic branch, the Stapedius and Laxator tympani through
the otic ganglion, the Tensor
The Course and Connections of the Facial tympani and through the conFig. 398.
Nerve in the Temporal Bone.
nection of its trunk with the
all

;

—

;

Vidian nerve, by the petrosal
it probably supplies the
Levator palati and Azygos uvul«.
It arises from the lateral tract of
the medulla oblongata, in the
groove between the olivary and
nerve,

Kxternal Fetrosal

Small

Pcfiosal-

Iniumescentitt Gangltfovmi.

lAuaitnry

restiform bodies. Its deep origin
is twofold
1. From the gray
substance of the fasciculus teres
on the floor of the fourth ventricle, in common with the sixth nerve. 2. From the
nucleus of the motor root of the trigeminus; betvveen these two origins it forms a
loop along the floor of the ventricle. This nerve is situated a little nearer to the
middle line than the portio mollis, close to the lower border of the pons Varolii,
from which some of its fibres are derived.
:

—

—
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Connected with this nerve, and lying between it and the portio molhs, is a
small fasciculus (^portio inter duram et mollem of Wrisberg, or portio intermedia).
This accessory portion arises from the lateral column of the cord.
The nerve passes forwards and outwards upon thecruscerebelli, and enters the
Within the meatus, the facial
internal auditory meatus with the auditory nerve.
nerve lies first to the inner side of the auditory, and then in a groove upon that
nerve, and is connected to it by one or two filaments.
At the bottom of the meatus it enters the aquaeductus Fallopii, and follows
the serpentine course of that canal through the petrous portion of the temporal
bone, from its commencement, at the internal meatus, to its termination, at the
It is at first directed outwards towards the hiatus
stylo-mastoid foramen.
Fallopii, where it forms a reddish gangliform swelling (intumescentia gangliformis or geniculate ganglion), and is joined by several nerves
then bending
suddenly back^vards, it runs in the internal wall of the tympanum, above the
fenestra ovahs, and at the back of that cavity passes vertically downwards to the
stylo-mastoid foramen.
On emerging from this aperture, it runs forwards in the substance of the parotid
gland, crosses the external carotid artery, and divides behind the ramus of the
lower jaw into two primary branches, temporo-facial and cervico-facial,fromwhicli
numerous offsets are distributed over the side of the head, face, and upper part
of the neck, supplying the superficial muscles in these regions.
As the primary
branches and their offsets diverge from each other, they present somewhat the
appearance of a bird's claw hence the name of pes anserinus is given to the
divisions of the facial nerve in and near the parotid gland.
The communications of the facial nerve may be thus arranged
;

;

:

In the internal auditory meatus

.
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At

its

exit from the stylo-mastoid

foramen

On

the face

...

the auditory nerve.
Meckel's ganglion by the large
petrosal nerve.
With the otic ganglion
the small
by
./
& o
t
petrosal nerve.
With the sympathetic on the middle meningeal by the external petrosal nerve.
With the pneumogastric.
•'
glosso-pharyngeal.
"
carotid plexus.
"

....

"

With

auricularis

magnus.

auriculo-temporal.
the three divisions of the

fifth.

In the internal auditory meatus, some minute filaments pass between the facial

and auditory nerves.
Opposite the hiatus Fallopii, the gangliform enlargement on the facial nerve
communicates, by means of the large petrosal nerve, with Meckel's ganglion,
forming its motor root by a filament from the small petrosal, with the otic ganglion and by the external petrosal, with the sympathetic filaments accompanying
the middle meningeal artery (Bidder).
From the gangliform enlargement,
according to Arnold, a twig is sent back to the auditory nerve.
At its exit from the stylo-mastoid foramen, it sends a twig to the pneumogastric,
another to the glosso-pharyngeal nerve, and communicates with the carotid plexus
of the sympathetic, with the great auricular branch of the cervical plexus, with
the auriculo-temporal branch of the inferior maxillary nerve in the parotid gland,
and on the face with the terminal branches of the three divisions of the fifth.
;

;
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Branches of Distribution.
Within
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Infra-orbital.

Buccal.
Supra-maxillary.
( Infra- maxillary.
(

Cervico-facial.

<

The Tympanic branch
filament,

arises from the nerve opposite the pyramid
it
which supplies the Stapedius and Laxator tympani^ muscles.
Fig. 399.

;

is

a small

—The Ferves of the Scalp, Face, and Side of the Neck.

Terminations

ara-trochlear
if Infra -troc7ilear
<f

The Chorda tympani
\\'ards at
'

is

the back of the

Nusal

given off from the facial as it passes vertically downa quarter of an inch before its exit

tympanum, about

^fany anatomists regard this muscle as a ligament, and

its

nervous supply

is

doubtful.
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foramen. It passes from below upwards in a distinct
with the aquseductus Fallopii, and enters the cavity of the tympanum through an opening (iter chordiB posterius) between the base of the pyramid and the attachment of the membrana tympani, and becomes invested with
mucous membrane. It passes forwards through the cavity of the tympanum,
between the handle of the malleus and vertical ramus of the incus, to its anterior
inferior angle, and emerges from that cavity through a foramen at the inner side

from the

stylo- mastoid

canal, parallel

of the Grlaserian fissure,

which

is

called the iter chordae anterius, or canal of

Huguier. It then descends between the two Pterygoid muscles, and meets the
gustatory nerve at an acute angle, after communicating with which it accompart of it then joins the submaxillary ganpanies it to the submaxillary gland
glion, the rest is continued onwards into the proper muscular fibres of the tongue
the Lingualis muscle.
The Posterior auricular nerve arises close to the stylo-mastoid foramen, and
passes upwards in front of the mastoid process, where it is joined by a filament
from the auricular branch of the pneumogastric, and communicates with the
deep branch of the auricularis magnas as it ascends between the meatus and
mastoid process it divides into two branches. The auricular branch supplies the
Retrahens aurem. The occipital branchy the larger, passes backwards along the
superior curved line of the occipital bone, and supplies the occipital portion of
the Occipito-frontalis, communicating with the occipitalis minor nerve.
The Stylo-hyoid is a long, slender branch, which passes inwards, entering the
Stylo-hyoid muscle about its middle it communicates with the sympathetic fila;

—

;

;

ments on the external carotid artery.

The Digastric branch usually arises by a common trunk with the preceding it
divides into several filaments, which supply the posterior belly of the Digastric;
one of these perforates that muscle to join the glosso-pharyngeal nerve.
The Temporo-facial^ the larger of the two terminal branches, passes upwards
and forwards through the parotid gland, crosses the neck of the condyle of the
jaw, being connected in this situation with the auriculo-temporal branch of the
inferior maxillary nerve, and divides into branches, which are distributed over
the temple and upper part of the face; these are divided into three sets, temporal,
malar, and infra-orbital.
The temporal branches cross the zygoma to the temporal region supplying the
Attrahens aurem muscle, and join with the temporal branch of the superior maxillary and with the auriculo-temporal branch of the inferior maxillary.
The
more anterior branches supply the frontal portion of the Occipito-frontalis, and
the Orbicularis palpebrarum muscle, joining with the supra-orbital branch of the
;

ophthalmic.

The malar branches pass across the malar bone to the outer angle of the orbit,
where they supply the Orbicularis and Corrugator supercilii muscles, joining
with filaments from the lachrymal and supra-orbital nerves others supply the
lower eyelid, joining with filaments of the malar branches (subcutavieus malse)
;

of the superior maxillary nerve.
The infra-orbital^ of larger size than the rest, pass horizontally forwards to be
distributed between the lower margin of the orbit and the mouth.
The superficial branches run beneath the skin and above the superficial muscles of the face
which they supply some supply the lower eyelid and Pyramidalis nasi, joining
at the inner angle of the orbit with the infra-trochlear and nasal branches of the
ophthalmic. The deep branches pass beneath the Levator labii superioris, supplying it and the Levator anguli oris, and form a plexus (^Infra-orbital) by joining
with the infra-orbital branch of the superior maxillary nerve and the buccal
branches of the cervico-facial.
The Cervico-facial division of the facial nerve passes obliquely downwards
and forwards through the parotid gland, where it is joined by branches from the
great auricular nerve
opposite the angle of the lower jaw it divides into
branches, which are distributed on the lower half of the face and upper part of
:

;
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These may be divided into three sets buccal, supra-maxillary, and
the neck.
infra-maxillary.
The buccal branches cross the Masseter muscle. They supply the Buccinator
and Orbicularis oris, and join with the infra-orbital branches of the temporofacial division of the nerve, and with filaments of the buccal branch of the inferior maxillary nerve.
The supra-maxillary branches pass forwards beneath the Platysma and Depressor anguli oris, supplying the muscles of the lip and chin, and communicating
with the mental branch of the inferior dental nerve.
The infra- maxillary branches run forwards beneath the Platysma, and form a
One of
series of arches across the side of the neck over the supra-hyoid region.
these branches descends vertically to join with the superficial cervical nerve from
the cervical plexus others supply the Platysma.
:

;

Auditory Nerve.
The Auditory Nerve [portio mollis of the seventh pair) is the special nerve
of the sense of hearing, being distributed exclusively to the internal ear.
The auditory nerve appears at the base of the brain, in the groove between
the olivary and restiform bodies at the lower border of the pons. It lies external
It has three origins
1. From the superior vermiform
to the facial nerve.
2 and 3. From the inner and outer auditory nuclei
process of the cerebellum.
formed chiefly by the gray substance of the posterior pyramid and restiform
body. The nerve winds round the restiform body, from which it receives fibres,
and passes forwards across the posterior border of the cms cerebelli, in company
with the facial nerve, from which it is partially separated by a small artery. It
then enters the meatus auditorius interuus, in company with the facial nerve, and,
at the bottom of the meatus, divides into two branches, cochlear and vestibular,
and which are distributed, the former to the cochlea, the latter to the vestibule
and semicircular canals. The auditory nerve is very soft in texture (hence the
name portio mollis), destitute of neurilemma, and, within the meatus, receives
one or two filaments from the facial. The distributiou of the auditory nerve in
the internal ear will be found described along with the anatomy of that organ
in a subsequent page.
:

Eighth Pair.
The

eighth pair consists of three nerves

—

(Fig. 400.)
:

the glosso-pharyngeal, pneumogastric,

and spinal accessory.

The Glosso-Pharyngeal Nerve

(Fig. 400) is distributed, as its name implies,
the tongue and pharynx, being the nerve of
Fig. 400.— Nerves of the Eighth
sensation to the mucous membrane of the pharnyx,
Pair, their Origin, Ganglia, and
fauces, and tonsil
of motion to the Pharyngeal
Communications.
muscles
and
special
nerve of taste in all the
a
Jiiffulitr Gttngl.
parts of the tongue to which it is distributed.
It
is the smallest of the three divisions of the eighth
pair, and arises by three or four filaments closely
connected together, from the upper part of the me•j^7iff£al
dulla oblongata, immediately behind the olivarj^body.
Its deep origin may be traced through the fasciculi of the lateral tract, to a nucleus of gray
matter at the lower part of the floor of the fourth
ventricle, above the nucleus of the va2;us and below
Pneamo-gast
that of the auditory nerve.
From its superficial
origin it passes outwards across the flocculus, and leaves the skull at the
central part of the jugular foramen in a separate sheath of the dura mater
and arachnoid, in front of the pneumogastric and spinal accessory nerves. In its
to

CN-/

;

;
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passage tlirough the jugular foramen, it grooves the lower border of the petrous
portion of the temporal bone and, at its exit from the skull, passes forwards
between the jugular vein and internal carotid arterj^, and descends in front of the
latter vessel, and beneath the
Fig. 401.
Course and Distribution of the Eighth
Styloid process and the muscles
Pair of Nerves.
connected with it, to the lower
border of the Stylo-pharyngeus,
GZosso Fharyiigsat^
The nerve now curves inwards,
formino- an arch on the side of
the neck, and lying upon the
Stylo-pharyngeus and Middle
constrictor of the pharynx,
above the superior laryngeal
nerve.
It then passes beneath
the Hyo-glossus, and is finally
distributed to the mucous membrane of the fauces and base of
the tongue, the mucous glands
of the mouth and tonsil.
In passing through the jugular foramen, the nerve presents,
^qeal
;

—

ilT.

in

succession,

two gangliform

enlargements.
The superior,
the smaller, is called the jugvlar
ganylion^ the inferior, and larger,
tiiQ petrous yanylion^ or the ganglion of Andersch.
The superior^ ov jugular ganglion^ is situated in the upper
part of the groove in which the
nerve is lodged during its passage through the jugalar foramen. It is of very small size,
and involves only the outer
side of the trunk of the nerve,
a small fasciculus passing beyond it, which is not connected
directly with

The

it.

inferior^ or petrous gan-

situated in a depression
the lower border of the
petrous portion of the temporal
bone it is larger than the
former, and involves the whole
of the fibres of the nerve. From
this ganglion arise those filaments which connect the glossopharyngeal with other nerves
at the base of the skull.
Its branches of communication

glion., is

in

;

are with the pneumogastric and

sympathetic.
The branches to the pneumogastric are two filaments,
one to its auricular branch,
and one to the upper ganglion of the pneumogastric.
The branch to the sympathetic is connected with the superior cervical ganglion.
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There is also a brancli of communication with the facial which perforates the
It arises from the trunk of the nerve below
posterior belly of the Digastric.
the petrous ganglion, and joins the facial just after its exit from the stylo-mastoid
foramen.
The branches of the glosso-pharyngeal nerve are the tympanic, carotid,
pharyngeal, muscular, tonsillar, and lingual.
The tympanic hranch (Jacobson's nerve) arises from the petrous ganglion, and
enters a small, bon}^ canal in the lower, surface of the petrous portion of the
temporal bone the lower opening of which is situated on the bony ridge which
Jacobson's nerve ascends to
separates the carotid canal from the jugular fossa.
the tympanum, enters that cavity by an aperture in its floor close to the inner
wall, and divides into three branches, which are contained in grooves upon the
surface of the promontory, forming the tympanic plexus.
Its tranches of distribution are, one to the fenestra rotunda, one to the fenestra
ovalis, and one to the lining membrane of the Eustachian tube and tympanum.
Its branches of communication are three, and occupy separate grooves on the
One of these arches forwards and downwards to the
surface of the promontory.
second runs vertically upwards to
carotid canal to join the carotid plexus.
The
join the greater superficial petrosal nerve, as it lies in the hiatus Fallopii.
third branch runs upwards and forwards through the substance of the petrous
portion of the temporal bone. In its course it passes by the ganglionic enlargement of the facial nerve, and, receiving a connecting filament from it, becomes
This nerve enters the skull through a small
the lesser superficial petrosal nerve.
aperture, situated external to the hiatus Fallopii on the anterior surface of the
petrous bone courses forwards across the base of the skull and emerges through
a foramen in the middle fossa (sometimes the foramen ovale), and joins the otic
;

A

;

ganglion.

The

carotid branches descend along the trunk of the internal carotid artery as

communicating with the pharyngeal branch of the
pneumogastric, and with branches of the sympathetic.
The pharyngeal branches are three or four filaments, which unite opposite the
Middle constrictor of the pharynx with the pharyngeal branches of the pneumogastric, the external laryngeal, and sympathetic nerves, to form the pharyngeal
plexus, branches from which perforate the muscular coat of the pharynx to
supply the muscles and mucous membrane.
The muscular branches are distributed to the Stylo-pharyngeus.
The tonsillar branches supply the tonsil, forming a plexus (circularis tonsillaris)
around this body, from which branches are distributed to the soft palate and
fauces, where they communicate with the palatine nerves.
The lingual branches are two in number one supplies the mucous membrane
covering the surface of the base of the tongue the other perforates its substance, and supplies the mucous membrane and papillas of the side of the organ.
The Pneumogastric Nerve [nervus vagus or par vagum) has a more extensive distribution than any of the other cranial nerves, passing through the neck
I
V-^and thorax to the upper part of the abdomen. It is composed of both motor
and sensitive filaments. It supplies the organs of voice and respiration with
motor and sensitive fibres and the pharynx, oesophagus, stomach, and heart with
motor influence. Its superficial origin is by eight or ten filaments from the
lateral tract immediately behind the olivary body and below the glosso-pharyngeal; its fibres may, however, be traced deeply through the fasciculi of the
medulla, to terminate in a gray nucleus near the lower part of the floor of the
fourth ventricle.
The filaments become united, and form a flat cord, which
passes outwards across the flocculus to the jugular foramen, through which it
emerges from the cranium. In passing through this opening, the pneumogastric
accompanies the spinal accessory, being contained in the same sheath of dura
mater with it, a membranous septum separating it from the glosso-pharyngeal,
which lies in front. The nerve in this situation presents a well-marked ganfar as its point of bifurcation,

:

;

;

—
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glion'c enlargement, whicli is called ganglion jugulare^ or the ga'figlion of the root
of the "pneumo gastric : to it the accessory part of the spinal accessory nerve is
connected. After the exit of the nerve from the jugular foramen, a second gangliform swelling is formed upon it, called the ganglion inferius^ or the ganglion
of the trunk of the nerve ; below which it is again joined by filaments from the
The nerve passes vertically down the neck within the sheath
accessory nerve.
of the carotid vessels, lying betAveen the internal carotid artery and internal
jugular vein as far as the thyroid cartilage, and then between the same vein and
Here the course of the nerve
the common carotid to the root of the neck.
becomes different on the two sides of the body.
On the right side, the nerve passes across the subclavian artery between it and
the subclavian vein, and descends by the side of the trachea to the back part of
the root of the lung, where it spreads out in a plexiform network (posterior
pulmonary), from the lower part of which two cords descend upon the ossophagus,
on which they divide, forming, with branches from the opposite nerve, the
oesophageal plexus (plexus guise) below, these branches are collected into a
single cord, which runs along the back part of the oesophagus, enters the
abdomen, and is distributed to the posterior surface of the stomach, joining the
left side of the coeliac plexus, and the splenic plexus.
On the left side, the pneumogastric nerve enters the chest between the left
carotid and subclavian arteries, behind the left innominate vein.
It crosses the
arch of the aorta, and descends behind the root of the left lung and along the
anterior surface of the oesophagus to the stomach, distributing branches over its
anterior surface, some extending over the great cul-de-sac, and others along the
lesser curvature.
Filaments from these branches enter the gastro-hepatic omentum, and join the left hepatic plexus.
The ganglion of the root is of a grayish color, circular in form, about two lines
in diameter, and resembles the ganglion on the large root of the fifth nerve.
Connecting branches.
To this ganglion the accessory portion of the spinal
accessory nerve is connected by several delicate filaments it also has a communicating twig with the petrous ganglion of the glosso-pharyngeal, with the facial
nerve hj means of its auricular branch, and with the sympathetic by means of
an ascending filament from the superior cervical ganglion.
The ganglion of the trunk (inferior) is a plexiform cord cylindrical in form, of
a reddish color, and about an inch in length
it involves the whole of the fibres
of the nerve, except the portion of the nerve derived from the spinal accessory,
which blends with the nerve beyond the ganglion.
Connecting branches. This ganglion is connected with the hypoglossal, the
superior cervical ganglion of the sympathetic, and the loop between the first and
second cervical nerves.
The branches of the pneumogastric are
;

;

;

In the jugular fossa

.

.

.

Auricular.
Pharyngeal.
Superior laryngeal.
J
Recurrent laryngeal.
[ Cervical cardiac.
r Thoracic cardiac.
Anterior pulmonary.
i -n
rosterior pufmonary.
[ Oesophageal.
r

In the neck

.

.

.

•

-r

,^

.1

in the thorax

.

•

a.

•

i

j

In the abdomen

....

Gastric.

The auricular branch (Arnold's) arises from the ganglion of the root, and is
joined soon after its origin by a filament from the petrous ganglion of the glossopharyngeal it passes outwards behind the jugular vein, and enters a small canal
on the outer wall of the jugular fossa. Traversing the substance of the temporal bone, it crosses the aquseductus Fallopii about two lines above its termina;
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foramen here it gives off' an ascending branch, which
and a descending branch, wliich communicates with the posterior
auricular branch of the same nerve the continuation of the nerve reaches the
surface by passing through the auricular fissure between the mastoid process and
the external auditory meatus, supplies the integument at the back part of the
pinna, and communicates with the branches of the auricularis magnus.
The j^haryngeal branchy the principal motor nerve of the pharynx, arises from
the upper part of the inferior ganglion of the pneumogastric, receiving a filament from the accessory portion of the spinal accessory it passes across the
internal carotid artery (in front or behind), to the upper border of the Middle
constrictor, where it divides into numerous filaments, which communicate with
those from the glosso-pharyngeal, superior laryngeal (its external branch), and
sympathetic, to form the pharyngeal plexus, from which branches are distributed
to the muscles and mucous membrane of the pharynx.
As this nerve crosses
the internal carotid, some filaments are distributed, together with those from the
glosso-pharyngeal, upon the wall of this vessel.
tion at the stylo-mastoid

;

joins the facial,

:

;

The superior laryngeal is the nerve of sensation to the larynx. It is larger
than the preceding, and arises from the middle of the inferior ganglion of the
pneumogastric. In its course it receives a branch from the accessory portion
of the spinal accessory nerve.
It descends, by the side of the pharynx, behind
the internal carotid, where

it

divides into two branches, the external and internal

laryngeal.

The external laryngeal branch, the smaller, descends by the side of the larynx,
beneath the Sterno-thyroid, to supply the Crico-thyroid muscle and the thyroid
gland.
It gives branches to the pharyngeal plexus and the Inferior constrictor,
and communicates with the superior cardiac nerve, behind the common carotid.
The internal laryngeal branch descends to the opening in the thyro-hyoid
membrane, through which it passes with the superior larj^ngeal artery, and is
distributed to the mucous membrane of the larynx.
small branch enters
the Arytenoid muscle, and another communicates with the recurrent laryngeal

A

nerve.

The branches

mucous membrane

are distributed, some in front to the
and the epiglottidean glands while others pass
backwards, in the aryteno-epiglottidean fold, to supply the mucous membrane
surrounding the superior orifice of the larynx, as well as the membrane which
lines the cavity of the larynx as low down as the vocal cord.
The filament to the Arytenoid muscle is distributed partly to it, and partly to
to the

epiglottis, the base of the tongue,

;

mucous lining of the larynx.
The filament which joins with the recurrent laryngeal, descends beneath the
mucous membrane on the inner surface of the lateral part of the thyroid cartithe

lage,

where the two nerves become united.

The

inferior or recurrent laryngeal^ so called from its reflected course, is the
motor nerve of the larynx. It arises on the right side, in front of the subclavian
winds from before backwards round that vessel, and ascends obliquely to
artery
the side of the trachea, behind the common carotid and inferior thyroid arteries.
On the left side, it arises in front of the arch of the aorta, and winds from before
backwards round the aorta at the. point where the obliterated remains of the
ductus arteriosus are connected with it, and then ascends to the side of the trachea.
The nerves on both sides ascend in the groove between the trachea and oesophagus,
;

and, passing under the lower border of the Inferior constrictor muscle, enter the
larynx behind the articulation of the inferior cornu of the thj^roid cartilage with
the cricoid, being distributed to all the muscles of the larjnix, excepting the Cricothyroid, and joining with the superior laryngeal.
The recurrent laryngeal, as it winds round the subclavian artery and aorta, gives
off several cardiac filaments, which unite with the cardiac branches from the
pneumogastric and sympathetic. As it ascends in the neck, it gives oft' oesophageal
branches, more numerous on the left than on the right side, which supply the

SPINAL ACCESSORY.

673

mucous membrane and muscular coat of the oesophagus tracheal branches to the
raucous membrane and muscular fibres of the trachea and some pharyngeal
;

;

filaments to the Inferior constrictor of the pharynx.
The cervical cardiac branches, two or three in number, arise from the pneumogastric, at the upper and lower part of the neck.
The superior branches are small, and communicate with the cardiac branches
of the sympathetic, and with the great cardiac plexus.
The inferior branches, one on each side, arise at the lower part of the neck, just
above the first rib. On the right side, this branch passes in front or by the side of
the arteria innominata, and communicates with one of the cardiac nerves proceeding to the deep cardiac plexus. On the left side, it passes in front of the arch
of the aorta, and joins the superficial cardiac plexus.
The thoracic cardiac branches^ on the right side, arise from the trunk of the
pneumogastric, as it lies by the side of the trachea, and from its recurrent laryngeal branch but on the left side from the recurrent nerve only passing inwards
they terminate in the deep cardiac plexus.
The anterior pulmonary branches^ two or three in number, and of small size,
They join with
are distributed on the anterior aspect of the root of the lungs.
filaments from the sympathetic, and form the anterior pulmonary plexus.
The posterior pulmonary branches, more numerous and larger than the anterior,
are distributed on the posterior aspect of the root of the lung: they are joined
by filaments from the third and fourth thoracic ganglia of the sympathetic, and
form the posterior pulmonary plexus. Branches from both plexuses accompany
the ramifications of the air-tubes through the substance of the lungs.
The oesophageal branches are given ofi' from the pneumogastric both above and
;

;

The lower are more numerous and larger than
the upper.
They form, together with branches from the opposite nerve, the
oesophageal plexus, or plexus guise.
The gastric branches are the terminal filaments of the pneumogastric nerve.
The nerve on the right side is distributed to the posterior surface of the stomach,
and joins the left side of the coeliac plexus and the splenic plexus. The nerve on
the left side is distributed over the anterior surface of the stomach, some filaments passing across the great cul-de-sac, and others along the lesser curvature.
They unite with branches of the right nerve and with the sympathetic, some
filaments passing through the lesser omentum to the left hepatic plexus.
The Spinal Accessory Nerve consists of two parts one, the accessory part
to the vagus, and the other the spinal portion.
The accessory part, the smaller of the two, arises by four or five delicate filaments from the lateral tract of the cord below the roots of the vagus these
filaments may be traced to a nucleus of gray matter at the back of the medulla,
below the origin of the vagus. It joins, in the jugular foramen, with the upper
ganglion of the vagus by one or two filaments, and is continued into the vagus
below the second ganglion. It gives branches to the pharyngeal and superior
laryngeal branches of the vagus.
The spinal portion, firm in texture, arises by several filaments from the lateral
tract of the cord, as low down as the sixth cervical nerve
the fibres pierce the
tract, and are connected with the anterior horn of the gray matter of the cord.
This portion of the nerve ascends between the ligamentum denticulatum and the
posterior roots of the spinal nerves, enters the skull through the foramen magnum,
and it is then directed outwards to the jugular foramen, through which it passes,
lying in the same sheath as the pneumogastric, but separated from it by a fold of
the arachnoid, and is here connected with the accessoiy portion.
At its exit
from the jugular foramen, it passes backwards, either in front of or behind the
internal jugular vein, and descends obliquely behind the Digastric and Stylo-hyoid
muscles to the upper part of the Sterno-mastoid. It pierces that muscle, and
passes obliquely across the occipital triangle, to terminate in the deep surface of
the Trapezius.
This nerve gives several branches to the Sterno-mastoid during
below the pulmonary branches.

:

;

;

CRANIAL NERVES.

674

passage through it, and joins in its substance with branches from the third
In the occipital triangle it joins with the second and third cervical
nerves, and assists in the formation of the cervical plexus, and occasionally of the
On the front of the Trapezius, it is reinforced by branches
great auricular nerve.
from the third, fourth, and fifth cervical nerves, joins with the posterior branches
of the spinal nerves, and is distributed to the Trapezius, some filaments ascending
and others descending in the substance of the muscle as far as its inferior angle.
its

cervical.

Ninth, or Hypoglossal Nerve.

The Ninth,
arises

X.

or

by several

Hypoglossal Nerve,
filaments,

Fig. 402.

from ten

is

(Fig. 402.)

the motor nerve of the tongue.
It
number, from the groove between

to fifteen in

—Hypoglossal Nerve, Cervical Plexus,

and their Branches.

the pyramidal and olivary bodies, in a continuous line with the anterior roots of
The deep origin of the nerve can be traced through the olivary
body to a special nucleus, at the lowest point of the fourth ventricle, close to the
decussation of the pyramids.
The filaments of this nerve are collected into two
bundles, which perforate the dara mater separately, opposite the anterior condyloid foramen, and unite together after their passage through it.
In those cases in

the spinal nerves.

which the anterior condyloid foramen in the occipital bone is double, these two
portions of the nerve are separated by the small piece of bone which divides the
foramen. The nerve descends almost vertically to a point corresponding with
the angle of the jaw.
It is at first deeply seated beneath the internal carotid
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artery and internal jugular vein, and intimately connected with the pneumogastric
nerve it then passes forwards between the vein and artery, and lower down in
The nerve then loops
the neck becomes superficial below the Digastric muscle.
round the occipital artery, and crosses the external carotid below the tendon of
It passes beneath the Mylo-hyoid muscle, lying between
the Digastric muscle.
it and the Hyo-glossus, and communicates at the anterior border of the latter
muscle with the gustatory nerve it is then continued forwards in the fibres of
the Genio-hyo-glossus muscle as far as the tip of the tongue, distributing branches
;

;

to its substance.
Branches of this nerve

communicate with the
First and second cervical nerves.

Pneumograstric.
Sympathetic.

Gustatory.

The communication with the pneumogastric takes place close to the exit of
the nerve from the skull, numerous filaments passing between the hypoglossal
and lower ganglion of the pneumogastric sometimes the two nerves are united
so as to form one mass.
The communication with the sympathetic takes place opposite the atlas by
branches derived from the superior cervical ganglion, and in the same situation
the nerve is joined by a filament derived from the loop connecting the first two
cervical nerves.
The communication with the gustatory takes place near the anterior border of
the hyo-glossus muscle by numerous filaments which ascend upon it.
The branches of distribution are, the
;

Thyro-hyoid.

Descendens noni.
Muscular.

The

descendens noni is a long, slender branch, which quits the hypoglossal
turns round the occipital artery.
It descends obliquely across the sheath
of the carotid vessels, and joins, just below the middle of the neck, to form a loop
with the communicating branches from the second and third cervical nerves.
From the convexit}^ of this loop branches pass forwards to supply the Sternohyoid, Sterno-thyroid, and both bellies of the Omo-hyoid.
According to Arnold,
another filament descends in front of the vessels into the chest, and joins the
cardiac and phrenic nerves.
The descendens noni is occasionally contained in
the sheath of the carotid vessels, being sometimes placed over and sometimes
beneath the internal jugular vein.
The thyro-hyoid is a small branch, arising from the hypoglossal near the posterior border of the Hyo-glossus
it passes obliquely across the great cornu of
the hyoid bone, and supplies the Thyro-hyoid muscle.
The muscular branches are distributed to the Stylo-glossus, Hyo-glossus, Geniohyoid, and Genio-hyo-glossus muscles. At the under surface of the tongue,
numerous slender branches pass upwards into the substance of the organ.

where

it

;

)

.

—

The

Spinal Nerves.

sjnnal nerves are so called because they take their origin from the spinal
THE
cord, and are transmitted through the intervertebral foramina on either side
of the spinal column.
There are thirty-one pairs of spinal nerves, which are
arranged into the following groups, corresponding to the region of the spine
through which they pass
:

Cervical
Dorsal

Lumbar

.

.

Sacral

Coccygeal

8 pairs
"
12
"
5
"
5
1

"

It will be observed that each group of nerves corresponds in number with the
vertebrD3 in that region, except the cervical and coccygeal.
Each spinal nerve arises by two roots, an anterior, or motor root, and a
posterior, or sensory root.

Roots of the Spinal Nerves.

The

anterior roots arise somewhat irregularly from a linear series of depreson the antero-lateral column of the spinal cord, gradually approaching
towards the anterior median fissure as they descend.
The fibres of the anterior roots, according to the researches of Dr. Lockhart
Clarke, are attached to the anterior part of the antero-lateral column; and, after
penetrating horizontally through the longitudinal fibres of this tract, enter the
gray substance, where their fibrils cross each other and diverge in all directions,
like the expanded hairs of a brush, some of them running more or less longitudinally upwards and downwards, and others decussating with those of the
opposite side through the anterior commissure in front of the central canal.
sions,

KoUiker states that many fibres of the anterior root enter the lateral column of
the same side, where, turning upwards^ they pursue their course as longitudinal
fibres.
In other respects the description of the origin of the anterior roots by
these observers is very similar.
The posterior roots are all attached to the cord at the postero-lateral fissure.
They enter the gray substance of the posterior cornu, either directly through the
substantia gelatinosa, or indirectly, by first passing through the white matter of
the posterior column and winding round in front of the caput cornu.
Those
which enter the gray matter at once, for the most part turn upwards and downwards, and become continuous with the fine nerve-plexus in the central portion
of the gray matter some few fibres pass transversely through the posterior commissure to the opposite side, and others into the anterior cornu of the same side.
Those fibres which enter the gray matter in front of the caput cornu reach the
posterior vesicular column and blend with it a few fibres passing through it to
become longitudinal in the posterior colamn of the cord.
The posterior roots of the nerves are larger, but the individual filaments are
finer and more delicate than those of the anterior.
As their component fibrils
pass outwards, towards the aperture in the dura mater, they coalesce into two
bundles, receive a tubular sheath from that membrane, and enter the ganglion
which is developed upon each root.
;

;

(
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The posterior root of the first cervical nerve forms an exception to these
characters.
It is smaller than the anterior, has frequently no ganglion developed upon it, and, when the ganglion exists, it is often situated within the dura
mater.

The anterior roots are the smaller of the two, devoid of any ganglionic
enlargement, and their component fibrils are collected into two bundles, near the
intervertebral foramina.

Ganglia of the Spinal Nerves.

A ganglion is developed upon the posterior root of eacli of the spinal nerves.
These ganglia are of an oval form, and of a reddish color; they bear a proportion
in size to the nerves upon which they are formed, and are placed in the intervertebral foramina, external to the point where the nerves ]3erforate the dura mater.
Each ganglion is bifid internally, where it is joined by the two bundles of the
posterior root, the two portions being united into a single mass externally. The
ganglion upon the first and second cervical nerves form an exception to these
characters, being placed on the arches of the vertebrae over which, the nerves pass.
The ganglia, also, of the sacral nerves are placed within the spinal canal and that
on the coccygeal nerve, also, in the canal about the middle of its posterior root.
Immediately beyond the ganglion the two roots coalesce, their fibres intermingle,
and the trunk thus formed passes out of the intervertebral foramen, and divides
into an anterior division^ for the supply of the anterior part of the body
and a
posterior division for the posterior part, each containing fibres from both roots.
;

;

Anterior Divisions of the Spinal Nerves.
The anterior divisions of the spinal nerves supply the parts of the body in front
of the spine, including the limbs.
They are for the most part larger than the
posterior divisions this increase of size being proportioned to the larger extent
Each division is connected by slender
of structures they are required to supply.
filaments with, the sympathetic.
In the dorsal region the anterior divisions of
the spinal nerves are completely separate from each other, and are uniform in
their distribution
but in the cervical, lumbar, and sacral regions they form
intricate plexuses previous to their distribution.
;

;

Posterior Divisions of the Spinal Nerves.

The

posterior divisions of the spinal nerves are generally smaller than the antethey arise from the trunk, resulting from the union of the roots in the
intervertebral foramina; and, passing backwards, divide into external and internal
branches, which are distributed to the muscles and integument behind the spine.
The first cervical and lower sacral nerves are exceptions to these characters.
rior;

Cervical Nerves.

The roots of the cervical nerves increase in size from the first to the fifth, and
then remain the same size to the eighth. The posterior roots bear a proportion
to the anterior as 3 to 1, which is much greater than .in any other region, the
individual filaments being also much larger than those of the anterior roots.
In
direction, the roots of the cervical are less oblique than those of the other spinal
nerves.
The first cervical nerve is directed a little upwards and outwards the
second is horizontal the others are directed obliquely downwards and outwards,
the lowest being the most oblique, and consequently longer than the upper, the
;

;

^

For the sake of clearness

compound nerve

I have thought it better to call the primary branches into which the
divides, "divisions," instead of "branches," as in the former editions.
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distance between their place of origin and their point of exit from the spinal
canal never exceeding the depth of one vertebra.
The trunk of the first cervical nerve {suboccipital) leaves the spinal canal between
the occipital bone and the posterior arch of the atlas the second, between the
posterior arch of the atlas and the lamina of the axis and the eighth (the last),
between the last cervical and first dorsal vertebrae.
Each nerve, at its exit from the intervertebral foramen, divides into an anteThe anterior divisions of the four upper cervical
rior and a posterior division.
nerves form the cervical plexus. The anterior divisions of the four lower cervical nerves, together with the first dorsal, form the brachial plexus.
;

;

Anterior Divisions of the Cervical Nerves.
The anterior division of the first^ or suboccipital nerve^ is of small size. It
escapes from the spinal canal through a groove upon the posterior arch of the
atlas.
In this groove it lies beneath the vertebral artery, to the inner side of
the Rectus capitis lateralis.
As it crosses the foramen in the transverse process
It then descends, in
of the atlas, it receives a filament from the sympathetic.
front of this process, to communicate with an ascending branch from the second
cervical nerve.
Communicating filaments from this nerve join the pneumogastric, the hypoglossal, and sympathetic, and some branches are distributed to the Rectus lateralis and the two Anterior recti.
According to Valentin, the anterior division
of the suboccipital also distributes filaments to the occipito-atloid articulation
and mastoid process of the temporal bone.
The anterior division of the second cervical nerve escapes from the spinal canal,
between the posterior arch of the atlas and the lamina of the axis, and, passing
forwards on the outer side of the vertebral artery, divides, in front of the Intertransverse muscle, into an ascending branch, which joins the first cervical, and
one or two descending branches, which join the third. It gives off the small
a branch to assist in forming the great auricular another to assist in
occipital
forming the superficial cervical one of the communicantes noni, and a filament
to the sterno-mastoid, which communicates in the substance of the muscle with
the spinal accessory.
The anterior division of the third cervical nerve is double the size of the preceding.
At its exit from the intervertebral foramen it passes downwards and
outwards beneath the Sterno-mastoid, and divides into two branches.
The
ascending branch joins the anterior division of the second cervical; the descending
branch passes down in front of the Scalenus anticus, and communicates with the
fourth.
It gives oft' the greater part of the great auricular and superficial cerone of the communicantes noni a branch to the supraclavicular
vical nerves
nerves a filament to assist in forming the phrenic and muscular branches to the
Levator anguli scapulae and Trapezius this latter nerve communicates beneath
the muscle with the spinal accessory. Sometimes the nerve to the Scalenus
medius is derived from this source.
The anterior division of the fourth cervical is of the same size as the preceding.
It receives a branch from the third, sends a communicating branch to the fifth
cervical, and, passing downwards and outwards, divides into numerous filaments,
which cross tlie posterior triangle of the neck, forming the supra-clavicular
nerves.
It usually gives a branch to the phrenic nerve, whilst it is contained
in the intertransverse space, and sometimes a branch to the Scalenus medius
muscle.
The anterior divisions of the fifth^ sixth^ seventh^ and eighth cervical nerves are
remarkable for their large size. They are much larger than the preceding
nerves, and are all of equal size.
They assist in the formation of the brachial
plexus.
;

;

;

;

;

;

:

—

;
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Cervical Plexus.

The cervical plexus (Figs. 402, 403) is formed by the anterior divisions of the
It is situated opposite the four upper vertebras,
four upper cervical nerves.
resting upon the Levator anguli scapula?, and Scalenus medius muscles, and
covered in by the Sterno-mastoid.
Its branches may be divided into two groups, superficial and deep, which may
be thus arranoed

:

{Superficialis colli,
Anricularis magnus.
Occipitalis minor.
Svperficial

Sternal.

Supraclavicular

Descending.

Clavicular.

Acromial.

Communicating.
'

Muscular.

Internal

Deep

Communicans
^

External

noni.

Phrenic.

j Communicating.
^

Muscular.

Superficial Branches of the Cervical Plexus.

The Superficialis Colli arises from the second and third cervical nerves, turns
round the posterior border of the Sterno-mastoid about its middle, and, passing
obliquely forwards beneath the external jugular vein to the anterior border
of that muscle, perforates the deep cervical fascia, and divides beneath the
Platysma into two branches, which are distributed to the antero-lateral parts of
the neck.
The ascending branch gives a filament, which accompanies the external jugular
it then passes upwards to the submaxillary region, and divides into
vein
branches, some of which form a plexus with the cervical branches of the facial
nerve beneath the Platysma; others pierce that muscle, supply it, and are distributed to the integument of the upper half of the neck, at its fore part, as high
as the chin.
The descending hranch pierces the Platysma, and is distributed to the integument of the side and front of the neck, as low as the sternum.
This nerve is occasionally represented by two or more filaments.
The Auricular is Magnus is the largest of the ascending branches. It arises
from the second and third cervical nerves, winds round the posterior border of
the Sterno-mastoid, and, after perforating the deep fascia, ascends upon that
muscle beneath the Platysma to the parotid gland, where it divides into numerous
branches.
1l\iq facial branches pass across the parotid, and are distributed to the integument of the face others penetrate the substance of the gland, and communicate
with the facial nerve.
The posterior or auricular branches ascend to supply the integument of the
back part of the pinna, communicating with the auricular branches of the facial
and pneumogastric nerves.
The mastoid branch joins the posterior auricular branch of the facial, and, crossing
the mastoid process, is distributed to the integument behind the ear.
The Occipitalis Minor (Fig. 409, p. 695) arises from the second cervical nerve
it curves round the posterior border of the Sterno-mastoid above the preceding,
and ascends vertically along the posterior border of that muscle to the back part
of the side of the head.
Near the cranium it perforates the deep fascia, and is
continued upwards along the side of the head behind the ear, supplying the
;

;
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integument and Occipito-frontalis muscle, and communicating with the occipitahs
major, auricularis magnus, and posterior auricular branch of the facial.
This nerve gives off an auricular branchy which supplies the AttoUens aurem
and the integument of the upper and back part of the auricle, communicating
with the mastoid branch of the auricularis magnus. This branch is occasionally
derived from the great occipital nerve. The occipitalis minor varies in size it
is occasionally double.
The Descending or supra-clavicular branches arise from the third and fourth
emerging beneath the posterior border of the Sterno-mastoid,
cervical nerves
they descend in the interval between that muscle and the Trapezius, and divide
into branches, which are arranged, according to their position, into three
groups.
;

:

Fie-.

403.

— Plan of
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the Cervical Plexus.
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The inner or sternal branch crosses obliquely over the clavicular and sternal
attachments of the Sterno-mastoid, and supplies the integument as far as the
median

line.

The middle or clavicular branch crosses the clavicle, and supplies the integument over the Pectoral and Deltoid muscles, communicating with the cutaneous
branches of the upper intercostal nerves. The clavicular branch has been known
to pass through a foramen in the
middle third of the bone.

clavicle, at the junction of the outer

with the

The external or acromial branch ]:)asses obliquely across the outer surface of
the Trapezius and the acromion, and supplies the integument of the upper and
back part of the shoulder.
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Internal Series.

from tbe
and second cervical nerves in front of the atlas to the
and a communicating branch
pneumogastric, hypoglossal, and sympathetic
between the fourth and fifth cervical.
Muscular branches supply the Anterior recti and Eectus lateralis muscles,; they
proceed from the first cervical nerve, and from the loop formed between it and
loop-

between the

hraiiches consist of several filaments, wliicli pass

iirst

;

the second.

The Com^municans Noni (Fig. 402) consists usually of two filaments, one being
derived from the second, and the other from the third cervical. These filaments
pass vertically downwards on the outer side of the internal jugular vein, cross
in front of the vein a little below the middle of the neck, and form a loop with
the descendens noni in front of the sheath of the carotid vessels.
Occasionally,
the junction of these nerves takes place within the sheath.
The Phrenic Nerve [internal res-piratory of Bell) arises from the third and fourth
cervical nerves, and receives a communicating branch from the fifth. It descends
to the root of the neck, lying obliquely across the front of the Scalenus anticus,
passes over the first part of the subclavian artery, between it and the subclavian
vein, and, as it enters the chest, crosses the internal mammary artery near its
root.
Within the chest, it descends nearly vertically in front of the root of the
lung, and by the side of the pericardium, between it and the mediastinal portion
of the pleura, to the Diaphragm, where it divides into branches, which separately
pierce that muscle, and are distributed to its under surface.
The two phrenic nerves differ in their length, and also in their relations at the
upper part of the thorax.
The right nerve is situated more deeply, and is shorter and more vertical in
direction, than the left it lies on the outer side of the right vena innominata and
superior vena cava.
The left nerve is rather longer than the right, from the inclination of the heart
to the left side, and from the Diaphragm being lower on this than on the opposite
side.
At the upper part of the thorax it crosses in front of the arch of the aorta
to the root of the lung.
Bach nerve supplies filaments to the pericardium and pleura, and near the chest
is joined by a filament from the sympathetic, by another derived from the fifth
and sixth cervical nerves, and, occasionally, by one from the union of the
descendens noni with the spinal nerves: this filament is found, according to
Swan, only on the left side. It is also usually connected by a filament with the
nerve to the Subclavius muscle. Branches have been described as passing to the
peritoneum.
From the right nerve^ one or two filaments pass to join in a small ganglion with
phrenic branches of the solar plexus and branches from this ganglion are distributed to the hepatic plexus, the suprarenal capsule, and inferior vena cava.
From the left nerve^ filaments pass to join the phrenic plexus, but without any
ganglionic enlargement.
;

:

Deep Branches of the Cervical Plexus.

External

Series.

Communicating branches. The cervical plexus communicates with the spinal
accessory nerve, in the substance of the Sterno-mastoid muscle, in the occipital
triangle, and beneath the Trapezius.
Muscular branches are distributed to the Sterno-mastoid, Levator anguli scapula3.
Scalenus medius, and Trapezius.
The branch for the Sterno-mastoid is derived from the second cervical, the
Levator anguli scapulas receiving branches from the third, and the Trapezius
branches from the third and fourth. The Scalenus medius is supplied sometimes
from the third, sometimes the fourth, and occasionally from both nerves.

SPINAL NERVES.

682

Posterior Divisions of the Cervical Serves.

The posterior divisions of the cervical nerves (Fig. 409, p. 695), with the exception of those of the first two, pass backwards, and divide, behind the posterior
Intertransverse muscles, into external and internal branches.
The external branches supply the muscles at the side of the neck, viz., the
Cervicalis ascendens, Transversalis colli, and Trachelo- mastoid.
The external branch of the second cervical nerve is the largest it is often
joined with the third, and supplies the Complexus, Splenius, and Trachelo-mastoid muscles.
The internal branches^ the larger, are distributed differently in the upper and
lower part of the neck. Those derived from the third, fourth, and fifth nerves
pass between the Semispinalis and Complexus muscles, and, having reached the
spinous processes, perforate the aponeurosis of the Splenius and Trapezius, and
are continued outwards to the integument over the Trapezius whilst those
derived from the three lowest cervical nerves are the smallest, and are placed
beneath the Semispinalis, which they supply, and do not furnish any cutaneous
These internal branches supply the Complexus, Semispinalis colli,
filaments.
Interspinales, and Multifidus spinse.
The posterior divisions of the first three cervical nerves require a separate
description.
1}\\Q posterior division of the first cervical nerve {suboccipital) is larger than the
anterior, and escapes from the spinal canal between the occipital bone and the
posterior arch of the atlas, lying behind the vertebral artery.
It enters the suboccipital triangle formed by the Rectus posticus major, the Obliquus superior,
and Obliquus inferior, and supplies the Recti and Obliqui muscles, and the
Complexus. From the branch which supplies the Inferior oblique a filament is
given off, which joins the second cervical nerve. This nerve also occasionally
gives off a cutaneous filament, which accompanies the occipital artery, and communicates with the occipitalis major and minor nerves.
The posterior division of the first cervical has no branch analogous to the
external branch of the posterior cervical nerves.
The posterior division of the second cervical nerve is three or four times greater
than the anterior branch, and the largest of all the posterior cervical nerves. It
emerges from the spinal canal between the posterior arch of the atlas and lamina
of the axis, below the Inferior oblique.
It supplies this muscle, and receives
a communicating filament from the first cervical.
It then divides into an external and an internal branch.
The internal branch, called, from its size and distribution, the occipitalis
major, ascends obliquely inwards between the Obliquus inferior and Complexus,
and pierces the latter muscle and the Trapezius near their attachments to the
cranium. It is now joined by a filament from the third cervical nerve, and,
ascending on the back part of the head with the occipital artery, divides into
two branches, which supply the integument of the scalp as far forwards as the
vertex, communicating with the occipitalis minor.
It gives off' an auricular
branch to the back part of the ear, and muscular branches to the Complexus.
The posterior division of the third cervical is smaller than the preceding, but
larger than the fourth
it differs from the posterior divisions of the other cervical nerves in its supplying an additional filament to the integument of the
occiput.
This occipital branch arises from the internal or cutaneous branch
beneath the Trapezius it pierces that muscle, and supplies the skin on the lower
and back part of the head. It lies to the inner side of the occipitalis major, with
which it is connected. The Supraspinales are supplied by the internal branches
of these nerves.
The internal branches of the posterior divisions of the first three cervical
nerves are occasionally joined beneath the Complexus by communicating
;

;

;

;
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described by Cruveilhier

as

the pcsterior

cervical plexus.

The Brachial Plexus.

(Fig. 404.)

Tlie bracliial plexus is formed by the union of the anterior branches of the
It extends from the lower part of
fonr lower cervical and first dorsal nerves.
the side of the neck to the axilla. It is very broad and presents little of a plexiform arrangement at its commencement, is narrow opposite the clavicle, becomes
broad, and forms a more dense interlacement in the axilla, and divides, opposite
the coracoid process, into numerous branches for the supply of the upper limb.
The nerves which form the plexus are all similar in size, and their mode of communication is subject to considerable variation, so that no one plan can be given
Fig. 404.

— Plan of
)

the Brachial Plexus.
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as applying to every case.
The following appears, however, to be the most constant arrangement.
The fifth and sixth cervical unite together soon after their

from the intervertebral foramina to form a common trunk. The eighth
cervical and first dorsal also unite to form one trunk.
So that the nerves forming the plexus, as they lie on the Scalenus medius, external to the outer border
of the Scalenus anticus, are blended into three trunks an outer one, formed by

exit

:

the junction of the fifth and sixth cervical nerves a middle one, consisting of
the seventh cervical nerve and an inner one, formed by the junction of the eighth
cervical and first dorsal nerves.
As they pass beneath the clavicle, each of these
three trunks divides into two branches, an anterior and a posterior.
The anterior
divisions of the outer and middle trunks then unite to form a common cord,
which is situated on the outer side of the middle part of the axillary artery,
;

;
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The anterior division of the
is called the outer cord of the bracliial plexus.
inner trunk, formed by the union of the eighth cervical and first dorsal, courses
down on the inner side of the axillary artery in the middle of the axilla, and forms
the inner cord of the brachial plexus. The posterior cords of the outer trunk
(formed by the junction of the fifth and sixth nerves) and of the middle trunk
(the seventh nerve) unite together to form the posterior cord of the brachial
plexus, which is situated behind the second portion of the axillary artery.
From this posterior trunk are given off the two lower subscapular nerves the
upper subscapular nerve being given off from the posterior division of the outer
trunk prior to its junction with the posterior division of the middle trunk. The
posterior trunk divides into the circumflex and musculo- spiral nerves and the
latter of these two nerves is subsequently joined by the posterior division of the
inner trunk, formed by the union of the eighth cervical and first dorsal.^
The brachial plexus communicates with the cervical plexus by a branch from
the fourth to the fifth nerve, and with the phrenic nerve by a branch from the
the
fifth cervical, which joins that nerve on the Anterior scalenus muscle
cervical and first dorsal nerves are also joined by filaments from the middle and
inferior cervical ganglia of the sympathetic, close to their exit from the intervertebral foramina.
Relations.
In the nech^ the brachial plexus lies at first between the Anterior
and Middle scaleni muscles, and then above and to the outer side of the subclavian artery it then passes behind the clavicle and Subclavius muscle', lying
upon the first serration of the Serratus magnus, and the Subscapularis muscles.
In the axilla it is placed on the outer side of the first portion of the axillary
artery it surrounds the artery in the second part of its course, one cord lying
upon the outer side of that vessel, one on the inner side, and one behind it and
at the lower part of the axillary space gives off its teriiiinal branches to the
upper extremity.
Branches. The branches of the brachial plexus are arranged into two groups,
viz., those given off above the clavicle, and those below that bone.
and

;

;

:

:

;

;

Beanches above the Clavicle.
Communicating.
Muscular.

Posterior thoracic.
Suprascapular.

The communicatiiig branch with the phrenic is derived from the fifth cervical
nerve, or from the loop between the fifth and sixth it joins the phrenic on the
Anterior scalenus muscle.
The muscular branches supply the Longus colli, Scaleni, Rhomboidei, and
Subclavius muscles. Those for the Scaleni and Longus colli arise from the
lower cervical nerves at their exit from the intervertebral foramina. The rhomboid branch arises from the fifth cervical, pierces the Scalenus medius, and passes
beneath the Levator anguli scapulee, which it occasionally supplies, to the Rhomboid muscles. The nerve to the Subclavius is a small filament, which arises
from the fifth cervical at its point of junction with the sixth nerve; it descends
;

^ It will be noticed that this description varies from that
in previous editions, which was the
formerly-accepted description of the plexus. The investigations of anatomists, and especially
of Mr. Clement Lucas, have proved, however, that this description was not sti'ictly correct, and
the account given above substantially agrees with that of Mr. Lucas, as well as with that of
Henle; the main point of difference being that the posterior division of the inner trunk, which,
by the way, is an inconsiderable fasciculus in point of size, does not assist in forming the posterior
cord of the plexus, but is entirely concerned in forming the musculo-spiral nerve. This I have
found, in my investigation, to be the more constant arrangement of the two.
The student must
not expect, however, to find in every instance an exact counterpart of the above description,
since the plexus is subject in its formation to the greatest diversities, and there is no doubt that
an ingenious dissector, by splitting the nerves, may make almost any complicated arrangement
which may suit his fancy. (See Mr. Lucas's paper in the Guy'' s Hospital Reports^ 1875.)

—
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in front of the subclavian artery to the Subclavius muscle,

and is usually connected by a filament with the phrenic nerve.
The posterior thoracic nerve (long thoracic, external respiratory of Bell) (Fig.
407), supplies the Serratus magnus, and is remarkable for the length of its
It sometimes arises by two roots, from the fifth and sixth cervical
course.
nerves immediately after their exit from the intervertebral foramina, but
generally by three roots, from the fifth, sixth, and seventh nerves.
These unite
in the substance of the Middle scalenus muscle, and, after emerging from it,
the nerve passes down behind the brachial plexus and the axillary vessels,
It extends along the side
resting on the outer surface of the Serratus magnus.
of the chest to the lower border of that muscle, and supplies it with numerous
filaments.

The suprascapular 7ierve (Fig. 408) arises from the cord formed by the fifth
and sixth cervical nerves; passing obliquely outwards beneath the Trapezius, it
enters the supraspinous fossa, through the notch in the upper border of the
scapula and, passing beneath the Supraspinatus muscle, curves in front of the
In the supraspinous fossa it gives
spine of the scapula to the infraspinous fossa.
off two branches to the Supraspinatus muscle, and an articular filament to the
shoulder-joint and in the infraspinous fossa it gives oft' two branches to the
Infraspinatus muscle, besides some filaments to the shoulder-joint and scapula.
;

;

Branches below the Clavicle.
To

the chest

To

the shoulder

.

.

Anterior thoracic.

.

I

Subscapular.
Circumflex.

Muscu lo-cutaneous.

To

the arm, forearm, and hand.

The branches given

off

Internal cutaneous.
Lesser internal cutaneous.

Median.
Ulnar.
Musculo-spiral.

below the clavicle are derived from the three cords

of the brachial plexus, in the following manner
From the outer cord^ arises the external of the
:

two anterior thoracic nerves,
the musculo-cutaneous nerve, and the outer head of the median.
From the inner cord^ arises the internal of the two anterior thoracic nerves, the
internal cutaneous, the lesser internal cutaneous (nerve of Wrisberg), the ulnar
and inner head of the median.
From the posterior cord^ arise two of the three subscapular nerves, the third
arising from the posterior division of the trunk formed by the fifth and sixth
cervical nerves the cord then divides into the musculo-spiral and circumflex
;

nerves.

The Anterior Thoracic Nerves (Fig. 407), two in number, supply the
Pectoral muscles.
The external^ or superficial branch, the larger of the two, arise from the outer
cord of the brachial plexus, passes inwards, across the axillary artery and
vein, pierces the costo-coracoid membrane, and is distributed to the under
surface of the Pectoralis major.
It sends down a communicating filament to
join the internal branch, which forms a loop round the inner side of the axillary
artery.

The internal^ or deep branch, arises from the inner cord, and passes upwards
between the axillary artery and vein (sometimes perforates the vein), and joins
with the filament from the superficial branch. It then passes to the under surface of the Pectoralis minor muscle, where it divides into a number of branches,
which supply the muscle on its under surface. Some of the branches pass
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through the muscle

;

others wind round

its

upper border and pierce the costo-

membrane to supply the Pectoralis major.
The Subscapular Nerves, three in number, supply

coracoid

the Subscapularis, Teres
major, and Latissimus dorsi muscles.
The upper subscapular nerve^ the smallest, enters the upper part of the Subscapularis muscle.
Fig. 405.

— Cutaneous Nerves of
Extremity.

The

Right Upper
Anterior View.

Fig. 400.

— Cutaneous Nerves of Right Upper

Extremity.

Posterior View.

lower subscapular nerve enters the axillary border of the Subscapularis,

and terminates in the Teres major.

The

latter

muscle

is

sometimes supplied by

a separate branch.
The long suhscapnlar the largest of the three, follows the course of the sub^
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scapular artery, along the posterior wall of the axilla to the Latissimus dorsi,
through which it may be traced as far as its lower border.
The Circumflex Nerve (Fig. 408) supplies some of the muscles, and the
integument of the shoulder and the shoulder-joint. It arises from the posterior
cord of the brachial plexus, in common with the musculo-spiral nerve.
It is at
first placed behind the axillary artery, between it and the subscapularis muscle,
and passes downwards and outwards to the lower border of that muscle. It then
winds backwards, in company with the posterior circumflex artery, through a
quadrilateral space, bounded above by the Teres minor, below by the Teres
major, internally by the long head of the Triceps, and externally by the neck of
the humerus, and divides into two branches.
The upper branch winds round the neck of the humerus, beneath the Deltoid,
with the posterior circumflex vessels, as far as the anterior border of that muscle,
supplying it, and giving off cutaneous branches, which pierce the muscle and
ramify in the integument covering its lower part.
The loiver branch^ at its origin, distributes filaments to the Teres minor and
back part of the Deltoid muscles. Upon the filament to the former muscle a
gangliform enlargement usually exists.
The nerve then pierces the deep fascia,
and supplies the integument over the lower two-thirds of the posterior surface
of the Deltoid, as well as that covering the long head of the Triceps.
The circumflex nerve, before its division, gives off an articular filament, which
enters the shoulder-joint below the Subscapularis.
The MuscuLO-cuTANEOus Nerve (Fig. 407) (external cutaneous), or perforans
Gasserii)^ supplies some of the muscles of the arm, and the integument of the
forearm. It arises from the outer cord of the brachial plexus, opposite the lower
border of the Pectoralis minor. It then perforates the Coraco-brachialis muscle,
passes obliquely, between the Biceps and Brachialis anticus, to the outer side of
the arm, and, a little above the elbow, winds round the outer border of the tendon
of the Biceps, and, perforating the deep fascia, becomes cutaneous.
This nerve,
in its course through the arm, supplies the Coraco-brachialis, Biceps, and part of
the Brachialis anticus muscles, besides sending some filaments to the elbow-joint

and humerus.
The cutaneous portion of the nerve passes behind the median cephalic vein,
and divides opposite the elbow-joint, into an anterior and a posterior branch.
The anterior branch descends along the radial border of the forearm to the
wrist, and supplies the integument over the outer half of the anterior surface.
At the wrist-joint it is placed in front of the radial artery, and some filaments,
piercing the deep fascia, accompany that vessel to the back of the wrist, supplying
the carpus.
The nerve then passes downwards to the ball of the thumb, where
it terminates in cutaneous filaments.
It communicates with a branch from the
radial nerve, and the palmar cutaneous branch of the median.
The posterior branch passes downwards, along the back part of the radial side
of the forearm to the wrist.
It supplies the integument of the lower third of
the forearm, communicating with the radial nerve, and the external cutaneous
branch of the musculo-spiral.
The Internal Cutaneous Nerve (Fig. 407) is one of the smallest branches
of the brachial plexus.
It arises from the inner cord in common with the ulnar
and internal head of the median, and, at its commencement, is placed on the
inner side of the brachial artery.
It passes down the inner side of the arm,
pierces the deep fascia with the basilic vein, about the middle of the limb, and,
becoming cutaneous, divides into branches.
This nerve gives off, near the axilla, a cutaneous filament, which pierces the
fascia and supplies the integument covering the Biceps muscle, nearly as far as
the elbow.
This filament lies a little external to the common trunk, from which
it

arises.

The anterior branchy the larger of the two, ]:)asses usually in front of, but occasionally behind, the median basilic vein.
It then descends on the anterior sur-
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face of tlie ulnar side of the forearm, distributing filaments to the integument as
far as the wrist, and communicating with a cutaneous branch of the ulnar nerve.
The posterior branch passes obliquely downwards on the inner side of the basilic
vein, passes behind the internal condyle of the humerus to the back of the forearm, and descends on the posterior surface of its ulnar side, as far as the wrist,
distributing filaments to the integument. It communicates, above the elbow, with

the lesser internal cutaneous, and, above the wrist, with the dorsal cutaneous
branch of the ulnar nerve (Swan).
The Lesser Internal Cutaneous Nerve (nerve of Wrisberg) (Fig. 407),
It is the smallest
is distributed to the integument on the inner side of the arm.
of the branches of the brachial plexus, and usually arises from the inner cord,
with the internal cutaneous and ulnar nerves. It passes through the axillary
space, at first lying behind, and then on the inner side of the axillary vein, and
communicates with the intercosto-humeral nerve. It then descends along the
inner side of the brachial artery to the middle of the arm, where it pierces the
deep fascia, and is distributed to the integument of the back part of the lower
third of the arm, extending as far as the elbow, where some filaments are lost in
the integument in front of the inner condyle, and others over the olecranon.
It
communicates with the posterior branch of the internal cutaneous nerve.
In some cases the nerve of Wrisberg and intercosto-humeral are connected by
two or three filaments, which form a plexus at the back part of the axilla. In
other cases, the intercosto-humeral is of large size, and takes the place of the
nerve of Wrisberg, receiving merely a filament of communication from the
brachial plexus, which represents the latter nerve.
In other cases, this filament
is wanting, the place of the nerve of Wrisberg being supplied entirely from the
intercosto-humeral.
The Median Nerve (Fig. 407) has received its name from the course it takes
along the middle of the arm and forearm to the hand, lying between the ulnar
and the musculo-spiral and radial nerves. It arises by two roots, one from the
outer and one from the inner cord of the brachial plexus these embrace the
lower part of the axillary artery, uniting either in front or on the outer side of
that vessel.
As it descends through the arm, it lies at first on the outer side of
the brachial artery, crosses that vessel in the middle of its course, usually ini
front, but occasionally behind it, and lies on its inner side to the bend of the
elbow, where it is placed beneath the bicipital fascia, and is separated from tiie
elbow-joint by the Brachialis anticus.
In the forearm,^ it passes between the two
heads of the Pronator radii teres, and descends beneath the Flexor sublimis lying
on the Flexor profundus, to within two inches above the annular ligament, where
it becomes more superficial, lying between the tendons of the Flexor sublimis
and Flexor carpi radialis, beneath, or rather to the ulnar side of the tendon of
the Palmaris longus, covered by the integument and fascia.
It then passes
beneath the annular ligament into the hand. In its course through the forearm
it is accompanied by a small artery.
Branches. N<:) branches are given off from the median nerve in the arm. In
the forearm its branches are, muscular, anterior interosseous, and
palmar
cutaneous.
The 'muscular branches supply all the superficial muscles on the front of the
forearm, except the Flexor carpi ulnaris.
These branches are derived from the
nerve near the elbow. The branch furnished to the Pronator radii teres often
arises above the joint.
The anterior interosseous supplies the deep muscles on the front of the forearm, except the inner half of the Flexor profundus digitorum. It accompanies
the anterior interosseous artery along the interosseous membrane, in the interval
between the Flexor longus pollicis and Flexor profundus digitorum muscles, both
of which it supplies, and terminates below in the Pronator quadratus.
The palmar cutaneous branch arises from the median nerve at the lower part
of the forearm.
It pierces the fascia above the annular ligament, and, descending
;
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over that ligament, divides into two brandies of which the outer supplies the
skin over the ball of the thumb, and communicates with the anterior branch of
the external cutaneous nerve and the inner supplies the integument of the palm
of the hand, communicating with the cutaneous branch of the ulnar.
In the palm of the hand^ the median nerve is covered by the integument and
palmar fascia, and rests upon the tendons of the Flexor muscles. In this situation
it becomes enlarged, somewhat flattened, of a reddish color, and divides into two
branches. Of these, the external supplies a muscular branch to some of the
muscles of the thumb, and digital branches to the thumb and index finger the
internal supplying digital branches to the contiguous sides of the index and
middle, and of the middle and ring fingers.
The branch to the muscles of the thumb is a short nerve, which subdivides to
supply the Abductor, Opponens, and outer head of the Flexor brevis pollicis
muscles
the remaining muscles of this group being supplied by the ulnar
nerve.
The digital branches are five in number. The first and second pass along the
borders of the thumb, the external branch communicating with branches of the
radial nerve.
The third passes along the radial side of the index finger, and
supplies the first Lumbricalis muscle.
Tlie fourth subdivides to supply the
adjacent sides of the index and middle fingers, and sends a branch to the second
Lumbricalis muscle. The fifth supplies the adjacent sides of the middle and ring
fingers, and communicates with a branch from the ulnar nerve.
Each digital nerve, opposite the base of the first phalanx, gives off a dorsal
branch, which joins the dorsal digital nerve from the radial, and runs along the
side of the dorsum of the finger, to end in the integument over the last phalanx.
At the end of the finger, the digital nerve divides into a palmar and a dorsal
branch the former of which supplies the extremity of the finger, and the latter
ramifies round and beneath the nail.
The digital nerves, as they run along the
fingers, are placed superficial to the digital arteries.
The Ulnar Nerve (Fig. 407) is placed along the inner or ulnar side of the
upper limb, and is distributed to the muscles and integument of the forearm and
hand. It is smaller than the median, behind which it is placed, diverging from
it in its course down the arm.
It arises from the inner cord of the brachial
plexus, in common with the inner head of the median and the internal cutaneous
nerve.
At its commencement, it lies at the inner side of the axillary artery, and
holds the same relation with the brachial artery to the middle of the arm. From
this point it runs obliquely across the internal head of the Triceps, pierces the
internal intermuscular septum, and descends to the groove between the internal
condyle and the olecranon, accompanied by the inferior profunda artery. At the
elhow^ it rests upon the back of the inner condyle, and passes into the forearm
between the two heads of the Flexor carpi ulnaris. In the forearm^ it descends
in a perfectly straight course along its ulnar side, lying upon the Flexor profundus digitorum, its upper half being covered by the Flexor carpi ulnaris, its
lower half lying on the outer side of the muscle, covered by the integument
and fascia. The ulnar artery, in the upper third of its course, is separated from
the ulnar nerve by a considerable interval but in the rest' of its extent, the
nerve lies to its inner side. At the wrist^ the ulnar nerve crosses the annular
ligament on the outer side of the pisiform bone, a little behind the ulnar artery,
and immediately beyond this bone divides into two branches, superficial and
:

;

;

;

;

;

deep palmar.
The branches of the ulnar nerve are
'

In the forearm.

A

Articular (elbow).
Muscular.
Cutaneous.
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Dorsal cutaneous.
Articular (wrist).
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articular branches distributed to the elbow-joint consist of several small

filaments.

They

arise

from the nerve

as it lies in the

groove between the inner

condyle and olecranon.

Themuscidarbranches are two in number, one supplying the Flexor carpi ulnaris,
the other the inner half of
The Suprascapular, Circumflex, and MusculoFig. 408.
the Flexor profundus digi-

—

torum. They arise from the
trunk of the nerve near the
elbow.
The cutaneous branch arises
from the ulnar nerve about
the middle of the forearm, and
divides into two branches.
The one branch (frequently
absent) pierces the deep fascia
near the wrist, and is distributed to the integument, communicating with a branch of
the internal cutaneous nerve.

spiral Nerves.
^'vms^'ui^uiar-

drcumflex

The second branch [palmar
cutaneous) lies on the ulnar
artery, wdiich it accompanies to
the hand, some filaments entwining round the vessel it
ends in the integument of the
palm,
communicating with
branches of the median nerve.
The dorsal cutaneous branch
arises about two inches above
the wrist; it passes backwards
beneath the Flexor carpi ulnaris, perforates the deep fascia, and, running
along the
ulnar side of the back of the
wrist and hand, supplies the
inner side of the little finger,
and the adjoining sides of the
little and ring fingers
it communicates with the posterior
branch of the internal cutaneous nerve, and sends a communicating filament to that
branch of the radial nerve
which supplies the adjoining
sides of the middle and ring
;

;

fingers.

The

articular filaments
also supplied
the ulnar nerve.
the wrist are

The

superficial

to

by

palmar

branch supplies the Palmaris
brevis and the integument
on the inner side of the hand, and terminates in two digital branches, which are
distributed, one to the ulnar side of the little finger, the other to the adjoining
sides of the little and rine: finsfers, the latter communicatinor with a branch from
the median.
The digital branches are distributed to the fingers in the same
manner as the digital branches of the median, already described.
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The

deep

palmar branch

digiti muscles,

passes between the Abductor and Flexor brevis minimi
and follows the course of the deep palmar arch beneath the flexor

tendons.
At its origin, it supplies the muscles of the little finger. As it crosses
the deep part of the hand, it sends two branches to each interosseous space, one
for the Dorsal and one for the Palmar interosseous muscle, the branches to the
second and third Palmar interossei supplying filaments to the two inner Lumbricales muscle.
At its termination between the thumb and index finger, it supplies the Adductor poUicis and the inner head of the Flexor brevis pollicis.
The MuscuLO-spiRAL Nerve (Fig. 408), the largest branch of the brachial
plexus, supplies the muscles of the back part of the arm and forearm, and the
integument of the same parts, as well as that of the back of the hand. It arises
from the posterior cord of the brachial plexus by a common trunk with the circumflex nerve, and is afterwards joined by the posterior division of the trunk,
formed by the junction of the eighth cervical and first dorsal nerves. At its commencement it is placed behind the axillary and upper part of the brachial arteries,
passing down in front of the tendons of the Latissimus dorsi and Teres major.
It winds round the humerus in the musculo-spiral groove with the superior profunda artery, passing from the inner to the outer side of the bone, between the
internal and external heads of the Triceps muscle.
It pierces the external intermuscular septum and descends between the Brachialis anticus and Supinator
longus to the front of the external condyle, where it divides into the radial and
posterior interosseous nerves.
The branches of the musculo-spiral nerve are
:

Muscular.
Cutaneous.

Radial.
Posterior interosseous.

The muscular branches are divided into internal, posterior, and external they
supply the Triceps, Anconeus, Supinator longus, Extensor carpi radialis longior,
and Brachialis anticus. These branches are derived from the nerve, at the inner
side, back part, and outer side of the arm.
The internal muscular branches supply the inner and middle heads of the
Triceps muscle. That to the inner head of the Triceps is a long, slender filament, which lies close to the ulnar nerve, as far as the lower third of the arm.
The posterior muscular branch, of large size, arises from the nerve in the groove
between the Triceps and the humerus. It divides into branches, which supply
the outer head of the Triceps and Anconeus muscles.
The branch for the latter
muscle is a long, slender filament, which descends in the substance of the Triceps
to the Anconeus.
The external muscular branches supply the Supinator longus. Extensor carpi
;

radialis longior, and, usually, the Brachialis anticus.

The
The

cutaneous branches are three in number, one internal and two external.
internal cutaneous branch arises in the axillary space, with the inner
muscular branch. It is of small size, and passes through the axilla to the inner
side of the arm, supplying the integument on its posterior aspect nearlj^ as far as
the olecranon. In its course it crosses beneath the intercosto-humeral, with which
it

communicates.

The two

external cutaneous branches perforate the outer head of the Triceps,
attachment to the humerus. The upper and smaller one follows the course
of the ceyjhalic vein to the front of the elbow, supplying the integument of the
lower half of the upper arm on its anterior aspect. The lower branch pierces
the deep fascia below the insertion of the Deltoid, and passes down along the
outer side of the arm and elbow, and along the back part of the radial side of
the forearm to the wrist, supplying the integument in its course, and joining,
near its termination, with the posterior branch of the external cutaneous nerve.
The radial nerve passes along the front of the radial side of the forearm to
the commencement of its lower third. It lies at first a little to the outer side of
the radial artery, concealed beneath the Supinator longus. In the middle third
at its

I
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of the forearm, it lies beneath the same muscle, in close relation with the outer
side of the artery. It quits the artery about three inches above the wrist, passes
beneath the tendon of the Supinator longus, and, piercing the deep fascia at the
outer border of the forearm, divides into two branches.
The external branch, the smaller of the two, supplies the integument of the
radial side and ball of the thumb, joining with the anterior branch of the external
cutaneous nerve.
The internal branch communicates, above the wrist, with the posterior branch
from the external cutaneous, and, on the back of the hand, forms an arch with
the dorsal cutaneous branch of the ulnar nerve. It then divides into three digital
nerves, which are distributed as follows the first supplies the ulnar side of the
thumb and the radial side of the index finger the second, the adjoining sides of
the index and middle fingers; and the third, the adjacent borders of the middle
and ring fingers.^ The latter nerve communicates with a filament from the dorsal branch of the uhiar nerve.
The posterior interosseous nerve winds to the back of the forearm, through the
fibres of the Supinator brevis, and passes down between the superficial and deep
layer of muscles, to the middle of the forearm. Considerably diminished in size,
it descends on the interosseous membrane, beneath the Extensor secundi internodii
poUicis, to the back of the carpus, where it presents a gangliform enlargement,
from which filaments are distributed to the ligaments and articulations of the
carpus.
It supplies all the muscles of the radial and posterior brachial regions,
excepting the Anconeus, Supinator longus, and Extensor carpi radialis longior.
:

;

Dorsal Nerves.
The
the

(Fig. 409.)

dorsal nerves are twelve in number on each side. The first appears between
and second dorsal vertebrje, and the last between the last dorsal and first

first

lumbar.
Tlie roots of origin of the dorsal nerves are of small size, and vary but slightly
from the second to the last. Both roots are very slender the posterior roots
only slightly exceeding the anterior in thickness. They gradually increase in
length from above downwards, and pass down in contact with the spinal cord for
a distance equal to the height of, at least, two vertebra, in the lower part of the
They then join in the
dorsal region, before they emerge from the spinal canal.
intervertebral foramen, and, at their exit, divide into tAvo primary divisions, a
posterior (dorsal), and an anterior (intercostal).
The first and last dorsal nerves are peculiar in some respects (see p. 696).
The posterior divisions of the dorsal nerves, which are smaller than the anterior,
pass backwards between the transverse processes, and div.de into external and
;

internal branches.
The external branches increase in size

from above downwards. They pass
through the Longissimus dorsi, corresponding to the cellular interval between it
and the Sacro-lumbalis, and supply those muscles, as well as their continuations
upwards to the head, and the Levatores costarum the five or six lower nerves
also give off cutaneous filaments.
The internal branches of the six upper nerves pass inwards to the interval
between the Multifidus spinas and Semispinalis dorsi muscles, which they supply;
and then piercing the origin of the E.homboidei and Trapezius, become cutaneous
by the side of the spinous processes. The internal branches of the .six lower nerves
are distributed to the Multifidus spinte, without giving off any cutaneous filaments.
The cutaneous branches of the dorsal nerves are twelve in number, tlie six upper
being derived from the internal branches, and the six lower from the external
branches.
The former pierce the Khomboid and Trapezius muscles, close to the
;

^ According to Hutchinson, the digital
nerve to the thumb readies only as high as the root of
the nail: on the forefinger as high as the middle of the second phalanx: on the middle and ring
fingers not higher than the first phalangeal joint.
London IIosp. Gaz., vol. iii., p. 319.

694

SPINAL NERVES.

Tliey are frequently furnished
spinous processes, and ramify in the integument.
with gangliform enlargements. The six lower cutaneous branches pierce the Serratus posticus inferior, and Latissimus dorsi, in a line with the angles of the ribs.

Intercostal Nerves.

The intercostal nerves (anterior
number on each side. They are

divisions of the dorsal nerves), are twelve in
distributed to the parietes of the thorax and
abdomen, separately from each other, without being joined in a plexus; in which
Each nerve is connected with
respect they differ from the other spinal nerves.
the adjoining ganglia of the sympathetic by one or two filaments. The intercostal
nerves may be divided into two sets, from the difference they present in their
The six upper, with the exception of the first and the intercostodistribution.
humeral branch of the second, are limited in their distribution to the parietes of
the chest.
The six lower supply the parietes of the chest and abdomen.

Upper Intercostal Nerves.
The upper

forwards in the intercostal spaces with the
At the back of the chest they
lie between the pleura and the external intercostal muscle, but are soon placed
between the two planes of intercostal muscles as far as the middle of the rib.
They then enter the substance of the internal intercostal muscles, and, running
amidst their fibres as far as the costal cartilages, they gain the inner surface of
Near the sternum, they cross
the muscles and lie between them and the pleura.
the internal mammary artery and Triangularis sterni, pierce the Internal intercostal and Pectoralis major muscles, and supply the integument of the mamma
and front of the chest, forming the anterior cutaneous nerves of the thorax the
branch from the second nerve becoming joined with the supra-clavicular nerves
intercostal nerves pass

intercostal vessels, being situated

below them.

;

of the cervical plexus.
Branches. Numerous slender muscular filaments supply the Intercostal and
Triangularis sterni muscles.
Some of these branches, at the front of the chest,
cross the costal cartilages from one to another intercostal space.
Lateral cutaneous nerves. These are derived from the intercostal nerves, midway between the vertebrge and sternum they pierce the External intercostal and
Serratus magnus muscles, and divide into two branches, anterior and posterior.
The anterior hranches are reflected forwards to the side and the fore part of
the chest, supplying the integument of the chest and mamma, and the upper
digitations of the external oblique.
^\'\Q, posterior branches are reflected backwards, to supply the integument over
the scapula and over the Latissimus dorsi.
The first intercostal nerve has no lateral cutaneous branch. The lateral cutaneous branch of the second intercostal nerve is of large size, and does not
divide like the other nerves into an anterior and posterior branch.
It is named,
from its origin and distribution, the inter costo -humeral nerve (Fig. 407).
It
pierces the External intercostal muscle, crosses the axilla to the inner side of the
arm, and joins with a filament from the nerve of Wrisberg. It then pierces the
fascia, and supplies the skin of the upper half of the inner and back part of the
arm, communicating with the internal cutaneous branch of the musculo-spiral
nerve.
The size of this nerve is in inverse proportion to the size of the other
'Cutaneous nerves, especially the nerve of Wrisberg.
second intercosto-humeral
nerve is frequently given off' from the third intercostal. It supplies filaments
to the arm-pit and inner side of the arm.
;

A

Lower Intercostal Nerves.
The lower intercostal nerves (excepting the last) have the same arrangement as
the upper ones as far as the anterior extremities of the intercostal spaces, where
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409.— Superficial and deep distribution of the posterior branches of the spinal nerves (after
Hirschfeld and Leveille.)
On the left side the cutaneous branches are represented lying on
On tiie right side the superficial muscles have been removed,
the superficial layer of muscles.
the Splenius capitis and Complexus divided in the neck, and the Erector Spinas divided and
partly removed in the back, so as to expose the posterior divisions of the spinal nerves near

Fig.

their origin.
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a. a. Lesser occipital nerve from the cervical plexus.
1. External muscular branches of the first cervical nerve, and
union by a loop with the second. 2. Placed on the rectus capitis posticus major muscle, marks the great occipital nerve,
passing round the short muscles and piercing the complexus the external branch is seen to the outside. 3. External
branch from the posterior division of the third nerve. 3'. Its internal branch, sometimes called the third occipital. 4'
to 8'. The internal branches of the several corresponding nerves on the left side. The external branches of these
nerves, proceeding to muscles, are displayed on the right side, d 1 to d 6 and thence to d 12. External muscular branches
of the posterior divisions of the twelve dorsal nerves on the right side, d 1' to d G'. The internal cutaneous branches of
the six upper dorsal nerves on the left side. dT to d 12'. Cutaneous twigs from the external branches of the six lower
dorsal nerves. 1
External hranches from the posterior divisions of several lumbar nerves on the right side, piercing
the m\iscles, the lower descending over the gluteal region. I' I'. The same, more superficially, on the left side, s s. The
issue and union by loops of the posterior divisions of four sacral nerves on the right side, s' s'. Some of those distributed to the skin on the left side.
:
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they pass behind the costal cartilages, and between the Internal oblique and
Transversalis muscles, to the sheath of the Rectus, which they perforate.
They
supply the Rectus muscle, and terminate in branches which become subcutaneous
near the linea alba. These branches, which are named the anterior cutaneous
nerves of the abdomen, supply the integument of the front of the belly they
are directed outwards as far as the lateral cutaneous nerves.
The lower intercostal nerves supply the Intercostal and Abdominal muscles, and, about the
middle of their course, give oft' lateral cutaneous branches, which pierce the
External intercostal and External oblique muscles, and are distributed to the
integument of the abdomen, the anterior branches passing nearly as far forwards
as the margin of the Rectus
the posterior branches passing to supply the skin
over the Latissimus dorsi, where they join the dorsal cutaneous nerves.
:

;

Peculiar Dorsal Nerves.
First dorsal nerve.

Its roots of origin are similar to those of a cervical nerve.

Its posterior or dorsal division resembles, in

its

mode

of distribution, the dorsal

branches of the cervical nerves. Its anterior division enters almost wholly into
the formation of the brachial plexus, giving oft', before it leaves the thorax, a
small intercostal branch, which runs along the first intercostal space, and terminates on the front of the chest, by forming the first anterior cutaneous nerve of
the thorax.
The first intercostal nerve gives oft' no lateral cutaneous branch.
The last dorsal is larger than the other dorsal nerves. Its anterior division
front of the Quadratus lumborum,
runs along the lower border of the last rib
perforates the aponeurosis of the Transversalis, and passes forwards between it
and the Internal oblique, to be distributed in the same manner as the precedingnerves.
It communicates with the ilio-hypogastric branch of the lumbar plexus,
and is frequently connected with the first lumbar nerve by a slender branch, the
dorsi-lnmhar nerve, which descends in the substance of the Quadratus lumborum.
The lateral cutaneous branch of the last dorsal is remarkable for its large size;
it perforates the Internal and External oblique muscles, passes downwards over
the crest of the ilium in front of the iliac branch of the ilio-hypogastric (Fig.
415), and is distributed to the integument of the front of the hip, some of its
filaments extending as low down as the trochanter major.
It does not divide
into an anterior and posterior branch like the others.

m

Lumbar Nerves.
The lumbar nerves are five in number on each side the first appears between
the first and second lumbar vertebras, and the last between the last lumbar and
the base of the sacrum.
The roots of the lumbar nerves are the largest, and their filaments the most
numerous, of all the spinal nerves, and they are closely aggregated together
upon the lower end of the cord. The anterior roots are the smaller but there
is not the same disproportion between them and the posterior roots as in the
cervical nerves.
The roots of these nerves have a vertical direction, and are of
considerable length, more especially the lower ones, since the spinal cord does
not extend beyond the first lumbar vertebra. The roots become joined in the
intervertebral foramina; and the nerves, so formed, divide at their exit into two
divisions, anterior and posterior.
The posterior divisions of the lumbar nerves (Fig. 409) diminish in size from
above downwards they pass backwards between the transverse processes, and
divide into external and internal branches.
The External branches supply the Erector spina? and Intertransverse muscles.
From the three upper branches cutaneous nerves are derived, which pierce the
aponeurosis of the Latissimus dorsi muscle, and descend over the back part of
;

:

;
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the crest of the ilium, to be distributed to the integument of the gluteal region,
some of the filaments passing as far as the trochanter major.
The internal branches, the smaller, pass inwards close to the articular processes
of the vertebrtB, and supply the Multifidus spinse and Interspinales muscles.
The anterior divisions of the lumbar nerves increase in size from above downwards.
At their origin, they communicate with the lumbar ganglia of the sympathetic by long, slender filaments, which accompany the lumbar arteries round
The nerves
the sides of the bodies of the vertebrae, beneath the Psoas muscle.
pass obliquely outwards behind the Psoas magnus, or between its fasciculi, distributing filaments to it and the Quadratus lumborum.
The anterior divisions
of the four upper nerves are connected together in this situation by anastomotic
The anterior division of the fifth lumbar,
loops, and form the lumbar plexus.
joined with a branch from the fourth, descends across the base of the sacrum to
join the anterior division of the first sacral nerve, and assist in the formation of
The cord resulting from the union of the fifth lumbar and
the sacral plexus.
the branch from the fourth, is called the lumbosacral nerve.

Lumbar Plexus.
The lumbar plexus

is

formed by the loops of communication between the

anterior divisions of the four upper lumbar nerves. The plexus is narrow above,
and often connected with the last dorsal by a slender branch, the dorsi-lumhar
jierve ; it is broad below, where it is joined to the sacral plexus by the lumbosacral cord.
It is situated in the
Fig. 410.— Plan of the Lumbar Plexus.
substance of the Psoas muscle near
its posterior part, in front of the
transverse processes of the lumbar

C.

WITH

l2tS

DORSAL.

vertebrge.

The mode

in which the plexus
The
formed is the following
lumbar nerve receives a
first
branch from the last dorsal, and
gives off the ilio- hypogastric and
ilio-inguinal, and a communicating
is

:

—

ILIO- HYPOGASTRIC

ILIO-INGUINAU

aENITO-CRURAI.

branch, which passes down to the
EXT. CUTANEOUS
second lumbar and forms a part of
the genito-crural nerve.
The secANT. CRURAU
ond gives off the remainder of the
genito-crural, and a descending
branch to communicate with the
third from it the greater part of
OBTURATOR
the external cutaneous is given off.
The fibres of this communicating
branch are prolonged partly into
ACCESSORY
the anterior crural, and partly into
OBTURATOR
the obturator nerve.
The third lumbar nerve gives off a small filament to the external cutaneous
and divides into two large branches, which assist in forming the anterior crural
and obturator nerves. When the accessory obturator exists, some of its fibres
are derived from this third nerve.
It also gives off a communicating branch to
the fourth.
The fourth nerve gives a communicating filament to the fifth and
divides into two branches, which complete the anterior crural and obturator.
;

Sometimes

it

also furnishes part of the accessory obturator.

arrangement it follows that the ilio-hypogastric and ilio-ingumal
The genito-crural partly from
are derived entirely from the first lumbar nerve.
The external cutaneous for the
the first, but principally from the second nerve.
most part from the second, but receiving a small filament from the third. The

From

this
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anterior crural and obturator by fibres derived from the second, third, and fourth.
the accessorj'- obturator, when it exists, from the third and fourth, probablyreceiving also some fibres from the second through its communicating branch.
Tlie branches of the lumbar plexus are the

And

Ilio- hypogastric.

Obturator.

Ilio-inguinal.

Accessory obturator.
Anterior crural.

Genito-crural.
External cutaneous.

The Ilio-hypogastric Nerve

{superior musculo-cntaneous) arises from the
lumbar nerve. It pierces the outer border of the Psoas muscle at its upper
part, and crosses obliquely in front of the Quadratus lumborum to the crest of
It then perforates the Transversalis muscle at its back part, and
the ilium.
divides between it and the internal oblique into two branches, iliac and hypofirst

gastric.

The iliac hranch pierces the Internal and External oblique muscles immediately
above the crest of the ilium, and is distributed to the integument of the gluteal
region, behind the lateral cutaneous branch of the last dorsal nerve (Fig. 415).
The size of this nerve bears an inverse proportion to that of the cutaneous
branch of the last dorsal nerve.
The hypogastric hranch (Fig. 412) continues onwards between the Internal
oblique and Transversalis muscles.
It then pierces the Internal oblique, and
near the middle line perforates the aponeurosis of the External oblique above
the external abdominal ring, and is distributed to the integument covering the
hypogastric region.

The

ilio-hypogastric nerve communica'.es with the last dorsal and ilio-inguinal

nerves.

The Ilio INGUINAL Nerve {inferior musculo-cutaneous)^ smaller than the preIt p'erces the outer border
ceding, arises with it from the first lumbar nerve.
of the Psoas just below the ilio-hypogastric, and, passing obliquely across the
Quadratus lumborum and Iliacus muscles, perforates the Transversalis, near the
fore part of the crest of the ilium, and communicates with the Ilio-hypogastric
nerve between that muscle and the Internal oblique. The nerve then pierces the
Internal oblique, distributing filaments to it, and, accompanying the spermatic
cord, escapes at the external abdominal ring, and is distributed to the integument
of the scrotum and upper and inner part of the thigh in the male, and to the
labium in the female. The size of this nerve is in inverse proportion to that of
Occasionally it is very small, and ends bj joining the iliothe ilio-hypogastric.
hypogastric in such cases, a branch from the ilio-hypogastric takes the place of
the ilio-inguinal, or the latter nerve may be altogether absent.
The Genito-crural Nerve arises from the second lumbar, and by a few fibres
from the cord of communication between it and the first. It passes obliquely
through the substance of the Psoas, descends on its surface to near Pou part's
ligament, and divides into a genital and a crural branch.
The genital hranch descends on the external iliac artery, sending a fcAV filaments
round that vessel it then pierces the fascia transversalis, and, passing through
the internal abdominal ring, descends along the back part of the spermatic cord
In the female,
to the scrotum, and supplies, in the male, the Cremaster muscle.
it accompanies the round ligament, and is lost upon it.
The crural branch passes along the inner margin of the Psoas muscle, beneath
Poupart's ligament, into the thigh, entering the sheath of the femoral vessels,
and lying superficial and a little external to the femoral artery. It p'erces the
anterior layer of the sheath of the vessels, and, becoming superficial by passing
through the fascia lata, it supplies the skin of the anterior aspect of the thigh as
far as midway between the pelvis and knee.
On the front of the thigh it communicates with the outer branch of the middle cutaneous nerve, derived from
the anterior crural.
;

;

I
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A few filaments

from this nerve may be traced on to tbe femoral artery they
from the nerve as it passes beneath Poupart's ligament.
The External Cutaneous Nerve arises from the loop between the second
and third lumbar nerves. It perforates the outer border of the Psoas muscle
about its middle, and crosses the Iliacus muscle obliquely, to the notch immediately beneath the anterior superior spine of the ilium, where it passes under
Poupart's ligament into the thigh, and divides into two branches of nearly equal
;

are derived

size.
Fig.

411.— The Lumbar Plexus

iind its

Branches.^

The

anterior hroMch descends in an aponeurotic canal formed in the fascia
superficial about f )ur inches below Poupart's ligament, and divides
into branches, which are distributed to the integument along the anterior and
This nerve occasionally comouter part of the thigh, as far down as the knee.
municates with the long saphenous nerve in front of the knee-joint.
The posterior branch pierces the fascia lata, and subdivides into branches, which
pass backwards across the outer and posterior surface of the thigh, supplying the
integument from the crest of the ilium as far as the middle of the thigh.
lata,

becomes

The Obturator Nerve
cles of the thigh, the

supplies the Obturator externus and Adductor musarticulations of the hip and knee, and occasionally the

integument of the thigh and leg. It arises by two branches one from the third,
the other from the fourth lumbar nerve, receiving also some fibres from the
second.
It descends through the inner fibres of the Psoas muscle, and emerges
:

The arrangement of the lumbar plexus on the right side
See the plan on page 697.
'

in this

woodcut

is

not strictly correct.

;;

•
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it then runs along the lateral
its inner border near the brim of the pelvis
wall of the pelvis, above the obturator vessels, to the upper part of the obturator
foramen, where it enters the thigh, and divides into an anterior and a posterior
branch, separated by the Adductor brevis muscle.
The anterior branch (Fig. 413) passes down in front of the Adductor brevis,
being covered by the Pectineus and Adductor longus and at the lower border
of the latter muscles communicates with the internal cutaneous and internal
saphenous nerves, forming a kind of plexus. It then descends upon the femoral

from

;

;

artery,

upon which

it is

finally distributed.

This nerve, near the obturator foramen, gives off an articular branch to the
hip-joint.
Behind the Pectineus, it distributes muscular branches to the Adductor longus and Gracilis, and occasionally to the Adductor brevis and Pectineus,
and receives a communicating branch from the accessory obturator nerve.
Occasionally this communicating branch is continued down, as a cutaneous
branch, to the thigh and leg.
This occasional cutaneous branch emerges from
the lower border of the Adductor longus, descends along the posterior margin
of the Sartorius to the inner side of the knee, where it pierces the deep fascia,
communicates with the long saphenous nerve, and is distributed to the integument of the inner side of the leg, as low down as its middle. When the branch
is small, its place is. supplied by the internal cutaneous nerve.
The posterior hranch of the obturator nerve pierces the Obturator externus,
and passes behind the Adductor brevis on the front of the Adductor magnus,
where it divides into numerous muscular branches, which supply the Obturator
externus, the Add actor magnus, and occasionally the Adductor brevis.
One of
the branches gives off a filament to the knee-joint.
The articular hranch for the knee-joint perforates the lower part of the Adductor magnus, and enters the popliteal space
it then descends upon the popliteal
;

back part of the knee-joint, where
distributed to the synovial membrane.

artery, as far as the

ligament, and is
artery in its course.

it

perforates the posterior
It gives filaments to the

The Accessory Obturator Nerve (Fig. 411) is of a small size, and arises
either from the obturator nerve near its origin, or by separate filaments from the
third and fourth lumbar nerves, probably receiving also some fibres from the
second through its communicating branch. It descends along the inner border
of the Psoas muscle, crosses the body of the pubes, and passes beneath the
Pectineus muscle, where it divides into numerous branches. One of these supplies the Pectineus, penetrating its under surface
another is distributed to the
hip-joint
while a third communicates with the anterior branch of the obturator
nerve.
This branch, when of large size, is prolonged (as already mentioned), as
a cutaneous branch, to the leg.
The accessory obturator nerve is not constantly
found when absent, the hip-joint receives branches from the obturator nerve.
Occasionally it is very small, and becomes lost in the capsule of the hip-joint.
The Anterior Crural Nerve (Figs. 411, 413) is the largest branch of the
lumbar plexus. It supplies muscular branches to the Iliacus, Pectineus, and all
the muscles on the front of the thigh, excepting the Tensor vaginse femoris
cutaneous filaments to the front and inner side of the thigh, and to the leg and
foot and articular branches to the knee.
It arises from the third and fourth lumbar nerves, receiving also a fasciculus from the second. It descends through the
fibres of the Psoas muscle, emerging from it at the lower part of its outer border
and passes down between it and the Iliacus, and beneath Poupart's ligament, into
the thigh, where it becomes somewhat flattened, and divides into an anterior or
cutaneous, and a posterior or muscular part. Beneath Poupart's ligament, it is separated from the femoral artery by the Psoas muscle, and lies beneath the iliac fascia.
Within the pelvis^ the anterior crural nerve gives off from its outer side some
small branches to the Iliacus, and a branch to the femoral artery, which is distributed upon the upper part of that vessel.
The origin of this branch varies;
it occasionally arises higher than usual, or it may arise lower down in the thigh.
;

;

;

;

.

LUMBAR PLEXUS.
Fig. 412.
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External

to the

From

pelvis^ the following

the Anterior

Division}

branches are given

From

off:

the Posterior Division.

Middle cutaneous.

Muscular.

Internal cutaneous.
Long saphenous.

Articular.

The middle cutaneous nerve (Fig. 412) pierces the fascia lata (occasionally the
Sartorius also) about three inches below Poupart's ligament and divides into two
branches, which descend in immediate proximity along the fore part of the
thigh, distributing numerous branches to the integument as low as the front of
the knee, where the middle cutaneous commAmicates with a branch of the interIts outer branch communicates, above, with the crural
nal saphenous nerve.
branch of the genito-crural nerve and the inner branch with the internal cutaneous nerve below. The Sartorius muscle is supplied by this or the following
nerve.
The internal cutaneous nerve passes obliquely across the upper part of the
sheath of the femoral artery, and divides in front, or at the inner side of that
vessel, into two branches, anterior and internal.
The anterior branch perforates the fascia lata at the lower third of the thigh,
and divides into two branches, one of which supplies the integument as low
down as the inner side of the knee the other crosses the patella to the outer
side of the joint, communicating in its course with the long saphenous nerve.
cutaneous filament is occasionally given off from this nerve, which accompanies
and it sometimes communicates with the internal
the long saphenous vein
branch of the nerve.
The internal branch descends along the posterior border of the Sartorius muscle to the knee, where it pierces the fascia lata, communicates with the long
saphenous nerve, and gives off several cutaneous branches. The nerve then
passes down the inner side of the leg, to the integument of which it is distributed.
This nerve, beneath the fascia lata, joins in a plexiform network, by uniting with
branches of the long saphenous and obturator nerves (Fig. 418),
When the
communicating branch from the latter nerve is large and continued to the integument of the leg, the inner branch of the internal cutaneous is small, and terminates at the plexus, occasionally g'.ving off a few cutaneous filaments.
This nerve, before subdividing, gives off a few filaments, which pierce the
fascia lata, to supply the integument of the inner side of the thigh, accompanying the long saphenous vein.
One of these filaments passes through the saphenous opening a second becomes subcutaneous about the middle of the thigh
and a third pierces the fascia at its lower third.
The long^ or internal saphenous nerve^ is the largest of the cutaneous branches
of the anterior crural. It approaches the femoral artery where this vessel passes
beneath the Sartorius, and lies on its outer side, beneath the aponeurotic covering
of Hunter's canal, as far as the opening in the lower part of the Adductor magnus.
It then quits the artery, and descends vertically along the inner side of the knee,
beneath the Sartorius, pierces the deep fascia between the tendons of the Sartorius
and Gracilis, and becomes subcutaneous. The nerve then passes along the inner
side of the leg, accompanied by the internal saphenous vein, descends behind the
internal border of the tibia, and, at the lower third of the leg, divides into two
branches one continues its course along the margin of the tibia, terminating at
the inner ankle the other passes in front of the ankle, and is distributed to the
integument along the inner side of the foot, as far as the great toe, communicating
with the internal branch of the musculo-cutaneous nei've.
Branches.
The, long saphenous nerve, ohout the middle of the thigh^ gives off a
communicating branch, which joins the plexus formed by the obturator and internal
cutaneous nerves,
;

;

A

;

;

:

;

^

One

of the muscles of

tlie

thigh, the Sai'torius, receives its nervous supply

from

this group.

SACRAL AND COCCYGEAL.
At

branch

the inner side of the l^nee^ it gives off a large

(?i.

703
cutaneus patellse)^

which pierces the Sartorius and fascia lata, and is distributed to the integument
This nerve communicates above the knee with the
in front of the patella.
below the knee, with other branches
internal branch of the internal cutaneous
of the long saphenous; and, on the outer side of the joint, with branches of the
middle and external cutaneous nerves, forming a plexiform network, the plexus
patellse.
The cutaneous nerve of the patella is occasionally small, and terminates by joining the internal cutaneous, which supplies its place in front of the
;

knee.

Below tlielinee^ the branches of the long saphenous nerve are distributed to the
integument of the front and inner side of the leg, communicating with the
cutaneous branches from the internal cutaneous, or obturator nerve.
The Deep Group of branches of the anterior crural nerve are muscular and
articular.

The muscular branches supply the Pectineus and all the muscles on the front
of the thigh except the Tensor vaginae femoris, which is supplied from the superior
gluteal nerve, and the Sartorius, which is supplied by filaments from the middle
or internal cutaneous nerves.
The branches to the Pectineus^ usually two in number, pass inwards behind the
femoral vessels, and enter the muscle on its anterior surface.
The branch to the Rectus muscle enters its under surface high up.
The branch to the Vastus externus^ of large size, follows the course of the
descending branch of the external circumflex artery to the lower part of the
muscle.
It gives off an articular. filament to the knee-joint.
The branches to the Vastus internus and Griireus enter the middle of those
muscles, the one to the Vastus internus sup|-)lying a filament to the knee-joint.
The articular brandies^ two in number, supply the knee-joint. One, a long,
slender filament, is derived from the nerve to the Vastus externus.
It penetrates
the capsular ligament of the joint on its anterior aspect.
The other is derived
from the nerve to the Vastus internus. It descends along the internal intermuscular septum, accompanying the deep branch of the anastomotica magna
artery, pierces the capsular ligament of the joint on its inner side, and supplies
the sjaiovial membrane.

The Sacral and Coccygeal Nerves.
The sacral nerves are five in number on each side. The four upper ones pass
from the sacral canal, through the sacral foramina the fifth through the foramen
between the sacrum and coccj^x.
The roots of origin of the upper sacral (and lumbar) nerves are the largest of
all the spinal nerves; whilst those of the lowest sacral and coccygeal nerves are
;

the smallest.

The roots of these nerves are of very considerable length, being longer than
those of any of the other spinal nerves, on account of the spinal cord not extending
beyond the first lumbar vertebra. From their great length, and the appearance
they present in connection Avith the spinal cord, the roots of origin of these
nerves are called collectively the canda equina. Each sacral and coccygeal nerve
divides into two divisions, anterior and posterior.
The posterior sacral nerves (Fig. 409, p. 695) are small, diminish in size from
above downwards, and emerge, except the last, from the sacral canal by the posterior sacral foramina.
The three upper ones are covered, at their exit from the sacral canal, by the
Multifidus spinas, and divide into extei'nal and internal branches.
The internal branches are small, and supply the Multifidus spinas.
The external branches join with one another, and with the last lumbar and
fourth sacral nerves, by means of communicating loops.
These branches pass
outwards, to the outer surface of the great sacro-sciatic ligament, where they form

:
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a second series of loops beneath the Gluteus

maximus.

Cutaneous branches from

this second series of loops, usually three in number, pierce the Gluteus maximus
one near the posterior inferior spine of the ilium another opposite the end of
;

and the third, midway between the other two. They supply the
integument over the posterior part of the gluteal region.
The two lower posterior sacral nerves are situated below the Multifidus spinse.
They are of small size, and do not divide into internal and external branches,
but join with each other, and with the coccygeal nerve, so as to form loops on
the back of the sacrum, filaments from which supply the integument over the
the sacrum

;

coccyx.
coccygeal nerve diWidiQ^ into its anterior and posterior division in the spinal
The posterior division is the smaller. It receives, as already mentioned,
a communicating branch from the last sacral, and is lost in the fibrous structure
on the back of the coccyx.
The anterior sacral nerves diminish in size from above downwards. The four
upper ones emerge from the anterior sacral foramina the anterior division of
the fifth, after emerging from the spinal canal through its terminal opening,
curves forwards between the sacrum and the coccyx. All the anterior sacral
nerves communicate with the sacral ganglia of the sympathetic, at their exit from
the sacral foramina. T:\iQ first nerve, of large size, unites with the lumbo-sacral
The second,
cord, formed by the fifth lumbar, and a branch from the fourth.
equal in size to the preceding, and the third, about one-fourth the size of the
second, unite with this trunk, and form, with a small fasciculus from the fourth,
the sacral plexus.
The
T^'ho, fourth anterior sacral nerve sends a branch to join the sacral plexus.
remaining portion of the nerve divides into visceral and muscular branches and
The visceral
a communicating filament descends to join the fifth sacral nerve.
branches are distributed to the viscera of the pelvis, communicating with the
sympathetic nerve. These branches ascend upon the rectum and bladder in
the female, upon the vagina and bladder, communicating with branches of the
sympathetic to form the hypogastric plexus. The muscular branches are disCutaneous filaments
tributed to the Levator ani, Coccygeus, and Sphincter ani.
arise from the latter branch, which supjDly the integument between the anus and
'Vh.e

canal.

:

:

:

coccyx.

The fifth anterior sacral nerve, after passing from the lower
canal, curves forwards through the fifth sacral foramen, formed

end of the sacral
between the lower

part of the sacrum and the transverse process of the first piece of the coccyx.
It pierces the Coccygeus muscle, and descends upon its anterior surface to the tip
of the coccyx, where it again perforates the muscle, to be distributed to the
integument over the back part and side of the coccyx. This nerve communicates
above with the fourth sacral, and below with the coccygeal nerve, and supplies
the Coccygeus muscle.
The anterior division of the coccygeal nerve is a delicate filament which escapes
at the termination of the sacral canal
it passes downwards behind the rudimentary
transverse process of the first piece of the coccyx, and curves forwards, through
the notch between the first and second pieces on the lateral border of the bone.
It pierces the sacro-sciatic ligament and Coccygeus muscle, is joined by a branch
from the fifth anterior sacral, and becomes lost in the integument at the back part
and side of the coccyx.
;

Sacral Plexus.
The sacral plexus is formed by the lumbo-sacral cord, the anterior divisions of
the three upper sacral nerves, and part of that of the fourth.
These nerves proceed in different directions the upper ones obliquely downwards and outwards,
the lower one nearly horizontally, and thej'- all unite into a single, broad, flat
cord.
The sacral plexus is triangular in form, its base corresponding with the
;

—
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its apex with the lower part of the great
upon the anterior surface of the Pyriformis, and
is covered in front by the pelvic fascia, which separates it from the sciatic and
pudic branches of the internal iliac artery, and from the viscera of the pelvis.
The branches of the sacral plexus are

exit of the nerves from the sacrum,
sacro-sciatic foramen.

It rests

:

Muscular.
Superior gluteal.
Great

Pudic.

Small

sciatic.

sciatic.

The muscular hranches supply the Pyriformis, Obturator internus, the two
Oemelli, and the Quadratus femoris. The branch to the Pyriformis arises either
from the plexus, or from the upper sacral nerves the branch to the Obturator
internus arises at the junction of the lumbosacral and first sacral nerves; it
:

Fig. 414.

—Side View of

Pelvis,

showing Sacral Plexus.

"

BR TO
COCCYSEUS

COGCYeCAL

VATORANI SFHINCTLRANr

passes out of the pelvis through the great sacro-sciatie foramen, crosses behind the
spine of the ischium, and enters the pelvis again through the lesser sacro-sciatic
foramen to the inner surface of the Obturator internus the branch to the Gemellus superior arises from the lower part of the plexus, near the pudic nerve; the
small branch to the Gemellus inferior and Quadratus femoris also arises from the
lower part of the plexus it yjasses through the great sacro-sci atic foramen, and courses
down beneath the Gemelli and tendon of the Obturator internus, and supplies the
muscles on their deep or anterior surface. It gives off an articular branch to the
hip-joint.
This branch is occasionally derived from the upper part of the great
sciatic nerve.
The Superior Gluteal Nerve (Fig. 416) arises from the back part of the
lumbo-sacral cord it passes from the pelvis through the great sacro-sciatic foramen above the Pyriformis muscle, accompanied by the Gluteal vessels, and divides
into a superior and an inferior branch.
;

:

;

45
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The superior branch follows the line of origin of the Gluteus minimus, and
supplies it and the Gluteus medius.
The inferior branch crosses obliquely between the Gluteus minimus and medius,
distributing filaments to both these muscles, and terminates in the Tensor vaginee
femoris, extending nearly to its lower end.
The PuDic Nerve arises from the lower part of the sacral plexus, and leaves
the pelvis through the great sacro-sciatic foramen, below the Pyriformis. It then
crosses the spine of the ischium, and re-enters the pelvis through the lesser sacroIt accompanies the pudic vessels upwards and forwards along
sciatic foramen.
the outer wall of the ischio rectal fossa, being contained in a sheath of the obturator fascia, and divides into two terminal branches, the perineal nerve, and the
dorsal nerve of the penis. Near its origin, it gives off' the inferior hemorrhoidal
nerve.
The inferior hemorrhoidal nerve is occasionally derived from the sacral plexus.
It passes across the ischio-rectal fossa, with its accompanying vessels, towards the
lower end of the rectum, and is distributed to the integument round the anus.
Branches of this nerve communicate with the inferior pudendal and superficial
perineal nerves at the fore part of the perineeum.
l^hQ perineal nerve^ the inferior and larger of the two terminal branches of the
pudic, is situated below the pudic artery. It accompanies the superficial perineal
artery in the perinseum, dividing into cutaneous and muscular branches.
The cutaneous branches (superficial perineal) are two in number, posterior and
anterior.
The posterior branch passes to the fore part of the ischio-rectal fossa,
distributing filaments to the Sphincter ani and integument in front of the anus,
which communicate with the inferior hemorrhoidal nerve it then passes forwards,
with the anterior branch, to the back of the scrotum, communicating with the
anterior branch and with the inferior pudendal. The anterior branch passes to the
fore part of the ischio-rectal fossa, in front of the preceding, and accompanies it
This branch gives one or two filato the scrotum and under part of the penis.
ments to the Levator ani.
The muscular branches are distributed to the Transversus perinei. Accelerator
The nerve of the bulb supplies
urinse, Erector penis, and Compressor urethree.
the corpus spongiosum some of its filaments run for some distance on the surface before penetrating to the interior.
The dorsal nerve of the penis is tbe superior division of the pudic nerve; it
accompanies the pudic artery along the ramus of the ischium, piercing the posterior layer of the deep perineal fascia, it runs forwards along the inner margin
of the ramus of the pubes, between the two layers of the deep fascia. It then
pierces the anterior layer, and, in company with the dorsal artery of the penis,
passes through the suspensory ligament, and running forwards is distributed to
the glans. On the penis, this nerve gives off a cutaneous branch, which runs
along the side of the organ; it is joined with branches of the sympathetic, and
supplies the integument of the upper surface and sides of the penis and prepuce,
giving a large branch to the corpus cavernosum.
In the female, the pudic nerve is distril)uted to the parts analogous to those in
the male its superior division terminating in the clitoris, its inferior in the external labia and perinseum.
The Small Sciatic Nerve (Fig. 416) supplies the integument of the perinseum
and back part of the thigh and leg, and one muscle, the Gluteus maximus. It is
usually formed by the union of two branches, which arise from the lower part of
the sacral plexus. It issues from the pelvis through the great sacro-sciatic foramen below the Pyriformis muscle, descends beneath the Gluteus maximus with
the sciatic artery, and at the lower border of that muscle passes along the back
part of the thigh, beneath the fascia lata, to the lower part of the popliteal
region, where it pierces the fascia and becomes cutaneous.
It then accompanies
the external saphenous vein below the middle of the leg, its terminal filaments
communicating with the external saphenous nerve.
;

;

;

Fig.
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In this diagram the External Saphenous and Oommunicans Peronei are not
normal position. They have been displaced by the removal of the superficial muscles.
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The branches of the small

nerve are muscular (inferior gluteal) and

sciatic

cutaneous.

The inferior gluteal consist of several large branches given off to the under
surface of the Gluteus maximus, near its lower part.
The cutaneous hranches consist of two groups, internal and ascending.
The internal cutaneous hranches are distributed to the skin, at the upper and
inner side of the thigh, on its posterior aspect. One branch, longer than the rest,
the inferior pudendal^ curves forwards below the tuber ischii, pierces the fascia lata
and passes forwards beneath the superficial fascia of the perinseum to be distributed
integument of the scrotum, communicating with the superficial perineal
hemorrhoidal nerves.
The ascending cutaneous hranches consist of two or three filaments, which
turn upwards round the lower border of the Gluteus maximus, to supply the
integument covering its surface. One or two filaments occasionally descend
along the outer side of the thigh, supplying the integument as far as the middle
to the

and

inferior

of that region.
Two or three branches are given off from the lesser sciatic nerve as it descends
beneath the fascia of the thigh they supply the integument of the back part of
the thigh, popliteal region, and upper part of the leg.
The Gkeat Sciatic Nerve (Fig. 416) supplies nearly the w^hole of the
integument of the leg, the muscles of the back of the thigh, and those of the
leg and foot.
It is the largest nervous cord in the body, measuring three-quarters of an inch in breadth, and is the continuation of the lower part cf the
sacral plexus.
It passes out of the pelvis through the great sacro-sciatic foramen, below the Pyriformis muscle. It descends between the trochanter major
and tuberosity of the ischium, along the back part of the thigh to about its
lower third, where it divides into two large branches, the internal and external
popliteal nerves.
This division may take place at any point between the sacral plexus and the
lower third of the thigh. When the division occurs at the plexus, the two
nerves descend together, side by side or they may be separated, at their commencement, by the interposition of part or the whole of the Pyriformis muscle.
As the nerve descends along the back of the thigh, it rests at first upon the
External rotator muscles, together with the small sciatic nerve and artery, being
covered by the Gluteus maximus lower down, it lies upon the Adductor magnus, and is covered by the long head of the Biceps.
The hranches of the nerve, before its division, are articular and muscular.
The articular hranches arise from the upper part of the nerve they supply
the hip-joint, perforating its fibrous capsule posteriorly. These branches are
sometimes derived from the sacral plexus.
The muscular hranches are distributed to the Flexors of the leg viz., the
Biceps, Semitendinosus, and Semimembranosus, and a branch to the Adductor
magnus. These branches are given off beneath the Biceps muscle.
The Internal Popliteal Nerve^ the larger of the two terminal branches of the
great sciatic, descends along the back part of the thigh, through the middle of
the popliteal space, to the lower part of the ./opliteus muscle, where it passes
with the artery beneath the arch of the Soleus, and becomes the posterior tibial.
It lies at first very superficial, and at the outer side of, and some distance from,
the popliteal vessels opposite the knee-joint, it is in close relation with the
vessels, and crosses to the inner side of the artery.
The hranches of this nerve are the articular, muscular, and a cutaneous branch,
the external or short saphenous nerve.
The articular hranches^ usually three in number, supply the knee-joint two
of these branches accompany the superior and inferior internal articular arteries;
and a third, the azygos artery.
The muscular hranches^ four or five in number, arise from the nerve as it lies
between the two heads of the Gastrocnemius muscle they supply that muscle,
;

;

;

;

:

;

:

;
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The nerves which supply the Popliteus
the Plantaris, Soleus, and Popliteus.
turn round its lower border and are distributed to its deep surface.
The external or short saphenous nerve (comniunicans poplitei) (Fig. 415) descends
between the two heads of the Gastrocnemius muscle, and, about the middle of
the back of the leg, pierces the deep fascia, and receives a communicating branch"
{commibnicans peronei) from the external popliteal nerve. The nerve then continues its course down the leg near the outer margin of the tendo Achillis, in
company with the external saphenous vein, winds round the outer malleolus, and
is distributed to the integument along the outer side of the foot and little toe,
communicating on the dorsum of the foot with the musculo-cutaneous nerve. In
the leg, its branches communicate with those of the small sciatic.
The Posterior Tibial Nerve (Fig. 416) commences at the lower border of the
Popliteus muscle, and passes along the back part of the leg with the posterior
tibial vessels to the interval between the inner malleolus and the heel, where it
divides into the external and internal plan417.— The Plantar Nerves.
tar nerves.
It lies upon the deep muscles
of the leg, and is covered by the deep fascia,
the superficial muscles, and integument. In
the upper part of its course, it lies to the
inner side of the posterior tibial artery but
it soon crosses that vessel, and lies to its
outer side as far as the ankle.
In the lower
third of the leg, it is placed parallel with the
inner margin of the tendo Achillis.
The branches of the posterior tibial nerve
are muscular and plantar-cutaneous.
The muscular branches arise either separately
or by a common trunk from the upper part
of the nerve.
They supply the Tibialis
posticus. Flexor longus digitorum, and Flexor
longus poUicis muscles the branch to the
the peroneal
latter muscle accompanying
;

/

;

artery.

The plantar -cuta7ieous branch

perforates the
annular ligament, and supplies the
integument of the heel and inner side of the
sole of the foot.
The internal plantar nerve (Fig. 417), the
larger of the two terminal branches of the
posterior
tibial,
accompanies the internal
plantar artery along the inner side of the foot.
From its origin at the inner ankle it passes
forwards between the Abductor pollicis and
Flexor brevis digitorum, divides opposite the
bases of the metatarsal bones into four digital branches, and communicates
with the external plantar nerve.
Branches. In its course, the internal plantar nerve gives off cutaneous branches^
which pierce the plantar fascia and supply the integument of the sole of the
foot
muscular branches^ which supply the Abductor pollicis and Flexor brevis
digitorum; articular branches to the articulations of the tarsus and metatarsus;
internal

.

;

and four digital branches. These pass between the divisions of the plantar fascia
The
in the clefts between the toes, and are distributed in the following manner
first supplies the inner border of the great toe, and sends a filament to the Flexor
:

brevis pollicis muscle the second bifurcates, to supply the adjacent sides of the
the
great and second toes, sending a filament to the first Lumbricalis muscle
third digital branch supplies the adjacent sides of the second and third toes, and
the second Lumbricalis muscle the fourth supplies the corresponding sides of
;

;

;

;-
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the third and fourth toes, and receives a communicating branch from the external
plantar nerve. It will be observed, that the distribution of these branches is
Each digital nerve
precisely similar to that of the median nerve in the hand.
gives off' cutaneous and articular filaments and opposite the last phalanx sends
a dorsal branch, which supplies the structure round the nail, the continuation of
the nerve being distributed to the ball of the toe.
The external plantar nerve^ the smaller of the two, completes the nervous supply to the structures of the foot, being distributed to the little toe and one-half
of the fourth, as well as to most of the deep muscles, its distribution being similar
It passes obliquely forwards with the external
to that of the ulnar in the hand.
plantar artery to the outer side of the foot, lying between the Flexor brevis
digitorum and Flexor accessorius and, in the interval between the former muscle
and Abductor minimi digiti, divides into a superficial and a deep branch.
Before its division, it supplies the Flexor accessorius and Abductor minimi digiti.
The superficial hranch separates into two digital nerves: one, smaller of the
two, supplies the outer side of the little toe, the Flexor brevis minimi digiti, and
the other, and
the two interosseous muscles of the fourth metatarsal space
larger, digital branch, supplies the adjoining sides of the fourth and fifth toes,
and communicates! with the internal plantar nerve.
The deep or muscular hranch accompanies the external plantar artery into the
deep part of the sole of the foot, beneath the tendons of the Flexor muscles and
Adductor pollicis, and supplies all the interossei (except those in the fourth
metatarsal space), the two outer Lumbricales, the Adductor pollicis, and the Trans
versus pedis.
The External Popliteal or Peroneal Nerve (Fig. 416), about one-half the size
of the internal popliteal, descends obliquely along the outer side of the popliteal
space to the fibula, close to the margin of the Biceps muscle. It is easilj^ felt
beneath the skin behind the head of the fibula, at the inner side of the tendon
of the Biceps.
About an inch below the head of the fibula it pierces the origin
of the Peroneus longus, and divides beneath that muscle into the anterior tibial
and musculo- cutaneous nerves.
The branches of the peroneal nerve, previous to its division, are articular and
cutaneous.
The articular branches^ two in number, accompany the superior and. inferior
external articular arteries to the outer side of the knee.
The upper one occasionally arises from the great sciatic nerve before its bifurcation.
third (recurrent) articular nerve is given off at the point of division of the peroneal nerve
it ascends with the tibial recurrent artery through the Tibialis anticus muscle to
the front of the knee, which it supplies.
The cutaneous branches^ two or three in number, supply the integument along
the back part and outer side of the leg, as far as its middle or lower part one
of these, larger than the rest, the communicans peronei^ arises near the head of
the fibula, crosses the external head of the Gastrocnemius to the middle of the
leg, and joins with the external saphenous.
This nerve occasionally exists as a
separate branch, which is continued down as far as the heel.
The Anterior Tibial Nerve (Fig. 413) commences at the bifurcation of the
peroneal nerve, between the fibula and upper part of the Peroneus longus, passes
obliquely forwards beneath the Extensor longus digitorum to the fore part of the
interosseous membrane, and reaches the outer side of the anterior tibial artery
above the middle of the leg it then descends with the artery to the front of the
ankle-joint, where it divides into an external and an internal branch.
This nerve
lies at first on the outer side of the anterior tibial artery, then in front of it, and
again at its outer side at the ankle-joint.
The branches of the anterior tibial nerve, in its course through the leg, are the
muscular nerves to the Tibialis anticus, Extensor longus digitorum, Peroneus
tertius, and Extensor proprius pollicis muscles.
The external or tarsal branch of the anterior tibial passes outwards across the
;

;

;

A

;

;
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beneath the Extensor brevis digitorum, and having become ganglionic,
Extensor brevis

like the posterior interosseous nerve at the wrist, supplies the
digitorum and the articulations of the tarsus and metatarsus.

The internal branchy the continuation of the nerve, accompanies the dorsalis
pedis artery along the inner side of the dorsum of the foot, and, at the first interosseous space, divides into two branches, which supply the adjacent sides of the
great and second toes, communicating with the internal division of the musculocutaneous nerve.
T\].Q Muscnh-cutaneous Nerve (Fig. 413) supplies the muscles on the fibular side
of the leg, and the integument of the dorsum of the foot. It passes forwards
between the Peronei muscles and the Extensor longus digitorum, pierces the deep
fascia at the lower third of the leg, on its front and outer side, and divides into
two branches. This nerve, in its course between the muscles, gives off muscular
branches to the Peroneus longus and brevis, and cutaneous filaments to the integument of the lower part of the leg.
The internal branch of the musculo-cutaneous nerve passes in front of the anklejoint, and along the dorsum of the foot, supplying the inner side of the great toe,
and the adjoining sides of the second and third toes. It also supplies the integument of the inner ankle and inner side of the foot, communicating with the
internal saphenous nerve, and joins with the anterior tibial nerve, between the
great and second toes.
The external branchy the larger, passes along the outer side of the dorsum of the
foot, to be distributed to the adjoining sides of the third, fourth, and fifth toes.
It also supplies the integument of the outer ankle and outer side of the foot,
communicating with the short saphenous nerve.
The distribution of these branches of the musculo-cutaneous nerve will be
found to vary together, they supply all the toes excepting the outer side of the
little toe, and the adjoining sides of the great and second toes, the former being
supplied by the external saphenous, and the latter by the internal branch of the
anterior tibial.
;

—

The Sympathetic Nerve.
Nerve
so called from the opinion entertained that through
THE Sympathetic
produced a sympathy between the affections of distant organs. It conis

it is

of a series of ganglia, connected together by intervening cords, extending on
each side of the vertebral column from the base of the skull to the coccyx. It
mav, moreover, be traced up into the head, where the ganglia (which are all in
connection with the fifth cranial nerve) occupy spaces between the cranial and
These two gangliated cords lie parallel with one another as far as
facial bones.
the sacruiTL, on which bone they converge, communicating together through a
single ganglion [ganglion impar)^ placed in front of the coccyx.
Some anatomists also state that the two cords are joined at their cephalic extremity, through
a small ganglion {the ganglion of Bibes), situated upon the anterior communiMoreover, the chains of opposite sides communicate between
cating arterj^
these two extremities in several parts by means of the nervous cords that arise
from them.
The ganglia are somewhat less numerous than the vertebrae: thus there are
only three in the cervical region, twelve in the dorsal, four in the lumbar, five in
the sacral, and one in the coccygeal.
The sympathetic nerve, for convenience of description, may be divided into
several parts, according to the position occupied by each and the number of
ganglia, of which each part is composed, may be thus arranged
sists

;

:

Cephalic portion
Cervical
Dorsal

4 pairs of ganglia.
3
"

12

"

4

u

u

Sacral

5

"

"

Coccygeal

1 single ganglion.

Lumbar

Each ganglion may be regarded as a distinct centre, from or to which branches
These branches may be thus arranged
1. Branches
pass in various directions.
of communication between the ganglia.
2. Branches of communication with the
cerebral or spinal nerves.
3. Primary branches passing to be distributed to the
arteries in the vicinity of the ganglia, and to the viscera, or proceeding to other
ganglia placed in the thorax, abdomen, or pelvis.
1. The branches of communication between the ganglia are composed of gray
and white nerve-fibres, the latter being continuous with those fibres of the spinal
nerves which pass to the ganglia.
2. The branches of communication between the ganglia and the cerebral or
spinal nerves also consist of a white and a gray portion
the former proceeding
from the spinal nerve to the ganglion, the latter passing/VoTTi the ganglion to the
spinal nerve.
3. The primary branches of distribution also consist of two kinds of nervefibres, the sympathetic and spinal.
They have a remarkable tendency to form
intricate plexuses, which encircle the blood-vessels, and are conducted by them
to the viscera.
The greater number, however, of these branches pass to a series
of visceral ganglia.
These are ganglionic masses, of variable size, situated in the
large cavities of the trunk, the thorax, and abdomen; and are connected with the
roots of the great arteries of the viscera.
The visceral ganglia are single and
unsymmetrical, and are called the cardiac and semilunar. From these visceral
:

;
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ganglia numerous plexuses of nerves are derived, wliicli entwine round the bloodvessels, and are conducted b}^ them to the viscera.
The cephalic portion of the sympathetic consists of four ganglia
1. The
ophthalmic ganglion. 2. The spheno-palatine, or Meckel's ganglion. 3. The
4. The submaxillary ganglion.
otic, or Arnold's ganglion.
These have been already described in connection with the three divisions of
the fifth nerve.
:

—

Cervical Portion of the Sympathetic.

The

cervical portion of the sympathetic consists of three ganglia on each side,
to their position, as the superior, middle, and
inferior cervical.
The Superior Cervical Ganglion, the largest of the three, is placed opposite
the second and third cervical vertebrse and sometimes as low as the fourth or fifth.
It is of a reddish-gray color, and usually fusiform in shape
sometimes broad,
and occasionally constricted at intervals, so as to give rise to the opinion that it
consists of the coalescence of several smaller ganglia.
It is in relation, in front,
with the sheath of the internal carotid artery and internal jugular vein behind
it lies on the Rectus capitis anticus major muscle.
Its branches may be divided into superior, inferior, external, internal, and
anterior.
The superior branch appears to be a direct continuation of the ganglion. It

which are distinguished, according

;

;

is soft in texture, and of a reddish color.
It ascends by the side of the internal
carotid artery, and, entering the carotid canal in the temporal bone, divides into
two branches, which lie, one on the outer, and the other on the inner side of that

vessel.

The outer branchy the larger of the two. distributes filaments to the internal
carotid artery, and forms the carotid plexus.
The inner branch also distributes filaments to the internal carotid, and, continuing onwards, forms the cavernous plexus.
Carotid Plexus.

The carotid plexus is situated on the outer side of the internal carotid. Filaments from this plexus occasionally form a small gangliform swelling on the
under surface of the artery, which is called the carotid ganglion. The carotid
plexus communicates with the Casserian ganglion, with the sixth nerve, and
spheno-palatine ganglion, and distributes filaments to the wall of the carotid
artery, and to the dura mater (Valentin), while in the carotid canal it communicates with Jacobson's nerve, the tympanic branch of the glosso-pharyngeal.
The communicating branches with the sixth nerve consist of one or two maments
which join that nerve as it lies upon the outer side of the internal carotid. Other
filaments are also connected with the Casserian ganglion.
The communication
with the spheno-palatine ganglion is effected by tlie carotid portion of the Vidian
nerve, which passes forwards, through the cartilaginous substance filling the foramen lacerum medium, along t-he pterygoid or Vidian canal, to the spheno-palatine
ganglion.
In this canal it joins the petrosal branch of the Vidian.

Cavernous Plexus.
The cavernous plexus is situated below, and internal to that part of the internal
which is placed by the side of the sella Turcica, in the cavernous sinus,
and is formed chiefly by the internal division of the ascending branch from the

carotid

superior cervical ganglion. It communicates with the third, fourth, fifth, and
sixth nerves, and with the ophthalmic ganglion, and distributes filaments to the
wall of the internal carotid.
The branch of communication with the third nerve

MIDDLE CERVICAL GANGLION.
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tlie branch to the fourth nerve joins it as it lies
joins it at its point of division
on the outer Avail of the cavernous sinus other filaments are connected with the
under surface of the trunk of the ophthalmic nerve and a second filament of
communication joins the sixth nerve.
The filameut of connection with the ophthalmic ganglion arises from the anteit accompanies the nasal nerve, or continues
rior part of the cavernous plexus
:

;

;

;

forwards as a separate branch.
The terminal filaments from the carotid and cavernous plexuses are prolonged
along the intei iial carotid, forming plexuses which entwine round the cerebral
and ophthalmic arteries along the former vessel they may be traced on to the pia
mater along the latter, into the orbit, where thej^ accompan}^ each of the subdivisions of the vessel, a separate plexus passing with the arteria centralis retinas
The filaments prolonged on to the anterior
into the interior of the eyeball.
communicating artery form a small ganglion, the ganglion of Ribes^ which serves,
as mentioned above, to connect the sjaiipathetic nerves of the right and left sides.
The inferior or descending branch of the superior cervical ganglion communicates Avith the middle cervical ganglion.
The external branches are numerous, and communicate with the cranial nerves,
and with the four upper spinal nerves. Sometimes the branch to the fourth spinal
nerve may come from the cord connecting the upper and middle cervical ganglia.
The branches of communication Avith the cranial nerves consist of delicate filaments, Avhich pass from the superior cervical ganglion to the ganglion of the trunk
of the pneumogastric, and to the ninth nerve.
separate filament from the
cervical ganglion subdivides and joins the petrosal ganglion of the glosso-pharyngeal, and the ganglion of the root of the pneumogastric in the jugular foramen.
The internal branches are three in number the pharjaigeal, laryngeal, and
superior cardiac nerve.
The pharyngeal branches pass inwards to the, side of
the pharynx, where they join Avith branches from the pneumogastrijl?, glossopharyngeal, and external laryngeal nerves to form the pharyngeal plexitis.
The
laryngeal branches unite Avith the superior laryngeal nerve and its bran>"phes.
The superior cardiac nerve will be described in connection Avith the other
;

;

A

:

cardiac nerves.
The anterior branches ramify upon the external carotid artery and its branches,
forming round each a delicate plexus, on the nerves composing AAdiich small ganglia are occasionally found.
These ganglia have been named, according to their
position, intercarotid^ (one placed at the angle of bifurcation of the common
carotid), lingual, temporal, and pharyngeal.
The plexuses accompanying some
of these arteries have important communications Avith-^ther nerves.
That surrounding the external carotid is connected with the branch of the facial nerve
to the stylo-hyoid muscle
that surrounding the facial communicates with the
submaxillary ganglion by one or tAA^o filaments and that accompanjnng the
middle meningeal artery sends offsets which pass to the otic ganglion and to the
intumescentia gangliformis of the facial nerve (external petrosal).
The Middle Cervical GANG-Lioisr (thyroid ganglion) is the smallest of the
three cervical ganglia, and is occasionally altogether wanting.
It is placed opposite the fifth cervical vertebra, usually upon, or close to, the inferior thyroid
artery hence the name " thyroid ganglion," assigned to it by ITaller.
Its superior branches ascend to commuriicat& with the superior cervical gan;

;

;

glion.
Its inferior branches

descend to communicate with the inferior cervical gan-

glion.
Its external branches pass outwards to join the fifth and sixtli spinal nerves.
Those branches are not constantly found.
Its internal branches are the thyroid and the middle cardiac nerve.

The

thyroid, branches are small filaments, Avhich

^

This ganglion

is

of the

same structure

accompany the

as the coccygeal

inferior thyroid

gland (Luschka).

;
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artery to the thyroid gland; they commnnicate, on the artery, with the superior
cardiac nerve, and, in the gland, with branches from the recurrent and external
laryngeal nerves.
The middle cardiac nerve is described with the other cardiac nerves.
The Ikferior Cervical Ganglion is situated between the base of the transverse process of the last cervical vertebra and the neck of the first rib, on the
Its form is irregular; it is larger
inner side of the superior intercostal artery.
in size than the preceding, and frequently joined with the first thoracic ganglion.
Its superior branches communicate with the middle cervical ganglion.
Its inferior tranches descend, some in front of, others behind, the subclavian
The most important of these branches
artery, to join the first thoracic ganglion.
constitutes the inferior cardiac nerve, to be presently described.
The external branches consist of several filaments, some of which communicate
with the seventh and eighth spinal nerves others accompany the vertebral
artery along the vertebral canal, forming a plexus round the vessel, suppl3dng it
with filaments, and communicating with the cervical spinal nerves as high as the
fourth.
;

Cardiac Nerves.

The

number on each side superior, middle, and
one being derived from each of the cervical ganglia.

cardiac nerves are three in

inferior,

:

The superior cardiac nerve (nervus superficialis cordis) arises by two or more
branches from the superior cervical ganglion, and occasionally receives a filament
from the cord of communication between the first and second cervical ganglia.
It runs down the neck behind the common carotid artery, lying upon the Longus
colli muscle; and crosses in front of the inferior thyroid artery and the recurrent laryngeal nerve.
The right superior cardiac nerve^ at the root of the neck, passes either in front
of or behind the subclavian artery, and along the arteria innominata, to the back
This nerve,
part of the arch of the aorta, where it joins the deep cardiac plexus.
in its course, is connected with other branches of the sympathetic; about the
middle of the neck it receives filaments from the external laryngeal nerve lower
down, one or two twigs from the pneumogastric and as it enters the thorax, it
joins with the recurrent laryngeal.
Filaments from this nerve communicate
with the thyroid branches from the middle cervical ganglion, and accompany
these nerves to the thyroid gland.
The left superior cardiac nerve^ in the chest, runs by the side of the left carotid
artery, and in front of the arch of the aorta, to the superficial cardiac plexus
but occasionally it passes behind the aorta, and terminates in the deep cardiac
plexus.
The middle cardiac nerve (nervus cardiacus magnus), the largest of the three,
arises from the middle cervical ganglion, or from the cord between the middle
and inferior ganglia. On the right side it descends behind the common carotid
artery and at the root of the neck passes either in front of or behind the subclavian artery it then descends on the trachea, receives a few filaments from the
recurrent laryngeal nerve, and joins the deep cardiac plexus. In the neck, it
communicates with the superior cardiac and recurrent laryngeal nerves. On the
left side, the middle cardiac nerve enters the chest between the left carotid and
subclavian arteries, and joins the left side of the deep cardiac plexus.
The inferior cardiac nerve (nervus cardiacus minor) arises from the inferior
cervical or first thoracic ganglion.
It passes down behind the subclavian artery
and along the front of the trachea, to join the deep cardiac plexus. It communicates freely behind the subclavian artery with the recurrent laryngeal and middle
cardiac nerves.
The great or deep cardiac p)lexus {^plexus magnus prof andus Scarpa) is situated
in front of the trachea at its bifurcation, above the point of division of the pulmonary artery, and behind the arch of the aorta. It is formed by the cardiac
;

;

'

;

;

—

;
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nerves derived from the cervical ganglia of the sympathetic, and the cardiac
l3ranches of the recurrent laryngeal and pneumogastric.
The only cardiac nerves
which do not enter into the formation of this plexus are the left superior cardiac
nerve and the left inferior cervical cardiac branch from the pneumogastric. The
branches derived from the great cardiac plexus form the posterior coronary
plexus, and part of the anterior coronary plexus whilst a few filaments proceed
to the pulmonary plexuses, and to the auricles of the heart.
The branches from the right side of this plexus pass, some in front of, and
others behind the right pulmonary artery the former, the more numerous, transmit a few filaments to the anterior pulmonary plexus, and are continued along
the trunk of the pulmonary artery, to form part of the anterior coronary plexus;
those behind the pulmonary arterj^ distribute a few filaments to the right auricle,
and form part of the posterior coronary plexus.
The branches from the left side of the deep cardiac plexus distribute a few filaments to the left auricle of the heart and the anterior ]julmonary plexus, and then
pass on to form the greater part of the posterior coronary plexus, a few branches
passing to the superficial cardiac plexus.
The swperjicial {anterior) cardiac plexus lies beneath the arch of the aorta, in
It is formed by the left superior cardiac
front of the right pulmonary artery.
nerve, the left (and occasionally the right) inferior cervical cardiac branches of the
pneumogastric, and filaments from the deep cardiac plexus.
small ganglion
{cardiac ganglion of Wrisberg) is occasionally found connected with these nerves
This ganglion, when present, is situated immediately
at their point of junction.
beneath the arch of the aorta, on the right side of the ductus arteriosus. The
superficial cardiac plexus forms the chief part of the anterior coronary plexus,
and several filaments pavss along the pulmonary artery to the left anterior pul;

;

A

monary plexus.
The posterior coronary plexus

is chiefly formed by filaments prolonged from the
of the deep cardiac plexus, and by a few from the right side.
It surrounds the branches of the coronary artery at the back of the heart, and its
filaments are distributed with those vessels to the muscular substance of the ven-

left side

tricles.

The anterior coronary plexus is formed chieflj^from the superficial cardiac plexus,
"but receives filaments from the deep cardiac plexus.
Passing forwards between
the aorta and pulmonary artery, it accompanies the right coronary artery on the
anterior surface of the heart.
Valentin has described nervous filaments ramifying under the endocardium
and Remak has found, in several mammalia, numerous small ganglia on the cardiac nerves, both on the surface of the heart and in its muscular substance.
The
.elaborate dissections of the late Dr. Robert Lee have demonstrated, without any
doubt, the existence of a dense mesh of nerves distributed both to the surface and
in the substance of the heart, having numerous ganglia developed upon them.
Thoracic Part of the Sympathetic.

The thoracic portion of the sympathetic consists of a series of ganglia, which
usually correspond in number to that of the vertebrae but, from the occasional
coalescence of two, their number is uncertain.
These ganglia are placed on each
side of the spine, resting against the heads of the ribs, and covered by the pleura
costalis
the last two are, however, anterior to the rest, being placed on the side
of the bodies of the vertebrte.
The ganglia are small in size, and of a grayish
color.
The first, larger than the rest, is of an elongated form, and usually blended
with the last cervical. They are connected together by cord-like prolongations
from their substance.
The external branches from each ganglion, usually two in number, communicate
with each of the dorsal spinal nerves.
The internal branches from the six upper ganglia are very small they supply
;

:

;
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filaments to tlie thoracic aorta and its brandies, besides small branclies to the
bodies of the vertebras and their ligaments. Branches from the third and fourth
ganglia form part of the posterior pulmonary plexus.
The internal branches from the six loioer ganglia are large and white in color;
they distribute filaments to the aorta, and unite to form the three splanchnic
These are named the great^ the lesser^ and the smallest or renal splanchnic.
nerves.
The great splanchnic nerve is of a white color, firm in texture, and bears a
marked contrast to the ganglionic nerves. It is formed by branches from the
thoracic ganglia between the sixth and tenth, receiving filaments (according to
Dr. Beck) from all the thoracic ganglia above the sixth.
These roots unite to
form a large round cord of considerable size. It descends obliquely inwards in
front of the bodies of the vertebras along the posterior mediastinum, perforates
the cms of the Diaphragm, and terminates in the semilunar ganglion, distributing'
filaments to the renal plexus and suprarenal capsule.
The lesser splanchnic nerve is formed b}^ filaments from the tenth and eleventh
ganglia, and from the cord between them.
It pierces the Diaphragm with the
preceding nerve, and joins the coeliac plexus.
It communicates in the chest with
the great splanchnic nerve, and occasionally sends filaments to the renal plexus.
^\\Qsmallest^ or renal splanchnic nerve^ arises from the last ganglion, and, piercing
the Diaphragm, terminates in the renal plexus and lower part of the coeliac plexus.
It occasionally communicates with the preceding nerve.
striking analogy appears to exist between the splanchnic and the cardiac
nerves.
The cardiac nerves are three in number they arise from the three
cervical ganglia, and are distributed to a large and important organ in the thoracic
cavity.
The splanchnic nerves, also three in number, are connected probably
with all the dorsal ganglia, and are distributed to important organs in the abdominal cavity.
The epigastric or solar plexus supplies all the viscera in the abdominal cavity.
It consists of a great network of nerves and ganglia, situated behind the stomach
and in front of the aorta and crura of the Diaphragm. It surrounds the coeliac
axis and root of the superior mesenteric artery, extending downwards as low as
This plexus, and the
the pancreas, and outwards to the suprarenal capsules.
ganglia connected with it, receive the great splanchnic nerve of both sides, part
of the lesser splanchnic nerves, and the termination of the right pneumogastric.
It distributes filaments, which accompany, under the name of plexuses, all the
branches from the front of the abdominal aorta.
The semilunar ganglia of the solar plexus, two in number, one on each side, are
the largest ganglia in the body.- They are large, irregular gangliform masses,
formed by the aggregation of smaller ganglia, having interspaces between them.
They are situated by the side of the coeliac axis and superior mesenteric artery,
close to the suprarenal capsules
the one on the right side lies beneath the vena
cava the upper part of each ganglion is joined by the greater splanchnic nerve,,
and to the inner side of each the branches of the solar plexus are connected.
From the solar plexus are derived the following

A

;

:

;

:

Phrenic or Diaphragmatic plexus.
Coeliac plexus.
Grastric plexus.
Hepatic plexus.
Splenic plexus.

Suprarenal plexus.
Renal plexus.
Superior mesenteric plexus.
Spermatic plexus.
Inferior mesenteric plexus.

Diaphragm, which it
It arises from the
upper part of the semilunar ganglion, and is larger on the right than on the left
side.
It receives one or two branches from the phrenic nerve.
In connection
with this plexus, on the right side, at its point of junction with the phrenic nerve,
is a small ganglion [ganglion diaphragmaticum).
This ganglion is placed on the
under surface of the Diaphragm, near the suprarenal capsule. Its branches are
T\\Q phrenic plexus accompanies the phrenic artery to the
supplies, some filaments passing to the suprarenal capsule.

PLEXUSES

IN

ABDOMEN.
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distributed to the vena cava, suprarenal capsule, and the hepatic plexus.

There
no ganglion on the left side.
The suprarenal -plexus is formed by branches from the solar plexus, from the
semilunar ganglion, and from the phrenic and splanchnic nerves, a ganglion being
formed at the point of junction of the latter nerve. It supplies the suprarenal
gland.
The branches of this plexus are remarkable for their large size, in comparison with the size of the organ they supply.
The renal plexus is formed by filaments from the solar plexus, the outer part of
It is also joined by filaments from
the semilunar ganglion, and the aortic plexus.
The nerves from these sources, fifteen
the lesser and smallest splanchnic nerves.
or twenty in number, have numerous ganglia developed upon them. They accompany the branches of the renal artery into the kidney some filaments on the right
side being distributed to the vena cava, and others to the spermatic plexus, on
both sides.
The spermatic plexus is derived from the renal plexus, receiving branches from
It accompanies the spermatic vessels to the testes.
the aortic plexus.
In the female, the ovarian plexus is distributed to the ovaries and fundus of the
is

;

uterus.

The cce-liac plexus^ of large size, is a direct continuation from the solar plexus:
surrounds the coeliac axis, and subdivides into the gastric, hepatic, and splenic
plexuses. It receives branches from the lesser splanchnic nerves, and, on the left
side, a filament from the right pneumogastric.
The gastric plexus accompanies the gastric artery along the lesser curvature
of the stomach, and joins with branches from the left pneumogastric nerve.
It
is distributed to the stomach.
it

The

from the coeliac plexus, receives filaments
pneumogastric and right phrenic nerves. It accompanies the
hepatic artery, ramifying in the substance of the liver, upon its branches, and
upon those of tl^ie vena portse.
Branches from this plexus accompany all the divisions of the hepatic artery.
Thus there is a pyloric plexus accompanying the pyloric branch of the hepatic,
which joins with the gastric plexus, and pneumogastric nerves. There is also a
hepatic plexus^ the largest offset

from the

left

gastro-duodenal plexus, which subdivides into the pancreatico-duodenal plexus,
which accompanies the pancreatico-duodenal artery, to supply the pancreas and
duodenum, joining with branches from the mesenteric plexus and a g astro -epiploic
plexus, which accompanies the right gastro-epiploic artery along the greater curvature of the stomach, and anastomoses with branches from the splenic plexus.
cystic plexus, which supplies the gall-bladder, also arises from the hepatic plexus,
near the liver.
The splenic plexus is formed by branches from the right semilunar ganglia, and
from the right pneumogastric nerve. It accompanies the splenic artery and its
branches to the substance of the spleen, giving off, in its course, filaments to the
pancreas {^pancreatic plexus)^ and the left gasti'o-epiploic plexus, which accompanies the gastro-epiploica sinistra artery along the convex border of the stomach.
The superior mesenteric plexus is a continuation of the lower part of the great
solar plexus, receiving a branch from the junction of the right pneumogastric
nerve with the coeliac plexus. It surrounds the superior mesenteric artery, which
it accompanies into the mesentery, and divides into a number of secondary plexuses, which are distributed to all the parts supplied by the artery, viz., pancreatic
branches to the pancreas intestinal branches, which supply the whole of the small
intestine
and ileo-colic, right colic, and middle colic branches, which supply the
corresponding parts of the great intestine. The nerves composing this plexus are
white in color and firm in texture, and have numerous ganglia developed upon
them near their origin.
The aortic plexus is formed by branches derived, on each side, from the semilunar ganglia and renal plexuses, receiving filaments from some of the lumbar
ganglia. It is situated upon the sides and front of the aorta, between the origins
;

A

;

;
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of the sujDerior and inferior mesenteric arteries. From this plexus arise the
inferior mesenteric, part of the spermatic, and the hypogastric plexuses
and it
distributes filaments to the inferior vena cava.
The inferior mesenteric plexus is derived chiefly from the left side of the aortic
plexus.
It surrounds the inferior mesenteric artery, and divides into a number
of secondary plexuses, which are distributed to all the parts supplied by the
artery, viz., the left colic and sigmoid plexuses, which supplies the descending and
sigmoid flexure of the colon and the superior hemorrhoidal plexus, which supplies the upper part of the rectum, and joins in the pelvis with branches from
the left hypogastric plexus.
;

:

The Lumbar Portion

of the Sympathetic.

The lumbar portion of the sympathetic is situated in front of the vertebral
column, along the inner margin of the Psoas muscle. It consists usually of four
The ganglia are of small
ganglia, connected together by interganglionic cords.
size, of a grayish color, shaped like a barleycorn, and placed much nearer the
median line than the thoracic ganglia.
The superior and inferior hranches of the lumbar ganglia serve as communiThey are usually
cating branches between the chain of ganglia in this region.
single, and of a white color.
The external hranches communicate with the lumbar spinal nerves. From the
situations of the lumbar ganglia, these branches are longer than in the other
They are usually two in number for each ganglion, and accompany the
regions.
lumbar arteries around the sides of the bodies of the vertebrae, passing beneath
the fibrous arches from which some of the fibres of the Psoas muscle arise.
The internal hranches pass inwards, in front of the aorta, and from the aortic
plexus, already described.
Other branches descend in front of the common iliac
arteries, and join, over the promontory of the sacrum, to form the hypogastric
plexus.
Numerous delicate filaments are also distributed to the bodies of the
vertebrae and the ligaments connecting them.

Pelvic Portion of the Sympathetic.

The pelvic portion of the sympathetic is situated in front of the sacrum, along
the inner side of the anterior sacral foramina. It consists of four or five small
ganglia on each side, connected together by interganglionic cords. Below, these
cords converge and unite on the front of the coccyx, by means of a small ganglion
[the coccygeal ganglion or ganglion impar).
The superior and inferior hranches are the cords of communication between the
ganglia above and below.
The external branches^ exceedingi}^ short, communicate with the sacral nerves.
They are two in number from each ganglion. The coccygeal nerve communicates
either with the last sacral or coccygeal ganglion.
The internal hranches communicate, on the front of the sacrum, with the corresponding branches from the opposite side some, from the first two ganglia, pass
to join the pelvic plexus, and others form a plexus which accompanies the middle
;

sacral artery.

The

hypogastric plexus supplies the viscera of the pelvic cavity. It is situated
promontory of the sacrum, between the two common iliac arteries,
and is formed by the union of numerous filaments, which descend on each side
from the aortic plexus, from the lumbar ganglia, and from the first two sacral
ganglia. This plexus contains no ganglia
and bifurcates, below, into two lateral
portions, which form the inferior hypogastric, or pelvic plexuses.
in front of the

;

GANGLIA AND NERVES OF THE GRAVID UTERUS.
Fig. 419.

—Ganglia and Fei-ves of the Gravid Uterus

at the

721

end of the Ninth Month.

After Dr. R. Lee.

B. The vagina covered
A. The fundus and body of the uterus, having the peritoneum dissected otF from the left side
with nerves proceeding from tlie inferior border of tlie left hypogastric ganglion.
The rectum. D. The left ovarium
and Fallopian tube. E. The trunk of the left spermatic vein and artery surrounded by the left spermatic ganglion. F.
The aorta divided a little above the origin of the right spermatic artery, and about three inches above its division into
the two common iliac arteries. G. The vena cava. H. Trunk of the riglit spermatic vein entering the vena cava. I. Eight
ureter. K. The two cords of the great sympathetic nerve passing down along the front of the aorta.
L. Trunk of the
inferior mesenteric artery, passing off from the aorta, and covered with a great plexus of nerves sent off' from the left
and right cords of the great sympathetic. M. M. The two cords of the great sympathetic passing down below the
bifurcation of the aorta to the point where they separate into the right and left hypogastric nerves. N. The right hypogastric nerve with its artery injected proceeding to the neck of the uterus, to terminate in the right hypogastric ganglion.
0. The left hypogastric nerve where it is entering the left hypogastric ganglion, and giving ott' branches to the left subperitoneal ganglion. P. Hemorrhoidal nerves accompanying the hemorrhoidal artery and proceeding from the great
plexus which surrounded the inferior mesenteric artery. Q. The sacral nerves entering the whole outer surface of the
hypogastric ganglion. R. The left hypogastric ganglion with its arteries injected. S. The nerves of the vagina. T.
Nerves with an injected artery proceeding from the upper part of the left hypogastric ganglion along the body of the
uterus, and terminating in the left spermatic ganglion.
U. Continuation of these nerves and the branches which they
give otf to the subperitoneal plexuses. V. The same nerves passing upward beneath the subperitoneal plexuses, and
anastomosing freely with them. W. The left spermatic ganglion, in which the nerves and artery from the hy])Ogastric
ganglion, and the branches of the left subperitoneal plexuses terminate, and from which the nerves of the I'undtis uteri
are supplied. X. The left subperitoneal plexuses covering the body of the uterus. Y. The left subperitoneal ganglion, with numerous branches of nerves extending between it and the left, hypogastric nerve and ganglion.
Z. The
left common iliac artery cut across and turned aside, that the left hypogastric nerve and ganglion might be traced and

C

exposed.

46

SYMPATHETIC NERVE.

722

Inferior Hypogastric, or Pelvic Plexus.

The inferior hypogastric, or pelvic plexus, is situated at the side of the rectum
and bladder in the male, and at the side of the rectum, vagina, and bladder in tlie
female.
It is formed by a continuation of the hypogastric plexus, by branches
from the second, third, and fourth sacral nerves, and by a few filaments from the
sacral ganglia.

From

At

the point of junction of these nerves small ganglia are found.

numerous branches are distributed to all the viscera of the
pelvis.
They accompany the branches of the internal iliac artery.
The inferior hemorrlioidal plexus arises from the back part of the pelvic plexus.
this plexus

rectum, joining with branches of the superior hemorrhoidal plexus.
from the fore part of the pelvic plexus. The nerves
composing it are numerous, and contain a large proportion of spinal nerve-fibres.
They accompany the vesical arteries, and are distributed at the side and base of
the bladder.
Numerous filaments also pass the vesiculge seminales and vas
deferens: those accompanying the vas deferens join, on the spermatic cord, with
branches from the spermatic plexus.
The prostatic plexus is continued from the lower part of the pelvic plexus.
The nerves composing it are of large size. They are distributed to the prostate
gland, vesicuhe seminales, and erectile structure of the penis.
The nerves
supplying the erectile structure of the penis consist of two sets, the small and
large cavernous nerves.
They are slender filaments, which arise from the fore
part of the prostatic plexus
and after joining with branches from the internal
pudic nerve, pass forwards beneath the pudic arch.
The small cavernous nerves perforate the fibrous covering of the penis, near
It supplies the

The

vesical plexus arises

;

its roots.

The large cavernous nerve passes forwards along the dorsum of the penis, joins
with the dorsal branch of the pudic nerve, and is distributed to the corpus
cavernosum and spongiosum.
The vaginal plexus arises from the lower part of the pelvic plexus. It is lost
on the walls of the vagina, being distributed to the erectile tissue at its anterior
part and to the mucous membrane.
The nerves composing this plexus contain,
like the vesical, a large proportion of spinal nerve-fibres.
The uterine nerves arise from the lower part of the hypogastric plexus, above
the point where the branches from the sacral nerves join the pelvic plexus.
They accompany the uterine arteries to the side of the organ between the layers
of the broad ligament, and are distributed to the cervix and lower part of the
body of the

uterus, penetrating its substance.

Other filaments pass separately to the body of the uterus and Fallopian
tube.

Branches from the hypogastric plexus accompany the uterine arteries into the
the uterus.
Upon these filaments ganglionic enlargements are

substance of
found.

For a detailed account of the supply of nerves to the uterus, and for a description of the
changes which these nerves and tlieir ganglia undergo during pregnancy, the reader is referred
to the papers on " The Anatomy of the Nerves of the Uterus," published by Dr. Kobert Lee.

Organs of Sense.
organs of
senses are five in number,
those of touch, of taste, of
THEsmell,
of hearing, and of sight.
The skin, which
the principal seat of
tlie

viz.,

is

the sense of touch, has been described in the Introduction.

The Tongue.
The Tongue
floor of the

is

the organ of the special sense of taste.

mouth, in the interval between the two
Fig. 420.

— Upper Surface of

It is situated in the

lateral portions of the

body

the Tongue.

I'lliform

Fig. 421.

—The three kinds of

papillaj magnified.

of the lower jaw.
Its base, or roox, is directed backwards, and connected with
the OS hyoides by numerous muscles, with the epiglottis by three folds of mucous
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membrane, which form the glosso- epiglottic ligaments, and with the soft palate
by means of the anterior pillars of the fauces. Its apex or tip, thin and narrow,
is directed forwards against the inner surface of the lower incisor teeth.
The
under surface of the tongue is connected with the lower jaw by the Genio-hjoglossi muscles; from its sides, the mucous membrane is reflected to tlie inner
surface of the gums and, in front, a distinct fold of that membrane, the frsenum
;

linguse^ is

The

tip

formed beneath

its

under

surface.

of the tongue, part of the under surface,

its sides,

and dorsum, are

free.

The dorsum of the tongue is convex, marked along the middle line by a raphe,
which divides it into two symmetrical halves this raphe terminates behind,
about half an inch from the base of the organ, a little in front of a deep mucous
The anterior two-thirds of this surface are rough
follicle, Xh-Q foramen csecum.
and covered with papillae the posterior third is smoother, and covered by the
projecting orifices of numerous muciparous glands.
The mucous raembrane invests the entire extent of the free surface of the
On the under surface of the organ it is thin and smooth, and may be
tongue.
traced on either side of the frasnum, through the ducts of the submaxillary
glands; and betAveen the sides of the tongue and the lower jaw, through the
;

;

As it passes over the borders of the organ, it
ducts of the sublingual glands.
gradually assumes its papillary character.
The mucous membrane of the tongue consists of structures analogous to those
of the skin, namely, a cutis or co7'ium, supporting numerous j^opiUse^ and covered,
as well as the papilla, with epithelium.
The cutis is tough, but thinner and less dense than in most parts of the skin,
and is composed of similar tissue. It contains the ramifications of the numerous vessels and nerves from which the papillae are supplied, and affords insertion
to all the intrinsic muscular fibres of the organ.
The papillge of the tongue are thickly distributed over the whole of its upper
They are more prominent than
surface, giving to it its characteristic roughness.
those of the skin, standing out from the surface like the villi of the intestine.
The principal varieties are the papillae maximse {circumvallatse), papillee mediae
(fungi/orTnes)^ and papillae minimge {coiiicse or jiliformes).
1^\\Q papillse m,axim,ae (circumvallatae) are of large size, and vary from eight
They are situated at the back part of the dorsum of the
to ten in number.
tongue, near its base, forming a row on each side, which, running backwards and
inwards, meet in the middle line, like the two lines of the letter
inverted.
Each papilla consists of a central flattened projection of mucous membrane from
to J3J of an inch wide, attached to the bottom of a cup-shaped depression of
the papilla is in shape like a truncated cone
the
the mucous membrane
smaller end being directed downwards and attached to the tongue, the broader
part or base projecting on the surface and being studded with numerous small
papillge, which, however, are covered by a smooth layer of the epithelium.
The
cup-shaped depression forms a kind of fossa round the papilla, having a circular
margin of about the same elevation, covered with small papillae. At the point
of junction of the two rows of papillas is the deep depression, the foramen
csecum.^ mentioned above.
The papillm medise (fungiformes), more numerous than the preceding, are
but are
scattered irregularly and sparingly over the dorsum of the tongue
found chiefly at its sides and apex. They are easily recognized, among the
other papilla, by their large size, rounded eminences, and deep red color. They
are narrow at their attachment to the tongue, but broad and rounded at their
free extremities, and covered with secondary papillae.
Their epithelial investment is very thin.
^\iQ papillae mini'mse (conicae
filiformes), cover the anterior two-thirds of the
dorsum of the tongue. They are very minute, more or less conical or filiform in
shape, and arranged in lines corresponding in direction with the two rows of the

V

tt'-q

;

;

;

—

;
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excepting at the apex of the organ, where their direction
They have projecting from their apices numerous fihform proctransverse.
esses, or secondary papillse, which are of a whitish tint, owing to the thickness
and density of the epithelium of which they are composed. They contain also a
number of elastic fibres, which render them firmer and more elastic than the
They often inclose minute fibres,
papillse of mucous membrane generally.
papilliB circumvallatge

;

is

which have the appearance of fine hairs.
Simple papillse^ similar to those of the

skin, are dispersed very unequally
the compound forms, and exist sparingly on the surface of the tongue
behind the circumvallate variety, buried under a layer of epithelium.
The papillas apparently resemble in structure those
Structure of the papillse.
of the cutis, consisting of a cone-shaped projection of connective tissue, covered
with a thick layer of squamous epithelium, and contain one or more capillary
If the epiloops, amongst which nerves are distributed in great abundance.
thelium is removed, it will be found that they are not simple processes like the
papilke of the skin, for the surface of each is studded with minute conical processes of the mucous membrane, which form
secondary papillse (Todd and Bowman). In the
Fig. 422.— Taste-goblets.
papillse circumvallatse the nerves are numerous
and of large size in the papillae fungiformes they
are also numerous, and terminate in a plexiform
network, from which brush-like branches proceed
in the papillas filiformes their mode of termination
is uncertain.
Buried in the epidermis of the
papillse circumvallatge, and in some of the fungiformes, certain peculiar bodies, called taste -goblets^
have been described.^
They are flask-like in
shape, their broad base resting on the corium,

among

;

and their neck opening by an

orifice

between

a. Central cell.
6. Cortical cell.
the cells of the epithelium.
They are formed
by two kinds of cells the exterior, which are
arranged in several layers, being spindle-shaped and flattened, and in contact
by their edges the tapering extremities extending from the base to the apex of
the organ.
They thus inclose the central cells, which are also spindle-shaped,
but not flattened, and have a large spherical nucleus about the middle of the cell.
Both extremities are filamentous the inner process is described as continuous
with the terminal fibril of a nerve, while the outer one projects as an extremely
fine hair through the orifice of the taste-goblet.^
Besides the papillse, the mucous membrane of the tongue is provided with
glands, and at the posterior part contains large quantities of lymphoid tissue.
The mucous glands (lingual), similar in structure to the labial and buccal, are
found chiefly beneath the mucous membrane of the posterior third of the dorsum
of the tongue.
There is a small group of these glands beneath the tip of the
tongue, a few along the borders of the organ, and some in front of the circumvallate papillse projecting in the muscular substance.
Their ducts open either
upon the surface, or into the depressions round the large papillse.
The lymphoid tissue is situated, for the most part, at the back of the tongue,
between the epiglottis and the circumvallate papillse, and is collected at numerous
points into distinct masses, known as follicles.
Here and there in this situation
are depressions in the mucous membrane, which are surrounded by nodules of
lymphoid tissue, like the arrangement in the tonsil, into them open some of the
ducts of the lingual glands.
The epithelium is of the scaly variety, like that of the epidermis. It covers the
free surface of the tongue, as may be easily demonstrated by maceration, or boil:

;

;

—

^ These bodies are also found
in considerable numbers at the side of the base of the tongue,
just in front of the anterior pillars of the fauces.
^ See Engelnian, in Strieker's Handbook (New Syd. Soc.'s Trans
), vol. iii., p. 2.
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it can be detached entire
it is much thinner than in the skin
the
between the large papillse are not filled up by it, but each papilla has a
separate investment from roof to summit.
The deepest cells may sometimes be

ing,

when

:

:

intervals

detached as a separate layer, corresponding to the rete mucosum, but they never
contain coloring matter.
The tongue consists of two symmetrical halves, separated from each other, in
the middle line, by a fibrous septum.
Each half is composed of muscular fibres
arranged in various directions, containing much interposed fat, and supplied by
and partly invested by mucous membrane, and a submucous
vessels and nerves
fibrous stratum.
Into the latter the muscular fibres are inserted that pass to the
surface.
It is thicker behind than in front, and is continuous with the sheaths of
the muscles attached to it.
The fibrous septum consists of a vertical layer of fibrous tissue, extending
throughout the entire length of the middle line of the tongue, from the base to
the apex. It is thicker behind than in front, and occasionally contains a small
fibro-cartilage, about a quarter of an inch in length.
It is well displayed by
making a vertical section across the organ. Another strong fibrous lamina,
termed the hyoglossal membrane^ connects the under surface of the base of the
tongue to the body of the hyoid bone. This membrane receives, in front, some
of the fibres of the Genio-hyo-glossi.
Each half of the tongue consists of extrinsic and intrinsic muscles. The former
have been already described they are the Hyo-glossus, Genio-hyo-glossus, Styloglossus, Palato-glossus, and part of the Superior constrictor.
The intrinsic muscular fibres are described along with the Lingualis on p. 372.
The arteries of the tongue are derived from the lingual, the facial, and ascending
pharyngeal.
The nerves of the tongue are three in number in each half: the gustatory
branch of the fifth, which is distributed to the papillas at the fore part and sides
of the tongue the lingual branch of the glosso-pharyngeal, which is distributed
to the mucous membrane at the base and side of the tongue, and to the papillae
circumvallatse and the hypoglossal nerve, which is distributed to the muscular
substance of the tongue. The two former are nerves of common sensation and
of taste the latter is the motor nerve of the tongue.
:

;

;

;

;

The Nose.
The nose is the special organ of the sense of smell by means of the peculiar
properties of its nerves it protects the lungs from the inhalation of deleterious
gases, and assists the organ of taste in discriminating the properties of food.
The organ of smell consists of two parts, one external, the nose the other
internal, the nasal fossge.
The nose is the more anterior and prominent part of the organ of smell. It is
of a triangular form, directed vertically downwards, and projects from the centre
of the face, immediately above the upper lip.
Its summit, or root, is connected
directly with the forehead.
Its inferior part, the base of the nose, presents two
elliptical orifices, the nostrils, separated from each other by an antero-posterior
septum, the columna. The margins of these orifices are provided with a number
of stiff' hairs, or vibrissse, which arrest the passage of foreign substances carried
with the current of air intended for respiration. The lateral surfaces of the nose
form, by their union, the dorsum, the direction of which varies considerably in
different individuals.
The dorsum terminates below in a rounded eminence, the
lobe of the nose.
The nose is composed of a framework of bones and cartilages, the latter
being slightly acted upon by certain muscles. It is covered externally by the
integument, internally by mucous membrane, and supplied with vessels and
nerves.
:

;
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it consists of the
Tlie hony framework occupies the upper part of the organ
nasal bones and the nasal processes of the superior maxillary.
The cartilaginous framewor'k consists of five pieces, the two upper and the two
lower lateral cartilages, and the cartilnge of the septum.
:

Figs. 423,

Seen

424.— Cartilages

of the Nose.

from helov

Latea-aJ

C

S^^^^satnald C,

The upper

lateral cartilages are situated

below the

free

margin of the nasal

each cartilage is flattened, and triangular in shape. Its anterior margin
is thicker than the posterior, and connected with the fibro- cartilage of the septum.
Its posterior margin is attached to the nasal process of the sujDerior maxillary
and nasal bones. Its inferior margin is connected by fibrous tissue with the lower
lateral cartilage
one surface is turned outwards, the other inwards, towards the
bones

;

:

nasal cavity.

The

lower lateral cartilages are two
plates, situated immediately below the preceding, and
curved in such a manner as to form
the inner and outer walls of each
orifice of the nostril.
The portion
which forms the inner wall, thicker
than the rest, is loosely connected
with the same part of the opposite
cartilage, and forms a small part of
the columna.
Its outer extremity,
free, rounded, and projecting, forms,
with the thickened integument and
subjacent tissue, the lobe of the nose.
The part which forms the outer wall
thin, flexible

Fig. 425.

—Bones and Cartilages of
Nose.

Septum of

Right Side.

curved to correspond with the ala
of the nose it is oval and flattened,
narrow behind, where it is connected
with the nasal process of the superior
maxilla by a tough, fibrous membrane, in which are found three or four small
cartilaginous plates (sesamoid cartilages), cartilagines minores.
Above, it is
connected to the upper lateral cartilage and front part of the cartilage of the
septum below, it is separated from the margin of the nostril by dense cellular
tissue and in front, it forms, with its fellow, the prominence of the tip of the nose.

is

:

;

;

:
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The cartilage of the septum is somewhat triangular in form, thicker at its margins than at its centre, and completes the separation between the nasal fossae in
Its anterior margin, thickest above, is connected from above downwards
front.
with the nasal bones, the front part of the two upper lateral cartilages, and the
Its posterior margin is coninner portion of the two lower lateral cartilages.
nected with the perpendicular lamella of the ethmoid its inferior margin with
the vomer and the palate processes of the superior maxillary bones.
These various cartilages are connected to each other, and to the bones, by a
tough, fibrous membrane, the perichondrium, which allows the utmost facility of
;

movement between them.
The muscles of the nose

are situated immediately beneath the integument
they are (on each side) the Pyramidalis nasi, the Levator labii superioris alseque
nasi, the Dilatator naris, anterior and posterior, the Compressor nasi, the Compressor narium minor, and the Depressor alee nasi.
They have been described
above (p. 357).
The integument covering the dorsum and sides of the nose is thin, and loosely
connected with the subjacent parts but where it forms the tip, or lobe, and the
alffi of the nose, it is thicker and more firmly adherent.
It is furnished with a
large number of sebaceous follicles, the orifices of which are usually very distinct.
The Tnucous membrane^ lining the interior of the nose, is continuous with the
skin externally, and with that which lines the nasal fossse within.
The arteries of the nose are the lateralis nasi, from the facial, and the nasal artery
of the septum, from the superior coronary, which supplies the alge and septum
the sides and dorsum being supplied from the nasal branch of the ophthalmic
and the infraorbital.
The veins of the nose terminate in the facial and ophthalmic.
The nerves of the nose are branches from the facial, infraorbital, and infratrochlear,
and a filament from the nasal branch of the ophthalmic.
;

;

Nasal Foss^.
The nasal fossge are two irregular cavities situated in the middle of the face,
and extending from before backwards. They open in front by the two anterior
nares, and terminate in the pharynx, behind, by the posterior nares.
The
boundaries of these cavities, and tlie openings which are connected with them, as
they exist in the skeleton, have been already described (pp. 212-214).
The mucous membrane lining the nasal foss« is called the pituitary^ from the
nature of its secretion or Schneiderian^ from Schneider, the first anatomist who
showed that the secretion proceeded from the mucous membrane, and not, as was
formerly imagined, from the brain. It is intimately adherent to the periosteum,
It is continuous externally with the skin,
or perichondrium over which it lies.
through the anterior nares, and with the mucous membrane of the pharjmx,
through the posterior nares. From the nasal fossae its continuity may be traced
with the conjunctiva, through the nasal duct and lachrymal canals; with the
lining membrane of the tympanum and mastoid cells, through the Eustachian
tube and with the frontal, ethmoidal, and sphenoidal sinuses, and the antrum
of Highmore, through the several openings in the meatuses.
The mucous membrane is thickest, and most vascular, over the turbinated bones. It is also thick
over the septum but, in the intervals between the spongy bones, and on the
Where it lines the various sinuses and
floor of the nasal fosste, it is very thin.
the antrum of Highmore, it is thin and pale.
;

;

;

The epithelium difi'ers in its character according to the functions of the .part
Near the orifice of the nostril, where common
of the nose in which it is found.
sensation is chiefly or alone required, the epithelium is of the ordinary pavement or scaly variety. In the rest of the cavity, below the distribution of the
olfactory nerves, i. e. in the respiratory portion of the nasal cavity, the epithelium
This is the case also in the sinuses of the nose. In
is columnar and ciliated.
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the olfactory region, i. e. tlie region in wliicli the terminal filaments from the
olfactory bulb are distributed (see p. 651), the epithelial cells are columnar and
non -ciliated their free surface presents a sharp outline, and their deep extremity
is prolonged into a process which runs inwards, branching to communicate with
:

similar processes from neighboring cells, so as to form a network in the deep
Lying between them are cells (termed by Max
part of the mucous membrane.
Schultze olfactory cells)^ which consist of a nucleated body and two processes, of
which one runs outwards between the columnar epithelial cells, and terminates
the other (the deep) process
at the level of the surface of the mucous membrane
runs inwards, is frequently beaded like a nerve-fibre, and is believed b}^ most
observers to be in connection with one of the terminal filaments of the olfactory
nerve.
The mucous membrane is pigmented in the olfactory, but not in the other
regions, beins; of a light- vellow color, at least in the white races.'
;

This membrane is also provided with a nearly continuous layer of branched
mucous glands, the ducts of which open upon its surface. They are most
numerous at the middle and back parts of the nasal foss«, and largest at the
lower and back part of the septum.
Owing to the great thickness of this membrane, the nasal fossae are much narrower, and the turbinated bones, especially the lower ones, appear larger and
more prominent than in the skeleton. From the same circumstance, also, the
various apertures communicating with the meatuses are either narrowed or completely closed.

In the superior nieaius, the aperture
communication with the posterior
ethmoidal cells is considerably diminished in size, and the spheno-palatine
foramen completely covered in.
In the middle meatus^ the opening of
the infundibulum is partially hidden by
of

a projecting fold of

Fig. 426.

-Nerves of Septum of Nose.
Eight Side.

mucous membrane,

of the antrum is contracted to a small circular aperture,
much narrower than in the skeleton.
In the inferior meatus, the orifice of
the nasal duct is partially hidden by
either a single or double valvular
mucous fold, and the anterior palatine
canal either completely closed in, or a
tubular cul-de-sac of mucous membrane
is continued a short distance into it.
In the roof the opening leading to
the sphenoidal sinus is narrowed, and the apertures in the cribriform plate of
the ethmoid completely closed in.
The arteries of the nasal fossae are the anterior and posterior ethmoidal, from
the ophthalmic, which supply the ethmoidal cells, frontal sinuses, and roof of the
nose the spheno-palatine, from the internal maxillary, which supplies the mucous
membrane covering the spongy bones, the meatuses, and septum and the alveolar branch of the internal maxillary, which supplies the lining membrane of
the antrum.
The ramifications of these vessels form a close, plexiform network,
beneath and in the substance of the mucou-S membrane.
The veins of the nasal fossae form a close network beneath the mucous membrane.
They pass, some with the veins accompanying the spheno-palatine
artery, through the spheno-palatine foramen
and others, through the alveolar

and the

orifice

;

;

;

An interesting speculation has been suggested by Dr. W. Ogle [Med.-GMr. Trans. vol. liii.,
277) as to the possible connection between the presence and abundance of this pigment and the
perfection of the sense of smell.
^

^

—

—
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some accompany the ethmoidal arteries, and terminate in the ophthalmic vein and, lastly, a few communicate with the veins in
the interior of the skull, through the, foramina in the cribriform plate of the
ethmoid bone, and the foramen ceecum.
The nerves are, the olfactory, the nasal branch of the ophthalmic, filaments
from the anterior dental branch of the superior maxillary, the Vidian, naso-palatine, descending anterior palatine, and nasal branches of Meckel's ganglion.
The olfactory^ the special nerve of the sense of smell, is distributed over the
upper third of the septum, and over the surface of the superior and middle
brancli, join the facial vein

;

;

spongy bones.

The nasal hranch

of the ophthalmic distributes filaments to the upper and anteand outer wall of the nasal fossce.
Filaments from the anterior dental hranch of the superior maxillary supply the
inferior meatus and inferior turbinated bone.
The Vidian nerve supplies the upper and back part of the septum, and superior spongy bone
and the upper anterior nasal branches from the spheno-palatine
ganglion have a similar distribution.
The naso-pcdatine nerve supplies the middle of the septum.
The larger^ or anterior palatine nerve^ supplies the middle and lower spongy
bones.
rior part of the septum,

;

The Eye.
The eyeball is contained in the cavity of the orbit. In this situation it is
securely protected from injury, whilst its position is such as to insure the most
extensive range of sight. It is acted upon by numerous muscles, by which it is
capable of being directed to any part, supplied by vessels and nerves, and is
additionally protected in front by several appendages, such as the eyebrow, eyelids, etc.

The eyeball is imbedded in the fat of the orbit, but is surrounded by a thin
membranous sac, which isolates it, so as to allow of free movement. This membranous sac is named the capsule of Tenon^ or tunica vaginalis oculi. It may be
regarded as a distinct serous membrane, consisting of a parietal and visceral
layer.
The latter invests the posterior part of the globe, and is connected to it
by very delicate connective tissue; the former (parietal) lines the hollow in the
fat in which the eyeball is imbedded.
Both layers are lined on their free surfaces by flattened epithelial cells.
Lymphatic vessels are said to open on these
surfaces by stomata.
The eyebaltis spherical in form, having the segment of a smaller and more
prominent sphere ingrafted upon its anterior part. It is from this circumstance
that the antero-posterior diameter of the eyeball, which measures about an inch,
exceeds the transverse diameter by about a line. The segment of the larger
sphere, which forms about five-sixths of the globe, is opaque, and formed by the
sclerotic, the tunic of protection to the eyeball; the smaller sphere, which forms
the remaining sixth, is transparent, and formed by the cornea.
The axes of the
eyeballs are nearly parallel, and do not correspond to the axes of the orbits,
which are directed outwards. The optic nerves follow the direction of the axes
of the orbits, and enter the eyeball a little to their inner or nasal side.
The
eyeball is composed of several investing tunics, and of fluid and solid refracting
media, called humors.
The tunics are three in number
:

1.

2.
3.

The

refracting media, or humors, are also three

Aqueous.

The

Sclerotic and Cornea.
Iris, and Ciliary Processes.

Choroid,
Eetina.

sclerotic

:

Crystalline (lens) and Capsule.

Vitreous.

and cornea form the external tunic of the eyeball

;

they are
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being opaque, and forming tlie poswhich forms the remaining sixth,

being transparent.

The Sclerotic (trjcXTjpo'g, hard) (Fig. 427) has received its name from its extreme
density and hardness it is a firm, unyielding, fibrous membrane, serving to
maintain the form of the globe. It is much thicker behind than in front. Its
external surface is of a white color, quite smooth, except at the points where the
Recti and Obliqui muscles are inserted into it, and covered, for part of its extent,
by the conjunctival membrane hence the whiteness and brilliancy of the front
Its inner surface is stained of a brown color, marked by grooves,
of the eyeball.
in which are lodged the ciliary nerves, and connected by an exceedingly fine
Behind, it
cellular tissue (Icmiina fusca) with the outer surface of the choroid.
is pierced by the optic nerve a little to its inner or nasal side, and is continuous
with the fibrous sheath of the nerve, which is derived from the dura mater. At
the point where the optic nerve passes through the sclerotic, this membrane forms
;

;

Fig.

427.— A

Vertical Section of

tlie

Eyeball.

(Enlarged.)

TENDON OF RECTUS
SCLEROTIC

CHOROID

RETINA
CILIARY MUSCLE
& LIGAMENT

CILIARY PROCESSES

CIRCULAR SINUS
CANAL OF PETIT

a thin cribriform lamina (the lamina cribrosa) ; the minute orifices in this layer
serve for the transmission of the nervous filaments, and the fibrous septa dividing them from one another are continuous with the membranous processes which
separate the bundles of nerve-fibres.
One of these openings, larger than the
rest, occupies the centre of the lamella
it is called the poms opticiis^ and transmits the arteria centralis retinee to the interior of the eyeball. Around the cribriform lamella are numerous small apertures for the transmission of the ciliary
vessels and nerves.
In front, the sclerotic is continuous with the cornea by
direct continuity of tissue, but the opaque sclerotic overlaps the cornea rather
more on its outer than on its inner surface.
Structure.
The sclerotic is formed of white fibrous tissue, intermixed with fine
elastic fibres, and fusiform nucleated cells.
These are aggregated into bundles,
which are arranged chiefly in a longitudinal direction. It yields gelatin on boiling.
Its vessels are not numerous, the capillaries being of small size, uniting at
long and wide intervals. The existence of nerves in it is doubtful.
The Cornea is the projecting transparent part of the external tunic of the eyeball, and forms the anterior sixth of the globe.
It is not quite circular, being a
little broader in the transverse than in the vertical direction, in consequence of
;
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It is convex anteriorly,
the sclerotic overlapping tlie margin above and below.
and projects forwards from the sclerotic in the same manner that a watch-glass
does from its case. Its degree of curvature varies in different individuals, and
in the same individual at different periods of life, it being more prominent in

youth than in advanced life, when it becomes flattened. The cornea is dense and
of uniform thickness throughout; its posterior surface is perfectly circular in
outline, and exceeds the anterior surface slightly in extent, from the latter being
overlapped by the sclerotic.
Structure.
The cornea consists of four layers: namely, of a thick central
fibrous structure, the cornea proper; in front of this is the conjunctiva; behind,
the posterior elastic lamina, covered by the lining membrane of the anterior
chamber of the eyeball. The name of membrane of Descemet or Demours is
given to this posterior elastic lamina and its epithelial coating.

The proper

substance of the cornea

is fibrous,

tough, unyielding, perfectly trans-

and continuous with the sclerotic, with which it is in structure identical.
It is composed of about sixty flattened lamellee, superimposed one on another.
These lamellae are made up of ordinary fibrillar connective tissue, the fibres of
which are directly continuous with the fibres of the sclerotic. The fibres of each
lamella are for the most part parallel with each other those of alternating
lamellae at right angles to each other.
Fibres, however, frequently pass from one
parent,

;

lamella to the next.
The corneal layers are connected with each other by an interstitial cement
substance, in which are spaces, the corneal spaces.
The spaces are stellate in
shape and have numerous offsets, by which they communicate with other spaces.
Each space contains a cell, the corneal corpuscle^ which resembles in form the
space in which it is contained, but does not entirely fill it.
Immediately beneath the conjunctival epithelium, the cornea proper presents
certain characteristic differences, which have led some anatomists to regard it as
a distinct membrane, and it has been named by Bowman the a,nterior elastic lamina.
It differs, however, from the true elastic lamina or membrane of Descemet in
many essential particulars, presenting evidence of fibrillar structure and not having the same tendency to curl inwards, or to undergo fracture, when detached
from the other layers of the cornea. It consists of extremely closely interwoven
fibrils, similar to those found in the rest of the cornea proper, but contains no
corneal corpuscles.
It seems therefore more proper to regard it as a part of the
proper tissue of the cornea.^
The posterior elastic lamina.^ which covers the proper structure of the cornea
behind, presents no structure recognizable under the microscope.
It consists of
a hard, elastic, and perfectly transparent homogeneous membrane, of extreme
thinness, which is not rendered opaque by either water, alcohol, or acids.
It is
very brittle, but its most remarkable property is its extreme elasticity, and the
tendency which it presents to carl up, or roll upon itself, with the attached surface innermost, when separate from the proper substance of the cornea.
Its use
appears to be (as suggested by Dr. Jacob), " to preserve the requisite permanent
correct curvature of the flaccid cornea proper."
The conjunctival epithelium^ which covers the front of the cornea proper, consists of several layers of epithelial cells.
The lowermost cells are columnar:
then follow two or three layers of polyhedral cells, some of which present ridges
and furrows, similar to those found in the cuticle. Lastly, there are three or
four layers of scaly epithelium, with flattened nuclei.
The epithelial lining of the aqueous chamber covers the posterior surface of
the posterior elastic lamina.
It consists of a single layer of polygonal transparent nucleated cells, similar to those found lining other serous cavities.
Arteries and Nerves.
The cornea is a non-vascular structure, the capillary
^

This layer has been called by Reichert the "anterior limiting layer," a
ax)p]icable to it than that of anterior elastic lamina.

more

name which appears

THE EYE.

733

Lymphatic vessels have not
vessels terminating in loops at its circumference.
Tlie nerves are numerous, twenty-four to thirtyas yet been demonstrated in it.
six in number (Kolliker) forty to forty-five (Waldeyer and Siimisch) they are
derived from the ciliary nerves, and enter the laminated tissue of the cornea.
:

;

They ramify throughout its substance in a delicate network, and their terminal
filaments have been ti-aced by Cohnheim through the proper substance of the
cornea into the deeper layers of the epithelium.
Dissection.
In order to separate the sclerotic and cornea, so as to expose the second tunic,
A fold of the sclerotic near its
the eyeball should he immersed in a small vessel of water.
anterior part having been pinched up, an operation not easily performed, from the extreme tenAs soon as
sion of the membrane, it should be divided with a |)air of blunt-pointed scissors.
the choroid is exposed, the end of a blowpipe should be introduced into the orifice, and a stream
of air forced into it, so as to separate the slight cellular connection between the sclerotic and
choroid.
The sclerotic should now be divided around its entire circumference, and may be
removed in separate portions. The front segment being then drawn forwards, the handle of
the scalpel should be pressed gently against it at its connection with the iris, and these being
In
separated, a quantity of perfectly transparent fluid will escape; this is the aqueous liumor.
the course of the dissection, the ciliary nerves may be seen lying in the loose cellular tissue
between the choroid and sclerotic, or contained in delicate grooves on the inner surface of the
latter

membrane.

Second Tunic. This is formed by the choroid behind the iris and ciliary procand by the ciliary ligament, and Ciliary muscle, at the point of
junction of the sclerotic and cornea.
;

esses in front

;

Fig. 428.

—The Choroid and

Iris.

(Enlarged.

The choroid is the vascular and pigmentary tunic of the eyeball, investing the
posterior five-sixths of the globe, and extending as far forwards as the cornea;
the ciliary processes being appendages of the choroid developed from its inner
surface in front.
The iris is the circular muscular septum, which hangs vertically
behind the cornea, presenting in its centre a large circular aperture, the pupil.
The ciliary ligament and Ciliary muscle form the white ring observed at the
point where the choroid and iris join with each other, and with the sclerotic and
cornea.
The Choroid is a thin, highly vascular membrane, of a dark-brown or chocolate
color, which invests the posterior five- sixths of the central part of the globe.
It
is pierced behind by the optic nerve, and terminates in front at the ciliary liga-
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where

beuds inwards, and forms on

inner surface a series of folds or
front.
Externally,
it is connected by a fine cellular web {membrana fusca) with the inner surface of
Its inner surface is smooth, and lies in contact with the retina.
the sclerotic.
The choroid consists mainly of a dense capillary plexus and of small arteries and
In consequence
veins, carrying the blood to and returning it from this plexus.
of these small arteries and veins being arranged on the outer surface of the capillary
network, it is customary to describe the choroid as consisting of two layers the
outermost composed of small arteries and veins, with pigment cells interspersed
between them the innermost consisting of a capillary plexus.^
The external layer consists, in part, of the larger branches of the short ciliary
arteries, which run forwards between the veins before they bend downwards to
ineut,

it

plaitings, the ciliary processes.

its

It is thicker

behind than in

;

;

Fig. 429.

—The Veins of

tlie

Choroid.

(Enlarged.)

This layer is formed, however, principally of veins,
which are named, from their distribution, vense vorticosse. They converge to four
or five equidistant trunks, which pierce the sclerotic midway between the margin
of the cornea and the entrance of the optic nerve.
Interspersed between the
vessels are lodged dark, star-shaped pigment -eel Is, the fibrous offsets from which,
communicating with similar branchings from neighboring cells, form a delicate
network or stroma, which, towards the inner surface of the choroid, loses its pigmentary character. On its outer surface the choroid is covered by a layer of
connective tissue, continuous with the lamina fusca, but separable from it. This
has been termed the 7nembrana suprachoroidea^ and is covered on its external surterminate in the capillaries.

face with

endothelium (Schwalbe).

The

internal layer consists of an exceedingly fine capillary plexus, formed by
the short ciliary vessels, and is known as the tunica RuyscMana.
The network is
close, and finer at the hinder part of the choroid than in front.
About half an
inch behind the cornea its meshes become larger, and are continuous with those
of the ciliary processes.
On the inner surface of this layer is a very thin, structureless membrane, called the Vitreous membrane ; it is closely connected with the
stroma of the choroid and separates it from the pigmentary layers of the retina.
ciliary processes should now be examined.
They may he exposed, either by detacliingthe
from its connection with the ciHary ligament, or by making a transverse section of the globe,
and examining them from behind.

The

iris

^ Formerly the choroid was described as consisting of three layers
a third or pigmentary
membrane being desci-ibed as belonging to the choroid. Now, however, this membrane, in consequence of the method of its development, is regarded as a part of the retina, and will be described
:

with that structure.
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The Ciliary processes are formed by the plaiting and folding inwards of the
layers of the choroid, at its anterior margin, and are received between corresponding foldings of the suspensory ligament of the lens, thus establishing a communication between the choroid and inner tunic of the eye. They are arranged
They vary between
in a circle, behind the iris, round the margin of the lens.
sixty and eighty in number, lie side by side, and may be divided into large and
small the latter, consisting of about one-third of the entire number, are situated
The larger
in the spaces between the former, but without regular alternation.
processes are each about one-tenth of an inch in length, and hemispherical in
shape, their periphery being attached to the ciliary ligament, and continuous with
the layers of the choroid the opposite margin is free and rests upon the circumference of the lens.
Their anterior surface is turned towards the back of the iris,
with the circumference of which it is continuous. The posterior surface is closely
connected with the suspensory ligament of the lens.
Structure.
The ciliary processes are similar in structure to the choroid the
Externally the}^ are
vessels are larger, having chiefly a longitudinal direction.
covered with several layers of pigment-cells the component cells are small,
rounded, and full of pigment-granules.
;

:

:

;

Fig. 430.

—The Arteries of

tlie

Choroid and

mostly removed.

Iris.

The

Sclerotic has been

(Enlarged.)

A n terior
Ciliary

M

A'
F^'»V "--''' ---r-- -"^

A.n1trior

i/taryJ^

The

Iris {iris^ a

rainbow) has received

its

name from

its

various colors in

suspended
being perforated
at the nasal side of its centre by a circular aperture, ihe pupil^ for the transmission of light.
By its circumference it is intimately connected with the choroid
externally to this is the ciliary ligament, by which it is connected to the sclerotic
and cornea its inner edge forms the margin of the pupil, its surfaces are flattened, and look forwards and backwards, the anterior surface towards the cornea,
the posterior towards the ciliary processes and lens.
The circumference of the
iris is connected to the cornea by a reticular structure, denominated the ligcLmentum pectinatum iridis. This reticular structure is derived from the membrane of Descemet, which at the margin of the cornea breaks up into fibres;'
some of which are continued into the front of the iris, others are connected with
the fore part of the choroid and sclerotic.
These fibres form a reticulated structure at the outer angle of the anterior chamber, the intervals between the fibres
forming small cavernous spaces {the spaces of Fontcma). These little recesses
communicate with a somewhat larger space in the substance of the sclerotic
close to its junction with the cornea.
This is the Canal of Schlemm^ ov sinus

different individuals.
in the

It is a thin, circular-shaped, contractile curtain,

aqueous humor behind the cornea, and in front of the

lens,

;

;

—
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and according to Schwalbe and Waldeyer is a lymph canal, but
according to the more recent investigations of Leber is a venous sinus. The
anterior surface of the iris is variously colored in different individuals, and
marked by lines which converge towards the pupil. Tlie posterior surface is of
a deep purple tint, from being covered by dark pigment it is hence named uvea^
from its resemblance in color to a ripe grape.
Structure.
The iris is composed of the following structures
1. In front is a layer of polyhedral cells on a delicate hyaline basement-memThis layer is continuous with the membrane of Descemet, and in men
brane.
with dark-colored irides the cells contain pigment-granules.

circalaris iridis^

;

:

The stroma consists of fibres and cells. The former are made up
2. Stro7na.
of fine delicate bandies of fibrous tissue, of which some few fibres have a circular direction at the circumference of the iris but the chief mass consists of
They form by their interlacement a delicate
fibres radiating towards the pupil.
mesh, in which the vessels and nerves are contained. Interspersed between the
bundles of connective tissue are numerous branched cells with fine processes.
Many of them in dark eyes contain pigment-granules, but in the blue eyes they
are unpigmented.
3. The muscular fibre is involuntary, and consists of circular and radiating
fibres.
The circular fibres (sphincter of the pupil) surround the margin of the
pupil on the posterior surface of the iris, like a sphincter, forming a narrow
band, about one-thirtieth of an inch in width those near the free margin being
closely aggregated
those more external somewhat separated, and forming less
complete circles. The radiating fibres (dilator of the pupil) converge from the
circumference towards the centre, and blend with the circular fibres near the
margin of the pupil.
The situation of the pigment-cells differs in different irides. In
4. Pigment.
the various shades of blue eyes the only pigment-cells are several layers of small
round or polyhedral cells, filled with dark pigment, situated on the posterior
surface of the iris, and continuous with the pigmentary covering of the ciliary
processes.
The color of the eye in these individuals is due to this coloring
matter showing more or less through the texture of the iris. In the albino even
this pigment is absent.
In the gray, brown, and black eye there are, as mentioned above, pigment-granules to be found in the cells of the stroma and in the
epithelioid layer on the front of the iris, to which the color of the eye is due.
The arteries of the iris are derived from the long and anterior ciliary, and from
the vessels of the ciliary processes (see p. 500).
The nerves of the iris are derived from the ciliary branches of the lenticular
ganglion and the long ciliary from the nasal branch of the ophthalmic division
After reaching the iris in the manner described above (page 655),
of the fifth.
they form a plexus around the attached margin of the iris from this are derived
non-medullated fibres, which terminate in the circular and radiating muscular
Their exact mode of termination has not been ascertained. Other fibres
fibres.
from the plexus terminate in a network on the anterior surface of the iris. The
fibres derived from the motor root of the lenticular ganglion (third nerve) supply
the circular fibres, while those derived from the sympathetic supply the radiating
:

;

;

;

fibres.

Membrana

In the foetus the pupil is closed by a delicate, transmembrane, the membrana pupillaris^ which divides the space in
which the iris is suspended into two distinct chambers. This membrane contains
numerous minute vessels continued from the margin of the iris to those on the
These vessels have a looped arrangement,
front part of the capsule of the lens.
converging towards each other without anastomosing. Between the seventh and
eighth month the membrane begins to disappear, by its gradual absorption from
pupillaris.

parent, vascular

.

the centre towards the circumference, and at birth only a few fragments remain.
It is said

The

sometimes

to

Ciliary muscle

remain permanent and produce blindness.

(Bowman)

consists of unstriped fibres:

it

forms a grayish,

THE EYE.

737

semitransparent, circular band, about one-eiglitli of an inch broad, on the outer
It is thickest in front, and gradually
surface of the foi-e part of the choroid.
becomes thinner behind. It consists of two sets of fibres, radiating and circular.
The former, much the more numerous, arise at the point of junction of the cornea
and sclerotic, and, passing backwards, are attached to the choroid opposite to the
The circular fibres are internal to the radiating ones, and to
ciliary processes.
some extent unconnected with them, and have a circular course around the inserThey are sometimes called the "ring muscle" of Miiller, and
tions of the iris.
were formerly described as the ciliary ligament. The Ciliary muscle is admitted
to be the chief agent in accommodation, i. e., in adjusting the eye to the vision
Mr. Bowman believed that this was effected by its compressing
of near objects.
the vitreous body, and so causing the lens to advance but the view which now
prevails is that the contraction of the muscle, by drawing on the ciliary processes,
compresses the lens, increasing the curvature of its anterior surface, and causing
the iris to advance.
The pupil is at the same time slightly contracted.^
The Retina may be exposed by carefully removing the choroid from its external
surface. It is a delicate nervous membrane, upon the surface of which the images
of external objects are received. Its outer surface is in contact with the choroid;
Behind, it is continuous with the optic
its inner surface with the vitreous body.
nerve it gradually diminishes in thickness from behind forwards and, in front,
;

;

;

Fig. 431.

-The Arteria Centralis Retinje, Yellow Spot, etc., the Antei-ior Half of the
Eyeball being removed. (Enlarged.)

extends nearly as far forwards as the ciliary ligament, where it terminates by a
jagged margin, the ora serrata.
It is soft and semitransparent, in the fresh
state
but soon becomes clouded, opaque, and of a pinkish tint. Exactly in the
centre of the posterior part of the retina, and at a point corresponding to the axis
of the eye, in which the sense of vision is most perfect, is a round, elevated, yellowish spot, called, after its discoverer, the yelloio spot or limbiis luteus (macula
lutea) of Sommerring
having a central depression at its summit, the fovea centralis.
The retina in the situation of the fovea centralis is exceedingly thin so
much so, that the dark color of the choroid is distinctly seen through it; so that
it presents more the appearance of a foramen, and hence the name " foramen of
Sommerring " at first given to it. It exists only in man, the quadrumana, and
some saurian reptiles. About one-tenth of an inch to the inner side of the yellow
spot is the point of entrance of the optic nerve
the arteria centralis retinge
piercing its centre. This is the only part of the surface of the retina from which
;

;

;

;

the

power of vision

is

absent.

See explanation and diagram in Power's "Illustrations of
the Eye," p. 590.
^

47

some

of the Principal Diseases of

—
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Structure. The retina is an exceedingly complex structure, and when examined
microscopically, by means of sections made perpendicularly to its surface, is found
to consist of ten layers, which are named from within outwards, as follows:
1.

Membrana

limitans interna.

7.

Fibrous layer, consisting of nerve-fibres.
Vesicular layer, consisting of nerve-cells,
Inner molecular, or granular, layer.
Inner nuclear layer.
Outer molecular, or granular, layer,
Outer nuclear layer.

8.

Membrana

9.

Layer of rods and cones.
Pigmentary layer.

2.
3.
•i.

5.
6.

10.

The membrana

limitans externa.
Jacob's membrane.

the most internal layer of the retina, and
of the vitreous humor.
It is derived
from the supporting frameworks of the retina, with which tissue it will be
described.
1.

is

limitans interna

in contact with the hyaloid

is

membrane

Fig. 433.

Fiff.

433.

Vertical sections of the human retina. Fig. 4.32, half an inch from the entrance of the optic nerve. Fig. 433 close to
the latter. 1. Layer of rods and cones {columnar layer), bounded underneath by the membrana limitans externa. 2.
External granular layer. 3. Intergranular layer. 4. Internal granular layer. 5. Molecular layer. 6. Layer of the
gauglion-cells. 7. Expansion of optic fibres. 8. Sustentacular fibres of Miiller. 9. Their attachment to the membrana
limitans interna.

2.

The

fibrous layer

is

made up

of nerve-fibres, the direct continuation of the

This nerve therefore passes through all the other layers
of the retina, except the one previously mentioned, to reach its destination in the
fibrous layer.
As the nerve passes through the lamina cribrosa of the sclerotic
coat, the fibres of which it is composed lay aside their medullary sheaths and
are continued onwards, through the choroid and retina, as simple axis-cylinders.
When these non-meduUated fibres reach the internal surface of the retina they
radiate from their point of entrance over the surface of the retina, grouped
in bundles, and in many places, according to Michel, arranged in plexuses.
The
layer is thickest at the optic nerve entrance, and gradually diminishes in thickness towards the ora serrata.
3. The vesicular layer consists of a single layer of large ganglion cells; except
in the macula lutea, where there are several layers.
The cells are somewhat
fibres of the optic nerve.

;
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rounded internal margin resting on the preceding layer and
which is prolonged into the fibrous layer and is

off a single process,

believed to be continuous with a nerve-fibre. From the opposite extremity of the
one or more thicker processes extend into the inner molecular layer, where
they divide dichotomously and become lost in its reticulum, or, according to some,
pass through this layer to reach the inner nuclear layer.
4. The inner molecular layer consists of a stratum of granular-looking substance,
from which circumstance it is sometimes called the " inner granular " layer. It
is made up of a dense reticulum of minute fibrils, intermingled with the fine
processes of the ganglion cells and also processes derived from certain cells conNo direct connection
tained in the next layer, immediately to be described.
between these sets of processes has yet been demonstrated, but it is considered
probable that they do communicate, and that there is therefore a direct connection between the ganglion cells of the vesicular layer and the nuclear cells of the
Within the reticulum formed by these fibrils minute clear
inner nuclear layer.
granules, of unknown nature, are imbedded.
5. The inner nuclear layer is made up of nuclear bodies, of which there are
large number of oval nuclei, which are commonly
three different kinds. (1.)
regarded as bipolar nerve-cells, and are much more numerous than either of the
They consist of a large oval nuclear body placed vertically to the
other kind.
they are surrounded by a small' amount
surface, containing a distinct nucleolus
of protoplasm, which is prolonged into two processes; one of these passes inwards
into the inner molecular layer, is varicose in appearance, and, as stated above, is
The other
believed to be continuous with the processes of the ganglion cells.
process passes outwards, into the outer molecular layer, and there bifurcates.
According to some observers the divisions thus formed communicate with the
rod and cone fibres (Merkel). (2.) At the innermost part of this inner nuclear
layer is a stratum of cells, which are not branched.
(3.) Some few cells are
also found in this layer, connected with the fibres of Mliller, and will be described
with those structures.
6. The outer molecular layer is much thinner than the inner molecular layer
but, like it, consist of a dense network of minute fibrils and presents the same
granular appearance. It differs, however, from the inner molecular layer in containing branched stellate cells, the processes of which are extremely fine and
They are therefore considered by
exhibit varicosities, like nerve fibrils.
Schultze to be ganglion-cells.
Like the inner nuclear layer this layer contains
7. The outer nuclear layer.
several strata of clear oval nuclear bodies they are of two kinds, and on account
of their being respectively connected with the rods and cones of Jacob's memThe rod-granules are much
brane, are named rod-granules and cone-granules.
the more numerous, and are placed at different levels throughout the laj^er.
They present a peculiar cross-striped appearance and have prolonged from either
extremity a fine process the outermost is continuous with a single rod of Jacob's
membrane; the innermost passes inwards towards the outer molecular layer and
terminates in an enlarged extremity, from which are given off a number of
minute fibrils, which enter the outer molecular layer. In its course it presents
numerous varicosities. The cone-granules.^ fewer in number than the rodgranules, are placed close to the membrana limitans externa, and are closely
connected with the cones of Jacob's membrane. They do not present any crossstriping, but contain a pyriform nucleus, which almost completely fills the cell.
From their inner extremity a thick process passes inwards to the outer molecular
layer; where, like the processes of the rod-cells, it terminates in an enlai'gement,
from which are given off" numerous fine fibrils, which enter the outer molecular
cell

A

:

;

:

layer.
8.

The memhrana

interna, is derived
described.

This layer, like the membrana limitans
limitans externa.
fibres of Mtiller, with which structures it will be

from the
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memhrane [BasUlary layer). The elements which compose this
two kinds, rods and cones^ the former being much more numerous
than the latter. The rods are solid, of nearly uniform size, and arranged perEach rod consists of two portions, an outer and
pendicularly to the surface.
inner, which are joined together by a cement-substance, and are of about equal
They differ from each other as regards refraction and in their behavior
length.
with coloring reagents, the inner portion becoming stained by carmine, iodine,
The outer portion of each rod is
etc., the outer portion remaining unstained.
marked by transverse strise and is made up of a number of thin disks superimposed on one another. It also exhibits
9. Jacoljs
layer are of

Fig. 434.

—The Layers of the Ketina

(diagrammatic).

After Schultze.

longitudinal markings.
The inner
portion of each rod, at its inner extremity,
where it is joined to the process of the rod
granules, is indistinctly granular at its outer
extremity it presents a fine longitudinal
striation, being composed of fine, bright,
highly refracting fibrils.
The cones are conical or flask-shaped,
their broad ends resting upon the membrana limitans externa, the narrow pointed
extremity being turned to the choroid. Like
the rods, they are made up of two portions,
outer and inner the outer portion being a
short conical process, which, like the outer
segment of the rods, presents transverse
strise.
The inner portion resembles the
inner portion of the rods in structure,
presenting an outer striated and an inner
granular appearance but differs from it in
size, being bulged out laterally and presenting a flask shape.

faint

;

;

;

10.

The pigmentary

layer.

The most

external layer of the retina, and formerly
regarded as a part of the choroid, consists
of a single layer of hexagonal epithelium
cells, loaded with pigment granules.
Connective-tissue framework of the Retina.
Almost all these layers of the retina are
connected together by a sort of supporting
connective tissue, which has been named
the, fibres of Milller^ or radiating fbres, from
which the membrana limitans interna et
6. Fibrous layer,
a. Membrana limitans interna.
externa are derived. These fibres are found
d. Inner molecular layer,
e.
c. Vesicular layer,
Inner nuclear layer. /. Outer molecular layer, g.
stretched between the two limiting layers,
Outer nuclear layer, h. Membrana limitans externa.
"as columns between a floor and a ceiling,"
k. Pigmentary layer.
Fibre
i. Jacob's membrane,
and passing through all the nervous layers,
of Miiller.
except Jacob's membrane.
They commence on the inner surface of the retina by a conical base, the edges of the bases
of adjoining fibres being united and thus forming a boundary line, which is the
membrana limitans interna. As they pass through the various layers, they present a roughness of their surface, as if from a number of membranous processes
abruptly broken off. By these they are continuous with the reticulum of the
inner and outer molecular layer and with a sponge^like stroma, in which the
nuclei of the inner nuclear layers are imbedded.
In the inner nuclear layer
each fibre of Miiller presents a clear oval nucleus, referred to above, which is
sometimes situated at the side of, sometimes altogether within, the fibre. In the
outer nuclear layer the fibre breaks up into fine lamellae, which form a fenestrated or
I.
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sponge-like tissue, in wliicli the rod and cone grannies are inclosed, and at the
outer border of this layer these lamellaa unite along a definite line, forming the
raembrana limitans externa.
Macula lutea and fovea centralis. The structure of the retina at the yellow
spot presents some modifications.
In the macula lutea (1) the nerve-fibres are
wanting as a continuous \q.jqt (2) the vesicular layer consists of several strata
of cells, instead of a single layer (3) in Jacob's membrane there are no rods,
but only cones, and these are longer and narrower than in other parts and (4)
in the outer nuclear layer there are only cone-fibres, which are very long and
arranged in curved lines. At the fovea centralis the only parts which exist are
the cones of Jacob's membrane
the outer nuclear layer, the cone-fibres of
which are almost horizontal in direction and an exceedingly thin inner granular layer.
The color of the spot seems to imbue all the layers except Jacob's
membrane it is of a rich yellow, deepest towards the centre, and does not
appear to consist of pigment-cells, but simply a staining of the constituent
;

;

;

;

;

;

parts.

At the ora serrata the layers of the retina for the most part terminate abruptly,
and the radiating fibres of Miiller, covered by the pigmentary layer, can be traced
forwards, as the pars ciliaris^ to the iris.
The fibres of Miiller here present the
appearance of columnar epithelial cells, arranged in a single stratum.
The arteria centralis retinse and its accompanying vein pierce the optic nerve,
and enter the globe of the eye through the porus opticus. It immediately divides
into four or five branches, which at first run between the hyaloid membrane and
the nervous layer but they soon enter the latter membrane, and pass forwards,
dividing dichotomously. From these branches a minute capillary plexus is given
off*, which does not extend beyond the inner nuclear layer.
;

HUMOES OF THE EyE.
The aqueous humor completely
eyeball.

fills

the anterior and posterior chambers of the

It is small in quantity (scarcely exceeding, according to Petit, four or

an alkaline reaction, in composition is little more than
water, less than one-fiftieth of its weight being solid matter, chiefly chloride of

five grains in weight), has

sodium.

The anterior chamber is the space bounded in front by the cornea behind, by
the front of the iris.
The posterior chamber was the name formerly given to a
space which was believed to exist between the iris in front and the capsule of the
lens, its suspensory ligament and the ciliary processes, behind.
It is now known
that the posterior surface of the iris is in immediate contact with the lens throughout the greatest part of its extent. The only space which remains, to represent
the posterior chamber, is a narrow chink between the peripheral part of the iris,
the suspensory ligament and the ciliary processes.
In the adult, these two chambers communicate through the pupil but in the
foetus, in the seventh month, when the pupil is closed by the membrana pupillaris,
the two chambers are quite separate.
;

;

YiTREous Body.
The vitreous body forms about four-fifths of the entire globe. It fills the concavity of the retina, and is hollowed in front for the reception of the lens and its
capsule.
It is perfectly transparent, of the consistence of thin jelly, and consists
of an albuminous fluid inclosed in a delicate transparent membrane, the hyaloid.
This membrane invests the outer surface of the vitreous body it is intimately
connected in front with the suspensory ligament of the lens and is continued
into the back part of the capsule of the lens.
It has been supposed, by Hanover,
that from its inner surface numerous thin lamellse are prolonged inwards in a
radiating manner, forming spaces in which the fluid is contained.
In the adult,
;

;
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these lamella cannot be detected, even after carefal microscopic examination

;

but

in the foetus a peculiar fibrous texture pervades the mass, the fibres joining at
numerous points, and presenting minute nuclear granules at their point of junc-

In the centre of the vitreous humor, running from the position of the
entrance of the optic nerve on the retina to the posterior surface of the lens, is a
canal, filled with fluid and lined by a prolongation of the hyaloid membrane.
This is the canal of Stilling. It must not be confounded with the canal in the
embryonic vitreous humor which conveys the minute artery from the cenThe fluid from the vitreous body
tral artery of the retina to the back of the lens.
resembles nearly pure water it contains, however, some salts, and a little albumen.
The hyaloid membrane incloses the whole of the vitreous humor, except its
anterior surface, which is hollowed out for the reception of the lens it passes
from the margin of this surface to the margin of the lens, forming the suspensory
ligament.
It is a delicate, structureless membrane, except where it forms the
suspensory ligament, where it contains longitudinal elastic fibres. Immediately
beneath the hyaloid membrane are found small, granular, nucleated cells, which
are said to be possessed of amoeboid movements.
In the foetus.^ the centre of the vitreous humor presents a tubular canal,
through which a minute artery passes along the vitreous body to the capsule of
the lens. In the aclult^ no vessels penetrate its substance so that its nutrition
must be carried on by the vessels of the retina and ciliary processes, situated
tion.

;

;

;

upon

its

exterior.

Ckystalline Lens and

The

crystalline lens, inclosed in its capsule,

pupil, in front of the vitreous body,

its
is

Capsule.

situated immediately behind the
ciliary processes, which

and surrounded by the

slightly overlap its margin.

The

capsule of the lens is a transparent, highly elastic, and brittle membrane,
It rests, behind, in a depression in the fore part
closely surrounds the lens.
of the vitreous body in front, it is in contact with the free border of the iris,
this latter receding from it at the circumference, thus forming the posterior
chamber of the eye and it is retained in its position chiefly by the suspensory

which

;

;

The capsule is much thicker in front than behind, structureless in texture
and when ruptured, the edges roll up with the outer surface
innermost, like the elastic lamina of the cornea. The anterior surface of the lens
is connected to the inner surface of the capsule by a single layer of transparent,
polygonal, nucleated cells.
These, after death, absorb moisture from the fluids
of the eye; and, breaking down, form the liquor Morgagni. There is no epithelium
ligament of the

lens.
;

on the posterior

surface.

In the foetus, a small branch from the arteria centralis retinas runs forwards, as
already mentioned, through the vitreous humor to the posterior part of the capsule of the lens, where its branches radiate and form a plexiform network, which
covers its surface, and they are continuous round the margin of the capsule with
the vessels of the pupillary membrane and with those of the iris. In the adult
no vessels enter its substance.
The lens is a transparent, double-convex body, the convexity being greater on
the posterior than on the anterior surface. It measures about a third of an inch
in the transverse diameter, and about one-fourth in the antero-posterior.
It consists of concentric layers, of which the external in the fresh state are soft and
easily detached
those beneath are firmer, the central ones forming a hardened
nucleus.
These laminae are best demonstrated by boiling, or immersion in alcohol.
The same reagents demonstrate that the lens consists of three triangular segments,
the sharp edges of which are directed towards the centre, the bases towards the
circumference. The laminae consist of minute parallel fibres,' which are hexagonal
prisms, the edges being dentated, and the dentations fitting accurately into each
other their breadth is about -g-oVuth of an inch.
They run from the sutures or
;

;

—
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segments on the one surface to the periphery
of the lens, and curving round its margin they terminate at the line of junction
No fibres pass from
of the segments on the other.
Fig. 435.— The Crystalline Lens,
pole to pole, but they are arranged in such a way
hardened and divided,
that fibres which commence near the pole on the
^
^
one aspect of the lens, that is to say, near the
apex of the triangular segment, terminate near
the peripheral extremity of the plane on the other,
that is to say, near the base of the triangular segment, and vice versa. The fibres of the outer layers
of the lens each contain a nucleus, which together
form a layer (nuclear layer) on the surface of the
lines of junction of tbe triangular

.

most distinct towards its circumference. The
meridians, or lines of junction of the three segments, are composed of an amorphous granular
substance, which sometimes becomes opaque, when the lines are seen forming a
distinct star on the lens.
The changes produced in the lens by age^ are the following
In the foetus^ its form is nearly spherical, its color of a slightly reddish tint,
it is not perfectly transparent, and is so soft as to break down readily on the
slightest pressure.
In the adult the posterior surface is more convex than the anterior it is colorless, transparent, and firm in texture.
In old age it becomes flattened on both surfaces, slightly opaque, of an amber
tint, and increases in density.
The suspensory ligament of the lens is a thin, transparent, membranous structure, placed between the vitreous body and the ciliary processes of the choroid
it connects the anterior margin of the vitreous humor with the anterior surface
of the lens near its circumference.
It assists in retaining the lens in its position.
Its outer surface presents a number of folds or plai tings in which the corresponding folds of the ciliary processes are received. These plaitings are arranged
round the lens in a radiating form, and are stained by the pigment of the ciliary
processes.
It is a part of the hyaloid membrane, which, as described above, is
continued forwards to the anterior part of the margin of the lens. It is covered
on its outer surface by the pars ciliaris, or connective-tissue framework of the
retina, prolonged forwards from the ora serrata.
That portion of this membrane
which intervenes between the ciliary processes and the capsule of the lens forms
part of the boundarj^ of the posterior chamber of the eye.
The posterior surface of this layer is turned towards the hyaloid membrane, being separated from
it at the circumference of the lens by a space called the canal of Petit.
The canal of Petit is above one-tenth of an inch wide. It is bounded in front
by the suspensory ligament behind by the vitreous humor, its base being formed
by the capsule of the lens. When inflated with air, it is sacculated at intervals,
owing to the foldings on its anterior surface.
The vessels of the glohe of the eye are the short, long, and anterior ciliary arteries,
and the arteria centralis retinge.
The short ciliary arteries pierce the back part of the sclerotic, round the entrance
of the optic nerve, and divide into branches, which run parallel with the axis of
the eyeball they are distributed to the inner layer of the choroid, and to the
lens,

:

;

;

;

:

ciliary processes.

The long ciliary arteries^ two in number, pierce the back part of the sclerotic,
and run forward, between that membrane and the choroid, to the Ciliarj^ muscle,
where they each divide into an upper and lower branch these anastomose, and
form a vascular circle round the outer circamference of the iris from this circle
branches are given off, which unite, near the margin of the pupil, in a smaller
vascular circle.
These branches, in their course, supply the muscular structure.
The anterior ciliary arteries^ five or six in number, are branches of the mus;

;

—
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They pierce the eyeball, at
ciilar and lachrymal branches of the ophthalmic.
the anterior part of the sclerotic, immediately behind the margin of the cornea,
and are distributed to the ciliary processes, some branches joining the greater
vascular circle of the iris.
The arteria centralis reiinse has been already described.
The veins, usually four in number, are formed mainly by branches from the
They perforate the sclerotic, midway between the cornea
surface of the choroid.
and the optic nerve, and end in the ophthalmic vein.
The fierves of the eyeball are the optic, the long ciliary nerves from the nasal
branch of the ophthalmic, and the short ciliary nerves from the ciliary ganglion.

Appendages of the Eye.
The appendages of the eye {tntamina oculi) include the eyebrows, the eyelids,
the conjunctiva, and the lachrymal apparatus, viz., the lachrymal gland, the
lachrymal sac, and the nasal duct.
The eyebrows [supercilia) are two arched eminences of integument, which surmount the upper circumference of the orbit on each side, and support numerous
short, thick hairs, directed oblique!}'' on the surface.
In structure, the eyebrows
consist of thickened integument, connected beneath with the Orbicularis palpebrarum, Corrugator supercilii, and Occipito -frontalis muscles. These muscles
serve, by their action on this part, to control to a certain extent the amount of
light admitted into the eye.
The eyelids [paljDebrse) are two thin, movable folds, placed in front of the
The upper lid is the larger, and
eye, protecting it from injury by their closure.
the more movable of the two, and is furnished with a separate elevator muscle,
When the eyelids are opened, an elliptical space
the Levator palpebrse superioris.
{fissara palpehrarum) is left between their margins, the angles of which correspond to the junction of the upper and lower lids, and are called canthi.
The outer canthus is more acute than the inner, and the lids here lie in close
contact with the globe but the inner canthvs is prolonged for a short distance
inwards towards the nose, and the two lids are separated by a triangular space,
the lacus lachrymaUs.
At the commencement of the lacus lachrymalis, on the
margin of the eyelid, is a small conical elevation, the lachrymal papilla, or
tubercle, the apex of which is pierced by a small orifice, the punctum lachrymale,
the commencement of the lachiymal canal.
Structure of the eyelids.
The eyelids are composed of the following structures,
taken in their order from without inwards
Integument, areolar tissue, fibres of the Orbicularis muscle, tarsal cartilage
and its ligament, Meibomian glands and conjunctiva. The upper lid has, in
addition, the aponeurosis of the Levator palpebr*.
The integument is extremely thin, and continuous at the margin of the lids
with the conjunctiva.
The subcutaneous areolar tissue is very lax and delicate, seldom contains any
fat, and is extremely liable to serous infiltration.
The fibres of the Orbicularis muscle, where they cover the palpebrge, are thin,
pale in color, and possess an involuntary action.
The tarsal cartilages are two thin, elongated plates of dense connective tissue,^
about an inch in length. They are placed one in each lid, contributing to their
form and support.
The superior, the larger, is of a semilunar form, about one-third of an inch
in breadth at the centre, and becoming gradually narrowed at each extremity.
Into the upper border of this cartilage the aponeurosis of the Levator palpebraa
:

:

is

attached.

The

inferior tarsal cartilage, the smaller, is thinner,

and of an

elliptical

form.

^Recent observations have proved that the so-called "tarsal cartilages" do not contain any
and that the name is a misnomer.

cartilage cells,
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The free or ciliary margin of the cartilages is thick, and presents a perfectly
The attached or orbital margin is connected to the circumference
straight edge.
The outer angle of each carfibrous membrane of the lids.
the
orbit
by
the
of
tilage is attached to the malar bone by the external palpebral or tarsal ligament.
The inner angles of the two cartilages terminate at the commencement of the
lachrymalis, being fixed to the margins of the orbit by the tendo oculi.
The tarsal ligament, or fibrous membrane of the lids, is a layer of fibrous membrane, beneath the Orbicularis, attached externally to the margin of the orbit,
and internally to the orbital margin of the tarsal cartilage. It is thick and dense
at the outer part of the orbit, but becomes thinner as it approaches the cartilages.
This membrane serves to support the eyelids, and retains the tarsal cartilages in
their position.
Fig. 436.

— The Meibomian Glands,

etc., seen
of the EyeUds.

The Meibomian glands

(Fig. 436) are situated

from the Inner Surface

upon the inner surface of the eye-

between the tarsal cartilages and conjunctiva, and may be distinctly seen
through the mucous membrane on everting the eyelids, presenting the appearanceThey are about thirty in number in the upper carof parallel strings of pearls.
They are imbedded in grooves in the
tilage, and somewhat fewer in the lower.
inner surface of the cartilages, and correspond in length with the breadth of each cartilage
they are, consequently, longer in the upper than in the lower ej^elid/
Their ducts open on the free margin of the lids by minute foramina, which correspond in number to the follicles. These glands are a variety of the cutaneous
sebaceous glands, each consisting of a single straight tube or follicle, having a
The
Ggecal termination, into which open a number of small secondary follicles.
tubes consist of basement membrane, covered by a layer of scaly epithelium
the secondary follicles are lined by a layer of polyhedral cells, continuous with
the cells of the tube.
The remainder of the follicle is filled with large polyhedral cells, charged with fat.
They are thus identical in structure with the sebaceous glands.
The peculiar parallel arrangement of these glands side by side
forms a smooth layer, adapted to the surface of the globe, over which they con-

lids,

;

;.

The use of their secretion is to prevent adhesion of the lids.
eyelashes {cilia) are attached to the free edges of the eyelids they are
short, thick, curved hairs, arranged in a double or triple row at the margin of
the lids those of the upper lid, more numerous and longer than the lower,

stantly glide.

The

;

:

curve upwards

;

those of the low^er lid curve downwards, so that they do not

interlace in closing the lids.

membrane of the eye. It lines the inner surreflected over the fore part of the sclerotic and cornea.
In each of these situations, its structure presents some peculiarities.
The

conjunctiva

face of the eyelids,

is

the mucous

and

is
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The 2Mli}ebral portion of the conjunctiva is thick, opaque, highly vascular, and
covered with numerous papillse, which, in the disease called granular lids, become
At the margin of the lids, it becomes continuous with
greatly hypertrophied.
the lining membrane of the ducts of the Meibomian glands, and, through the
lachrymal canals, with the lining membrane of the lachrymal sac and nasal duct.
At the outer angle of the upper lid, it may be traced along the lachrymal ducts
into the lachrymal gland and at the inner angle of the eye, it forms a semilunar
The folds formed by the reflection of the conjunctiva
fold, the plica semilunaris.
from the lids on to the eye are called the superior and inferior palpebral folds, the
former being the deeper of the two. Upon the sclerotic, the conjunctiva is
loosely connected to the globe it becomes thinner, loses its papillary structure,
is transparent, and only slightly vascular in health.
Upon the cornea, the conjunctiva is extremely thin and closely adherent, and no vessels can be traced
In the foetus, fine capillary loops extend
into it in the adult in a healthy state.
for some little distance forwards into this membrane but in the adidt, they pass
only to the circumference of the cornea. The deeper parts of the palpebral conjunctiva present, according to Henle, a considerable proportion of lymphoid
Lymphatics arise in the conjunctiva in a delicate zone around the cornea,
tissue.
from which the vessels run to the ocular conjunctiva.
At the point of reflection of the conjunctiva from the lid on to the globe of
the eye, termed the fornix conjunctivse, are a number of mucous glands, which
They are chiefly found in the upper lid. Other glands,
are much convoluted.
analogous to lymphoid follicles, and called by Henle " tracliom,a glands,'''' are found
in the conjunctiva, and, according to Stromeyer, are chiefly situated near the
inner canthus of the eye. -They were first described by Brush, in his description
of Peyer's Patches of the small intestines, as " identical structures existing in the
;

:

;

under eyelid of the ox."

The nerves in the conjunctiva are numerous, and form rich plexuses. According to Krause, they terminate in a peculiar form of tactile corpuscle, which he
terms " terminal bulb."
The caruncula lachryonalis is a small, reddish, conical-shaped body, situated at
the inner canthus of the eye, and filling up the small triangular space in this
It consists of a cluster of follicles similar in
structure to the Meibomian, covered with mucous membrane, and is the source
of the whitish secretion which constantly collects at the inner angle of the eye.
few slender hairs are attached to its surface. On the outer side of the caruncula
is a slight semilunar fold of mucous membrane, the concavity of which is directed
towards the cornea; it is called the plica semilunaris. Mliller found smooth
muscular fibres in this fold, and in some of the domestic animals a thin plate of
cartilage has been discovered.
This structure is considered to be the rudiment
of the third eyelid in birds, the inembrana niciitans.

situation, the lacus lachrymalis.

A

Lachrymal Apparatus.
The lachrymal apparatus

(Fig. 437.)

consists of the lachrymal gland, which secretes the
excretory ducts, which convey the fluid to the surface of the eye.
This fluid is carried away by the lachrymal canals into the lachrymal sac, and
along the nasal duct into the cavity of the nose.
The lachrymal gland is lodged in a depression at the outer angle of the orbit,
on the inner side of the external angular process of the frontal bone. It is off
an oval form, about the size and shape of an almond. Its upper convex surface]
is in contact with the periosteum of the orbit, to which it is connected by a few]
fibrous bands.
Its under concave surface rests upon the convexity of the eyeball, and upon the Superior and External recti muscles.
Its vessels and nervesl
enter its posterior border, whilst its anterior margin is closely adherent to the]
back part of the upper eyelid, and is covered, on its inner surface, by a reflection]
of the conjunctiva.
The fore part of the gland is separated from the rest by
tears,

and

its
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hence it is sometimes described as a separate lobe, called the
palpebral portion of the gland. In structure and general appearance the lachrymal resembles the salivary glands (page 779). Its ducts, about seven in number,
run obliquely beneath the mucous membrane for a short distance, and, separating
from each other, open by a series of minute orifices on the upper and outer half
These orifices are arranged
of the conjunctiva, near its reflection on to the globe.
ill a row, so as to disperse the secretion over the surface of the membrane.
The lachrymal canals commence at the minute orifices, piincta lachrymalia., seen
on the margin of the lids, at the outer extremity of the lacus lachrymalis. They
commence on the summit of a slightly elevated papilla, the papilla lachrymalis^
and lead into minute canals, the canaliculi^ which proceed inwards to terminate
The superior canal, the smaller and longer of the two, at
in the lachrymal sac.
first ascends, and then bends at an acute angle, and passes inwards and downwards
The inferior canal at first descends, and then, abruptly
to the lachrymal sac.
changing its course, passes almost horizontally inwards. They are dense and
elastic in structure and somewhat dilated at their angle.
slight depression

;

Fig. 437.

— The Lachrymal Apparatus.

Right Side.

The lachrymal sac is the upper dilated extremity of the nasal duct, and is
lodged in a deep groove formed by the lachrymal bone and nasal process of the
superior maxillary.
It is oval in form, its upper extremity being closed in and
rounded, whilst below it is continued into the nasal duct. It is covered by the
Tensor tarsi muscle and by a fibrous expansion derived from the tendo oculi,
which is attached to the ridge on the lachrymal bone. In structure it consists
of a fibrous elastic coat, lined internally by mucous membrane the latter being
continuous, through the canaliculi, with the mucous lining of the conjunctiva,
and through the nasal duct with the pituitary membrane of the nose.
The nasal duct is a membranous canal, about three-quarters of an inch in
length, which extends from the lower part of the lachrymal sac to the inferior
meatus of the nose, where it terminates by a somewhat expanded orifice, provided
with an imperfect valve, the valve of Hasner, formed by the mucous membrane.
It is contained in an osseous canal, formed by the superior maxillary, the lachrymal, and the inferior turbinated bones is narrower in the middle than at each
extremity, and takes a direction downwards, backwards, and a little outwards. It
is lined by mucous membrane, which is continuous below with the pituitary lining
of the nose. In the canaliculi, this membrane is provided with scaly epithelium
but in the lachrymal sac and nasal duct, the epithelium is ciliated, as in the
:

;

;

nose.
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OF SENSE.

The Ear.
The organ
panum,

of liearing lias three parts

:

the external ear, the middle ear or tym-

and' the internal ear or labyrinth.

The external ear consists of an expanded portion, named pinna or auricle^ and
the auditory canal, or meatus. The former serves to collect the vibrations of the
air by which sound is produced, and the latter conducts those vibrations to the
tympanum.
The pinna

or auricle (Fig. 438), is formed by a layer of fibro-cartilage, covered
with integument, and connected to the commencement of the auditory canal it
is of an ovoid form, its surface uneven, with its larger end directed upwards.
Its
outer surface is irregularly concave, directed slightly forwards, and presents
numerous eminences and depressions, which result from the foldings of its fibrocartilaginous element.
To each of these names have been assigned. Thus the
external prominent rim of the auricle is called the helix. Another curved prominence parallel with, and in front of the helix, is called the antihelix ; this bifurcates above, so as to inclose a triangular depression, the fossa of the antihelix.
The narrow curved depression between the helix and the antihelix is called the
:

Fig.

438.— The Pinna,

or Auricle.
Outer Surface.

fossa of the helix [fossa innoininata or scaphoidea) ;
the antihelix describes a curve round a deep,
capacious cavity, the concha.^ which is partially
divided into two parts by the commencement of
the helix. In front of the concha, and projecting
backwards over the meatus, is a small, pointed
eminence, the tragus; so called from its being
generally covered on its under surface with a tuft
of hair, resembling a goat's beard.
Opposite the
tragus, and separated from it by a deep notch
{incisura intertrayica).^ is a small tubercle, the
antitragus.
Below this is the lobule.^ composed of
tough areolar and adipose tissue, wanting the
firmness and elasticity of the rest of the pinna.
Structure of the pinna.
The pinna is composed
of a thin plate of yellow fibro-cartilage, covered
with integument, and connected to the surrounding
parts by ligaments and a few muscular fibres.
The integument is thin, closely adherent to the
cartilage, and furnished with sebaceous glands,
which are most numerous in the concha and scaphoid fossa.

The

pinna consists of one single piece it gives form to this
and upon its surface are found all the eminences and depressions

cartilage of the

;

part of the ear,
above described. It does not enter into the construction of all parts of the auricle
thus it does not form a constituent part of the lobule it is deficient, also, between
the tragus and beginning of the helix, the notch between them being filled up by
dense fibrous tissue. At the front part of the pinna, where the helix bends
upwards, is a small projection of cartilage, called the process of the helix. The
cartilage of the pinna presents several intervals or fissures in its substance, which
partially separate the different parts.
The fissure of the helix is a short vertical
slit, situated at the fore part of the pinna, immediately behind a small conical
projection of cartilage, opposite the first curve of the helix (process of the helix).
Another fissure, the fissure of the tragus, is seen upon the anterior surface of the
tragus.
The antihelix is divided below, b}^ a deep fissure, into two parts: one
part terminates by a pointed, tail-like extremity [p)rocessus caudatus)^ the other
is continuous with the antitragus.
The cartilage of the pinna is very pliable,
elastic, of a yellowish color, and belongs to that form of cartilage which is known
under the name of yellow fibro-cartilage.
;

;
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1. Those connecting it to the
of the pinna consist of two sets
side of the head. 2. Those connecting the various parts of its cartilage together.
The former, the most important, are two in number, anterior and posterior.
The anterior ligament extends from the process of the helix to the root of the
zygoma. The posterior ligament passes from the posterior surface of the concha
few fibres
to the outer surface of the mastoid process of the temporal bone.
connect the tragus to the root of the zygoma.
The ligaments connecting the various parts of the cartilage together are also
two in number. Of these, one is a strong, fibrous band, stretching across from
the tragus to the commencement of the helix, completing the meatus in front,
and partly encircling the boundary of the concha the other extends between
the concha and the processus caudatus.
The muscles of the pinna (Fig. 439), like the ligaments, consist of two sets:
1. Those which connect it with the side of the head, moving the pinna as a
whole, viz., the Attollens, Attrahens, and Retrahens aurem (p. 352) and 2. The
proper muscles of the pinna, which extend from one part of the auricle to another.
These are, the

The ligaments

:

A

;

;

Helicis major.
Helicis minor.
Tragicus.

_

Antitragicus.

Transversus auriculas.
Obliquus auris.

The M. Helicis major is a narrow, vertical band of muscular fibres, situated
upon the anterior margin of the helix. It arises, below, from the process of the
helix, and is inserted into the anteFig. 439.— The Muscles of tlie Pinna.
rior border of the helix, just where
about to curve backwards. It
pretty constant in its existence.
The M. Helicis minor is an oblique
fasciculus, attached to that part of
the helix which commences from
the bottom of the concha.
it is

is

The Tragicus
band of

is

a short, flattened

muscular

fibres,

situated
tragus,

upon the outer surface of the
the

direction

of

its

fibres

being

vertical.

The Antitragicus

arises

from the

its
part of the antitragus
fibres are inserted into the processus
caudatus of the helix. This muscle
is usually very distinct.
The Transversus auriculse is placed
on the cranial surface of the pinna.
It consists of radiating fibres, partly
tendinous and partly muscular, extending from the convexity of the
concha to the prominence corresponding with the groove of the

outer

:

helix.

The Obliquus

auris (Todd) conof a few fibres extending from
the upper and back part of the concha to the convexity immediately above it.
The arteries of the pinna are the posterior auricular, from the external carotid,
the anterior auricular, from the temporal and an auricular branch from the
sists

;

occipital artery.

The
The

veins accompany the corresponding arteries.
nerves are, the auricularis magnus, from the cervical plexus

;

the posterior
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from the facial the auricular branch of the pneumogastric and the
auriculo-temporal branch of the inferior maxillary nerve.
The Auditory Canal (Fig. 440) {meatus auditorius extemus) extends from
the bottom "of the concha to the membrana tympani. It is about an inch and a
quarter in length, its direction is obliquely forwards and inwards, and it is slightly
curved upon itself, so as to be higher in the middle than at either extremity.
It forms an oval cylindrical canal, the greatest diameter being in the vertical
direction at the external orifice, but, in the transverse direction, at the tympanic
The calibre of the canal is narrowest about the middle. The membrana
end.
tympani, which occupies the termination of the meatus, is obliquely directed, in.
consequence of the floor of the canal being longer than the roof, and the anterior
wall longer than the posterior.
The auditory canal is formed partly by cartilage
and membrane, and partly by bone.
auricular,

;

Fig. 440.

—A Front View of

;

the Organ of Hearing.

Right Side.

Incus
JSIallews

Stapes
.Sftmi-cbrcu.la'r Ca-na,ls

YestLbuU
CocMtCL

The cartilaginous portion is about half an inch in length, being rather less than
half the canal it is formed by the cartilage of the concha and tragus, prolonged
inwards, and firmly attached to the circumference of the auditory process.
The
cartilage is deficient at its upper and back part, its place being supplied by
This part of the canal is rendered extremely movable by
fibrous membrane.
two or three deep fissures {incisurse Santorini)^ which extend throagh the
cartilage in a vertical direction.
The osseous portion is about three-quarters of an inch in length, and narrower
than the cartilaginous portion. It is directed inwards and a little forwards, forming a slight curve in its course, the convexity of which is upwards and backwards. Its inner end, which communicates, in the dry bone, with the cavity of
the tympanum, is smaller than the outer, and sloped, the anterior wall projecting
beyond the posterior about two lines it is marked, except at its upper part, by
a narrow groove for the insertion of the membrana tympani.
Its outer end is
dilated, and rough, in the greater part of its circumference, for the attachment
of the cartilage of the pinna.
Its vertical transverse section is oval, the greatest
diameter being from above downwards. The front and lower parts of this canal
are formed by a curved plate of bone, which, in the fcetus, exists as a separate
ring (tympanic bone), incomplete at its upper part.
The shin lining the meatus is very thin, adheres closely to the cartilaginous
and osseous portions of the tube, and covers the surface of the membrana tympani, forming its outer layer.
After maceration, the thin pouch of epidermis,,
when withdrawn, preserves the form of the meatus. The skin near its orifice is
furnished Avith hairs and sebaceous glands. In the thick, subcutaneous tissue of the:

;
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cartilaginous part of the meatus are numerous ceruminous glands, wliicli secrete
the ear-wax: their ducts open on the surface of the skin.
The arteries supplying the meatus are branches from the posterior auricular,
internal maxillary, and temporal.
The nerves are chiefly derived from the auriculo-temporal branch of the inferior maxillary nerve.

Middle Eae, or Tympanum.
The middle ear, or tympanum, is an irregular cavity, compressed from without
It is placed above the jugular
inwards, and situated within the petrous bone.
fossa, the carotid canal lying in front, the mastoid cells behind, the meatus andiIt is filled with air, and commutorius externall}^, and the labyrinth internally.
The tympanum is traversed
nicates with the pharynx by the Eustachian tube.
by a chain of movable bones, which connect the membrana tympani with the
labyrinth, and serve to convey the vibrations communicated to the membrana
tympani across the cavity of the tympanum to the internal ear.
The cavity of the tympanum measures about five lines from before backwards,
three lines in the vertical direction, and between two and three in the transverse,
beino- a little broader behind and above than it is below and in front.
It is
Fig. 441.

—View of Inner Wall of

Tympanum.

(Enlarged.)

Chorda Tij

bounded externally by the membrana tympani and meatus internally, by the
outer surface of the internal ear and communicates, behind, with the mastoid
cells; and, in front, with the Eustachian tube and canal for the Tensor tympani.
Its roof and floor are formed by thin osseous laminte, the one forming the roof
being a thin plate situated on the anterior surface of the petrous bone, close to its
angle of junction with the squamous portion of the temporal bone.
The roof is broad, flattened, and formed of a thin plate of bone, which separates
the cranial and tympanic cavities.
The floor is narrow, and corresponds to the jugular fossa, which lies beneath.
;

;

It presents,

near the inner wall, a small aperture for the passage of Jacobson's

nerve.

The outer wall is formed mainly by the membrana tympani, partly by the
ring of bone into which this membrane is inserted.
It presents three small
apertures the iter chords posterius, the Glaserian fissure, and the iter chord*
:

anterius.

The aperture of the iter chordse posterius is in the angle of junction between
the posterior and external walls of the tympanum, immediately behind the
membrana tympani and on a level with its centre it leads into a minute canal,
which descends in front of the aquseductus Fallopii, and terminates in that canal
near the stylo-mastoid foramen.
Through it the chorda tympani nerve enters
the tympanum.
;

—

;
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The Glaserian fissure opens just above and in front of tlie ring of bone into
which the membrana tympani is inserted in this situation it is a mere slit about
a hne in length. It lodges the long process of the malleus, and gives passage to
the Laxator tympani muscle and some tympanic vessels.
The aperture of the iter chordse anterius is seen just above the preceding fissure;
it leads into a canal (canal of Huguier), which runs parallel with the Glaserian
Through it the chorda tympani nerve leaves the tympanum.
iissure.
;

The

internal wall of the tympanum (Fig. 441) is vertical in direction, and looks
outwards. It presents for examination the following parts

•directly

:

Ridge of the Aqugeductus Fallopii.
Pyramid.
Opening for the Stapedius.

Fenestra ovalis.
Fenestra rotunda.

Promontory.

l^\\e fenestra ovalis is a reniform opening, leading from the tympanum into the
vestibule its long diameter is directed horizontally, and its convex border is
upwards. The opening in the recent state is closed by the lining membrane
common to both cavities, and is occupied by the base of the stapes. This membrane is placed opposite the membrana tympani, and is connected with it by the
ossicula auditiis.
The fenestra rotunda is an oval aperture placed at the bottom of a funnel-shaped
depression,' leading into the cochlea.
It is situated below and rather behind the
fenestra ovalis, from which it is separated by a rounded elevation, the promontor}^;
it is closed in the recent state by a membrane [membrana tympani secundaria^
Scarpa). This membrane is concave towards the tympanum, convex towards the
cochlea.
It consists of three layers
the external, or mucous, derived from the
mucous lining of the tympanum the internal, or serous, from the lining membrane of the cochlea; and an intermediate, or fibrous layer.
The promontory is a rounded, hollow prominence, formed by the projection
outwards of the first turn of the cochlea it is placed between the fenestrge, and
is furrowed on its surface by three small grooves, which lodge branches of the
tympanic plexus.
The rounded eminence of the aqusedactus Fallopii^ the prominence of the bony
canal in which the portio dura is contained, traverses the inner wall of the tympanum above the fenestra ovalis, and behind that opening curves nearly vertically
downwards along the posterior wall.
•The pyramid is a conical eminence, situated immediately behind the fenestra
ovalis, and in front of the vertical portion of the eminence above described it is
hollow in the interior, and contains the Stapedius muscle; its summit projects
forwards towards the fenestra ovalis, and presents a small aperture, which transmits the tendon of the muscle. The cavity in the pyramid is prolonged into a
minute canal, which communicates with the aquseductus Fallopii, and transmits
the nerve which supplies the Stapedius.
The posterior wall of the tympanum is wider above than below, and presents
for examination the
;

:

;

;

;

Openings of the Mastoid

cells.

These consist of one large, irregular aperture, and several smaller openings,
situated at the upper part of the posterior wall they lead into canals, which
communicate with large irregular cavities contained in the interior of the
mastoid process. These cavities vary considerably in number, size, and form
they are lined by mucous membrane, continuous with that covering the cavitj^
of the tympanum.
The anterior wall of the tympanum is wider above than below it corresponds
with the carotid canal, from which it is separated by a thin plate of bone, perforated by the tympanic branch of the internal carotid.
It presents for examination the
;

;

;
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Orifice of the Eustachian tube.
Coclileariformis.

The orifice of the canal for the Tensor tympani and the orifice of the Eustachian
tube are situated at the upper part of the anterior wall, being separated from
each other by a thin, delicate, horizontal plate of bone, the processus coclileariThese canals run from the tympanum forwards, inwards, and a little
formis.
downwards, to the retiring angle between the squamous and petrous portions of
the temporal bone.
The canal for the Tensor tympani is the superior and the smaller of the two
it is rounded, and lies beneath the upper surface of the petrous bone, close to the
hiatus Fallopii,
The tympanic end of this canal forms a conical eminence, which
is prolonged backwards into the cavity of the tympanum, and is perforated at its
summit by an aperture, which transmits the tendon of the muscle contained in
This eminence is sometimes called the anterior pyramid. The canal contains
it.
the Tensor tympani muscle.
The Eustachian tvhe is the channel through which the tympanum communiIts length is from an inch and a half to two inches,
cates with the pharynx.
and its direction downwards, forwards, and inwards. It is formed partly of bone,
partly of cartilage and fibrous tissue.
The osseous -portion is about half an inch in length. It commences in the
lower part of the anterior wall of the tympanum, below the processus cochleariformis, and, gradually narrowing, terminates in an oval, dilated opening, at the
angle of junction of the petrous and squamous portions, its extremity presenting
a jagged margin, which serves for the attachment of the cartilaginous portion.
The cartilaginous portion^ about an inch in length, is formed of a triangular
plate of elastic fibro-cartilage, curled upon itself, an interval being left beJow,
between the margins of the cartilage, which is completed by fibrous tissue. Its
canal is narrow behind, wide, expanded, and somewhat trumpet-shaped in front,
terminating by an oval orifice, at the upper part and side of the pharjaix, behind
the back part of the inferior meatus. Through this canal the mucous membrane
of the pharynx is continuous with that which lines the tympanum.
The mucous
membrane is covered with ciliated epithelium.
The memhrana tympani separates the cavity of the tympanum from the bottom
of the external meatus.
It is a thin, semitransparent membrane, nearly oval in
form, somewhat broader above than below, and directed very obliquely downwards and inwards. Its circumference is contained in a groove at the inner end
of the meatus, which skirts the circumference of this part, excepting above.
The handle of the malleus descends vertically between the inner and middle
layers of this membrane, as far down as its centre, where it is firml}^ attached,
drawing the membrane inwards, so that its outer surface is concave, its inner

convex.

This membrane is composed of three layers, an external (cuticular),
and an internal (mucous). The cvticular lining is derived
from the integument lining the meatus. T^\iq fibrous layer consists of fibrous and
elastic tissues
some of the fibres radiate from near the centre to the circumference others are arranged in the form of a dense, circular ring round the
attached margin of the membrane.
The mucous lining is derived from the
Structure.

a middle (fibrous),

;

;

mucous lining of the tympanum.

The vessels pass to the membrana tympani
along the handle of the malleus, and are distributed between its layers.
Ossicles of the

Tympanum.

(Fig. 442.)

The tympanum is traversed by a chain of movable bones, three in number, the
malleus, incus, and stapes.
The former is attached to the membrana tympani,
the latter to the fenestra ovalis, the incus being placed between the two, to both
of Avhich it is connected by delicate articulations.
48
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The Malleus^ so named from its fancied resemblance to a hammer, consists of
a head, neck, and three processes the handle or manubrium, the processus gracilis, and the processus brevis.
The head is the large, upper extremity of the bone it is oval in shape, and
articulates posteriorly with the incus, being free in the rest of its extent.
The neck is the narrow, contracted part just beneath the head and below this
is a prominence, to which the various processes are attached.
The manuhrium is a vertical process of bone, which is connected by its outer
margin with the membrana tympani. It decreases in size towards its extremity,
where it is curved slightly forwards, and flattened from within outwards.
The processus gracilis is a long and very delicate process, which passes from
the eminence below the neck forwards and outwards to the Glaserian fissure, to
which it is connected by bone and ligamentous fibres. It gives attachment to
the Laxator tympani.
^h.Q processus brevis is a slight conical projection, which springs from the root
of the manubrium, and lies in contact with the memFig. 442.— The Small Bones of
brana tympani. Its summit gives attachment to the
:

;

;

^''^

side

^%nla" edT

.^

i.nt!c.iar 2jr;o,„^s^j^

>»^^^S.

^"^'

'^^^^^^ tympani.
'^^^^ /news has received its name from its supposed
resemblance to an anvil, but it is more like a
bicuspid tooth, with two roots, which differ in
length, and are widely separated from each other.
It consists of a bod}^ and two processes.
The body is somewhat quadrilateral, but comIts summit is deeyjly concavopressed laterally.
couvcx, aud articulates with the malleus
in the
fresh state it is covered with cartilage and lined with
;

synovial membrane.
The two processes diverge from one another
nearly at right angles.
The short process^ somewhat conical in shape, projects nearly horizontally backwards, and is attached to the margin of the opening leading into the mastoid

by ligamentous fibres.
The lony process^ longer and more

cells,

slender than the preceding, descends nearly

vertically behind the handle of the malleus, and, bending inwards, terminates in
a rounded, globular projection, the as orbiculare^ or lenticular process, Avhich is
tipped with cartilage, and articulates with the head of the stapes.
In the foetus

the OS orbiculare exists as a separate bone, but becomes united to the long process
of the incus in the adult.
The Stapes, so called from its close resemblance to a stirrup, consists of a head,
neck, two branches, and a base.
The head presents a depression, tipped with cartilage, which articulates with
the OS orbiculare.
The nech, the constricted part of the bone below the head, receives the insertion of the Stapedius muscle.
The tiuo branches (crura) diverge from the neck, and are connected at their
extremities by a flattened, oval-shaped plate (the base), which forms the foot
of the stirrup, and is fixed to the margin of the fenestra ovalis by ligamentous
fibres.

Ligaments of the Ossicula. These small bones are connected with each other,
and with the walls of the tympanum, by ligaments, and moved by small musThe articular surfaces of the malleus and incus, the orbicular process of
cles.
the incus and head of the stapes, are covered with cartilage, connected together
by delicate capsular ligaments, and lined by synovial membrane. The ligaments
connecting the ossicula with the walls of the tympanum are three in number,
one for each bone.
The suspensory ligament of

the

malleus

is

a delicate, round bundle of fibres,

—
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descends perpendicularly from the roof of tlie tympanum to the head of
the malleus.
The posterior ligament of*the incus is a short, thick, ligamentous band, which
connects the extremity of the short process of the incus to the posterior wall
of the tympanum, near the margin of the opening of the mastoid cells.
The annular ligament of the stapes connects the circumference of the base of
this bone to the margin of the fenestra ovalis.
suspensory ligament of the incus has been described by Arnold, descending
from the roof of the tympanum to the upper part of the incus, near its articulation with the malleus.
The muscles of the tympanum are three
Avhicli

A

:

Laxator tympani.

Tensor tympani.

Stapedius.

The Tensor tympani^ the largest, is contained in the bony canal, above the
osseous portion of the Eustachian tube, from which it is separated by the processus cochleariformis.
It arises from the under surface of the petrous bone, from
the cartilaginous portion of the Eustachian tube, and from the osseous canal in
which it is contained. Passing backwards through the canal, it terminates in a
slender tendon, which enters the tympanum and makes a sharp bend outward
round the extremity of the processus cochleariformis, and is inserted into the
handle of the malleus near its root. It is supplied by a branch from the otic
ganglion.
The Laxator tympani major (Sommerring) arises from the spinous process of
the sphenoid bone, and from the cartilaginous portion of the Eustachian tube, and,
passing backwards through the Glaserian fissure, is inserted into the neck of the
malleus, just above the processus gracilis.
It is supplied by the tympanic branch
of the facial.
The Laxator tympani minor (Sommerring) arises from the upper and back part
of the external meatus, passing forwards and inwards between the middle and
inner layers of the membrana tympani, and is inserted into the handle of the
malleus, and processus brevis.
The Laxator tympani major is by some anatomists believed to be ligamentous
and not muscular, and there seems little doubt that the structure described under
the name of Laxator tympani minor is a ligament.
The Stapedius arises from the sides of a conical cavity hollowed out of the
interior of the pyramid
its tendon emerges from the orifice at the apex of the
pyramid, and, passing forwards, is inserted into the neck of the stapes. Its surface
is aponeurotic, its interior fleshy
and its tendon occasionally contains a slender
bony spine, which is constant in some mammalia. It is supplied by a filament
from the facial nerve.
Actions.
The Tensor tympani draws the membrana tj^mpani inwards, and thus
heightens its tension. The Laxator tympani draws the malleus outwards, and thus
the tympanic membrane, especially at its fore part, is relaxed.
The Stapedius
draws the heads of the stapes backwards, and thus causes the base of the bone
to rotate on a vertical axis drav/n through its own centre
in doing this the
back part of the base would be pressed inwards towards the vestibule, while the
fore part would be drawn from it.
It probably compresses the contents of the
:

;

:

vestibule.

The mucous membrane of the tympanum is thin, slightly vascular, and continuous
with the mucous membrane of the pharynx, through the Eustachian tube. It
invests the ossicula, and the muscles and nerves contained in the tympanic cavity
forms the internal layer of the membrana tympani covers the foramen rotundum;
and is reflected into the mastoid cells, which it lines throughout. In the tym.panum and mastoid cells this membrane is pale, thin, slightly vascular, and covered with ciliated epithelium.
In the osseous portion of the Eustachian tube the
membrane is thin but in the cartilaginous portion it is very thick, highly vas;

;

;

ORGANS OF SENSE.

766
cular,

i

covered with laminar ciliated epithelium, and provided with numerous

mucous glands.
The arteries supplying

the tympanum are five in «,umber.
Two of them are
larger than the rest, viz., the tympanic branch of the internal maxillary, which
supplies the membrana tympani
and the stylo-mastoid branch of the posterior
auricular, which supplies the back part of the tympanum and mastoid cells.
The
the petrosal branch of the middle meningeal, which enters
smaller branches are
through the hiatus Fallopii; a branch from the ascending pharyngeal, which passes
up the Eustachian tube and a branch from the internal carotid, given off in the
carotid canal, and perforating the thin anterior wall of the tympanum.
The veins of the tympanum terminate in the middle meningeal and pharj^ngeal
veins, and, through these, in the internal jugular.
The nerves of the tympanum, may be divided into
1. Those supplying the
muscles
2. Those distributed to the lining membrane; 3. Branches communicatinsf with other nerves.
Nerves to muscles. The Tensor tympani is supplied by a branch from the otic
ganglion the Laxator tympani, and the Stapedius, by a filament from the facial
;

—

;

:

—

;

;

(Scimmerring).

The

nerves distributed

to the

lining m.emhrane are derived

from the tympanic

plexus,

i

place in the tympanum are between the tympanic branch of the glosso-pharyngeal with the sympathetic and with filaments
derived from the intumescentia gangliformis of the facial.
The tympanic hranch of the glosso-pharyngeal (^Jacohson''s nerve) enters the tympanum by an aperture in its floor, close to the inner wall, and ascends on to the
promontory. It distributes branches to the fenestra rotunda, fenestra ovalis, and
to the lining membrane of the tympanum and Eustachian tube, and divides into
three branches of communication, which are contained in grooves on the promontory.
One of these arches forwards and downwards to the carotid canal to
join the carotid plexus.
second runs vertically upwards to join the greater
superficial petrosal nerve as it lies in the hiatus Fallopii,
The third branch runs
upwards and forwards through the substance of the petrous portion of the temporal bone.
In its course it passes by the ganglionic enlargement of the facial
nerve, and, receiving a connecting filament from it, becomes the lesser superficial
petrosal nerve, which joins the otic ganglion.
The chorda tympani quits the facial near the stylo-mastoid foramen, enters the
tympanum at the base of the pyramid, and arches forwards across its cavity
between the handle of the malleus and long process of the incus, to an openinginternal to the Glaserian fissure.
It is invested by a reflection of the lining meujbrane of the tympanum.

The communications which take

j

:

i

i

A

I

i

Internal Ear or Labyrinth,

The internal ear is the essential part of the organ, receiving the ultimate distribution of the auditory nerve.
It is called the lahyrinth^ from the complexity
of its shape, and consists of three parts
the vestibule, semicircular canals, and
cochlea.
It is formed by a series of cavities, channelled out of the substance of j,,—
the petrous bone, communicating externally with the cavity of the tympanum. III
through the fenestra ovalis and rotunda and internally with the meatus auditorius internus, which contains the auditory nerve.
Within the osseous labyrinth
is contained the membranous labyrinth, upon which the ramifications of the
auditory nerve are distributed.
The Vestibule (Fig. 443) is the common central cavity of communication between
the parts of the internal ear. It is situated on the inner side of the tympanum,
behind the cochlea, and in front of the semicircular canals. It is somewhat ovoidal
in shape from before backwards, flattened from within outwards, and measures
about one-fifth of an inch from before backwards, as well as from above downwards,
:

;

>
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being narrower from without inwards. On its outer or tympanic wall is the fenestra
the recent state, by the base of the stapes and its annular ligament. On its inner wall^ at the fore part, is a small, circular depression, /oyea
hemispherica^ which is perforated, at its anterior and inferior part, bj sevaral
minute holes {macula cribrosa), for the passage of the filaments of the auditory
nerve and behind this depression is a vertical ridge, the pyramidal eminence.
At the hinder part of the inner wall is the orifice of the aquseductus vestihuli,
which extends to the posterior surface of the petrous portion of the temporal
bone.
It transmits a small vein, and, according to some, contains a tubular prolongation of the lining membrane of the vestibule, which ends in a cul-de-sac
between the layers of the dura mater within the cranial cavity. On the upper
ovalis, closed, in

;

Fig. 443.

—The Osseous Labyrinth

laid open.

(Enlarged.)

Openit7(j ff-

A^ueduntus Vcstciu.U

BrUtlt, passed thj-ouyh

Opi?^tn0 of
AnutidALctu^ Cochl.

wall or roof \s a transversely-oval depression, /ovea semi-elliptica^ separated from
the fovea hemispherica by the pyramidal eminence, already mentioned.
Behind,
the semicircular canals open into the vestibule by five orifices.
In front is a large
oval opening, which communicates with the scala vestibuli of the cochlea by a
single orifice, apertura scalse vestibuli cochleae.
The Semicircular canals are three bony canals, situated above and behind tlie
vestibule.
They are of unequal length, compressed from side to side, and describe
the greater part of a circle.
They measure about one-twentieth of an inch in
diameter, and each presents a dilatation at one end, called the ampulla., which
measures more than twice the diameter of the tube. These canals open into the
vestibule by five orifices, one of the apertures being common to two of the
canals.

The superior semicircular canal is vertical in direction, and stretches across the
petrous portion of the temporal bone, at right angles to its posterior surface its
arch forms a round projection on the anterior surface of the petrous bone.
It
describes about two-thirds of a circle.
Its outer extremity, which is ampuUated,
commences by a distinct orifice in the upper part of the vestibule the opposite
end of the canal, which is not dilated, joins with the corresponding part of the
posterior canal, and opens by a common orifice with it in the back part of the
;

;

vestibule.

The posterior semicircular canal., also vertical in direction, is directed backwards, nearly parallel to the posterior surface of the petrous bone it is the
longest of the three, its ampullated end commencing at the lower and back part
:

ORGANS OF

758
of the vestibule,

its

SENSE.

opposite end joining to form the

common

canal already

mentioned.

The external or horizontal canal is the shortest of the three, its arch being
directed outwards and backwards thus each semicircular canal stands at right
Its ampullated end corresponds to the upper and outer
angles to the other two.
angle of the vestibule, just above the fenestra ovalis its opposite end opens by
a distinct orifice at the upper and back part of the vestibule.
;

;

Fig. 444.

—The Cochlea laid open.

(Enlarged.)

The Cochlea bears some resemblance to a common snail-shell it forms the
anterior part of the labyrinth, is conical in form, and placed almost horizontally
in front of the vestibule its apex is directed forwards and outwards towards the
upper and front part of the inner wall of the tympanum its base corresj^onds
with the anterior depression at the bottom of the internal auditory meatus, and
is perforated by numerous apertures, for the passage of the cochlear branch of
the auditory nerve. It measures about a quarter of an inch in length, and its
breadth towards the base is about the same. It consists of a conical-shaped
central axis, the modiolus or coluinnella ; of a canal wound spirally round the
axis for two turns and a half, from the base to the apex
and of a delicate lamina
(the lamina spiralis) contained within the canal, which follows its windings and
subdivides it into two.
The central axis^ or modiolus^ is conical in form, and extends from the base to
the apex of the cochlea. Its base is broad, corresponds with the first turn of
the cochlea, and is perforated by numerous orifices, Avhich transmit filaments of
the cochlear branch of the auditory nerve the axis diminishes rapidly in size
in the second coil, and terminates within the last half-coil, or cvpola, in an
expanded, delicate, bony lamella, which resembles the half of a funnel, divided
longitudinally, and is called the infundibulum ; the broad part of this funnel is
directed towards the summit of the cochlea, and blends with the last half-turn of
the spiral canal of the cochlea, the cupola. At this point the two larger scalse
of the cochlea, the scala tympani and scala vestibuli, communicate by an opening called the helicotrema. The outer surface of the modiolus is formed of the
wall of the spiral canal, and is dense in structure but its centre is channelled,
:

;

;

;

;

;

canals, which transmit nervous filaments in regular succession into the canal of the cochlea, or on to the
surface of the lamina spiralis.
One of these, larger than the rest, occupies the
centre of the modiolus, and is named the canalis centralis modioli ; it extends
from the base to the extremity of the modiolus, and transmits a small nerve and

as far as the- last half-coil,

by numerous branching

artery [arteria centralis modioli).
The spiral canal (Fig. 444) takes two turns and a half round the modiolus.
and
It is about an inch and a half in length, measured along its outer wall
diminishes gradually in size from the base to the summit, where it terminates in
a Gid-de-sac, the cvpola, which forms the apex of the cochlea.
The commencement of this canal is about the tenth of an inch in diameter it diverges from
the modiolus towards the tympanum and vestibule, and presents three open
;

;
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One, the fenesira rotunda, communicates with the tympanum in the recent
by a membrane, the membrana tympani secundaria.
Another aperture, of an oval form, enters the vestibule. The third is the aperture of the aquseductus cochleae leading to a minute funnel-shaped canal, which
opens on the basilar surface of the petrous bone, and transmits a small vein.
The interior of the spiral canal (Fig. 445) is divided into three principal canals
viz., the Scala Tympani, the Scala Vestibuli, and, interposed between
or scalne
Projecting from the modiolus is a thin, bony process, the
these, the Scala Media.
lamina spiralis ossea, which consists of two thin lamellae of bone, between Mdiich
At the point where
are numerous canals for the passage of nervous filaments.
the osseous lamina is attached to the modiolus is a small canal, which winds
round the modiolus, and was denominated by Rosenthal the canalis spiralis modioli;
it is occupied by a swelling of the cochlear nerve, in which ganglion-cells are
found, the yanglion spirale, from which the nerves pass to the osseous lamina
ings.

;

state this aperture is closed

—

and orean of Corti.
Fig. 445.

—Longitudinal Section of the Cochlea,
Scalte,

S.

V. Scala vestibuli.

S. T.

showing the relations of the

the Ganglion Spirale,

Scala tympani.

G.

S.

S.

M.

Ganglion

etc.

Scala media.

L. S.

Ligamentum

spirale.

spirale.

The osseous lamina extends only part of the distance between the modiolus
and the outer bony wall of the cochlea. Near its outer end the periosteum, on
the upper or vestibular surface of the lamina, swells up into an elevation, which
is called the limhus laminse spiralis ("denticulate lamina" of Todd and Bowman).
The lamina spiralis terminates in a grooved extremity, the sulcus spiralis, which
presents the form of the letter
the upper part of the letter, being formed by
the overhanging extremity of the limbus, is named the labium vestibulare ; the
lower part, prolonged and tapering, is called the labium tympanicum (Fig. 446).
Prom the labium tympanicum a thin membrane extends over to the bony wall of
the cochlea, completing the scala tympani.
This membrane is called the membrana basilaris. At its outer attachment it swells out so as to form a thick,
triangular structure, which was regarded as a muscle by Todd and Bowman
(cochlearis), but is now recognized as ligamentous
the ligamentum spirale.
Between the labium vestibulare and the attachment of the membrane of Reissner, presently to be described, a very delicate membrane extends over to the outer
wall of the cochlea, running nearly parallel to the membrana basilaris.
It was
described by Corti, and covers over the organ which is called after his name, and
is therefore called membrana tectoria or meinbrane of Corti.
Further inwards,
:

—
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of the limbu^ laminae spiralis, another delicate memReissnei\ is attached to the vestibular surface of the
periosteum of the osseous lamina, and stretches across to the outer wall of the
The canal which lies below the osseous lamina and membrana basilaris
cochlea.
is the scald tym'pani; that Avhich is bounded by the osseous lamina and membrane of Reissner the scala vestihuU ; while the space between the membrane of
Reissner and membrana basilaris is generally described as the Scala media^ Ganalis
memhranacea^ or Canalis cochleee, and this is the nomenclature which will be used
here.
Others, however, apply the name Canalis cochleee only to the canal lying
between the membrane of Reissner and the membrana tectoria, which contains
no object for description, while the space lying between the membrana tectoria
and membrana basilaris is described by itself as a fourth canal the ductus
cochlearis or ductus auditorius.^
The latter is the space in which the organ of
Ti3ar the

commencement

brane, the

membrane of

—

Fig. 446.

—Floor

of Scala Media,

showing the Organ of

Oorti, etc.

contained.
This organ (Fig. 446) is situated upon the membrana basiland appears at first sight as a papilla, winding spirally with the turns of this
membrane throughout the whole length of the cochlea, from which circumstance
it has been designated i\iQ papilla spiralis.
More accurately viewed, it is seen to
be composed of a series of arches roofing over the zona arcuata, estimated at
over 3,000 in number. The base of these arches is said to be of uniform lens:th
in the whole of the canal.
The inner limb of the arch is formed by a fibre
(internal fibres or rods of Corti) somewhat swollen at either extremity.
In connection with the lower extremity is a nuclear body. The space between the
internal rod and the grooved margin of the sulcus spiralis is occupied by cylindrical epithelium, and some of these epithelial cells are provided with hair-like
The external limb of the arch is formed by a
processes ("inner hair-cells").
similar series of fibres (external fibres or rods of Corti), which are less numerous
than the internal,'^ and the swollen upper extremities of the two rods are articulated together
the crown of the arch approaches, but does not touch, the membrana tectoria. The shape of the external and internal rods of Corti is peculiar.
The internal rods terminate above in a process which exactly reproduces the
shape of the head of the human ulna, with its sigmoid cavity, coronoid and olecranon processes, while the external represent the head and bill of a swan the
head fitting into the concavities of one or more of the internal rods (which are
Co'tl'^ is

aris,

;

—

^ In reading the older descriptions of the organ of hearing, the student mnst bear in mind that
the Tneinbranes bounding the ductus auditorius, together with the organ contained between them,
were described together as the '"lamina spiralis membranacea," wliile the membrane of Reissner
was not recognized, the parts being, in fact, as shown in the second turn of the cochlea on the

hand of Fig. 445.
Corti's original paper

right
^

Wissen Zool., iii., 109.
and 4,500 of the outer in the
Claudius says that there are three of the inner for every two of the outer.
^

is

in the Zeitsclirift f.

Waldeyer reckons 6,000

of the inner rods

human

cochlea.
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more numerous tlian the external), while tlie bill rests against the phalanges of
Lying against the external rods are epithelial cells of
the lamina reticularis.
Those described by Corti, and called after him cells of Gorti^ are
various forms.
provided with hairs or cilia, " outer hair-cells." There are several rows of these,
alternating with which are other epithelial cells, terminating in a fine extremity
above and below these are called the cells of Deiters ; and beyond these again
The
are the ordinary epithelial cells of the part, gradually diminishing in size.
reticular lamina of Kolliker is formed, by several rows of " minute, fiddle-shaped,
cuticular structures," called ^/^.aZaw^es, between which are holes for the projection
The number of rows varies in different animals with
of the outer hair-cells.
The exact termination of the
that of the outer hair-cells, being four in man.
nerves in the organ of Corti is not as yet determined, but there seems no doubt
that this organ is to be regarded as the " terminal apparatus of hearing," as Henle
:

names

it.^

The upper blind extremity is
scala media is closed above and below.
attached to the cupola at the upper part of the helicotrema, the lower end fits
into the angle at the commencement of the osseous lamina on the floor of the
vestibule. Near this blind extremity the scala media receives the canalis reuniens
(Fig. 447), a very delicate canal, by which the ductus cochlearis is brought into
continuity with the saccule.
The inner surface of the osseous labyrinth is lined by an exceedingly thin fibroserous membrane, analogous to a periosteum, from its close adhesion to the inner
surfaces of these cavities, and performing the office of a serous membrane by its
free surface.
It lines the vestibule, and from this cavity is continued into the
semicircular canals and the scala vestibuli of the cochlea, and through the helidelicate tubular process is prolonged along
cotrema into the scala tympani.
the aqueduct of the vestibule to the inner surface of the dura mater. This membrane is continued across the fenestra ovalis and rotunda, and consequently has
no communication with the lining membrane of the tympanum. Its attached
surface is rough and fibrous, and closely adherent to the bone; its free surface is
smooth and pale, covered with a layer of epithelium, and secretes a thin, limpid
fluid, the aqua labyrinthi [perilymph [Blainville], liquor Gotunnii).

The

A

The Membranous Labyrinth.
The membranous labyrinth (Fig. 447) is a closed membranous sac, containing
The ramifications of the auditory nerve are distributed upon the wall of

fluid.

has the same general form as the vestibule and semicircular canals in
inclosed; but is considerably smaller, and separated from the liningmembrane by the perilymph.
The vestihular portion consists of two sacs, the utricle and the saccule.
The utricle is the larger of the two, of an oblong form, compressed laterally,
and occupies the upper and back part of the vestibule, lying in contact with the
fovea semi-elliptica.
Numerous filaments of the auditory nerve are distributed
on the wall of this sac; and its cavity communicates behind with the membranous
semicircular canals by five orifices.
The saccule is the smaller of the two vestibular sacs; it is globular in form,
lies in the fovea hemispherica, near the opening of the vestibular scala of the
cochlea, and receives numerous nervous filaments, which enter from the bottom
of the depression in which it is contained. Its cavity is apparently distinct from
that of the utricle.
The membranous semicircular canals are about one-third the diameter of the
osseous canals, but in number, shape, and general form they are precisely similar;
they are hollow, and open by five orifices into the utricle, one opening being

the sac.

winch

^

It

it is

For further details the reader is referred to Kolliker's GewebeleJire, 5th ed. Henle's SystemaAnatomie, or Quain's Anatomy, edited by Sharpey, Thomson, and Scliafer, 8th ed., 1876.

tische

;
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common

two

canals.
Their ampullje are thicker than the rest of the tubes^
the cavities in which they are contained.
The membranous labyrinth is held in its position by numerous fibrous bands,
which stretch across the space between the membranous and bony labyrinths.
These fibrous bands convey the blood-vessels and nervous filaments distributed to
the utricle, to the saccule, and to the ampulla of each canal. The nerves enter
the vestibule through the minute apertures on its inner wall.

to

and nearly

fill

Fig. 447.

—TLe Membranous Labyrinth.

(Enlarged 4 diams.)

CANALIS REUNIENS

The wall of the membranous labyrinth is semitransparent, and conof three layers. The oiiter layer is a loose and flocculent structure, apparently
composed of ordinary fibrous tissue, containing blood-vessels and numerous pigment cells analogous to those in the pigment coat of the retina. The middle
layer, thicker and more transparent, bears some resemblance to the hyaloid
membrane, but it presents on its internal surface numerous papilliform projections, and in parts marks of longitudinal fibrillation and elongated nuclei on the
addition of acetic acid.
The inner layer is formed of polygonal nucleated epithelial cells, which secrete the endolymph.
The endolymph {liquor Scarpse) is a limpid, serous fluid, which fills the membranous labyrinth in composition it closely resembles the perilymph.
The otoliths are two small, rounded bodies, consisting of a mass of minute crystalline graius of carbonate of lime, held together in a mesh of delicate fibrous
tissue, and contained in the wall of the utricle and saccule, opposite the distribution of the nerves.
calcareous material is also, according to Bowman, sparingly
scattered in the cells lining the ampulla of each semicircular canal.
^\\Q arteries of the lahyrinth are the internal auditory, from the basilar
the
stylo-mastoid, from the posterior auricular
and, occasionally, brauches from the
occipital.
The internal auditory divides at the bottom of the internal meatus
into two branches, cochlear and vestibular.
The cochlear branch subdivides into from twelve to fourteen twigs, which
traverse the canals in the modiolus, and are distributed, in the form of a papillary
network, in the substance of the lamina spiralis.
The vestibular branches accompany the nerves, and are distributed, in the
form of a minute capillary network, in the substance of the membranous
labyrinth.
The veins (auditory) of the vestibule and semicircular canals accompany the
arteries, and, receiving those of the cochlea at the base of the modiolus, terminate
in the superior petrosal sinus.
The auditory nerve, the special nerve of the sense of hearing, divides, at the
bottom of the internal auditoiy meatus, into two branches, the cochlear and vesStructure.

sists

;

A

;

;

t
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The trunk of the nerve, as well as the branches, contains numerous
ganglion-cells with caudate prolongations.
The vestibular nerve^ the posterior of the two, divides into three branches,

tibular.

superior, middle,

and

inferior.

The

superior vestibular branch, the largest, divides into numerous filaments,
which pass through minute openings at the upper and back part of the cul-de-sac
at the bottom of the meatus, and, entering the vestibule, are distributed to the
utricle and to the ampulla of the external and superior semicircular canals.
The middle vestibular branch consists of numerous filaments, which enter the
vestibule by a smaller cluster of foramina, placed below those above mentioned,
and which correspond to the bottom of the fovea hemispherica they are distributed to the saccule.
The inferior and smallest branch passes backwards in a canal behind the
foramina for the nerves of the saccule, and is distributed to the ampulla of the
posterior semicircular canal.
The nervous filaments enter the ampuUary enlargements at a deep depression
seen on their external surface, with a corresponding elevation when seen from
within; the nerve-fibres ending in loops and in free extremities. In the utricle
and saccule the nerve-fibres spread out, some blending with the calcareous matter,
others radiating on the inner surface of the wall of each cavity, becoming
blended with a layer of nucleated cells, and terminating in a thin fibrous film.
The cochlear nerve divides into numerous filaments at the base of the modiolus,
which ascend along its canals, and then, bending outwards at right angles, pass
between the plates of the bony lamina spiralis, close to its tympanic surface.
Between the plates of the spiral lamina the nerves form a plexus, which contains
ganglion-cells and from the margin of the osseous zone branches of this plexus
are distributed to the membranous part of the septum, where they are arranged
in small conical-shaped bundles, parallel with one another. The filaments which
supply the apical portion of the lamina spiralis are conducted to this part through
the canalis centralis modioli.
;

;

Organs of Digestion.
for the digestion of
THEandApparatus
of certain accessory organs.

the food consists of the alimentary canal

The alimentary canal

is a musculo-membranous tube, about thirty feet in
from the mouth to the anus, and lined throughout its entire
extent by mucous membrane. It has received different names in the various
parts of its course at its commencement, the mouth, we find provision made
for the mechanical division of the food (mastication), and for its admixture with
a fluid secreted by the salivary glands (insalivation)
beyond this are the organs
of deglutition, the pharynx and the oesophagus, which convey the food into that
part of the alimentary canal (the stomach) in which the principal chemical
changes occur in the stomach, the reduction and solution of the food takes

length, extending

:

;

;

place in the small intestines, the nutritive principles of the food (the chyle)
are separated, by its admixture with the bile and pancreatic fluid, from that
portion which passes into the large intestine, most of which is expelled from the
system.
Alimentary Canal.
;

r

Mouth.
Pharynx.

Small intestine

.

Large intestine

.

ffisophagus.

Stomach.

Duodenum,

Jejunum.
(Ileum.
( Csecum.

<

I Colon.
(

Eectum.

Accessory Organs.

Teeth.
( Parotid.

Salivary glands

<

Liver.
Pancreas.
Spleen.

Submaxillary.

( Sublingual.

The Mouth (Fig. 448) is placed at the commencement of the alimentary
canal it is a nearly oval-shaped cavity, in which the mastication of the food
takes place. It is bounded, in front, by the lips laterally, by the cheeks and
the alveolar processes of the upper and lower jaws; above, by the hard palate
and teeth of the upper jaw; below, by the tongue, and by the mucous membrane stretched between the under surface of that organ and the inner surface
of the jaws, and by the teeth of the lower jaw behind, by the soft palate and
;

;

;

fauces.

The mucous

mouth is continuous with the integument
and with the mucous lining of the fauces behind;
it is of a rose-pink tinge during life, and very thick where it covers the hard
parts bounding the cavity.
It is covered by scaly and stratified epithelium.
The Lips are two fleshy folds, which surround the orifice of the mouth, formed
externally of integument, and internally of mucous membrane, between which is
found the Orbicularis oris muscle, the coronary vessels, some nerves, areolar
tissue, and fat, and numerous small labial glands.
The inner surface of each lip
is connected in the middle line to the gum of the corresponding jaw by a fold
of mucous membrane, the frsenum lahii superioris and inferioris^ the former
at the free

'inemhrane lining the

margin of the

lips,

being the larger of the two.
The labial glands are situated between the mucous membrane and the Orbicularis oris, round the orifice of the mouth.
They are rounded in form about

(764)
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the size of small peas, their ducts opening by small orifices upon the mucous
membrane. In structure they resemble the other salivary glands.
The Cheeks form the sides of the face, and are continuous in front with the
They are composed, externally, of integument internally, of mucous
lips.
membrane; and between the two, of a muscular stratum, besides a large quantity
of fat, areolar tissue, vessels, nerves, and buccal glands.
The mucous memhrayie lining the cheek is reflected above and below upon the
gums, and is continuous behind with the lining membrane of the soft palate.
Opposite the second molar tooth of the upper jaw is a papilla, the summit of which
presents the aperture of the duct of the parotid gland.
The principal muscle
of the cheek is the Buccinator but numerous other muscles enter into its formation viz., the Zygomatici, Masseter, and Platysma myoides.
;

;

;

Fig. 448.

— Sectional View of the Kose, Mouth, Pharynx,

etc.

buccal glands are placed between the mucous membrane and Buccinator
they are similar in structure to the labial glands, but smaller. Two or
three of larger size than the rest are placed between the Masseter and Buccinator
muscles their ducts open into the mouth, opposite the last molar tooth. They
are called ynolar glands.
The Gums are composed of a dense fibrous tissue, closely connected to the
periosteum of the alveolar processes, and surrounding the necks of the teeth.
They are covered by smooth and vascular mucous membrane, which is
remarkable for its limited sensibility. Around the necks of the teeth this
membrane presents numerous fine papillas and from this point it is reflected
into the alveolus, where it is continuous with the periosteal membrane lining
that cavity.

The

muscle

:

;

;
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The Teeth.
The human subject is provided with two sets of teeth, which make their
appearance at different periods of life. The first set appear in childhood, and
The second set, which also
are called the temporary^ deciduous^ or milk teeth.
appear at an early period, continue until old age, and are named permanent.
The temporary teeth are twenty in number four incisors, two canine, and four
molars, in each jaw.
The permanent teeth are thirty-two in number four incisors (two central and
two lateral), two canine, four bicuspids, and six molars, in each jaw.
General Characters. Each tooth consists of three portions the crown, or
body, projecting above the gum the root, or fang, entirely concealed within the
alveolus and the neck, the constricted portion, between the other two.
;

;

:

;

;

Fig. 449.

Molars

— The Permanent Teeth.

External View.
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The roots of the teeth are firmly implanted within the alveoli these depressions
are lined with periosteum, which is reflected on to the tooth at the point of the
fang, and covers it as far as the neck.
At the margin of the alveolus, the periosteum becomes continuous with the fibrous structure of the gums.
;

Permanent Teeth.
The Incisors, or cutting teeth, are so named from their presenting a sharp,
cutting edge, adapted for cutting the food.
They are eight in number, and form
the four front teeth in each jaw.
The crown is directed vertically, and is wedge-like in form, being bevelled at
the expense of its posterior surface, so as to terminate in a sharp, horizontal cutting edge, which, before being subject to attrition, presents three small prominent
points.
slightly concave
It is convex, smooth, and highly polished in front
behind, where it is frequently marked by slight longitudinal furrows.
The neck is constricted.
;
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The fang is long, single, conical, transversely flattened, thicker before than
behind, and slightly grooved on each side in the longitudinal direction.
The incisors of the upper jaw are altogether larger and stronger than those of
They are directed obliquely downwards and forwards. The
the lower jaw.
two central ones are larger than the two lateral, and their free edges are sharp
and chisel-like, being bevelled at the expense of their posterior edge the root is
;

more rounded.

The

incisors of the lower jaw are smaller than the upper: the two central ones
two lateral, and are the smallest of all the incisor teeth.

are smaller than the

The Canine Teeth

(cuspidati) are four in number, two in the upper and two
jaw; one being placed behind each lateral incisor. They are larger
and stronger than the incisors, especially the root, which sinks deeply into tlie
jaw, and causes a well-marked prominence upon its surface.
The crown is large and conical, very convex in front, a little hollowed and
uneven posteriorly, and tapering to a blunted point, or cusp, which rises above

in the lower

the level of the other teeth.
The root is single, but longer and thicker than that of the incisors, conical in
form, compressed laterally, and marked by a slight groove on each side.
The upper canine teeth (vulgarly called eye-teeth) are larger and longer than
the two lower, and situated a little behind them.
The lower canine teeth are placed in front of the upper, so that their summits
correspond to the interval between the upper canine tooth and the neighboring
incisors on each side.
Tlie Bicuspid Teeth (premolars, small, or false molars) are eight in number,
four in each jaw, two being placed immediately behind each of the canine teeth.
They are smaller and shorter than the canine.
The crown is compressed from without inwards, and surmounted by two pyramidal eminences, or cusps, separated by a groove
hence their name, hicuspidate.
The outer of these cusps is larger and more prominent than the inner.
The nech is oval.
The root is generally single, compressed, and presents a deep groove on each
side, which indicates a tendency in the root to become double.
The apex is
generally bifid.
The upper bicuspids are larger, and present a greater tendency to the division
of their roots, than the lower this is especially marked in the second upper
;

;

bicuspid.

The Molar Teeth {multicuspidati^ true, or large molars) are the largest of
the permanent set, and are adapted, from the great breadth of their crowns, for
grinding and pounding the food.
They are twelve in number, six in each jaw,
three being placed behind each of the posterior bicuspids.
The crow7i is nearly cubical in form, rounded on each of its lateral surfaces,
flattened in front and behind
the upper surface being surmounted by four or
five tubercles, or cusps (four in the upper, five in the lower molars), separated
from each other by a crucial depression hence their name, multicuspidati.
The nech is distinct, large, and rounded.
The root is subdivided into from two to five fangs, each of which presents an
aperture at its summit.
The first molar tooth is the largest and broadest of all: its crown has usually
five cusps, three outer and two inner.
In the upper jaw the root consists of
three fangs, widely separated from one another, two being external, the other
;

;

internal.

The

and longest, slightly grooved, and sometimes bifid. In
two fangs, one being placed in front, the other
behind they are both compressed from before backwards, and grooved on their
contiguous faces, indicating a tendency to division.
latter is the largest

the lower

jaw the root

consists of

:

The second m.olar is a little smaller than the
The crown has four cusps in the upper, and

first.

five in the

lower jaw.

—
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The root has three fangs in the upper jaw and two in the lower, the characters
of which are similar to the preceding tooth.
The third molar tooth is called the wisdom-tooth (dens sapientise), from its late
appearance through the gum. It is smaller than the others, and its axis is directed
inwards.
The crown is small and rounded, and furnished with three tubercles.
The root is generally single, short, conical, slightly curved, and grooved so as
to present traces of a subdivision into three fangs in the upper, and two in the
lower jaw.

Tempoeary Teeth.
The temporary, or milk teeth, are smaller, but resemble in form those of the
permanent set. The hinder of the two temporary molars is the largest of all the
milk teeth, and is succeeded by the second permanent bicuspid. The first upper
molar has only three cusps, two external, one internal the second upper molar
;

Fig. 450.

—The Temporary, or Milk Teeth.
Upjoer
Molars

External View.
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has four cusps.
The first lower molar has four cusps the second lower molar
has five. The fangs of the temporary molar teeth are smaller and more diverging
than those of the permanent set, but in other respects bear a strong resemblance
to them.
Structure.
On making a vertical section of a tooth (Fig. 451) a hollow cavity
will be found in the interior.
This cavity is situated at the base of the crown,
and is continuous with a canal which traverses the centre of each fang, and opens
by a minute orifice at its extremity. The shape of the cavity corresponds somewhat with that of the tooth it forms what is called the pulp cavity., and contains
The pulp cona soft, highly vascular, and sensitive substance, the dental pulp.
sists of a loose connective tissue and cells
it is richly supplied with vessels and
nerves, which enter the cavity through the small aperture at the point of each
fang.
The cells of the pulp are partly found permeating the connective tissue,
and partly arranged as a layer on the wall of the pulp cavity. These latter cells
are of two kinds: some, columnar in shape, are nam-ed the odontoblasts of Waldeyer, and will be referred to hereafter
others, fusiform in shape, are wedged
Both
in between the columnar cells, and resemble those permeating the pulp.
sets of cells have fine processes, which are said to be prolonged into the dentine
;

;

;

;

tubules.

The

solid portion of the tooth consists of three distinct structures, viz., ivory

—
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(tooth-bone, or dentine), Avliich forms tlie larger portion of the tooth enamel,
which covers the exposed part, or crown and the cortical substance, or cement
{crusta petrosa)^ which is disposed as a thin layer on the surface of the fang.
The Ivory, or dentine (Fig. 452), forms the principal mass
of a tooth in its central part is the cavity inclosing the pulp. Fig. 451.— Vertical
Section of a Molar
It is a modification of the osseous tissue, from which it differs,
Tooth.
however, in structure and chemical composition. On examination with the microscope, it is seen to consist of a number of
minute wav}^ and branching tubes, having distinct parietes.
Neck
ff
The}'' are called the dental tubuli, and are imbedded in a dense,
homogeneous substance, the intertuhular tissue.
-J'anff
The dental tuhuli are placed parallel with one another, and
open at their inner ends into the pulp cavity. They pursue a
The
wavy and undulating course towards the periphery.
direction of these tubes varies; they are vertical in the upper
portion of the crown, oblique in the neck and upper part of the root, and towards
The tubuli, at their
the lower part of the root they are inclined downwards.
commencement, are about 4-5^0 o" of an inch in diameter in their course they divide
and subdivide dichotomously, so as to give to the cut surface of the dentine a
From the sides of the tubes, especially in the fang, ramistriated appearance.
fications of extreme minuteness are given oft', which join together in loops in the
intertubular substance, or terminate in small dilatations, from which branches are
Near the periphery of the dentine, the finer ramifications of the tubuli
given off".
terminate in a somewhat similar manner. In the fang these ramifications occaThe dental tubuli have comparatively thick
i?ionally pass into the crusta petrosa.
;

;

;

;

walls, and contain slender cylindrical prolongations from
the cells of the pulp tissue, first described hj Mr. Tomes,
and named Tomes's fibres, or dentinal fibres. These dentinal fibres are analogous to the soft contents of the
canaliculi of boiie. Between Tomes's fibres and the ivory
of the canals there is an elastic homogeneous membrane
which resists the action of acids, the dentinal sheath of

—

Vertical SecFig. 452.
tion of a Bicuspid Tooth.
(Magnified.)

.Neumann.

The

intertubular substance

is

translucent, finely granular,

and contains the chief part of the earthy matter of the
dentine.
After the earth}^ matter has been removed
by steeping a tooth in a weak acid, the animal basis remaining is described by Henle as consisting of bundles of
pale, granular, flattened fibres running parallel with the
tubes; but by Mr. Nasmyth as consisting of a mass of
brick-shaped cells surrounding the tubules. By Czermak
-and Mr. Salter it is supposed to consist of laminae which
run parallel with the pulp cavity, across the direction

A

of

Fanff

the tubes.
section of dentine often displays a
series of irregular cavities, "the interglobular spaces,"
which are filled up by a transparent soft material, and
are believed to be the result of imperfect calcification of
the fibres of the dentine.
They have received their
name from the fact that they are surrounded by minute
nodules or globules of dentine. They are usually most conspicuous in the neighborhood of the cement. The "granular layer " of Purkinje, situated on the outer
surface of the dentine, is formed by a collection of these spaces of smaller size
(Fig. 455).
The section of the dentine is marked by a series of somewhat parallel
lines
the " incremental lines" of Salter produced by the curving of the dentinal
tubuli during the growth of the tooth.
Chemical Composition. According to Berzelius and Bibra, dentine consists of
-28 parts of animal and 72 of earthy matter.
The animal matter is resolvable

—

—

49

;
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The earthy matter consists of phosphate of lime, carinto gelatin.
bonate of lime, a trace of fluoride of calcium, phosphate of magnesia, and other
by boiling
salts.

The Enamel is the hardest and most compact part of a tooth, and forms a thin
crust over the exposed part of the crown, as far as the commencement of the
fang.
It is thickest on the grinding surface of the crown, until worn away by
It consists of a congeries of
attrition, and becomes thinner towards the neck.
minute hexagonal rods. They lie parallel with one another, resting by one
extremity upon the dentine, which presents a number of minute depressions for
their reception and forming the free surface of the crown by the other extremity.
These fibres are directed vertically on the summit of the crown, horizontally at
the sides they are about the 5-5V o of an inch in diameter, and pursue a more or
The enamel is marked by a series of undulating lines, which
less wavy course.
cross each other or " decussate " these lines are doubtless formed by the variaAnother series of lines, colored brown,
tion in the course of the enamel-rods.
probably from the presence of pigment, and denominated the parallel striae of
Their exact significance is uncertain.
Retzius, are seen on a section of the enamel.
Numerous minute interstices intervene between the enamel fibres near their
dentinal surface, a provision calculated to allow of the permeation of fluids from
the dentinal tubuli into the substance of the enamel. The enamel-rods consist
of solid hexagonal or four-sided prisms, connected by their surfaces and ends, and
filled with calcareous matter.
If the latter be removed, by weak acid, from
;

;

;

newly formed or growing enamel,

it will be found to present a network of delicate
prismatic cells of animal matter. It is a disputed point whether the dentinal
fibres penetrate a certain distance between the rods of the enamel or no.
No
nutritive canals exist in the enamel.
Chemical Composition. According to Bibra, enamel consists of 96.5 per cent,
of earthy matter, and 3.5 per cent, of animal matter.
The earthy matter consists of phosphate of lime, with traces of fluoride of calcium, carbonate of lime,
phosphate of magnesia, and other salts.
The Cortical Substaxce, or cement (crusta petrosa), is disposed as a thin
layer on the roots of the teeth, from the termination of the enamel, as far as the
apex of the fang, where it is usually very thick. In structure and chemical composition it resembles bone.
It contains, sparingly, the lacunse and canaliculi
which characterize true bone the lacunse placed near the surface have the canaliculi radiating from the side of the lacunae towards the periodontal membrane
and those more deeply placed join with the adjacent dental tubuli. In the thicker
portions of the crusta petrosa, the lamellas and Haversian canals peculiar to bone
are also found.
As age advances, the cement increases in thickness, and gives
rise to those bony growths, or exostoses, so common in the teeth of the aged
the pulp-cavity becomes also partially filled up by a hard substance, intermediate
in structure between dentine and bone (osteo-dentine^ Owen secondary dentine,
Tomes). It appears to be formed by a slow conversion of the dental pulp, which
shrinks or even disappears.
;

;

;

Development of the Teeth.

(Figs. 453, 459.)

In describing the development of the teeth it has seemed better to give the
first, and then that of Goodsir, which was till recently
universally accepted.
According to the description now generally adopted (that of Waldeyer), the
development of the teeth in the foetus begins at a very early period about the
seventh week. On the surface of the jaw there is found a depression or groove
(" the dental groove "), the surface of which is formed of a collection of epithelial
cells, the tissue below of gelatinous and cellular substance, which is taken to
represent the corium and cellular tissue of the mucous membrane, and deeper
than which is the ossifying substance of the jaw (Fig. 453). The essential struct-

more modern account
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ures of the teeth are derived from these two elements, the enamel from the
epithelium which covers the surface of the dental groove, the dentine and crusta
petrosa from the deeper structures.
The epithelium becomes heaped up over the margins
First as to the enamel.
of the dental groove, and then passes down into it and as the sides of the groove
rise up, the epithelial mass (or " enamel organ ") seems to pass deeper and deeper
into the substance of the jaw, meeting with the papilla, presently to be described,
from which the dentine or bulk of the tooth is developed, and assuming the form
of a flask or cap, united to the superficial layer of epithelium by a neck, bridge,
This string is the gubernaculum or future enamel organ
or string of epithelium.
As the dental papilla grows up from the bottom of the
of the permanent tooth.
groove, the enamel organ folds itself over it in the form of a cap, or capsule,
;

Fig. 453.

—Vertical Section of the Inferior Maxilla of an early Human Foetus.
(Magnified 25 diams.)

Dental groove. 2. Remains of the enamel germ. 3. Enamel organ, presenting externally epithelium, as also where
forms the enamel germ of the papillae of the dental sacculus. 4. Secondary enamel germ rudiment of the permanent
tooth. 5. Dental germ. 6. Lower jaw. 7. Meckel's cartilage.
1.

it

;

presenting an outer and inner surface, still epithelial (Fig. 454), and an intermediate portion undergoing development into the proper enamel- tissue. The
epithelial covering on the outer surface of the enamel long remains distinctly
After the tooth has emerged from the gum, this layer may be
perceptible.
separated from the calcified mass below by the action of strong acids, in the form
of a membrane (cuticula dentis, Nasmyth's membrane), marked by the hexagonal
impressions of the enamel prisms, and when stained by nitrate of silver showing
the characteristic appearance of epithelium.
This membrane soon wears away
from the surface of the tooth.
The bulk of the enamel is formed by the calcification of the epithelial cells,
which are changed into hexagonal prisms, the communication of which with each
other forms the hexagonal rods of the mature enamel but the exact relation of
the embryonic cells to the future rods, and the precise reason of the appearance
of the transverse stride on the latter, have not yet been satisfactorily demonstrated.
The calcification of the successive layers of epithelium is preceded by the production of a gelatinous mass (the " enamel jelly ") between the investing
epithelium and the calcifying tissue.
As the epithelium is undergoing this remarkable development, a projection of
the mucous tissue (blastema, or corium) of the infantile jaw springs up to meet
it out of the bottom of the dental groove.
This projection was described, by
Goodsir, as a row of separate papillte.
It is now described, after Dursy and
;

:
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Waldeyer,

as a ridge, the intervening parts of which, are atrophied, so as to leave

all over by the enamel organ, and thus the saccular
stage of the teeth is produced, the papillse which are to form the bulk of the
teeth being coated with a vascular connective tissue, isolated by the enamel
organ, and separated from each other by the growing tissue of the foetal jaw.
The next step is the formation of the odontoblasts, which have a relation to
the development of the teeth similar to that of the osteoblasts to the formation
These are large nucleated cells of elongated form, and provided with
of bone.
numerous processes developed from the cells of the dental papilla, which at that

papillae,

which become coated

early stage consist of a fine fibrous tissue containing a

—

Dental Sac of a Human Embryo at an
advanced Stage of Development, partly diagrammatic.

Fig. 454.

Wall of the sac, formed of connective tissue, with its outer
ai and its inner a^.
b. Enamel organ, with its papillary
and parietal layer of cells, c, d. The enamel-membrane and
enamel-prisms, e. Dentine cells. /. Dental germ and capillaries,

Fig. 455.
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by Waldeyer

to the structure of old atrophied umbilical cords, the elastic tissue
only being absent. The odontoblasts send out processes, which, as they grow,
become calcified externally, the calcified portion forming the ivory, the uncalcified
part the dental fibres (Tomes's fibres), and the lateral processes the branches of
anastomosis Avhereby the dentinal canals communicate. The remains of the
odontoblasts themselves form what is known as the "membrana eboris" of Kblliker, a cellular layer which forms the investment of the pulp lying between its
nerves and vessels and the dentine.
The cement is ordinary bone, containing canaliculi and lacunas, and developed
from the deeper tissues of the foetal jaw, exactly as bone is produced in other
parts of the body by periosteal ossification.
Haversian canals are found, according to Salter, where the cement is thick.
The germs of the milk teeth make their appearance in the following order
at
at the seventh week, the germ of the first molar of the upper jaw ajDpears
;

:
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the eighth week, that for the canine tooth is developed the two incisor papillse
appear about the ninth week (the central preceding the lateral) lastly, the
second molar papilla is seen at the tenth week, behind the anterior molar.
The
teeth of the lower jaw appear rather later, the first molar papilla being only just
visible at the seventh week
and the second molar papilla not being developed
before the eleventh week.
This completes the
first or papillary stage of their development.
Fig. 456.
Development of Teeth.
(After Goodsir's description.)
According to Goodsir's description the dental
groove now becomes contracted, its margins thickOJie-rcwlct/
ened and prominent, and the groove is converted
into follicles for the reception of the papillae by
the growth of membranous septa, which pass
across the groove between its borders (Fig. 456).
The follicles by this means become the alveoli,
lined by periosteum, from the bottom of which
the process of the mucous membrane of the gum
PIC. 457.
rises, which is the germ of the future tooth.
The follicle for the first molar is complete about
the tenth week the canine follows next, succeeded
by the follicles for the incisors, which are completed about the eleventh or twelfth week; and,
lastly, the follicle of the posterior molar is completed about the fourteenth week.
These changes
constitute the second or follicular stage.
x^bout the thirteenth week the papilla begin to
Ffc. 458.
grow rapidly, project from the follicles, and assume
a form corresponding with that of the future
teeth
the follicles soon become deeper, and from
their margins small membranous processes, or
opercula, are developed, which, meeting, unite
and form a lid to the now closed cavity (Fig.
i57).
These processes correspond in shape to
the form of the crown of the tooth, and in number to the tubercles on its surface.
The follicles
of the incisor teeth have two opercula, the canine
three, and the molars four or five each.
The follicles are thus converted into dental sacs, and the
Fi c. 459.
contained papillae become pulps.
The lips of the
dental groove gradually advance over the follicles
from behind forwards, and, uniting, gradually
obliterate it.
This completes the third or saccular stage, which takes place about the end of the
;

;

;

—

;

:

fifteenth

is

week.

The deep portion of the primitive dental groove
now closed in; but the more superficial portion,

near the surface of the gum,

still

remains open

called by Mr. Goodsir the secondary dental
groove ; from it are developed the ten anterior
it

is

Per^anctite^t 'tooi.A

teeth.
About the fourteenth week certain lunated depressions
are formed, one behind each of the sacs of the rudimentary milk teeth.
They
are ten in number in each jaw, and are formed successively from before back-

permanent

wards they are the rudimentar}^ follicles of the four permanent incisors, the
two canine, and the four bicuspids. As the secondary dental groove closes in,
the follicles become closed cavities of reserve (Fig. 457).
The cavities soon
elongate and recede from the surface into the substance of the gum, behind the
sacs of the deciduous teeth, and a papilla projects from the bottom of each, which
is the germ of the permanent tooth
at the same time one or more opercula are
;

;

—

—

;
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developed from tlie sides of the cavity and these, uniting, divide it into two
portions tlie lower portion containing the papilla of the permanent tooth, the
upper narrower portion becoming gradually contracted in the same way that
the primitive dental groove was obliterated over the sacs of the deciduous teeth
:

;

(Fig. 458).
The six posterior

permanent teeth in each jaw, three on each side, arise from
extensions backwards of the back part of the primitive dental
groove. During the fourth month, that portion of the dental groove which lies
behind the last temporary molar follicle remains open, and from it is developed
The follicle in which
the papilla, the rudiment of the first permanent molar.
it is contained becomes closed by its operculum, and the upper part of the
newly formed sac elongates backwards to form a cavity of reserve, in which the
papilla of the second permanent molar appears at the seventh month after birth.
After a considerable interval, durinsr which the sacs of the first and second
permanent molars have considerably increased in size, the remainder of the
cavity of reserve presents for the last time a series of changes similar to the
preceding, and gives rise to the sac and papilla of the wisdom-teeth, which appear
at the sixth year.
The chief difference, therefore, between Goodsir's description and those of
later anatomists is that he did not recognize the epithelial origin of the enamel,
describing merely the "opercula," which in the modern description would be
recognized only as part of the ordinary connective-tissue in which the papilla is
imbedded (Fig. 454, a). The origin of the dentinal fibres from the odontoblasts
is another matter of primary importance which was not recognized in the older
successive

descriptions.
Ertiption.

When

the calcification of the different tissues of the tooth is
it to bear the pressure to which it will be afterwards subjected, its eruption takes place, the tooth making its way through the
gum. The gum is absorbed by the pressure of the crown of the tooth against
it, which is itself pressed up by the increasing size of the fang (Fig. 459).
At
the same time the septa between the dental sacs, at first fibrous in structure,
ossify, and constitute the alveoli
these firmly embrace the necks of the teeth,
and afford them a solid basis of support.
The eruption of the temporary teeth commences at the seventh month, and is
complete about the end of the second year, those of the lower jaw preceding the
upper.
The periods for the eruption of the temporary set are
sufficiently

advanced to enable

;

14th to 20th month, canine.
18th to 36th month, posterior molars.

7th month, central incisors.
7th to 10th month, lateral incisors.
12th to 14th month, anterior molars.

Calcification of the permanent teeth commences a little before birth, and
proceeds in the following order in the upper jaw, in the lower jaw a little
earlier
First molar, five or six months the central incisor, a little later
lateral incisors and canine, about the eighth or ninth month
the bicuspids, at
the second year; second molar, five or six years; wisdom-tooth about twelve 3^ears.
Previous to the permanent teeth penetrating the gum, the bony partitions
which separate their sacs from the deciduous teeth are absorbed, the fangs of
the temporary teeth disappear, and the permanent teeth become placed under
the loose crowns of the deciduous teeth the latter finally become detached, and
the permanent teeth take their place in the mouth.
The eruption of the permanent teeth takes place at the following periods, the
teeth of the lower jaw preceding those of the upper by a short interval
:

—

;

;

;

:

6| years, first molars.
7th year, two middle incisors.
8th year, two lateral incisors.
9th year, first bicuspid.

10th
11th
12th
17th

year, second bicuspid.
to 12th year, canine.

to 13th year, second molars.
to 21st year, wisdom-teeth.
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The Palate.
The Palate forms the roof of the mouth it consists of two portions, the
hard palate in front the soft palate behind.
The hard palate is bounded in front and at the sides by the alveolar arches and
gums; behind, it is continuous with the soft palate. It is covered by a dense
structure, formed by the periosteum and mucous membrane of the mouth, which
Along the middle line is a linear ridge or
are intimately adherent together.
raphe, which terminates anteriorly in a small papilla, corresponding with the
This papilla receives filaments
inferior opening of the anterior palatine fossa.
from the naso-palatine and anterior palatine nerves. On either side and in front
of the raphe the mucous membrane is thick, pale in color, and corrugated
behind, it is thin, smooth, and of a deeper color it is covered with squamou.s
epithelium, and furnished with numerous glands (palatal glands), which lie
between the mucous membrane and the surface of the bone.
The soft palate {velum jiendulum palati) is a movable fold, suspended from the
posterior border of the hard palate, and forming an incomplete septum between
the mouth and pharynx. It consists of a fold of mucous membrane, inclosing
muscular fibres, an aponeurosis, vessels, nerves, adenoid tissue, and mucous
glands.
When occupying its usual position (^. e. relaxed and pendent), its
anterior surface is concave, continuous with the roof of the mouth, and marked
:

:

by a median ridge or raphe, which

indicates its original separation into

two

convex, and continuous with the mucous
membrane covering the floor of the posterior nares. Its upper border is attached
to the posterior margin of the hard palate, and its sides are blended with the
pharynx. Its lower border is free.
Hanging from the middle of its lower border is a small, conical-shaped, pendulous process, the uvula ; and arching outwards and downwards from the base
of the uvula on each side are two curved folds of mucous membrane, containing
muscular fibres, called the arches or pillars of the soft palate.
The anterior pillar rans downwards, outwards, and forwards to the side of the
base of the tongue, and is formed by the projection of the Palato-glossus muscle,
covered by mucous membrane.
The posterior pillars are nearer to each other and larger than the anterior
they run downwards, outwards, and backwards to the sides of the pharynx, and
are formed by the projection of the Palato-pharyngei muscles, covered by mucous
membrane. The anterior and posterior pillars are separated below by a tria.ngular interval, in which the tonsil is lodged.
The space left between the arches of the palate on the two sides is called the
isthmus of the fauces. It is bounded above by the free margin of the palate
below by the tongue and on each side by the pillars of the soft palate and
lateral halves.

Its posterior surface is

;

tonsil.

The mucous memhrane of the soft palate is thin, and covered with squamous
epithelium on both surfaces, excepting near the orifice of the Eustachian tube,
where it is columnar and ciliated.^ Beneath the mucous membrane on the oral
The
surface of the soft palate is a considerable amount of adenoid tissue.
palatine glands form a continuous layer on its posterior surface and round the
uvula.

The aponeurosis of the soft palate is a thin but firm fibrous layer, attached
above to the hard palate, and becoming thinner towards the free margin of
the velum. It is blended with the aponeurotic tendon of the Tensor palati
muscle.
The muscles of the soft palate are five on each side the Levator prJati, Tensor
palati, Palato-glossus, Palato-pharyngeus,
and Azygos uvulae (see p. 375).
The following is the relative position of these structures in a dissection
:

^

According to Klein, the mucous membrane on the nasal surface of the
covered throughout by columnar ciliated epithelium.

foetus,

soft palate

is,

in the

;
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from the posterior or nasal to the anterior or oral surImmediately beneath the nasal mucous membrane is a thin stratum of
muscular fibres, the posterior fasciculus of the Palato-pharyngeus muscle joining
with its fellow of the opposite side in the middle line. Beneath this is the
Azygos uvuliB, two rounded, fleshy fasciculi, placed side by side in the median
line of the soft palate.
Next comes the aponeurosis of the Levator palati joining
with the muscle of the opposite side in the middle line. Fourthly, the anterior
fasciculus of the Palato-pharyngeus, thicker than the posterior and separating
This muscle termithe Levator palati from the next muscle, the Tensor palati.
nates in a tendon which, after winding round the hamular process, expands into
a broad aponeurosis in the soft palate, anterior to the other muscles which have
been enumerated. Finally, we have a thin, muscular stratum, the Palato-giossus
muscle, placed in front of the aponeurosis of the Tensor palati, and separated
from the oral mucous membrane by adenoid tissue.
The tonsils {amygdal-de) are two glandular organs, situated one on each side of
the fauces, between the anterior and posterior pillars of the soft palate. They are
of a rounded form, and vary considerably in size in different individuals.
Externally the tonsil is in relation with the inner surface of the Superior constrictor
(beyond which are the internal carotid and ascending pharyngeal arteries), and
corresponds to the angle of the lower jaw. Its inner surface presents from twelve
to fifteen orifices, leading into small recesses, from which numerous follicles
branch out into the substance of the gland. These follicles are lined by a continuation of the mucous membrane of the pharynx, covered with epithelium;
around each follicle is a laj^er of closed capsules imbedded in the submucous
tissue.
These capsules are analogous to those of Peyer's glands, consisting of
adenoid tissue. No openings from the capsules into the follicles can be recogof the soft palate

face.

They contain

a thick grayish secretion.
supplying the tonsil are the dorsalis linguae from the lingual, the
ascending palatine and tonsillar from the facial, the ascending pharyngeal from
the external carotid, and the descending palatine branch of the internal maxnized.

The

arteries

illary.

The
The

veins terminate in the tonsillar plexus, on the outer side of the tonsil.
nerves are derived from Meckel's ganglion, and from the glosso-pharyn-

geal.

The Salivary Glands.

(Fig. 460.)

The principal salivary glands communicating with the mouth, and pouring
their secretion into its cavity, are the parotid, submaxillary, and sublingual.
The Parotid gland^ so called from being placed near the ear (^rapa, near oug,
wTOff, the ear), is the largest of the three salivary glands, varying in weight from
half an ounce to an ounce.
It lies upon the side of the face, immediately below
and in front of the external ear. It is limited above by the zygoma below, by
the angle of the jaw, and by a horizontal line drawn between it and the mastoid
process anteriorly, it extends to a variable extent over the Masseter muscle
posteriorly, it is bounded by the external meatus, the mastoid process, and the
Sterno-mastoid and Digastric muscles, slightly overlapping the former.
Its anterior surface is grooved to embrace the posterior margin of the ramus
of the lower jaw, and advances forwards beneath the ramus, between the two
pterygoid muscles. Its outer surface, slightly lobulated, is covered by the integu;

;

;

ment and

fascia, and has one or two lymphatic glands resting on it.
Its inner
surface extends deeply into the neck, by means of two large processes, one of
which dips behind the styloid process, and projects beneath 'the mastoid process
and the Sterno-mastoid muscle the other is situated in front of the styloid
process, and passes into the back part of the glenoid fossa, behind the articulation of the lower jaw.
Imbedded in its substance is the external carotid artery,
which ascends behind the ramus of the jaw the posterior auricular artery
emerges from the gland behind the temporal artery above the transverse facial
;

:

;

;
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and the internal maxillary winds tlirough it inwards, behind the neck
in front
Superficial to the external carotid is the trunk formed by the union
of the jaw.
of the temporal and internal maxillary veins a branch, connecting this trunk
with the internal jugular, also passes through the gland. It is also traversed,
;

;

from before backwards, by the

facial

nerve and

its

branches, which emerge at

its

anterior border the great auricular nerve pierces the gland to join the facial,
and the temporal branch of the inferior maxillary nerve lies above the upper
The internal carotid artery and internal jugular vein lie
part of the gland.
;

close to its

deep surface.
Fig.

460,— The Salivary Glands.

The

duct of the parotid gland (Stenson's) is about two inches and a half in
It opens upon the inner surface of the cheek by a small orifice, opposite the second molar tooth of the upper jaw
and from this orifice it may be
traced obliquely for a short distance beneath the mucous membrane, and thence
through the substance of the Buccinator -muscle, and across the Masseter to the
anterior border of the gland, in the substance of which it commences by numerous branches. The direction of the duct corresponds to a line drawn across the
face, about a finger's breadth below the zygoma, from the lower part of the concha
to midway between the free margin of the upper lip and the ala of the nose.
While crossing the Masseter it receives the duct of a small detached portion of
the gland, socia parotidis^ which occasionally exists as a separate lobe, just
beneath the zygomatic arch. The parotid duct is dense, of considerable thickness, and its canal about the size of a crow-quill
it consists of an external or
fibrous coat, of considerable density, containing contractile fibres, and of an internal or mucous coat, lined with short columnar epithelium.
Vessels and Nerves.
The arteries supplying the parotid gland are derived from
the external carotid, and from the branches given off by that vessel in or near
its substance.
The veins follow a similar course. The lymphatics terminate in
the superficial and deep cervical glands, passing in their course through two or
three lymphatic glands, placed on the surface and in the substance of the parotid.
The nerves are derived from the carotid plexus of the sympathetic, the facial,
length.

;

;
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and the superficial temporal brandies of the auriculo- temporal and great auricular nerves.

The Submaxillary gland is situated below the jaw, in the anterior part of the
submaxillary triangle of the neck. It is irregular in form, and weighs about two
drachms. It is covered by the integument, Platysma, deep cervical fascia, and
the body of the lower jaw, corresponding to a depression on the inner surface of
that bone and lies upon the Mjdo-hyoid, Hyo-glossus, and Stylo-glossus muscles, a portion of the gland passing beneath the posterior border of the Mylohyoid. In front of it is the anterior belly of the Digastric behind, it is
separated from the parotid gland by the stylo-maxillary ligament, and from the
The facial arterj^ lies
sublingual gland in front by the Mylo-hyoid muscle.
imbedded in a groove in its posterior and upper border.
The duct of the submaxillary gland (Wharton's) is about two inches in length,
and its walls are much thinner than those of the parotid duct. It opens by a
narrow orifice on the summit of a small papilla, at the side of the fraenum linguie.
Traced from thence, it is found to pass between the sublingual gland and the
Genio-hyo-glossus muscle, then backwards and outwards between the Mylo-hyoid
and the Hyo-glossus and Genio-hyo-glossus muscles, to the deep portion of the
gland, where it commences by numerous branches.
On the Hyo-glossus muscle
it lies between the gustatory and hypoglossal nerves, but at the anterior border
of the muscle it crosses beneath the gustatory nerve and is then placed above it.
Vessels and Nerves. The arteries supplying the submaxillary gland are branches
of the facial and lingual.
Its veins follow the course of the arteries.
The nerves
are derived from the submaxillarjr ganglion, from the Mylo-hyoid branch of the
inferior dental, and from the sympathetic.
;

;

Fig. 461.

—A highly magnified

Section of the Submaxillary Gland of the Dog, stained
with Carmine. (Kolliker.)

^c
a.

Cross section of small salivary duct.

h.

An

alveolus containing salivary

cells,

c.

Crescent of Gianuzzi.

The SiLhlinguad gland is the smallest of the salivary glands. It is situated
beneath the mucous membrane of the floor of the mouth, at the side of the frsenum linguae, in contact with the inner surface of the loAver jaw, close to the
s^miphysis.
It is narrow, flattened, in shape somewhat like an almond, and weighs
about a drachm. It is in relation, above, with the mucous membrane below, with
the Mylo-hyoid muscle; in front, with the depression on the side of the symphysis
of the lower jaAv, and Avith its fellow of the opposite side behind, with the deep
part of the submaxillary gland
and internally, with the Genio-hyo-glossus, from
which it is separated by the lingual nerve and Wharton's duct. Its excretory
ducts (ductus Riviniani), from eight to tAvent}^ in number, open separatelj^ into
the mouth, on the elevated crest of mucous membrane, caused by the projection
of the gland on either side of the frasnum linguae. One or more join to form
a tube Avhich opens into the Whartonian duct this is called the diLct of Bartholine.
;

;

;

;

)
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Vessels and JSferves.
The sublingual gland is supplied with, blood from the
sublingual and submental arteries. Its nerves are derived from the gustatory.
Structure. The salivary are compound racemose glands, consisting of numerous
lobes, which are made up of smaller lobules, connected together by dense areolar

Fig. 462.

—Illustrating

Pfltiger's

Cells.

Views of the Termination of the Nerves
(From Strieker's Handbook.)

A. Direct passage of nerve into a salivary

B.

cell.

By

the

medium

in the

Alveolar

of a multipolar ganglion-cell,

g.

and ducts. Each lobule consists of the ramifications of a single
duct, "branching frequently in a tree-like manner," the branches terminating in
These alveoli,
dilated ends or alveoli, on which the capillaries are distributed.
however, as Pflliger points out, are not necessarily spherical, though sometimes
they assume that form, sometimes they are perfectly cylindrical, and very often
they are mutually compressed. They are lined by an epithelium which almost
fills the alveolus, the cells of which, called salivary cells, are spheroidal masses of
which, after death, is found to be much
protoplasm, and contain a single nucleus
compressed, and placed at the periphery of the cell. Here and there in the
alveolus are seen peculiar, half-moon-shaped
tissue, vessels,

;

between the

cells and the
of the alveolus.
Thej^
are termed the crescents of Gianuzzi, and
are regarded b}^ Pfltlger as due to postmortem change by Klein they are considered to be "semilunar groups of parietal granular cells."
The salivary cells
are supported by the basement membrane,
on the other side of which the capillaries
Pfliiger describes the
are distributed.
nerves as being directly continuous with
the tissues of the alveoli, the nerve sometimes passing through a ganglion-cell just
before joining the alveolus (Fig. 462, B).
Through these cells the fibres of the nerve
become directly attached to the salivary
cells.
The ducts which originate out of
the alveoli are lined at their commence-

bodies, lying

membrana propria

:

— An Alveolus

of a Compound
injected from the Excre(Highly magnified.) Hardly
tory Duct.
anything but the dark injecting fluid is
shown; the alveolar cells and nuclei are
only faintly indicated those of the duct
The injection
are not represented at all.
is seen filling tlie central cavity of the alveFig. 463.

Eacemose Gland,

;

and passing from this in fine channels
(represented by black reticulating lines)
(After
between and around the cells.
olus,

Saviotti.

ment by epithelium which differs little
from the pavement type. As the ducts
enlarge, the epithelial cells change to
the columnar type, and they are described by Pfliiger as attached to the
basement membrane by a brush of fine hair-like processes, which he believes
Other anatomists regard these cells as
to be continuous with the nerve-fibres.
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merely striated on

tlieir deep surface.
Tlie ducts not only spring directly from
the alveoli, but also between tlie cells of the alveolus itself a fine branching network is found, which is either a lymphoid tissue continuous with the sheath of
the duct, or a system of branching tubes by which the ducts commence between
the salivary cells (Fig. 463), as the biliary ducts are said to commence between
the hepatic cells (see Fig. 490, p. 818).
The ducts have also diverticular passages
lined with columnar epithelium, and it seems that the secretion goes on in these
diverticula and in the wider portions of the ducts where the columnar epithelium
exists as well as in the alveoli.
In the submaxillary and sublingual glands the lobes are larger and more loosely
united than in the parotid.
The secretion is watery, especially in the parotid gland, in the secreting cells
of which it is said that no mucous globules are found, as they are in those of the
other salivary glands. Its reaction is alkaline. The solids, which amount ta
about 6 in 1,000 parts, are composed of a peculiar ferment,' called ptyalin (Imparts), epithelium and mucus (about 2 parts), salts, viz., sulphocyanide of potassium, phosphate and chloride of sodium, phosphate of lime, phosphate of magnesium, and chloride of potassium (over 2 parts), and a trace of fat. The uses
of the saliva are to keep the mouth moist, and thus facilitate the movements of
the tongue in speaking and mastication, to dissolve the sapid substances and
render them capable of exciting the nerves of taste, to lubricate the food and
make it into a mass fit for swallowing, and to convert the starch of tke food into
dextrine and grape sugar, the latter functions being due to the ptyalin, which can

be proved to have this property when isolated.
The nerves supplied to the salivary glands are branches of the Fifth, the Sympathetic, and the Facial.
The respective functions of these nerves have been
elucidated by dividing them in some of the lower animals and stimulating the
cut ends.
Thus in the dog, when the submaxillary gland is operated on, the
Chorda tympani having been exposed and stimulated, a great dilatation of the
arteries takes place, the pulsation may be communicated to the veins, and there
is a large flow of watery saliva.
When the Chorda tympani is divided, the flow
of saliva is arrested.
If the divided (distal) end be now stimulated, the secretion
is again increased.
The function then of the Chorda tympani branch of the
facial is to diminish the blood-pressure, increase the flow of blood, and excite the
On the contrary, stimulation of the sympathetic
secretion of watery saliva.
causes a great contraction of the arteries and a flow of very viscid saliva.
If the
sympathetic be cut, or the upper ganglion extirpated, the flow of saliva is increased.
If both nerves be divided, a copious and continuous flow of watery saliva ensues
{paralytic secretion).
If the gustatory nerve be divided, and its central end
stimulated, the same effects are produced as by stimulation of the Chorda tympani.
So that the gustatory nerve is regarded as the afferent nerve in the reflex act,
and the Chorda as the efferent.
Mucous Glands. Besides the salivary glands proper, numerous other glands
They appear to secrete mucus only, which serves to
are found in the mouth.
keep the mouth moist during the intervals of the salivary secretion, and which is
mixed with that secretion in swallowing. Many of these glands are found at the
posterior part of the dorsum of the tongue, behind the circum vallate papillae, and
also along its margins as far forward as the apex.^
Others lie around and in the
tonsil between its crypts, and a large number in the soft palate.
These glands
are of the ordinaiy compound rEicemose type.
^ The student must recollect that a ferment is a body which initiates and propagates its action
irrespective of the quantity of it which is present in the mixture.
Thus a very minute portion
of ptyalin will decompose a large quantity of starch.
^ It has been recently shown by Ebner that many of these glands open into the trenches around
the circumvallate papillge, and that their secretion is more watery than that of ordinary mucous
glands.
He supposes that they assist in the more rapid distribution of the substance to be tasted,
over the region where the special apparatus of the sense of taste is situated.
•

;
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The secretion is more viscid than the saliva, and is distinguished from it by
the presence of mucous globules and the absence of ptyalin. Its mechanical uses,
however, seem identical with or subordinate to those of the saliva.

The Pharynx.
The Pharynx is that part of the alimentary canal which is placed behind the
It is a musculo-membranous sac, somewhat conical in
nose, mouth, and larynx.
form, with the base upwards and the apex downwards, extending from the under
.surface of the skull to the cricoid cartilage in front, and the fifth cervical vertebra
behind.

The pharynx is about four inches and a half in length, and broader in the
Its greatest breadth is opposite
transverse than in the antero-posterior diameter.
its narrowest point at its termination in the
the cornua of the hyoid bone
oesophagus. It is limited, ahove^ by the basilar process of the occipital bone
ielow, it is continuous with the oesophagus posteriorly^ it is connected by loose
areolar tissue with the cervical portion of the vertebral column, and the Longi
anteriorly, it is incomplete, and is attached
•colli and Recti capitis antici muscles
in succession to the internal pterygoid plate, the pter^^go-maxillary ligament, the
lower jaw, the tongue, hyoid bone, and larynx laterally, it is connected to the
styloid processes and their muscles, and is in contact with the common and internal
carotid arteries, the internal jugular veins, and the eighth, ninth, and sympathetic
nerves and above, with a small part of the Internal Pterygoid muscles.
It has seven openings communicating with it: the two posterior nares, the two
Eustachian tubes, the mouth, larynx, and oesophagus.
The posterior nares are the two large apertures situated at the upper part of the
anterior wall of the pharynx.
The two Eustachian tubes open one at each side of the upper part of the pharynx,
Below the nasal fossae are the posterior
-at the back part of the inferior meatus.
surface of the soft palate and uvula, the large aperture of the mouth, the base of
the tongue, the epiglottis, and the cordiform opening of the larynx.
The oesophageal opening is the lower, contracted portion of the pharynx.
Structure.
The pharynx is composed of three coats mucous, fibrous, and
;

;

;

;

;

:

muscular.

The fibrous coat is situated between the mucous and muscular layers, and is
It is thick above, where the muscular fibres
called the pharyngeal aponeurosis.
are wanting, and is firmly connected to the basilar process of the occipital and
petrous portion of the temporal bones.
As it descends it diminishes in thickness,
and

is

gradually

The mucous

lost.

with that lining the Eustachian tubes, the nares,
the mouth, and the larjmx. It is covered by columnar ciliated epithelium, as low
down as on a level with the floor of the nares below that point the epithelium
is of the squamous varietj^.
Beneath the mucous membrane are found racemose
mucous glands they are especially numerous at the upper part of the pharynx
around the orifices of the Eustachian tubes. Throughout the pharynx are also
numerous crypts or recesses, the walls of which are surrounded by lymphoid
tissue, similar to what is found in the tonsils.
Across the back part of the
pharyngeal cavity, between the two Eustachian tubes, a considerable mass of this
tissue exists, and has been named iho, pharyngeal tonsil.
The muscular coat has been alread}' described (p. 374).
coat is continuous

;

;

The

ffisoPHAGUS.

The CEsoPHAGUS is a muscular canal, about nine inches in length, extending
from the pharynx to the stomach. It commences at the lower border of the
cricoid cartilage, opposite the fifth cervical vertebra, descends along the front of
the spine, through the posterior mediastinum, passes through the Diaphragm,

;
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abdomen, terminates at the cardiac orifice of the stomachy
The general direction of the oesophagus is
opposite the ninth dorsal vertebra.
but it presents two or three slight curvatures in its course. At its
vertical
commencement it is placed in the median line but it inclines to the left side as
far as the root of the neck, gradually passes to the middle line again, and finally
again deviates to the left as it passes forwards to the oesophageal opening of the
Diaphragm. The oesophagus also presents an antero-posterior flexure, corresponding to the curvature. of the cervical and thoracic portions of the spine. It
is the narrowest part of the alimentary canal, being most contracted at its commencement, and at the point where it passes through the Diaphragm.
Relations.
In the neck^ the oesophagus is in relation, infront.^ with the trachea
and, at the lower part of the neck, where it projects to the left side, with the
thyroid gland and thoracic duct behind, it rests upon the vertebral column and
Longus colli muscle on each side, it is in relation with the common carotid
artery (especially the left, as it inclines to that side) and part of the lateral lobes
of the thyroid gland; the recurrent laryngeal nerves ascend between it and the
and, entering the

;

;

;

;

trachea.

In the thorax, it is at first situated a little to the left of the median line it then
passes behind the left side of the transverse part of the aortic arch, and descends
in the posterior mediastinum, along the right side of the aorta, nearly to the
Diaphragm, where it passes in front and a little to the left of the artery, previous
It is in relation, in front, with the trachea, the arch
to entering the abdomen.
of the aorta, left carotid and left subclavian arteries, and left bronchus, and the
posterior surface of the pericardium behind, it rests upon the vertebral column,
the Longus colli, and the intercostal vessels; and below, near the Diaphragm,
upon the front of the aorta laterally, it is covered by the pleurag the vena
azygos major lies on the right, and the descending aorta on the left side. The
pneumogastric nerves descend in close contact with it, the right nerve passingdown behind, and the left nerve in front of it.
;

;

;

:

—

Surgical Anatomy.
The relations of the oesophagus are of considerable practical interest tO'
the surgeon, as he is frequently required, in cases of stricture of this tube, to dilate the canal by
a bougie, when it is of importance that the direction of the oesophagus, and its relations to surrounding parts, should be remembered. In cases of malignant disease of the oesophagus, where
its tissues have become softened from infiltration of the morbid deposit, the greatest care is
requisite in directing the bougie through the strictured part, as a false passage may easily be
made, and the instrument may pass into the mediastinum, or into one or the other pleural cavity,
or even into the pericardium.
The student should also remember that contraction of the oesophagus, and consequent symptomsof stricture, are occasionally produced by an aneurism of some part of the aorta pressing upon
this tube.
In such a case the passage of a bougie could only hasten the fatal issue.
It occasionally happens that a foreign body becomes impacted in the oesophagus, which can
neither be brought upwards nor moved downwards.
When all ordinary means for its removal
have failed, excision is the only resource. This, of course, can only be performed when it is not
very low down. If the foreign body is allowed to remain, extensive inflammation and ulceration of the oesophagus may ensue.
In one case the foreign body ultimately penetrated the
intervertebral substance, and destroyed life by inflammation of the membranes and substance of
the cord.
The operation of oesophagotomy is thus performed. The patient being placed upon his back,
with the head and shoulders slightly elevated, an incision, about four inches in length, should be
made on the left side of the trachea, from the thyroid cartilage downwards, dividing the skin
and Platysma. The edges of the wound being separated, the Omo-hyoid muscle should, if necessary, be divided, and the fibres of the iSterno-hyoid and Sterno-thyroid muscles drawn inwards;
the sheath of the carotid muscles being exposed, should be drawn outwards, and retained in that
position by retractors the oesophagus will then be exposed, and should be divided over the foreign
body, which should then be removed. Great care is necessary to avoid wounding the thyroid
vessels, the thyroid gland, and the laryngeal nerves.
:

Structure. The oesophagus has three coats: an external, or muscular; a middle,
or cellular and an internal, or mucous coat.
The muscular coat is composed of two planes of fibres of considerable thickness, an external longitudinal and an internal circular.
The longitudinal fibres are arranged at the commencement of the tube in three
;

—
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one in front, which is attached to the vertical ridge on the posterior
fasciculi
and one at each side, which are continuous with
surface of the cricoid cartilage
the fibres of the Inferior constrictor as they descend they blend together, and
form a uniform layer, which covers the outer surface of the tube.
The circular fibres are continuous above with the Inferior constrictor; their
direction is transverse at the upper and lower parts of the tube, but oblique in
:

;

:

the central part.^

The muscular
consist chiefly

fibres in the upper part of the oesophagus are of a red color, and
of the striped variety but below they consist entirely of the
;

involuntary muse alar fibre.
The cellular coat connects loosely the mucous and muscular coats.
The m-ucovs coat is thick, of a reddish color above, and pale below. It is disposed in longitudinal folds, which disappear on distension of the tube. Its surface
is studded with minute papillce, and it is covered throughout with a thick layer
of squamous epithelium.
The oesophageal glands are numerous small compound racemose glands, scattered throughout the tube they are lodged in the submucous tissue, and open
upon the surface by a long excretory duct. They are most numerous at the
lower part of the tube, where they form a ring round the cardiac orifice.
;

The Abdomen.
The Abdomen is the largest cavity in the body, and is separated, below, from
the pelvic cavity by the brim of the pelvis.
It is of an oval form, the extremiit is wider above than
ties of the oval being directed upwards and downwards
below, and measures more in the vertical than in the transverse diameter.
Boundaries. It is bounded, in front and at the sides^ by the lower ribs, the
abdominal muscles, and the venter ilii hehind^ by the vertebral column and the
Psoas and Quadratus lumborum muscles; ahove^ by the Diaphragm helow^ by the
brim of the pelvis. The muscles forming the boundaries of the cavity are lined
upon their inner surface by a layer of fascia, differently arranged according to
the part to which it is attached.
The abdomen contains the greater part of the alimentary canal; some of the
accessory organs to digestion, viz., the liver, pancreas, and spleen and the kidneys and suprarenal capsules. Most of these structures, as well as the wall of
the cavity in which they are contained, are covered by an extensive and complicated serous membrane, the peritoneum.
The apertures found in the walls of the abdomen, for the transmission of
structures to or from it, are the umbilicus^ for the transmission (in the foetus) of
the umbilical vessels the caval opening in the Diaphragm, for the transmission
of the inferior vena cava; the aortic opening^ for the passage of the aorta, vena
azygos, and thoracic duct and the oesophageal opening^ for the oesophagus and
pneumogastric nerves. Below^ there are two apertures on each side one for
the passage of the femoral vessels, and the other for the transmission of the
spermatic cord in the male, and the round ligament in the female.
Regions. For convenience of description of the viscera, as well as of reference
to the morbid condition of the contained parts, the abdomen is artificially divided
into nine regions.
Thus, if two circular lines are drawn round the body, the one
parallel with the cartilages of the ninth ribs, and the other with the highest point
of the crests of the ilia, the abdominal cavity is divided into three zones, an upper,
a middle, and a lower.
If two parallel lines are drawn from the cartilage of the
eighth rib on each side, down to the centre of Poupart's ligament, each of these
zones is subdivided into three parts, a middle and two lateral.
;

;

;

;

;

;

;

^ Accessory slips of muscular fibres are described by Dr. Ounniugham as passing between the
oesophagus and the pleura, where it covers the thoracic aorta (almost always), or the root of the
left bronchus (usually), or the back of the pericardium, or corner of the mediastinum (more
rarely), as well as other still more rare accessory fibres.
Journal of Anat. and Phys., vol. x.,

p. 320.
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Tlie middle region of the
the stomach)

;

and the two

upper zone

is

called the epigastric

lateral regions, tlie right

and

left

(iirc,

over;

yatfriyp,

hypochondriac

(1)^6,

—

The Regions of the Abdomen and their Contents.
(Edge of Costal Cartilages in dotted outline.)

Fig. 464.

under; x°^^P°') ^^^ cartilages). The central region of the middle zone is the
umhilical ; and the two lateral regions, the right and left lumbar.
The middle
region of the lower zone is the hypogastric or pubic region ; and the lateral regions
are the right and left inguinal or iliac.
The viscera contained in these dii3:erent
regions are the following (Fig. 464)
:

Right Hypochondriac.

The

right lobe of the
liver and the orall -bladder,
the duodenum, pancreas,
hepatic flexure of the
•colon, upper part of the
right kidney, and the
right suprarenal capsule.

Right Lumbar.

Ascending colon, lower
part of the right kidney,
and some convolutions of
the small intestines.

Epigastric Region.

The middle and pyloric
end of the stomach, left
lobe of the liver, and lobulus Spigelii, and the pancreas.

Left Hypochondriac

The

splenic end of the
stomach, the spleen and
extremity of the pancreas,
the splenic flexure of the
colon, upper half of the
left kidney, and the left
suprarenal capsule.

Umbilical Region.

Left Lumbar.

The transverse colon,
part of the great omentum
and mesenter}^, transverse
part of the duodenum, and
some convolutions of the
jejunum and ileum.

Descending colon, part
of the omentum, lower
part of the left kidney, and
some convolutions of the
small intestines.

THE PERITONEUM.
Right

The

Inijiiinal {Iliac).

ca3cum, appendix

Ci»ci.

Hypogastric Region.
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Left Tngninal [Iliac).

Convolutions of the
small intestines, the bladder in children, and in

Sigmoid flexure of the
colon.

adults if distended, and
the uterus during pregnancy.

The Peritoneum.
The peritoneum,

(Trspirsivsiv, to extend around) is a serous membrane, and partially
the viscera contained in the abdominal and pelvic cavities. In consequence of the number and different shapes of these viscera, the reflections of
the peritoneum, as it invests them, are exceedingly complex and difficult to under-

invests

all

stand.

The peritoneum partially invests all the viscera contained in the abdominal and
pelvic cavities, forming the visceral layer of the membrane it is then reflected
;

Fig. 465.

—The ReHections of the Peritoneum,
Section of the

as seen in

.1

Vertical

Abdomen.

upon the internal surface of the parietes of those cavities, forming the parietal
layer.
The free surface of the peritoneum is smooth, moist, and covered by a thin
squamous epithelium its attached surface is rough, being connected to the viscera and inner surface of the parietes by means of areolar tissue, called the sub,

peritoneal areolar tissue.
The parietal portion is loosely connected with the fascia
lining the abdomen and pelvis; but more closely to the under surface of the Diaphragm, and in the middle line of the abdomen.
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In order to get a first general idea of the peritoneum and its reflections, tlie
student should bear in mind that all the abdominal and pelvic viscera are placed
external to it, and that it is a shut sac superimposed upon the viscera.^
Let the student imagine that all the viscera are in their proper positions in the
abdominal cavity, but uninvested by peritoneum. Upon the top of them is placed
a large closed sac or bladder, the walls of which are of extreme thinness, and
wherever there is a cleft between two viscera a process of peritoneum derived
from the part of the sac in contact with the viscera is tucked in between them, so
as to cover the adjacent surfaces of the two viscera and separate them from each
other, and at the same time, by becoming adherent to the viscera, form an investment for them. Thus in Fig. 465 such a diverticulum or process may be seen
tucked in between the under surface of the liver and the upper surface of the
stomach, and extending between the two as far backwards as the portal vein,
hepatic artery, and hepatic duct, which it covers on their anterior surfaces, forming the anterior layer of what is termed the lesser omentum, which is a double
fold of peritoneum passing dowuAvards from the under surface of the liver to the
The first of these diverticula or processes which
lesser curvature of the stomach.
must be alluded to, because it is the largest, is one which is tucked in round the
hepatic artery, as it passes forwards and upwards to the liver, and afterwards
expands into a large sac or bag, which covers the posterior surface of the liver
and stomach, and the front of the upper part of the posterior wall of the abdomen,
This large cul-de-sac of peritoneum
separating these structures from each other.
is called the lesser cavity of the peritoneum^ but is only a part of the general cavity,
differentiated from it by the constriction produced at the situation of the hepatic
artery.
In this respect the peritoneum may be compared to an hour-glass with
two unequal globes the smaller one constituting the lesser cavity of the peritoneum the larger one the greater cavity and the constriction where the two
globes communicate corresponding to the constriction in the peritoneum where
it hooks round the hepatic artery.
This constriction is called the foramen of
:

;

;

Winslow.

A

process of this lesser bag of the peritoneum is pushed backwards and
liver, extending as far as the under surface of the Diaphragm,
At its extremity this process is in conthe posterior part of which it covers.
tact with a process of the greater bag of the peritoneum, which is pushed in
from the front, in the cleft between the upper surface of the liver and the under
surface of the Diaphragm.
Where these two layers are in contact (passing down
from the Diaphragm to the liver) they form some of the ligaments of the liver,
second process of the lesser bag
thus supporting and holding it in position.
of the peritoneum is pushed forwards on the under surface of the liver, which it
invests as far as the transverse fissure here it takes a sudden turn downwards
to the lesser curvature of the stomach, and forms the posterior layer of the
gastro-hepatic or lesser omentum.
Between the transverse fissure of the liver
and the lesser curvature of the stomach it is in contact with the greater bag of
the peritoneum, a process of which is sent inwards between the liver and stomach
from the front. Between the two layers are situated the hepatic artery, the
portal vein, and the hepatic duct.
third process of the lesser bag passes from
the great curvature of the stomach in front of the small intestines for a variable
distance, and, being reflected upon itself, ascends to the upper surface of the
transverse colon.
In doing this it forms a loose fold, lying between the small
intestines and the abdominal wall, but contained between two layers of the
greater bag, which are reflected in a similar way to the under surface of the
transverse colon from the greater curvature of the stomach.
This process of the lesser bag, after investing the upper surface of the transverse colon, passes back to the spine, forming the upper layer of the transverse

upwards behind the

A

;

A

We

^
may disregard, for the present, the fact that the peritoneum in the female is not
lutely closed sac, since the Fallopian tubes open into it at their free extremities.

an ahso-
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meso-colon, and, ascending in front of the pancreas and crura of the Diaphragm,
reaches the under surface of the Diaphragm, where it is continuous with the
process of the lesser bag, which we have seen lining the under surface of the
posterior part of this muscle.
Thus the lesser cavity of the peritoneum is seen
to be a complete sac or bag, separating the back and part of the under surface
of the liver, the posterior wall of the stomach and the upper surface of the transverse colon from the back part of the under surface of the Diaphragm and the
upper part of the posterior wall of the abdomen.
The greater cavity of the peritoneum separates the anterior surfaces of the
so that in our comparison of the
viscera from the front wall of the abdomen
two cavities to an hour-glass it must be borne in mind that they are not in the
same straight line as the two globes of the hour-glass, but that, at the point of
constriction, the smaller cavity is bent round the hepatic artery, so as to lie
behind the greater cavity.
;

Fiii'.

466.

—Plan of

the Peritoneum.

PROCESS

BETWEEN LIVER AND DIAPHRAGM

3ETWEEIM

DIAPHRAQM AND UVER

BETWEEN TRANSVERSE
COLON AND SMALL
INTESTIM!:

BETWEEN SMALL
INTESTINE AND
PEIUVIC VISCERA,

BETWEEN SACRUM

AND RECTUM

The greater sac of the peritoneum is placed in front of the viscera, one layer
being in contact with them, the other lining the inner surface of the anterior
The layer which is in relation with the viscera sends
wall of the abdomen.
backwards diverticula, which pass between the various organs, and in certain
places come in contact with the peritoneum, forming the lesser bag in the
manner described above. Thus we have one of these diverticula sent backwards
between the liver and Diaphragm, covering the anterior part of the under surface of the Diaphragm, until it meets the peritoneum of the lesser cavity, and
covering the upper surface of the liver as far backwards as the ligaments. The
extremity of this diverticulum is in contact with a similar diverticulum of the
lesser bag, already described, and the two layers, when in apposition, form the
coronary and lateral ligaments of the liver. Another process is sent backwards
between the under surface of the liver and the stomach, to meet a similar process
Where the two are in
of the lesser cavity prolonged from behind forwards.
third diverticapposition, the lesser or gastro-hepatic omentum is formed.
ulum is carried backwards to the posterior wall of the abdomen between the

A
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transverse colon and the small intestines.
This prolongation covers the under
surface of the transverse colon, and forms the under layer of the transverse mesocolon and the upper layer of the mesentery by its extremity it is in contact
with the posterior wall of the abdomen, and covers a part of the abdominal aorta.
Between the greater curvature of the stomach and the transverse colon there is
a fold or reduplication of the peritoneum, which contains between its layers a
similar fold from the lesser cavity, and forms the apron or great omentum.
Another fold of the greater bag of the peritoneum is pushed backwards to the
spine between the small intestines and the pelvic viscera.
This fold forms the
lower layer of the mesentery, and by its extremity covers a considerable portion
of the lower part of the abdominal wall, and passes over the sacro-vertebral
angle into the pelvis. From the lower layer of this process, which covers the
upper part of the pelvic viscera, diverticula are sent downwards between the
pelvic viscera, separating them from one another: thus one is sent downwards
between the back of the rectum and the sacrum, another between the rectum
and the bladder. In the female, one is sent down between the rectum and uterus,
another between the uterus and bladder. These, then, are the various diverticula
sent off from the posterior layer of the greater bag of the peritoneum
the anterior layer simply lines the anterior wall of the abdomen, and is continuous at its
extremities with the posterior layer.
The student will perhaps be better able to follow these various folds or reflections of the peritoneum by a reference to the accompanying plan (Fig. 466),
which should be studied in conjunction with Fig. 465. He must not forget, however, that though the lesser and greater cavities of the peritoneum are here
represented, for the sake of clearness, as quite distinct from each other, they are
not really so, but that they both form part of one great cavity.
The reflections
of the peritoneum may be traced in two different ways, either by considering the
folds which form each cavity separately, or by describing them together.
According to the first plan (Fig. 465), the abdomen having been opened, the
liver should be raised and supported in that position, and the stomach should be
depressed, when a thin membranous layer is seen passing from the transverse
this is the lesser or gastrofissui'e of the liver to the upper border of the stomach
hepatic omentum..
It consists of two delicate layers of peritoneum, an anterior
and a posterior, between Avhich are contained the hepatic vessels and nerves. Of
these tAvo layers, the anterior should first be traced, and then the posterior.
The anterior layer descends to the lesser curvature of the stomach, and covers
its anterior surface as far as the great curvature: it descends for some distance
in front of the small intestines, and, returning upon itself to the transverse colon,
forms the external layer of the great omentum ; it then covers the under surface
of the transverse colon, and, passing to the back part of the abdominal cavity,
forms the inferior layer of the transverse meso-colon. It then descends in front
of the duodenum, the aorta, and vena cava, as far as the superior mesenteric
artery, along which it passes to invest the small intestines, and, returning to the
vertebral column, forms the mesentery ; whilst, on either side, it covers the
ascending and descending colon, and is thus continuous with the peritoneum
lining the walls of the abdomen.
From the root of the mesentery it descends
along the front of the spine into the pelvis, and surrounds the upper part of the
rectum, which it holds in its position by means of a distinct fold, the meso-rectum.
Its course in the male and female now differs.
In the male it forms a fold between the rectum and bladder, the recto-vesical
fold, and ascends over the posterior surface of the latter organ as far as its
:

:

:

summit.
In the femnle it descends into the pelvis in front of- the rectum, forms a fold
between the rectum and vagina, the recto-vaginal fold (Pouch of Douglas), covers
a small part of the posterior wall of the vagina, and passes on to the uterus, the
fundus and body of which it covers. From the sides of the uterus it is reflected
on each side to the wall of the pelvis, forming the broad ligaments and from
;

;
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ascends upon the posterior wall of the bladder
it may be traced, as in the male, ascending
upon the anterior parietes of the abdomen, to the under surface of the Diaphragm
from which it is reflected upon the liver, forming the upper layer of the coronary,
and the lateral and longitudinal ligaments. It then covers the upper and under
surfaces of the liver, and at the transverse fissure becomes continuous with the
anterior layer of the lesser omentum, the point whence its reflection was originally traced.
The posterior layer of the lesser omentum descends to the lesser curvature of
the stomach, and covers its posterior surface as far as the great curvature it then
descends for some distance in front of the small intestines, and, returning upon
itself to the transverse colon, forms the internal layer of the great omentum
it
covers the upper surface of the transverse colon, and, joassing backwards to the
spine, forms the upper layer of the transverse meso-colon.
Ascending in front
of the pancreas and crura of the Diaphragm, it lines the back part of the under
surface of that muscle, from which it is reflected on to the posterior border of
the liver, forming the inferior layer of the coronar}- ligament.
From the under
surface of the liver it may be traced to the transverse fissure, where it is continuous with the posterior layer of the lesser omentum, the point whence its
the anterior surface of
as far as its

summit.

tlie

uterus

From

it

this point

;

;

;

reflection

was originally

traced.

The

space included in the reflections of this layer of the peritoneum is called
the lesser cavity of the peritoiienm^ or cavity of the great oinentvm.
It is bounded,
in front^ by the lesser omentum, the stomach, and the descending part of the
great omentum behind^ by the ascending part of the great omentum, the transverse colon, transverse meso-colon, and its ascending layer above^ by the liver
and below, by the folding of the great omentum. This space communicates with
the general peritoneal cavity through the foramen of Winslow, which is situated
behind the right, or free, border of the lesser omentum.
In order to trace the two layers together, we commence at the top of the
abdominal cavity that is to say, the under surface of the Diaphragm. This
muscle is covered throughout its whole extent by peritoneum one layer extending
from its anterior border, backwards the other from its posterior border, forwards.
Where the two layers meet they are reflected downwards to the upper
surface of the liver, forming the coronary and lateral ligaments of this organ.
When these two layers reach the liver they again separate to inclose this viscus,
the one passing in front and the other behind, and they meet again on its under
From this fissure they turn downwards to the
surface at the transverse fissure.
lesser curvature of the stomach, forming the gastro-hepatic or lesser omentum,
and inclosing the hepatic artery, the portal vein, and the hepatic duct, which are
contained between the two folds in this situation. From the lesser curvature of
the stomach the two layers pass over the anterior and ]30sterior surfaces of the
viscus, inclosing it and meeting again at the greater curvature.
From this point
they pass down in front of the small intestines, between this tube and the abdominal wall, and are reflected on themselves, passing upwards to the transverse
colon, and forming the apron or great omentum.
This reflection, therefore, consists of four layers of peritoneum.
When the two posterior layers of the great
omentum, in their reflection upwards, reach the transverse colon, they separate to
inclose this portion of the intestinal tube, the one layer passing above it and the
other below. They meet on its posterior surface, and pass backwards to the
At this point
vertebral column, forming what is called the transverse meso-colon.
the two layers separate.
The one which formed the upper surface of the transverse meso-colon, and which belongs to the lesser cavity, passes upwards in front
of the pancreas and crura of the Diaphragm to the back part of the under surface of the Diaphragm, the point from which the description of this layer was
commenced. The other, wliich formed the inferior layer of the transverse mesocolon, turns downwards in front of the duodenum, aorta, and inferior vena cava,
and can be traced as a single layer, in tlie manner above described, investing the
;

;

;

;

;
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small intestines and forming the mesentery tlien passing over the sacro-vertebral
angle into the pelvis, the viscera of which it partially invests, and finally over
the posterior surface of the front wall of the abdomen to the anterior extremity
of the Diaphragm, the point from which the description of this layer was com;

menced.
In addition to tracing the peritoneum

verticall}^, as has been now done, it is
necessary to trace it horizontally. If this is done below the transverse colon, a
reference to Fig. 465 will show that the circle is extremely simple, as it includes
only the greater bag of the peritoneum. Above the level of the transverse colon
the arrangement is more complicated, on account of the existence of two sacs.
Starting from the linea alba, below the level of the transverse colon, and tracing
the continuity in a horizontal direction to the right, we find the peritoneum
covering the internal surface of the abdominal wall almost as far as the anterior
border of the quadratus lumborum muscle it is there reflected over the sides
and anterior surface of the caecum and ascending colon, fixing them to the abdominal wall, thus forming the meso-cascum and the ascending meso-colon, from
which it can be traced over the kidney to the front of the bodies of the vertebras.
It then passes along the mesenteric vessels to invest the small intestines, and back
again to the spine, forming the mesentery, between the layers of which are conLastly, it passes over the
tained the blood-vessels, nerves, lacteals, and glands.
left kidney to the sides and anterior surface of the descending colon, forming the
descending and sigmoid meso-colon, and, reaching the abdominal wall, it passes
along it to the middle line of the abdomen.
Above the transverse colon (Fig. 467) the peritoneum can be traced, forming
the greater and lesser cavities, and their communication through the foramen of
Winslow can be demonstrated. Commencing in the middle line of the abdomen
the membrane may be traced lining its internal wall, and on the right side sending
a process backwards to encircle the obliterated umbilical vein (the round ligament of the liver) forming the falciform or longitudinal ligament of the liver.
Continuing its course to the right, it is reflected over the front of the upper part
of the right kidney, across the vena cava inferior and aorta, and over the left
kidney to the hilum of the spleen. From this point it is reflected on to the
posterior surface of the stomach, which it covers, and from its right extremity it
passes around the vessels passing to the transverse fissure of the liver, and back
again to the stomach, as the lesser omentum, and thus it forms the anterior
boundary of the foramen of Winslow. It now covers the front of the stomach,
and upon reaching the cardiac extremity it passes to the spleen, which it incloses,
forming the gastro-splenic omentum. From the hilum of the spleen it turns
backwards to reach the abdominal wall, along which it courses to reach the
median liae of the abdomen.
The /orame?2 of Winslow is bounded, vnfront^ by the lesser omentum, inclosing
the vena portse and the hepatic artery and duct behind^ by the inferior vena
cava ahove^ by the lobulus Spigelii below, by the hepatic artery curving forwards from the coeliac axis.
The reflections of the peritoneum over the transverse colon are somewhat differently described by some authors (Luschka, Holden), and there is no doubt, as
was long ago pointed out by Haller, that the arrangement in the foetus is different
from that which has been described above. In the foetus, and even in the young
child, the two ascending layers of the great omentum can be traced passing
together over the transverse colon, instead of embracing it, as described above,
and passing back to the spine as a double fold, which can be separated from the
transverse colon and transverse meso-colon. Upon reaching the spine the two
layers separate the upper one (the inner of the two ascending layers of the
great omentum) passes upwards in front of the pancreas and crura of the Diaphragm, forming the posterior boundary of the lesser bag of the peritoneum, in
a similar manner to the upper layer of the transverse meso-colon in the former
description.
The other fold (the outer of the ascending layer of the great
;

;

;

;

:
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after reaching the spine, is turnechforwards again on itself as far as
the transverse colon, which it covers, and is again reflected back to the spine, to
pass down in front of the aorta to form the mesentery, in a similar manner to
Tims
the lower layer of the transverse meso-colon in the former description.
the transverse colon is invested by a distinct fold of peritoneum, prolonged forwards from the spine to surround it, in a very similar manner to the way in
which the small intestines are surrounded.
In the adult, however, as a rule, this arrangement disappears. Probably
adhesion of the layers of which the foetal duplication is composed takes place,
and then absorption, and thus the arrangement is brought about which has been
It may be that
described above as most frequently seen in the adult subject.
the foetal duplicature is "drawn or pushed forwards from its place in the progress
of visceral development, and thus effaced."'
The viscera thus shown to be almost entirely invested by peritoneum are the
liver, stomach, spleen, first portion of the duodenum, the jejunum, and ilium,
the transverse colon, sigmoid flexure, upper end of the rectum, the uterus, and

omentum),

ovaries.
lias

—

Transverse Section of Peritoneum.
been introduced into the foramen of Winslow.)

Fig. 467.

(An arrow

LESSER

HEPATIC ARTERY,
PQRTAL VEIN
AHa HEPATIC DUCT

The viscera only partially invested by peritoneum are the descending and
transverse portions of the duodenum, the csecum, the ascending and descending
colon, the middle portion of the rectum, and the upper part of the vagina and
posterior wall of the bladder.
The kidneys, supra-renal capsules, and pancreas
are covered by the membrane without receiving any special investment from it.
The lower end of the rectum, the neck, base, and anterior surface of the
bladder, the whole of the front and the lower part of the posterior wall of the
vagina, have no peritoneal covering.
Numerous folds are formed by the peritoneum, extending between the various
organs.
These serve to hold them in position, and, at the same time, inclose the
vessels and nerves proceeding to each part.
Some of the folds are called ligaments^ from their serving to support the organs in position.
Others, which
connect certain parts of the intestine with the abdominal wall, constitute the
mesenteries ; and lastly, those which proceed from the stomach to certain viscera
in its neighborhood are called omenta.
The Ligaments, formed by folds of the peritoneum, include those of the liver,
spleen, bladder, and uterus.
They will be found described with their respective
organs.
^

Quain's Anatomy,

vol.

ii.,

p. 485.

;

ORGANS OF DIGESTION.

792

Omenta

Tlie
splenic

are the lesser

omentum, the great omentum, and the

gastro-

omentum.
The lesser omentum

{gastro-hepattc) is the duplicature which extends between
the transverse fissure of the liver and the lesser curvature of the stomach.
It is
extremely thin, and consists, as before said, of two layers of peritoneum. At the
but at the right
left border its two layers pass on to the end of the oesophagus
border, where it is free, they are continuous, and form a free, rounded margin,
which contains between its layers the hepatic artery, the common bile-duct, the
all these structures
portal vein, lymphatics, and the hepatic plexus of nerves,
iDcing inclosed in loose areolar tissue, called Glissori's capsule. Between the layers
where they are attached to the stomach lie the gastric artery and the pyloric
branch of the hepatic, anastomosing with it.
The great omentum [g astro -colic) is the largest peritoneal fold. It consists of
four layers of peritoneum, two of which descend from the stomach, one from its
anterior, the other from its posterior surface, and, uniting at its lower border,
descend in front of the small intestines, as low down as the pelvis they then
turn upon themselves, and ascend again as far as the transverse colon, where they
These separate layers may be
separate and inclose that part of the intestine.
easily demonstrated in the young subject, but in the adult they are more or less
inseparably blended. The left border of the great omentum is continuous with
the gastro-splenic omentum; its right border extends as far only as the duodenum.
The great omentum is usually thin, presents a cribriform appearance, and always
contains some adipose tissue, which, in fat subjects, accumulates in considerable
quantity.
Its use appears to be to protect the intestines from the cold, and to
facilitate their movement upon each other during their vermicular action.
Between its two anterior layers is the anastomosis between the right and left
gastro-epiploica arteries.
The gastro-splenic om^entiim. is the fold which connects the concave surface
of the spleen to the cul-de-sac of the stomach, being continuous by its lower
border with the great omentum. It contains the splenic vessels and vasa
;

—

;

brevia.

The Mesenteries
ing, transverse,

—

are
the mesentery proper, the meso-csecum, the ascendand descending meso-colon, the sigmoid meso-colon, and the

meso-rectum.
The mesentery

(fj-itrov, Ivrspov), so called from
being connected to the middle of
the cylinder of the small intestine, is the broad fold of peritoneum which connects the convolutions of the jejunum and ileum with the posterior wall of the
abdomen. Its I'oot, the part connected with the vertebral column, is narrow, about
six inches in length, and directed obliquely from the left side of the second
lumbar vertebra to the right sacro-iliac symphysis. Its intestinal border is much
longer and here its two layers separate, so as to inclose the intestine, and form
its peritoneal coat.
Its breadth, between its vertebral and intestinal border, is
about four inches. Its upper border is continuous with the under surface of the
transverse meso-colon; its lower border., with the peritoneum covering the Cificum
and ascending colon. It serves to retain the small intestines in their position,
and contains between its layers the mesenteric vessels and nerves, the lacteal
vessels, and mesenteric glands.
The raeso-csecum., when it exists, serves to connect the back part of the caecum
with the right iliac fossa more frequently the peritoneum passes merely in front
of this portion of the large intestine.
The ascending meso-colon is the fold which connects the back part of the ascending colon with the posterior wall of the abdomen and the descending meso-colon
retains the descending colon in connection with the posterior abdominal wall
more frequently the peritoneum merely covers the anterior surface and sides of
these two portions of the intestine.
At the place where the transverse colon
turns downwards to form the descending colon, a fold of peritoneum is continued
upwards to the under surface of the Diaphragm, opposite the tenth and eleventh
;

;

;
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This is the costo-colic Uyament ; it passes below the spleen, and serves to
support this organ and restrain its movements.
The transverse meso-colon is a broad fold, which connects the transverse colon
with the posterior wall of the abdomen. It is formed bj the two ascending
layers of the great omentum, which, after separating to surround the transverse
colon, join behind it, and are continued backwards to the spine, where they
This fold contains
diverge in front of the duodenum, as already mentioned.
between its layers the vessels which supply the transverse colon.
The sigmoid meso-colon is the fold of peritoneum which retains the sigmoid
flexure in connection with the left iliac fossa.
The meso-rectum is the narrow fold which connects the upper part of the rectum
with the front of the sacrum. It contains the hemorrhoidal vessels.
The appendices epiploicse are small pouches of the peritoneum filled with fat,
and situated along the colon and upper part of the rectum. They are chiefly
ribs.

appended

to the transverse colon.

The Stomach.
The stomach is the principal organ of digestion. It is the most dilated part
of the alimentary canal, serving for the solution and reduction of the food, which
It is situated in the left hypochondriac,
constitutes the process of chymification.
the epigasti'ic, and part of the right hypochondriac regions.
Its form is irregularly conical, curved upon itself, and presenting a rounded base, turned to the
left side.
It is placed immediately behind the anterior wall of the abdomen,
above the transverse colon, below the liver and the Diaphragm. Its size varies
considerably in diflerent subjects, and also according to its state of distension.
When moderately full its transverse diameter is about twelve inches, its vertical
diameter about four. Its weight, according to Clendenning, is about four ounces
and a half. It presents for examination two extremities, two orifices, two
borders, and two surfaces.
This is the largest part
Its left extremity is called the greater or splenic end.
of the stomach, and extends two or three inches to the left of the point of entrance
of the oesophagus.
This expanded part is called the great cul-de-sac^ or fundus.
[t lies behind the lower ribs, in contact with the spleen, to which it is connected
by the gastro-splenic omentum.
The lesser or pyloric end is much smaller than the fundus, and situated on a
plane anterior and inferior to it.
It lies in contact with the wall of the abdomen,
and the under surface of the liver. Its position on the surface of the body is
near the end of the cartilage of the eighth rib (Holden).
The oesophageal or cardiac orifice communicates with the oesophagus; it is the
highest part of the stomach, and somewhat funnel-shaped.
The pyloric orifice communicates with the duodenum, the aperture being
guarded by a kind of valve the pylorus.
The lesser curvature extends between the oesophageal and pyloric orifices,
along the upper border of the organ, and is connected to the under surface of
the liver by the lesser omentum.
The greater curvature extends between the same two points, along the lower
border, and gives attachment to the great omentum.
The surfaces of the organ
are limited by these two curvatures.
The anterior surface is directed upwards and forwards, and is in relation with
the Diaphragm, the under surface of the left lobe of the liver, and with the
abdominal parietes, in the epigastric region.
The posterior surface is directed downwards and backwards, and is in relation
with the pancreas and great vessels of the abdomen, the crura of the Diaphragm,
and the solar plexus.
The stomach is held in position by the lesser omentum, which extends from
the transverse fissure of the liver to its lesser curvature, and by a fold of peri•

—

;
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toneum, wliicli passes from tlie Diaphragm on to the oesophageal end of the
stomach, the gastro-phrenic ligament this constitutes the most fixed point of the
stomach, whilst the pyloric end and greater curvature are the most movable
parts hence when the stomach becomes greatly distended, the greater curvature
is directed forwards, whilst the anterior and posterior surfaces are directed, the
former upwards and the latter downwards/
:

;

—

There is no organ in the body the position and connections of which
Alterations in Position.
present such frequent alterations as the stomach. During inspiration it is displaced downwards
by the descent of the Diaphi-ai?m, and elevated by the pressure of the abdominal muscles during
Its position in relation to the surrounding viscera is also changed according to the
expiration.
empty or distended state of the organ. When empty it occupies only a small part of the left
hypochondriac region, the spleen lying behind it; the left lobe of the liver covers it in front, and
the under surface of the heart rests upon it above and in front, being separated from it by the
left lobe of the liver, besides the Diaphragm and pericardium.
This close relation between the
stomach and the heart explains the fact that, in gastralgia, the pain is genei-ally referred to the
heart, and is often accompanied by palpitation and intermission of the pulse.
When the stomach
is distended the Diaphragm is forced upwards, contracting the cavity of the chest; hence the
dyspnoea complained of, from inspiration being impeded. The heart is also displaced upwards
hence the oppression in this region, and the palpitation experienced in extreme distension of the
stomach. Pressure from imthout, as fi'om tight lacing, pushes the stomach down towards the
pelvis.
In disease, also, the position and connections of the organ may be greatly changed, from
the accumulation of fluid in the chest or abdomen, or from alteration in size of any of the sur^

rounding viscera.

On looking into the pyloric end of the stomach, the mucous membrane is found
projecting inwards in the front of a circular fold, the pylorus^ leaving a narrow
cii'cular aperture, about half an inch in diameter, by which the stomach communicates with the duodenum.
The pylorus is formed by a reduplication of the mucous membrane of the
stomach, containing numerous muscular fibres, which are aggregated into a thick
circular ring, the longitudinal fibres and serous membrane being continued over
the fold without assisting in its formation.
The aperture is occasionally oval.
Sometimes the circular fold is replaced by two crescentic folds, placed one above
and the other below the pyloric orifice and more rarely there is only one crescentic fold.
Structure.
The stomach consists of four coats: a serous, a muscular, a cellular,
and a mucous coat, together with vessels and nerves.
The serous coat is derived from the peritoneum, and covers the entire surface
;

—

^ According to Dr. Lesshaft, the
Professor of Anatomy at St. Petersburg, the statements curPie
rent in anatomical text-books regarding the normal position of the stomach are erroneous.
has made careful observations on the point in more than twelve hundred bodies, and has arrived
at the following conclusions:
The stomach does not, as is usually asserted, lie horizontally in
the abdominal cavity, but vertically, so that the fundus touches the Diaphragm the smaller
curvature and pylorus are to the right, and the larger curvature is to the left. Its position is in
the left hypochondrium, and the situation of the pyloi'us is in the vertical line formed by a continuation of the right margin of the sternum.
If the stomach is enlarged, no one part can be
The ai'rangement of the
alone displaced, but all parts are equally moved by the distension.
muscular fibres of the stomacli is such that food entei'ing it is moved towards the pylorus, whei'e
it -can be most thoroughly mixed with the gastric juices
and it then passes back along the centre
of the cavity to the fundus, where the resistance is least.
This movement of the food along the
wall to the pylorus, and back again along the centre, is rendered possible by the form of the.
organ, and it is probable that it is to this movement that the peculiar shape of the fundus is due.
As is well known, the fundus is absent in newly-born children. Thus the shape of the stomach
determines the long retention of food in the organ for the purposes of digestion, and its slow passage through the pylorus.
If the transverse colon is distended with gas, it may rise, to the left
If
of the stomach, as high as the fourth intercostal space, and even as high as the fourth rib.
the coils of the small intestine are similarly distended, the lower part of the stomach may be
pressed forwards, and the stomach may assume a more oblique position. Even a large stomach,
accustomed to dietetic repletion, maintains a vertical position, but the pylorus is moved a little
upwards and to the right. Lancet^ Mai'ch 11, 1882, p. 406.
On the subject of the position of the stomach, the student may refer to a discussion at the
International Congress, in which Dr. Lesshaft enunciated this same view.
The general opinion
of the anatomists present appeared to be that the main axis of the stomach was placed obliquely,
and was therefore opposed to Dr. Lesshaft's views.

—

;

;

;
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of tlie organ, excepting along the greater and lesser curvatures, at tlie points of
attacliment of the greater and lesser omenta here the two layers of peritoneum
leave a small triangular space, along which the nutrient vessels and nerves pass.
The muscular coat (Fig. 469) is situated immediately beneath the serous coverlongitudinal, circular, and oblique.
It consists of three sets of fibres
ing.
The longitudinal fibres are most superficial they are continuous with the longitudinal fibres of the oesophagus, radiating in a stellate manner from the cardiac
They are most distinct along the curvatures, especially the lesser, but
orifice.
At the pyloric end they are more
are very thinly distributed over the surfaces.
thickly distributed, and continuous Avith the longitudinal fibres of the small
;

—

;

intestine.
Fio".

468.

Cystic

dad

—The Mucous MeTuhranc of the Stomach and

Duodenum

witli the Bile

Ducts

The circular fibres form a uniform layer over the whole extent of the stomach
beneath the longitudinal fibres.
At the pylorus they are most abundant, and are
aggregated into a circular ring, which projects into the cavity, and forms, with
the fold of mucous membrane covering its surface, the pyloric valve.
The oblique fibres are limited chiefly to the cardiac end of the stomach, where
they are disposed as a thick uniform layer, covering both surfaces, some passing
obliquely from left to right, others from right to left, round the cardiac orifice.
The cellular coat consists of a loose, filamentous, areolar tissue, connecting the
mucous and muscular layers. It is sometimes called the submucous coat. It
supports the blood-vessels previous to their distribution to the mucous membrane
hence it is sometimes called the vascular coat.
The mucous membrane of the stomach is thick its surface smooth, soft, and
velvety.
During infancy, and immediately after death, it is of a pinkish tinge
but in adult life and in old age it becomes of a pale straw or ash-gray color. It
is thin at the cardiac extremity, but thicker towards the pylorus.
During the
j3ontracted state of the organ it is thrown into numerous plaits or rugae, which,
;

;
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most part, have a longitudinal direction, and are most marked towards the
end of the stomach and along the greater curvature (Fig. 468). These
folds are entirely obliterated when the organ becomes distended.
When examined with a lens,
Structure of the Mucous Membrane (Fig. 470).

for the
lesser

—

the inner surface of the

mucous membrane presents a peculiar honeycomb appear-

from being covered Avith small shallow depressions or alveoli, of a polygonal
or hexagonal form, which vary from y^o ^o -gi^ of an inch in diameter, and are
In the bottom of the alveoli are seen the
separated by slightly elevated ridges.
orifices of minute tubes, the gastric follicles^ which are situated perpendicularly
side by side, in the entire substance of the mucous membrane.
ance,

Fig. 409.

— The Muscular Coat of

the Stomach.

"^^atu^e

The

two kinds, which diifer from each other in structure,
From this fact they are
believed also in the nature of their secretion.
named respectively mucous d^nA peptic glands. They are both tubular in character,
and are formed of a delicate basement membrane, supporting epithelium. The basement membrane consists of flattened, transparent, endothelial cells, with processes
which extend and support the epithelium. The mucous glands are most numerous
at the pyloric end of the stomach, and consist of two or three short, closed tubes
opening into a common duct, the external orifice of which is situated at the bottom
of an alveolus.
The c£ecal tubes are wavy, and are of about equal length with
the duct.
The tubes and duct are lined throughout by epithelium, which is continuous with the epithelium lining the surface of the mucous membrane, and like
it is columnar in character.
The peptic glands are found all over the surface of
the stomach. Like the mucous glands they consist of a duct, into which open
two or more csecal tubes. The duct, however, in these glands is shorter than in
the other variety, sometimes not amounting to more than one-sixth of the whole
length of the gland; it is lined throughout b}^ columnar epithelium. At the
point where the terminal tubes open into the duct, and which is termed the neck,
the epithelium alters, the cell becoming much shorter and opaque the lumen
also becomes suddenly constricted, and is continued down to the bottom of the
tubes as a very fine channel. Here also are found, between the epithelium and
the basement membrane, large spheroidal, coarsely granular cells, which have
been termed peptic cells, and which produce an outward bulging of the basement
membrane. They are seen throughout the remainder of the tube at intervals,
and

gastric follicles are of

it is

:
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Below the neck, the terminal tubes,

with finely granular,
angular cells (columnar, Klein), leaving only a small channel in the centre. They
are continuous with the short columnar cells of the neck, and are termed the central or c/^i'e/* cells, because they are believed to be principally concerned in the
The peptic cells,, which were formerly supposed
secretion of the gastric juice.
Between the glands the
to possess this office, are now termed parietal cells.
mucous membrane consists of a connective framework, with lymphoid tissue. In
in addition to these isolated spheroidal cells, are occupied

places this latter tissue, especially in early life, is collected into little masses, which
to a certain extent resemble the solitary glands of the intestine, and are by some
termed the lenticular glands of the stomach. They are not, however, so distinctly

Fig. 470.

—Minute Anatomy of

Mucous Membrane

of Stomach.

Mucous Glands of Stomach.

Peptic Gastric Gland.

The epithelium

lining the mucous memof the "columnar variety.
Beneath the
mucous membrane, and between it and the submucous coat, is a thin stratum of
involuntary muscular fibre (muscularis muc^saB), which in some parts consists only
of a single longitudinal layer
in others of two layers, an inner, circular, and an
outer, longitudinal.
Vessels and Nerves.
The arteries supplying the stomach are the gastric, the
pyloric and right gastro-epiploic branches of the hepatic, the left gastro-epiploic
and vasa brevia from the splenic. They supply the muscular coat, ramify in the
submucous coat, and are finally distributed to the mucous membrane. The arrangement of the vessels in the mucous membrane is somewhat peculiar. The arteries
break up at the base of the gastric tubules into a plexus of fine capillaries, which
run upwards, between the tubules, anastomosing with each other, and ending in
a plexus of larger capillaries, which surround the mouths of the tubes, and also
form hexagonal meshes around the alveoli. From these latter the veins arise,
which pursue a straight course back to the submucous tissue, between the tubules,

circumscribed as the solitary glands.
brane of the stomach and its alveoli

;

is
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The lymphatics are numerous they
to terminate in the splenic and portal veins.
consist of a superficial and deep set, which pass through the lymphatic glands
found along the two curvatures of the organ. The nerves are the terminal branches
;

and left pneumogastric, the former being distributed upon the back,
great number of branches
and the latter upon the front part of the organ.
from the sympathetic also supply the organ.

of the right

A

The Small

Intestines.

which the chyme is
the pancreatic juice, and the secretions of the various
in the mucous membrane of the intestine, and where the separathis constitutes
tion of the nutritive principle of the food, the chyle, is effected

The small

intestine is that part of the alimentary canal in

mixed with the
glands imbedded

bile,

;

chylification.

The small intestine is a convoluted tube, about twenty feet in length, which
gradually diminishes in size from its commencement to its termination. It is
contained in the central and lower parts of the abdominal and pelvic cavities,
surrounded above and at the sides by the large intestine in relation, in front,
with the great omentum and abdominal parietes and connected to the spine by
The small intestine is divisible into three
a fold of peritoneum, the mesentery.
portions
the duodenum, the jejunum, and ileum.
The dnodenum has received its name from being about equal in length to the
breadth of twelve fingers (eight or ten inches). It is the shortest, the widest, and
the most fixed part of the small intestines it has no mesentery, and is only
partially covered by the peritoneum.
Its course presents a remarkable curve,
somewhat like a horseshoe in form the convexity being directed towards the
right, and the concavity to the left, embracing the head of the pancreas.
Commencing at the pylorus, it ascends obliquely upwards, backwards, and to the right,
it then descends in front of the right kidney,
to the under surface of the liver
and passes nearlj?- transversely across the front of the spine, terminating in the
jejunum on the left side of the second lumbar vertebra. Hence the duodenum
has been divided into three portions ascending, descending, and transverse.
The first, or ascending portion (Fig. 471), about two inches in length, is free,
movable, and nearly completely iu vested by the peritoneum, which forms the lesser
omentum. It is in relation, above and in front, with the liver and neck of the
gall-bladder behind, with the vessels which run between the layers of the lesser
omentum, viz., the hepatic artery and duct, and vena portee. This portion of the
intestine is usually found, after death, stained with bile, especially on its anterior
;

;

—

;

;

;

—

;

surface.

The second, or descending portion^ about three inches in length, is firmly fixed
by the peritoneum and pancreas. It passes from the neck of the gall-bladder
downwards, in front of the right kidney, as far as the third lumbar
vertebra.
It is in relaIt is covered by peritoneum only on its anterior surface.
tion, in front, with the right arch of the colon and the meso-colon
behind, with
the front of the right kidney; at its inner side is the head of the pancreas, and
the ductus communis choledochus.
The common bile-duct and the pancreatic
duct perforate the inner side of this portion of the intestine obliquely, a little
below its middle.
The third, or transverse portion^ the longest and narrowest part of the duodenum, passes across the front of the spine, ascending from the third to the second
lumbar vertebra, and terminating in the jejunum on the left side of that bone.
In front, though at some distance from it, is the descending layer of the transverse meso-colon, or the divergence of the two layers of that structure, and it is
crossed by the superior mesenteric vessels behind, it rests upon the aorta, the
vena cava, and the crura of the Diaphragm above it is the lower border of the
pancreas, the superior mesenteric vessels passing forwards between the two.
Vessels and Nerves.
The arteries supplying the duodenum are the pyloric and

vertically

;

;

;
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pancreatico-duodenal branches of tlie hepatic, and the inferior pancreatico-duodenal branch of the superior mesenteric.
The veins terminate in the splenic and
superior mesenteric.
The nerves are derived from the solar plexus.
The jejunum (jejunus, empty), so called from being usually found empty after
death, includes the upper two-fifths of the rest of the small intestine.
It comFig. -iVl.

—Relations of the Duodenum.
PORTAL
VEIN

(A portion

of the

stomach has been cut away.)

HEPATIC

DUCT

CYSTIC

ARTERY

at the duodenum on the left side of the second lumbar vertebra, and terminates in the ileum its convolutions being chiefly confined to the umbilical
and left iliac regions. The jejunum is wider, its coats thicker, more vascular,
and of a deeper color than those of the ileum but there is no characteristic
mark to distinguish the termination of the one and the commencement of the other.
The ileum (siXsu/, to twist), so called from its numerous coils or convolutions,
includes the remaining three-fifths of the small intestine.
It occupies chiefly the
umbilical, hypogastric, right iliac, and occasionally the pelvic regions, and terminates in the right iliac fossa b}^ opening into the inner side of the commencement of the large intestine. The ileum is narrower, its coats thinner and less
vascular than those of the jejunum a given length of it weighing less than the
same length of the jejunum.

mences

;

;

;
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—

—

Slracture.
The wall of the small intestine is composed of four coats serons,
muscular, cellular, and mucous.
The serous coat is derived from the peritoneum. The first, or ascending portion of the duodenum, is almost completely surrounded by that membrane the
second, or descending portion, is covered by it only in front and the third, or
transverse portion, lies behind the descending layer of the transverse meso-colon,
by which it is covered in front. The remaining portion of the small intestine
is surrounded by the peritoneum, excepting along its attached or mesenteric
border here a space is left for the vessels and nerves to pass to the gut.
The muscular coat consists of two layers of fibres, an external or longitudinal,
and an internal or circular layer. The longitudinal fibres are thinly scattered
over the surface of the intestine, and are more distinct along its free border.
The circular fibres form a thick, uniform layer they surround the cylinder of
the intestine in the greater part of its circumference, but do not form complete
rings.
The muscular coat is thicker at the upper than at the lower part of the
small intestine.
The cellular or submucous coat connects together the mucous and muscular
layers.
It consists of loose, filamentous, areolar tissue, which forms a nidus for
the subdivision of the nutrient vessels, previous to their distribution to the
;

;

;

;

mucous surface.
The mucous m,emhrane is thick and highly vascular at the upper part of the
small intestine, but somewhat paler and thinner below. It consists of the following structures: next the cellular or submucous coat is a layer of unstriped muscular fibre, the muscularis mucosse internal to this is a quantity of retiform
tissue, inclosing in its meshes lymph-corpuscles, and in which the blood-vessels
and nerves ramify. Lastly, on the inner surface of this tissue is a single layer
of epithelial cells, which throughout the intestines are columnar in character.
They are granular in appearance, and possess a clear oval nucleus. At this
superficial or unattached end they present a distinct layer of highly refracting
material, marked by vertical strite, which were formerly believed to be minute
channels, by which the chyle was taken up into the interior of the cell, and by
them transferred to the lacteal vessels of the mucous membrane. It presents for
examination the following constituents
;

:

Valvulas conniventes.
Yilli.

i

Glands.

•<

(

Simple follicles.
Duodenal glands.
Solitary glands.

Agminate or Peyer's

glands.

The valvulse conniventes (valves of Kerkring) are reduplications or foldings of
the mucous membrane and submucous tissue, containing no muscular fibres.
Unlike the folds in the stomach they are permanent, and are not obliterated when
the intestine is distended.
They extend transversely across the cylinder of the
intestine for about one-half or two-thirds of its circumference.
The larger folds
are about two inches in length, and one-third of an inch in depth at their
broadest part but the greater number are of smaller size. The larger and
smaller folds alternate with each other. They are not found at the commencement of the duodenum, but begin to appear about one or two inches beyond the
pylorus.
In the lower part of the descending portion, below the point where
the common choledic and pancreatic ducts enter the intestine, they are very large
and closely approximated. In the transverse portion of the duodenum and upper
half of the jejunum they are large and numerous and from this point down to
the middle of the ileum they diminish considerably in size.
In the lower part
of the ileum they almost entirely disappear hence the comparative thinness of
this portion of the intestine, as compared with the duodenum and jejunum. The
valvulse conniventes retard the passage of the food along the intestines, and afibrd
a more extensive surface for absorption.
;

;

;
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The villi are minute, highly vascular processes, projecting from the mucous
membrane of the small intestine throughout its whole extent, and giving to its
surface a velvety appearance.
In shape some are triangular and laminated,
others conical or cylindrical, with clubbed or filiform extremities.
They are
largest and most numerous in the duodenum and jejunum, and become fewer and
smaller in the ileum,
Krause estimates their number in the upper part of the
small intestine at from fifty to ninety in a square line and in the lower part from
forty to seventy; the total number for the whole length of the intestine being
about four millions.
The structure of the villi has been studied recently by many eminent anatomists.
shall here follow the description of Dr. Watney,' whose researches
;

We

have a most important bearing on the physiology of that which
function of this part of the intestine, the absorption of
Fig. 472.

is

the peculiar

fat.

—Diagrammatic Section of a Villus.

Epithelium only partially shaded in. I. Central cbyle-vessel the cells forming the vessel have been less shaded
them from the cells of the parenchyma of the villus, m. Muscle-fibres running up by the side of the
chyle-vessel. It will be noticed that each muscle fibre is surrounded by the reticulum, and by this reticulum the
muscles are attached to the cells forming the merabrana propria, as at e', or to the reticulum of the villus. Ic. Lymphcorpuscles, marked by a spherical nucleus and a clear zone of protoplasm. V. Upper limit of the chyle-vessel, e, e, e'.
Cells forming the membrana propria.
It will be seen that there is hardly any difference between the cells of the
parenchyma, the endothelium of the upper part of the chyle-vessel, and the cells of the membrana propria. V. Bloodvessels, s. Dark line at the base of the epithelium formed by the reticulum.
It will be seen that the reticulum penetrates between all the other elements of the villus. The reticulum contains thickenings or "nodal points."
The
diagram shows that the cells of the upper part of the villus are larger and contain a larger zone of protoplasm than
those of the lower part. The cells of the upper part of the chyle-vessel differ somewhat from those of the lower part, in
that they more nearly resemble the cells of the parenchyma.
p.p.

;

to distinguish

The essential parts of a villus are the lacteal vessel, the blood-vessels, the
epithelium, the basement membrane and muscular tissue of the mucosa, and the
cells and reticular tissue which fill up the interspaces.
These structures are arrans-ed in the followinof manner. Situated in the centre
of the villus is the lacteal, terminating near the summit in a blind extremity;
Phil. Trans..! vol. clxvi., pt.

51

2.
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running along this vessel are unstriped muscular fibres; surrounding it is a
plexus of capillary vessels, the whole being inclosed by a basement membrane,
supporting columnar epithelium. Those structures which are contained within
the basement membrane namely, the lacteal, the muscular tissue, and the bloodvessels
are surrounded and inclosed by a delicate reticulum, which forms the
matrix of the villus, and in the meshes of which are found large flattened cells,
with an oval nucleus, and, in smaller numbers, lymph-corpuscles. These latter
are to be distinguished from the larger cells of the villus by their behavior with

—

—

Fig 473.

— Two

Villi magnified.

Fig. 474.

—Transverse Section of
ktihn.

Crypts of Lieber-

(Klein and Noble Smith

)

NiiClfaS

by their size, and by the shape of their nucleus, which is spherical.
Transitional forms, however, of all kinds are met with between the lymphcorpuscle and the proper cells of the villus.
The lacteals are in some cases double, and in some animals multiple. Situated
in the axis of the villi, they commence by dilated csecal extremities near to, but
not quite at, the summit of the villus.
The walls are composed of a single layer
of endothelial cells, the interstitial substance between the cells being continuous
Avith the reticulum of the matrix.
The muscular fibres are derived from the muscularis mucosae, and are arranged
in bundles around the lacteal vessel, extending from the base to the summit of
the villus, and giving oft' laterally individual muscle-cells, which are inclosed by
the reticulum, and by it are attached to the basement membrane.
The hlood-vessels form a plexus between the lacteal and the basement membranes, and are inclosed in the reticular tissue in the interstices of the capillary
plexus which they form are contained the cells of the villus.
reagents,

;

Fig. 475.

—Longitudinal Section of Crypts of
Columnar Epithehal

Cells.

Lieberkiihn.
Goblet-cells seen
(Klein and Noble Smith.)

Wo/

among

the

0,0

These structures are surrounded by the basement membrane, which is made
up of a stratum of endothelial cells, and upon which is placed a layer of columnar
epithelium. The reticulum of the matrix is continuous through the basement membrane (that is through the interstitial substance between the individual endothelial
cells) with the interstitial cement-substance of the columnar cells of the surface
of the villus.
Thus we are enabled to trace a direct continuity between the
interior of the lacteal and the surface of the villus bv means of the reticular
tissue, and it is along this path that, according to Dr. Watney, the chyle passes
in the process of absorption by the villi.
That is to say, it passes through the
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between the epithelium cells, through the interstitial subi
stance of the basement membrane, the reticulum of the matrix and the interstitial
substance between the endothelial plates of the lacteal, all which structures have
been shown to be continuous with one another, and, being probably semi-fluid, do
not offer any obstacle to the passage of the molecular basis of the chyle.
All these points are illustrated by the accompanying diagram by Dr. Watney
(Fig. 472), for which I have to express my best thanks to him, and a comparison
with Fig. 473 will show the chief points in which the new dift'ers from the old
description.
The simple follicles^ or crypts of Lieberklihn (Fig. 475), are found in considerable numbers over every part of the mucous membrane of the small intestine.
They consist of minute tubular depressions of the mucous membrane, arranged
perpendicularly to the surface, upon
which they open by small circular aper
Fig. 476.
Transverse Section through the
tures.
They may be seen with the aid equatorial plane of three of Peyer's Follicles
from the Rabbit.
of a lens, their orifices appearing as
minute dots, scattered between the villi.
Their walls are thin, consisting of a
layer of basement membrane (which is,
in flict, an endothelial membrane) lined
by columnar epithelium, and covered on
their exterior by capillary vessels. Their
contents vary even in health, and the
purpose served by their secretion is still
very doubtful.
The duodenal^ or Brunner's glands,
are limited to the duodenum and commencement of the jejunum. They are
small, flattened, granular bodies, imbedded in the submucous areolar tissue,
and open upon the surface of the mucous
membrane by minute excretory ducts.
They are most numerous and largest near
the pylorus.
They may be compared to
the elementary lobules of a salivary
gland spread out over a broad surface,
b. Large circular vessels.
a. Capillary network,
In
instead of being collected in a mass.
structure they resemble the pancreas.
The solitary glands (glandalds solitarise) are found scattered throughout the
mucous membrane of the small intestine, but are most numerous in the lower
They are small, round, whitish bodies, from half a line to a
part of the ileum.
Their free surface is covered with villi, and each gland is surline in diameter.
rounded by openings of follicles of Lieberkiahn. They are now recognized as
lymphoid follicles, and consist of a deuse interlacing retiforra tissue, closely packed
lymph-corpuscles, and permeated with an abundant capillary netw^ork (Fig. 476).
The interspaces of the retiform tissue are continuous with larger lymph-spaces at
the base of the gland, through which they communicate with the lacteal system.
They are situated partly in the submucous tissue, partly in the mucous membrane, where they form slight projections of its epithelial layer, after having
penetrated the muscularis mucosae.
The villi which are situated on them are
generally absent from the very summit (or " cupola," as Frey calls it) of the gland.
Peyer^s glands (Figs. 477, 479) may be regarded as aggregations of solitary
glands, forming circular or oval patches from twenty to thirty in number, and
varying in length from half an inch to four inches. They are largest and most
numerous in the ileum. In the lower part of the jejunum they are small, of a
circular form, and few in number.
They are occasionally seen in the duodenum.
They are placed lengthwise in the intestine, covering the portion of the tube
interstitial substance

—
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most distant from the attachment of the mesentery. Each patch is formed of a
group of the above-described lymphoid follicles covered with mucous membrane.
Each is surrounded by a zone, or wreath, of simple follicles, and the interspaces
between them are covered with villi, while the surface of the gland is destitute
rig.

477.— Patch of Peyer's Glands.

From the lower

Fig. 478.

—A portion of

the above magnified.

part of the Illeum.

A\

::^>^:'^\^':P'-^

Fig. 479.

—Vertical Section of one of Peyer's

Patches from Man, injected through
lymphatic canals.

its

with their chyle-passages. 6. Follicles of Lieberkiihn. c. Muscularis mucosse. d. Cupola or apex of solitary
Mesial zone of glands.- /. Base of glands, g. Points of exit of the ch3'le-passages from the villi, and entrance
into the true mucous membrane, h. Retiform arrangement of the lymphatics in the mesial zone. *. Course of the
latter at the base of the glands, k. Confluence of the lymphatics opening into the vessels of the submucous tissue. /.
a.

Villi

Rlands.

e.

Follicular tissue of the latter.

of these structures.
The mucous and submucous coats of the intestine are intimately adherent, and highly vascular, opposite the Peyerian glands. They are
largest and most developed during the digestive process.

The Large
The
is

large intestine extends from the termination of the ileum to the anus. It
five feet in length, being one-fifth of the whole extent of the intestinal
It is largest at its commencement at the caecum, and gradually diminishes

about

canal.

Intestine.
_

;

LARGE INTESTINE.
as far as the rectum,
It differs

the anus.
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where there is a dilatation of considerable size, just above
from the small intestine in its greater size, its more fixed

and its sacculated form. The large intestine, in its course, describes an
which surrounds the convolutions of the small intestine. It commences in
It ascends through the right
the right iliac fossa, in a dilated part, the caecum.
lumbar and hypochondriac regions to the under surface of the liver; passes transversely across the abdomen on the confines of the epigastric and umbilical regions,
to the left hypochondriac region; descends througii the left lumbar region to the
left iliac fossa, where it becomes convoluted, and forms the sigmoid flexure
finally it enters the pelvis, and descends along its posterior wall to the anus. The
large intestine is divided into the caecum, colon, and rectum.
position,

arch,

The Cascnm

{cascus, blind) (Fig.

which the large

intestine

480)

commences.

is

the large blind pouch, or cul-de-sac, in
most dilated part of the tube,

It is the

measuring about two and a half inches,
both in its vertical and transverse diamthe right iliac
fossa,
immediately behind the anterior
abdominal wall, being retained in its place
by the peritoneum, which passes over its
anterior surface and sides
its posterior
surface being connected by loose areolar
tissue with the iliac fascia.
Occasionally
it
is
almost completely surrounded by
peritoneum, which forms a distinct fold, the
meso-ccecum, connecting its back part with,
the iliac fossa.
When this fold exists the
CEecum obtains considerable freedom of
eters.

It

is

situated

in

Fig. 480.

to

—The Caecum and Colon
show the

laid

open

Ileo-ctecal Valve.

;

movement.
Attached to its lower and
back part is the appendix vermiformis, a
long, narrow, worm-shaped tube, the rudiment of the lena;thened csecum found in
all

the

I

mammalia except the orang-outang
The appendix varies from

and wombat.

its average
diameter being about equal to that of a

three to six inches in length,

It is usually directed upwards
inwards behind the caecum, coiled
upon itself, and terminates in a blunt
wnicn some
point, being retained in its position by a fold of peritoneum, which
times forms a mesentery for it. Its canal is small, and communicates with the
ctecum by an orifice, which is sometimes guarded with an incomplete valve. Its
coats are thick, and its mucous lining furnished with a large number of solitary

goose-quill.

and

glands.

—The

lower end of the ileum terminates at the inner and
caecum with the
colon.
At this point the mucous membrane forms two valvular folds, which
project into the large intestine, and are separated from each other by a narrow,
elongated aperture.
This is the ileo-caecal valve [valvula Banhini). Each fold
is semilunar in form.
The upper one, nearly horizontal in direction, is attached
by its convex border to the point of junction of the ileum with the colon the
lower segment to the point of junction of the ileum with the caecum. Their
free concave margins project into the intestine, separated from one another by a
narrow, slit-like aperture, directed transversely. At each end of this aperture
the two segments of the valve coalesce, and are continued as a narrow membranous ridge around the canal of the intestine for a short distance, forming the
The left end of this aperture is rounded
frsena, or retinacula of the valve.
the right end is narrow and pointed.
Ileo-csecal Valve.

back part of the large

intestine, opposite the junction of the

;

;
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Each segment of the valve is formed by a reduplication of the mucous membrane and of the circular muscular fibres of the intestine, the longitudinal fibres
and peritoneum being continued uninterruptedly across from one intestine to the
Fig. 481.

— Diagram of

the relations of the Large Intestine and Kidney from behind.
POSTERIOR

other.

and

When

these are divided or removed, the ileum may be drawn outwards,
of the valve will be lost, the ileum appearing to open into the large
a funnel-shaped orifice of large size.

all traces

intestine

by

-

THE RECTUM.
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surface of each segment of the valve directed towards the ileum is covered
and presents the characteristic structure of the mucous membrane of
the small intestine whilst that turned towards the large intestine is destitute of
villi, and marked with the orifices of the numerous tubular glands })eculiar to the
membrane in the large intestine. These differences in structure continue as far
as the free margin of the valve.
the ctecum is distended, the margins of the opening are approximated,
so as to prevent any reflux into the ileum.
The colon is divided into four parts the ascending, transverse, descending, and
the sigmoid flexure.
The ascending colon is smaller than the caecum. It passes upwards, from the
right iliac fossa to the under surface of the liver, on the right of the gall-bladder,
where it bends abruptly inwards to the left, forming the hepatic flexure. It is
retained in contact with the posterior Avail of the abdomen by the peritoneum,
which covers its anterior surface and sides, its posterior surface being connected by
loose areolar tissue with the Quadratus lumborum and right kidney (Figs. 481,
482): sometimes the peritoneum almost completely invests it, and forms a distinct
but narrow meso-colon. It is in relation, in front, with the convolutions of the
ileum and the abdominal parietes behind, it lies on the Quadratus lumborum
muscle and right kidney.
The transverse colon^ the longest part of the large intestine, passes transversely
from right to left across the abdomen, opposite the confines of the epigastric and
umbilical zones, into the left hypochondriac region, where it curves downwards
beneath the lower end of the spleen, forming the splenic flexure. In its course
it describes an arch, the concavity of which is directed backwards towards the
vertebral column
hence the name, transverse arch of the colon. This is the most
movable part of the colon, being almost completely invested by peritoneum, and
connected to the spine behind by a large and wide duplicature of that membrane,
the transverse meso-colon.
It is in relation, by its upper surface, with the liver
and gall-bladder, the great curvature of the stomach, and the lower end of the
spleen by its under surface, with the small intestines by its anterior surface,
with the anterior layers of the great omentum and the abdominal parietes by
its posterior surface, with the transverse meso-colon and third portion of the

with

villi,

;

When

—

;

;

;

;

;

duodenum.
The descending colon passes almost vertically downwards through the left hypochondriac and lumbar regions to the upper part of the left iliac fossa, where it
terminates in the sigmoid flexure.
It is retained in position by the peritoneum,
which covers its anterior surface and sides, its posterior surface being connected
by areolar tissue with the left cms of the Diaphragm, the left kidney, and the
Quadratus lumborum (Figs. 481, 482). It is smaller in calibre and more deeply
]:)laced than the ascending colon, and is very rarely covered with peritoneum on
its

posterior or outer surface.

The sigmoid flexure \^ the narrowest part of the colon it is situated in the
iliac fossa, commencing from the termination of the descending colon, at
;

margin of the

crest of the ilium,

retained in

place

left

the

and ending in the rectum, opposite the left sacroiliac symphysis.
It curves in the first place upwards, and then descends vertically, and to one or the other side, like the letter S
hence its name. It is

—

its

in relation, in front,

with the

by

a loose fold of peritoneum, the

sigmmd

meso-colon.

with the small intestines and abdominal parietes

;

It is

behind,

iliac fossa.

The Rectum

is the terminal part of the large intestiue, and extends from the
sigmoid flexure to the anus: it var'es in length from six to eight inches, and has
received its name from being less flexuous than any other part of the intestinal
canal.
It commences opposite the left sacro-iliac symphysis, passes obliquely
downwards from left to right to the middle of the sacrum, forming a gentle curve
to the right side
it then descends in front of the lower part of the sacrum and
coccyx, presenting a curve with its concavity forwards, and, near the extremity
;
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The rectum is,
of the latter bone, inclines backwards to terminate at the anus.
therefore, not straight, the upper part being directed obliquely from the left side

—

The relations of the Viscera and Large Vessels of the Abdomen.
(Seen from behind, the last dorsal vei'tebra being well raised.)

Fig. 482.

CBEBT SPLBNeHNie
NERVE PIERCING

CRUS

SEMILUNAR
GANGLION

median line, the middle portion being curved in the direction of the hollow
of the sacrum and coccyx, and the lower portion presenting a short curve in the
opposite direction. The rectum is cylindrical, not sacculated like the rest of the

to the

:
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large intestine
it is narrower at its upper part than the sigmoid flexure, gradually
increases in size as it descends, and immediately above the anus presents a considerable dilatation, capable of acq airing an enormous size.
The rectum is divided
into three portions
upper, middle, and lower.
The wpper 'portion^ which includes about half the length of the tube, extends
obliquely from the left sacro-iliac symphysis to the middle of the third piece of
the sacrum.
It is almost completely surrounded by peritoneum, and connected
to the sacrum behind by a duplicature of that membrane, the meso-recium.
It is
in relation behind with the Pyriformis muscle, the sacral plexus of nerves, and
the branches of the internal iliac arterj^ of the left side, which separate it from
the sacrum and sacro-iliac symphysis: in front it is separated, in the male, from
the posterior surface of the bladder in the female, from the posterior surface of
the uterus, and its appendages, by some convolutions of the small intestine.
The middle portion of the rectum is about three inches in length, and extends
as far as the tip of the coccyx.
It is closely connected to the concavity of the
sacrum, and covered by peritoneum only on the upper part of its anterior surface.
It is in relation, in front, in the male, with the triangular portion of the
base of the bladder, the vesiculse seminales, and vasa deferentia more anteriorly,
with the under surface of the prostate. In the female, it is adherent to the posterior wall of the vagina.
The loioer portion is about an inch or an inch and a half in length it curves
backwards at the fore part of the prostate gland, and terminates at the anus.
This portion of the intestine receives no peritoneal covering. It is invested by
the Internal sphincter, supported by the Levatores ani muscles, and surrounded
at its termination by the External sphincter.
In the male, it is separated from
the membranous portion and bulb of the urethra by a triangular space and in
the female, a similar space intervenes between it and the vagina.
This space
;

—

;

;

;

;

forms by

its

Structure.

base the perinseum.

— The large intestine has

four coats

—serous, muscular,

cellular,

and

mucous.

The

derived from the peritoneum, and invests the different porThe caecum is covered only on
its anterior surface and sides; more rarely it is almost completely invested, being
held in its position by a duplicature, the meso-cascum. The ascending and
descending colon are usually covered onl}^ in front. The transverse colon is
almost completely invested, the parts corresponding to the attachment of the
The sigmoid
great omentum and transverse meso-colon being alone excepted.
flexure is nearly completely surrounded, the point corresponding to the attachment of the sigmoid meso-colon being excepted. The upper part of the rectum
is almost completely invested by the peritoneum
the middle portion is covered
only on its anterior surface and the lower portion is entirely devoid of any
serous covering.
In the course of the colon and upper part of the rectum the
peritoneal coat is thrown into a number of small pouches filled with fat, called
appendices epi])loicse.
They are chiefly appended to the transverse colon.
The muscular coat consists of an external longitudinal and an internal circular
serous coat

is

tions of the large intestine to a variable extent.

;

;

laj^er of

muscular

fibres.

The

lonyitudinal fibres are not found as a uniform layer over the whole surface
of the large intestine.
In the caecum and colon they are especiall}^ collected into
three flat longitudinal bands, each being about half an inch in width.
These
bands commence at the attachment of the appendix vermiformis to the caecum
one, the posterior, is placed along the attached border of the intestine
the anterior band, the largest along the arch of the colon, corresponds to the attachment
of the great omentum, but is in front in the ascending and descending colon and
sigmoid flexure the third, or lateral band, is found on the inner side of the
ascending and descending colon, and on the under border of the transverse colon.
These bands are nearly one-half shorter than the other parts of the intestine, and
serve to produce the sacculi which are characteristic of the caecum and colon;
;

;
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accordingly, wlien they are dissected oft' the tube can be lengthened, and its sacculated character becomes lost.
In the sigmoid flexure the longitudinal fibres
become more scattered, but upon its lower part, and round the rectum, they
spread out and form a thick uniform layer.
The circular fibres form a thin layer over the caecum and colon, being especially
accumulated in the intervals between the sacculi in the rectum they form a
thick layer, especially at its lower end, where they become numerous, and form
the Internal sphincter.
The cellular coat connects the muscular and mucous layers closely together.
The mucous membrane^ in the cgecum and colon, is pale, and of a grayish or
pale-yellow color.
It is quite smooth, destitute of villi, and raised into numerous crescentic folds, which correspond to the intervals loetween the sacculi. In
;

Fig 483.— Minute Structure of Large Intestine.
)
j

Surface of mucous membrane, with opening of Lieberkiihn's follicles.

Lieberkiihn's

follicles.

Muscularis mucosae (two layers).

Submucous connective

tissue.

Solitary Gland.

the rectnm it is thicker, of a darker color, more vascular, and connected loosel}^
to the muscular coat, as in the oesophagus.
When the lower part of the rectum
is contracted, its mucous membrane is thrown into a number of folds, some of
which, near the anus, are lonoitudinal in direction, and are effaced bv the distension of the gut.
Besides these there are certain permanent folds, of a semilunar shape, described by Mr. Houston.^ They are usually three in number;
sometimes a fourth is found, and occasionally only two are present. One is
situated near the commencement of the rectum, on the right side another
extends inwards from the left side of the tube, opposite the middle of the sacrum
the largest and most constant one projects backwards from the fore part of the
rectum, opposite the base of the bladder. When a fourth is present, it is situated
about an inch above the anus on the back of the rectum. These folds are about
half an inch in width, and contain some of the circular fibres of the gut.
In
the empty state of the intestine they overlap each other, as Mr. Houston remarks,
so effectually as to require considerable manoeuvring to conduct a bougie or the
finger along the canal of the intestine.
Their use seems to be, "to support the
weight of fjecal matter, and prevent its urging towards the anus, where its
presence always excites a sensation demanding its discharge."
As in the small intestine, the mucous membrane consists of a muscular layer,
the muscularis mucosge; of a quantity of reti form tissue in which the vessels
ramify of a basement-membrane and ejDithelium, which is of the columnar
variety, and exactly resembles the epithelium found in the small intestine.
The
;

;

;

^

Bub. Hosf. Reports^

vol. v., p. 163.

)
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mucous membrane of

this portion of the bowel presents for examination simple
and solitary glands.
The simple follicles are minute tubular prolongations of the mucous membrane,
arranged perpendicularly, side by side, over its entire surface they are longer,
more numerous, and placed in much closer apposition than those of the small
intestine
and they open by minute rounded orifices upon the surface, giving it

follicles

;

;

a cribriform appearance.
The solitary glands (Fig. 483) in the large intestine are most abundant in the
csecnra and appendix vermiformis^ but are irregularly scattered also over the rest

They are similar to those of the small intestine.
of the intestine.
The nerves of the intestine are derived from the plexuses of sympathetic
nerves around the mesenteric arteries. From this source they run to a plexus
of nerves and ganglia situated betAveen the circular and longitudinal fibres
Fig. 484.

a.

—Meissner's Plexus.

Groups of multipolar gauglion-cells, each

(Kleiu and JSToble Smith.

-with a clear nucleus, in the enlarged parts of the plexus.

6.

Large single

ganglion-cells, apparently unipolar, each with a clear nucleus connected with the branches of the plexus.

(Auerbach's plexus), from which the nervous branches are distributed to the
muscular coats of the intestine. From this plexus a secondary plexus is derived
(Meissner's plexus) (Fig. 484), which is formed by branches which have perforated the circular muscular fibres.
This plexus lies between the muscular and
mucous coats of the intestine. It is also gangliated, and from it the ultimate
fibres pass to the muscularis inucosge and to the mucous membrane.

The Liver.
The liver is a glandular organ of large size, intended mainly for the secretion
of the bile, but effecting also important changes in certain constituents of the
blood in their passage through the gland. It is situated in the right hypochondriac region, and extends across the epigastrium into the left hypochondrium.
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gland in the body, weighing from three to four pounds (from
sixty oances, avoirdupois).
It measures, in its transverse diameter, from
ten to twelve inches; from six to seven in its antero-posterior; and is about three
inches thick at the back part of the right lobe, which is the thickest part.
Its vpper surface is convex, directed upwards and forwards, smooth, covered
by peritoneum. It is in relation with the under surface of the Diaphragm and
below, to a small extent, with the abdominal parietes.
The surface is divided
into two unequal lobes, the right and left, by a fold of peritoneum, the suspensory
or broad ligament.
Its under surface is concave, directed downwards and backwards, and in relation with the stomach and duodenum, the hepatic flexure of the colon, and the
right kidney and suprarenal capsule.
The surface is divided by a longitudinal
fissure into a right and left lobe.
The posterior border is rounded and broad, and connected to the Diaphragm by
the coronary ligament it is in relation with the aorta, the inferior vena cava,
and the crura of the Diaphragm.
The anterior border is thin and sharp, and marked, opposite the attachment of
the broad ligament, by a deep notch.
In adult males this border usually corresponds with the margin of the ribs; but in women and children it usually projects
below the ribs.
The right extremity of the liver is thick and rounded, whilst the left is thin
It is the largest

fifty to

;

;

and

flattened.

—

Changes of Position. Tlie student should make himself acquainted with the different circumstances under which the liver changes its position, as they are of importance in determining tlie
existence of enlargement or other disease of the organ.
Its position varies according to the posture of the body; in the upright and sitting posture it
usually recedes behind the ribs.
Its position varies, also, with the ascent or descent of the Diaphragm. In a deep inspiration the liver descends below the ribs; in expiration it is raised to its
oi-dinary level.
Again, in emphysema, where the lungs are distended, and the Diaphragm
descends very low, the liver is pushed down; in some other diseases, as phthisis, where the
Diaplu'agm is much arched, the liver rises very high up. Pressure from without, as in tightlacing, by compressing the lower part of the chest, displaces the liver considerably, its anterior
edge often extending as low as the crest of the ileum and its convex surface is often, at the
same time, deeply indented from pressure of the ribs. Again, its position varies greatly, according
When the intestines are empty,
to the greater or less distension of the stomach and intestines.
the liver descends in the abdomen; but, when they are distended, it is pushed upwards. Its relations to surrounding organs may also be changed by the growth of tumors, or by collections of
fluid in the thoracic or abdominal cavities.
;

—

Ligaments. The ligaments of the liver (Fig. 485) are five in number, four
being formed of folds of peritoneum the fifth, the liyavientum- teres, is a round,
The ligafibrous cord, resulting from the obliteration of the umbilical vein.
ments are the longitudinal, two lateral, coronary, and round.
The longitudinal ligavnent (broad, falciform, or suspensory ligament) is a broad
and thin antero-posterior peritoneal fold, falciform in shape, its base being directed
forwards, its apex backwards.
It is attached by one margin to the under surface
of the Diaphragm, and the posterior surface of the sheath of the right Rectus
muscle as low down as the umbilicus by its hepatic margin it extends from the
notch on the anterior margin of the liver, as far back as its posterior border. It
Its anterior free
consists of two layers of peritoneum closely united together.
edge contains the round ligament between its layers.
:

;

The lateral ligaments., two in number, right and left, are triangular in shape.
They are formed of two layers of peritoneum united, and extend from the sides
of the Diaphragm to the adjacent margins of the posterior border of the organ.
The left is the longer of the two, and lies in front of the oesophageal opening in
the Diaphragm.
The coronary ligam.ent connects the posterior border of the liver to the Diaphragm. It is formed bv the reflection of the peritoneum from the Diaphragm
on to the upper and lower margins of the posterior border of the organ. The
coronary ligament consists of two layers, which are continuous on each side with
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the lateral ligaments and in front witli the longitudinal ligament. Between the
layers a large oval interspace is left uncovered by peritoneum, and connected to
This space is subdivided, near its left
the Diaphragm by a firm areolar tissue.
extremity, into two parts by a deep notch (sometimes a canal), which lodges the
inferior vena cava, and into which open the hepatic veins.
;

Fig. 485.

— The Liver.

Upper Surface.

486.

— The Liver.

Under Surface.

Fio;.

The round ligament (Fig. 486) is a fibrous cord resulting from the obliteration
of the umbilical vein.
It ascends from the umbilicus, in the anterior free margin
of the longitudinal ligament, to the notch in the anterior border of the liver,
from which it may be traced along the longitudinal fissure on the under surface
of the liver, as far back as the inferior vena cava.
Fissures (Fig. 486). Five fissures are seen upon the under surface of the
liver, which serve to divide it into five lobes.
They are the longitudinal
fissure, the fissure of the ductus venosus, the transverse fissure, the fissure for
the gall-bladder, and the fissure for the vena cava.
They are arranged in the
form of the letter
the apex of the letter corresponding to the posterioi

—

A

;
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margin of the liver, its base to the anterior free border. The connecting bar
would represent the transverse fissure the two converging limbs posterior to
this would represent, the left one, the fissure for the ductus venosus
the right
one, the fissure for the inferior vena cava
the two diverging limbs anterior to
the cross-bar would represent the umbilical fissure (left), and the fissure for the
;

;

;

gall-bladder {i-iyht).
The longitudinal fissure is a deep groove, which extends from the notch on the
anterior margin of the liver to the posterior border of the organ.
It separates
the right and left lobes the transverse fissure joins it, at right angles, about
one-third from its posterior extremity, and divides it into two parts. The
anterior half is called the w77^5^7^caZ/^5s are ; it is deeper than the posterior part,
and lodges the umbilical vein in the foetus, or its remains (the round ligament)
in the adult.
This fissure is often partially bridged over by a prolongation of the
hepatic substance, the pons he-patis.
The /?55?i?-e of the ductus venosus is the back part of the longitudinal fissure;
it is shorter and shallower than the anterior portion.
It lodges in the foetus the
ductus venosus, and in the adult a slender fibrous cord, the obliterated remains
of that vessel.
The transverse OY portal fissure is a short but deep fissure, about two inches in
length, extending transversely across the under surface of the right lobe, nearer
It joins, nearly at right angles, with
to its posterior than its anterior border.
the longitudinal fissure.
By the older anatomists this fissure was considered the
gateway {porta) o? the liver; hence the large vein which enters at this point
was called ih.Q portal vein. Besides this vein, the fissure transmits the hepatic
artery and nerves, and the hepatic duct and lymphatics.
At their entrance into
the fissure, the hepatic duct lies in front to the right, the hepatic artery to the
left, and the portal vein behind and between.
The fissure for the yall-hladder (fossa cystidis fellese) is a shallow, oblong fossa,
placed on the under surface of the right lobe, parallel with the longitudinal
fissure.
It extends from the anterior free margin of the liver, which is occasionally notched, for its reception, to near the right extremity of the transverse
;

fissure.

The

fissure for the ve7ia cava is a short, deep fissure, occasionally a complete
which extends obliquely upwards from a little behind the right extremity
of the transverse fissure to the posterior border of the liver, where it joins the
fissure for the ductus venosus.
On slitting open the inferior vena cava which is
contained in it, a deep fossa is seen, at the bottom of which the hepatic veins
communicate with this vessel. This fissure is separated from the transverse
fissure by the lobus caudatus, and from the longitudinal fissure by the lobulus
canal,

Spigelii.

— The lobes of the
— the right lobe, the

Lobes.

number

liver, like
left lobe,

the ligaments and fissures, are five in
the lobus quadratus, the lobus Spigelii,

and the lobus caudatus.

The right lobe is much larger than the left the proportion between them
being as six to one. It occupies the right hypochondrium, and is separated from
the left lobe, on its upper surface, by the longitudinal ligament; on its under
It is of a
surface by the longitudinal fissure; and in front by a deep notch.
quadrilateral form, its under surface being marked by three fissures
the transverse fissure, the fissure for the gall-bladder, and the fissure for the inferior vena
cava and by two shallow impressions, one in front (impressio colica), for the
hepatic flexure of the colon and one behind [impressio renalis), for the right
kidney and suprarenal capsule.
The left lobe is smaller and more flattened than the right. It is situated in
the epigastric and left hypochondriac regions, sometimes extending as far as the
upper border of the spleen. Its upper surface is convex its under concave surface rests upon the front of the stomach; and its posterior border is in relation
with the cardiac orifice of the stomach.
;

—

;

;

;

THE LIVER.

815

The lobus quadratus^ or square lobe, is situated on the under surface of the
right lobe, bounded in front by the free surface of the liver behind, bj the
transverse fissure on the right, by the fissure for the gall-bladder and, on the
left, by the umbilical fissure.
The lohulus Spiijelii projects from the back part of the under surface of the
on the right, by
It is bounded, in front, by the transverse fissure
right lobe.
the fissure for the vena cava and, on the left, by the fissure for the ductus
;

;

;

;

;

venosus.

The

lohus caudatus, or tailed lobe, is a small elevation of the hepatic substance,

extending obliquely outwards, from the base of the lobus Spigelii, to the under
It separates the right extremity of the transverse
surface of the right lobe.

from the commencement of the fissure for the inferior vena cava.
Vessels. The vessels connected with the liver are also five in number they
are the hepatic artery, the portal vein, the hepatic vein, the hepatic duct, and the
fissure

—

:

lymphatics.

The hepatic artery, portal vein, and hepatic duct, accompanied by numerous
lymphatics and nerves, ascend to the transverse fissure, between the layers of the
the hepatic duct lying to the right, the hepatic artery
gastro-hepatic omentum
They are enveloped in a
to the left, and the portal vein behind the other two.
loose, areolar tissue, the capsule of Glisson, which accompanies the vessels in
their course through the portal canals, in the interior of the organ.
The hepatic veins convey the blood from the liver. They commence in the
substance of the organ, and proceed through it to the deep fossa in its posterior
border, where they terminate, by three large and several smaller branches, in the
inferior vena cava.
The hepatic veins have no cellular investment consequently, their parietes
are adherent to the walls of the canals through which they run
so that, on a
section of the organ, these veins remain widely open and solitary, and may be
easily distinguished from the branches of the portal vein, which are more or
less collapsed, and always accompanied by an artery and duct.
The lymphatics are large and numerous, consisting of a deep and superfic^.al
set.
Tiiey have been already described.
Nerves. The nerves of the liver are derived from the hepatic plexus of the
sympathetic, from the pneumogastric nerves, especially the left, and from the
;

;

;

—

right phrenic.

Structure.

— The substance of the liver

is composed of lobules, held together
and of the ramifications of the portal vein,
hepatic duct, hepatic artery, hepatic veins, lymphatics, and nerves the whole
being invested by a serous and a fibrous coat.
The serous coat is derived from the peritoneum, and invests the entire surface
of the organ, excepting at the attachment of its various ligaments, and at the
bottom of the different fissures, where it is deficient. It is intimately adherent

by an extremely

fine areolar tissue,

;

to the fibrous coat.
l^YiQ fibrous coat lies beneath tlie serous investment, and covers the entire surface of the organ.
It is difficult of demonstration, excepting where the serous

coat is deficient.
At the transverse fissure it is continuous with the capsule of
Glisson; and, on the surface of the organ, with the areolar tissue separating the
lobules.
lobules form the chief mass of the hepatic substance; they may be seen
on the surface of the organ, or by making a section through the gland.
They are small, granular bodies, about the size of a millet seed, measuring from

The

either

one-twentieth to one-tenth of an inch in diameter.
In the human subject their
outline is very irregular but in some of the lower animals (for example, the
pig) they are well defined, and, when divided transversely, have a polygonal outline.
The
If divided longitudinally, they are more or less foliated or oblong.
bases of the lobules are clustered round the smallest radicles {sublobular) of the
;

hepatic veins, to which each

is

connected by means of a small branch which
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from the centre of the lobule {^intralobular). The remaining part of the
surface of each lobule is imperfectly isolated from the surrounding lobules by a
thin stratum of areolar tissue, in which is contained a plexus of vessels (tiie
intralobular plextis) and ducts.
In some animals, as the pig, the labules are comissues

pletely isolated one from another by this interlobular connective tissue.
If one of the hepatic veins be laid open, the bases of the lobules may be seen
through the thin wall of the vein on which they rest, arranged iu the form of a
tesselated pavement, the centre of each polygonal space presenting a minute
aperture, the mouth of a sublobular vein (Fig. 487).
Each lobule is composed of a mass of cells {hepatic cells), surrounded bv a dense
capillary plexus, composed of vessels which penetrate from the circumference to

Fiff.

H. Longitudinal section of an hepatic vein. a.
Portion of the canal from which the vein has been
removed, b. Orifices of ultimate twigs of the vein
(sublobular), situated iu the centre of the lobules.

After Kiernan.

488.

Longitudinal section of a small portal vein and canal, after
Kiernan. a. Portions of the canal from which the vein has
been removed, b. Side of the portal vein in contact with the
canal, c. The side of the vein which is separated from the
canal by the hepatic artery and duct, with areolar tissue
(Glisson's capsule).

(].

Internal surface of the portal vein,

through which are seen the outlines of the lobules and the
openings, e, of the interlobular veins /. Vaginal veins of
Kiernan. g. Hepatic artery. /;. Hepatic duct.

the centre of the lobule, and terminate in a single straight vein, which runs
tlirough its centre, to open at its base into one of the radicles of the hepatic vein.
BetAveen the cells are also the minute commencements of the bile-ducts. Therefore, in the lobule we have all the essentials of a secreting gland; that is to say,
(1) cells, by which the secretion is formed; (2) blood-vessels, in close relation with
the cells, containing the blood from which the secretion is derived and (3) duds,
by which the secretion, when formed, is carried away. Each of these structures
will have to be further considered.
but may be rounded,
1. The hepatic cells are of more or less spheroidal form
flattened, or many-sided from mutual compression.
They vary iu size from the
They consist of a honeycomb network
jn'o^ to the 2^'o-Q- of an inch in diameter.
(Klein) without any cell-Avall, and contain one or sometimes tAvo distinct nuclei.
In the nucleus is a highly refracting nucleolus with granules. Imbedded in the
honeycoriib network are numerous yellow particles, ihe coloring matter of the
bile, and oil-globules.
The cells adhere together bj^ their surfaces so as to form
As
rows, which radiate from the centre to the circumference of the lobules.
stated above, they are the chief agents in the secretion of the bile.
2. The Blood-vessels.
The blood in the capillary plexus, around the liver cells,
is brought to the liver principally by the portal vein, but also to a certain extent
;

;

;
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by the hepatic artery. For the sake of clearness, the distribution of the blood
derived from the hepatic artery may be considered first.
The hepatic arterj^ entering the liver at the transverse fissure, with the portal
vein and hepatic duct, ramifies with these vessels through the portal canals. It
gives off vaginal branches which ramifj^ in the capsule of Glissou, and appear to
be destined chiefly for the nutrition of the coats of the large vessels, the ducts
and the investing membranes of the liver. It also gives off capsular branches
which reach the surface of the organ, terminating in its fibrous coat, in stellate
Finally, it terminates in a plexus formed on the outer surface of each
plexuses.
lobule, by the ultimate ramifications of the portal vein, and termed the interlohular plexus.

The portal vein (Fig. 488) also enters at the transverse fissure and runs through
the portal canals, inclosed in Glisson's capsule, dividing into branches in its course,
which finally break up into a plexus (the interlobular plexus) in the interlobular
spaces between the lobules.
In their course they receive the vaginal and capsular veins, corresponding to the vaginal and capsular branches of the hepatic
artery (Fig. 488).
Thus it will be seen that all the blood carried to the liver by
the portal vein and hepatic artery, directly or indirectly, finds its way into the
interlobular plexus.
From this plexus the blood is carried into the lobule by
Fig. 489.

Horizontal section of liver (dog).
6.

Trunk

The vena

of intralobular vein.

portte has been injected,

A dense system

a.

Trunk

of capillary vessels

is

of interlobular vein.

between them.

capillary vessels which pierce its wall,
to the centre of the lobule
forming a

and then converge from the circumference
number of longitudinal vessels, which are
connected by transverse or horizontal branches (Fig. 489), In the interstices of
the network of vessels thus formed are situated, as before said, the liver cells
and here it is that, the blood being brought into intimate connection with the
liver cells, the bile is secreted.
Arrived at the centre of the lobule, all these
minute vessels empty themselves into one vein, of considerable size, which runs
down the centre of the lobules from apex to base, and is called the vntralohular
;

At

the base of the lobule this vein opens directly into the suhlobular vein,
is connected, and which, as before mentioned, is a radicle
of the hepatic vein.
The sublobular veins, uniting into larger and larger trunks,
end at last in the hepatic veins, which do not receive any intralobular veins.
Finally, the hepatic veins, as mentioned at p. 592, converge to form three large
trunks which open into the vena cava inferior, while that vessel is situated in the
fissure appropriated to it at the back of the liver.
3. The Ducts.
Having shown how the blood is brought into intimate rela-

vein.

with which the lobule

—
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tion with the hepatic cells in order that the bile may be secreted, it remains now
only to consider the way in which the secretion, having been formed, is carried
away. Several views have prevailed as to the mode of origin of the hepatic
it seems, however, to be clear that they commence by little passages
which are formed between the cells, and which have been termed inter cellular

ducts

;

hiUary passages, or
Fiff

490

bile

capillaries

These

passages are
merely little channels or interspaces
left between the contiguous surfaces
of two cells, or in the angle where
three or more liver cells meet (Fig.
490, c and cZ), and it seems doubtful
whether there is any delicate membrane forming the wall of the space.
The channels thus formed radiate
(Fig.

490).

Fis. -Wl.

Microscopical section from the liver of a child three
old,

hardened in chromic

acid.

The hepatic

months

cells (6),

their single nuclei, are separated from the capillary wall

small intervening space.

The

with
by a

capillaries (a) contain closely

compressed colored, and a few colorless, blood-corpuscles. A
few elongated nuclei belonging to the capillary wall are seen.
Within the line of junction (septum), between two hepatic
cells, the transverse section of a biliary duct is seen as a small
transparent space (c). There is also one at the angle, where
several of these cells

come

into contact.

A

transverse section of a small portal canal and

vessels, after

branches.
5.

Hepatic artery.

to the circumference of the lobule, and, piercing its wall,

From

its

Kiernan. 1. Portal vein. 2. Interlobular
Vaginal branches.
4. Hepatic duct.
3.

form a plexus

(inter-

which pass
into the portal canals, become inclosed in Glisson's capsule, and, accompanying the
portal vein and hepatic artery (Fig. 491), join with other ducts to form two main
trunks, which leave the liver at the transverse fissure, and by this union form
lobular)

between the lobules.

this plexus ducts are derived

the hepatic duct.

Gall-bladder.

The gall-bladder is the reservoir for the bile it is a conical or pear-shaped
membranous sac, lodged in a fossa on the under surface of the right lobe of the
;

and extending from near the right extremity of the transverse fissure to
the anterior free margin of the organ.
It is about four inches in length, one inch
in breadth at its widest part, and holds from eight to ten drachms.
It is divided
into a fundus, body, and neck.
The fundus, or broad extremity, is directed
downwards, forwards, and to the right, and occasionally projects from the anterior border of the liver the body and neck are directed upAvards and backwards to
the left.
The gall-bladder is held in its position by the peritoneum, which, in the
majority of cases, passes over its under surface, but the serous membrane occasionally invests the gall-bladder, which then is connected to the liver by a kind
of mesentery.
delations.
The body of the gall-bladder is in relation, by its upper surface,
with the liver, to which it is connected by areolar tissue and vessels by its under
surface, with the first portion of the duodenum, occasionally the pyloric end of
liver,

;

—

;
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The fundus is completely
the stomach, and the hepatic flexure of the colon.
invested by peritoneum it is in relation, in front, with the abdominal parietes,
immediately below the ninth costal cartilage behind, with the transverse arch
The neck is narrow, and curves upon itself like the italic letter/;
of the colon.
at its point of connection with the body and with the cystic duct, it presents a
;

;

well-marked constriction.

When

distended with bile or calculi, the fundus may be felt through the
an emaciated subject; the relations of this sac will also serve to
explain the occasional occurrence of abdominal biliary fistulie, through which biliary calculi may
pass out, and of the passage of calculi from the gall-bladder into the stomach, duodenum, or
colon, which occasionally happens.
the gall-bladder

abdominal

SirucUire.
cular,

is

parietes, especially in

The

gall-bladder consists of three coats

— serous, fibrous

and mus-

and mucous.

The external or serous coat is derived from the peritoneum it completely invests
the fundus, but covers the bod}^ and neck only on their under surface.
The middle or fibrous coat is a thin but strong fibrous layer, which forms the
framework of the sac, consisting of dense fibres which interlace in all directions.
Plain muscular fibres are also found in this coat, disposed chiefly in a longitudinal
direction, a few running transversely.
The internal or mucous coat is loosely connected with the fibrous layer. It is
generally tinged with a yellowish-brown color, and is everywhere elevated into
minute rugee, by the union of which numerous meshes are formed the depressed
intervening spaces having a polygonal outline.
The meshes are smaller at the
fundus and neck, being most developed about the centre of the sac. Opposite
the neck of the gall-bladder, the mucous membrane projects inwards so as to form
a large valvular fold.
The mucous membrane is covered with columnar epithelium, and secretes an
abundance of thick viscid mucus; it is continuous through the hepatic duct
with the mucous membrane lining the ducts of the liver, and through the
ductus communis choledochus with the mucous membrane of the alimentary canal.
The Biliary Ducts are, the hepatic, the cystic, and the ductus communis
choledochus.
The hepatic duct is* formed of two trunks of nearly equal size, which issue from
the liver at the transverse fissure, one from the right, the other from the left lobe
these unite and pass downwards and to the right for about an inch and a half,
to join at an acute angle with the cystic duct, and so form the ductus communis
choledochus.
The cystic duct^ the smallest of the three biliary ducts, is about an inch in length.
It passes obliquely downwards and to the left from the neck of the gall-bladder,
and joins the hepatic duct to form the common duct. It lies in the gastro-hepatic
omentum in front of the vena portee, the hepatic artery lying to its left side. The'
mucous membrane lining its interior is thrown into a series of crescentic folds,
from five to twelve in number, which project into the duct in regular succession,
and are directed obliquely round the tube, presenting much the appearance of a
continuous spiral valve. They exist only in the human subject. When the duct
has been distended, the interspaces between the folds are dilated, so as to give to
its exterior a sacculated appearance.
The ductus communis choledochus^ the largest of the three, is the common excretory duct of the liver and gall-bladder.
It is about three inches in length, of
the diameter of a goose-quill, and formed by the junction of the cystic and hepatic
;

;

;

ducts.

border of the lesser omentum behind the first porvena portae, and to the right of the hepatic
artery; it then passes between the pancreas and descending portion of the duodenum, and, running for a short distance along the right side of the pancreatic
duct, near its termination, passes with it obliquely between the mucous and muscular coats, the two opening by a common orifice upon the summit of a papilla,
It descends along the right

tion of the

duodenum,

in front of the

/

I

"1

^
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situated at the inner side of the descending portion of the
its

duodenum,

a little

below

middle.

Structure.
Tlie coats of the biliary ducts are an external or fibrous, and an
internal or mucous.
The fibrous coat is composed of a strong fibro -areolar tissue,
with a certain amount of muscular tissue, arranged, for the most part, in a circular
manner around the duct. The mucous coat is continuous with the lining membrane of the hepatic ducts and gall-bladder, and also with that of the duodenum
and, like the mucous membrane of these structures, its epithelium is of the columnar variety. It is provided with numerous mucous glands, which are lobulated
find open by minute orifices, which are scattered irregularly in the larger ducts.
In the smaller ducts, which lie in the portal canals in the substance of the liver,
are also a number of orifices, disposed in two longitudinal rows, which were
formerly regarded as the openings of mucous glands, but are merely the orifices
of tubular recesses, which occasionally anastomose, and from the sides of which
fiaacular dilatations are given ofi'.
;

The Pancreas.
BissecUon.
The pancreas inaj be exposed for dissection in three different ways 1. By raising:
the liver, drawing down the stomach, and tearing through the gastro-hepatic omentum and the
ascending layer of the transverse meso-colon. 2. By raising the stomach, the arch of the colon,
and great omentum, and then dividing the inferior layer of the transverse meso-colon. 3. By
dividing .the two layers of peritoneum, which descend from the great curvature of the stomach
to form the ;great omentum
turning the stomach upwards, and then cutting through the ascending layei'of Hie transverse meso-coloni. (See Fig\ 465, p. 785.)
:

;

Fig. 492.

— The Pancreas and

its

Relations.

The Pancreas (jrav-xpsag, all flesh) is a compound racemose gland, analogous in its
In shape it is transversely oblong, flattened from
structure to the salivary glands.
before backwards, and bears some resemblance to a dog's tongue, its right extremity
being broad and presenting a sort of angular bend from above downwards, called
the head^ wbilst its left extremity gradually tapers to form the tail, the intermediate
It is situated transversely across the posterior wall
portion being called the body.
of the abdomen, at the back of the epigastric and both hypochondriac regions.
Its length varies from six to eight inches, its breadth is an inch and a half, and its
tiiickness from half an inch to an inch, being greater at its right extremity and

THE PANCREAS.

821

upper border.

Its weight varies from two to three and a lialf ounces^
reach six ounces.
The right extremity or head of the pancreas (Fig. 492) is curved upon itself
from above downwards, and is embraced by the concavity of the duodenum. The
common bile-duct descends behind, between the duodenum and pancreas and the
paucreatico-duodenal artery descends in front between the same parts. On the
posterior aspect of the pancreas is a lobular fold of the gland, which passes transversely to the left behind the superior mesenteric vessels, and thus these vessels
are embraced by the substance of the gland.
It is sometimes detached from the
rest of the gland, and is called the lesser pancreas.
The lesser end or tail of the pancreas is narrow it extends to the left as far as
the spleen, and is placed over the left kidney and suprarenal capsule.
The body of the pancreas is convex in front, and covered by the ascending
layer of the transverse meso-colon and the posterior surface of the stomach.
The posterior surface is concave, and has the following structures interposed
between it and the first lumbar vertebra the superior mesenteric artery and
vein, the commencement of the vena port^e, the vena cava, the aorta.
The upper border is thick, and has resting upon it, near its centre, the coeliac
axis the splenic artery and vein are lodged in a deep groove or canal in this
border and to the right, the first part of the duodenum and the hepatic artery
are in relation with it.
Tlie lower border^ thinner than the upper, is separated from the transverse portion
of the duodenum by the superior mesenteric artery and vein; to the left of these
the inferior mesenteric vein ascends behind the pancreas to join the splenic vein.
Tlie pancreatic duct^ called the canal of Wirsung^ from its discoverer, extends
transversely from left to right through the substance of the pancreas, nearer to its
lower than its upper border, and lying nearer its anterior than its posterior surface.
In order to expose it, the superficial portion of the gland must be removed.
It commences by the junction of the small ducts of the lobules situated in the tail
of the pancreas, and, running from left to right, it constantlj^ receives the ducts of
the various lobules composing the gland, and, considerably augmented in size, it
leaves the head of the pancreas, and descending slightly, it gets into relation
with the common bile-duct, lying to its left side, and, passing very obliquely
through the mucous and muscular coats of the duodenum, it terminates by an
orifice common to it and the ductus communis choledochus upon the summit of
an elevated papilla, situated at the inner side of the descending portion of the
duodenum, a little below its middle.
Sometimes the pancreatic duct and ductus communis choledochus open separately into the duodenum.
The excretory duct of the lesser pancreas is called
the ductus pancreaticus minor ; it opens into the main duct near the duodenum,
and sometimes separately into that intestine, at a distance of an inch or more
from the termination of the principal duct.
The pancreatic duct, near the duodenum, is about the size of an ordinary quill:
its walls are thin, consisting of two coats, an external fibrous and an internal
mucous the latter is thin, smooth, and furnished, near its termination, with a
few scattered follicles.
Sometimes the pancreatic duct is double up to its point of entrance into the

along
but it

its

may

;

;

:

;

;

;

duodenum.
In structure^ the pancreas resembles the salivary glands. It differs from them,
however, in certain particulars, and is looser and softer in its texture. It is not
inclosed in a distinct capsule, but is surrounded by areolar tissue, which dips
down into its interior, and connects together the various lobules of which it is
composed. Each lobule, like the lobules of the salivary glands, consists of one
of the ultimate ramifications of the pancreatic duct, terminating in a number of
csecal pouches or acini.
The minute ducts are lined by short columnar epithelium, shorter than that found in the salivar}^ ducts, and the acini are wavy and
convoluted.

They

also are lined

by columnar

cells,

which present certain char-

—

ORGANS OF DIGESTION.

822

showing an outer homogeneous portion, which becomes
deeply stained with dyes, and contains the nucleus, and an inner granular portion,
which does not easily stain. The lumen of the alveolus is hardly visible, being filled
with an interstitial substance containing spindle-shaped cells, the centro-acinar cells
of Langerhaus. The fluid secreted by it is almost identical with saliva, but contains
no sulpho-cyanogen. Its uses are, to some extent, the same as those of the saliva,
since it also converts starch into dextrine and grape sugar; but it has two other
important functions first^ in the digestion of fat, which it partly emulsifies, so as
to render it capable of passing into the lacteals (being in this assisted by the bile),
and partly saponifies the alkaline pancreatic juice forming with the fatty acids
a soap which is absorbed by the blood-vessels second^ in the digestion of albuminous and gelatinous substances, which it converts into peptones. This digestion
is accompanied by the formation of various chemical substances, leucin, tyrosin,
and indol, to which the odor of the fasces is in great part at least attributable.
Vessels and Nerves.
The arteries of the pancreas are derived from the splenic,
the pancreatico-duodenal branch of the hepatic, and the superior mesenteric.
Its veins open into 'the splenic and superior mesenteric veins.
Its lymphatics
terminate in the lumbar glands. Its nerves are filaments from the splenic plexus.
acteristics; each cell

—

;

—

The Spleen.
The Spleen is usually classified, together with the thyroid, thymus, and supraIt possesses no excretory
renal capsules, as one of the ductless, or blood glands.
duct.
It is of an oblong flattened form, soft, of very brittle consistence, highly
vascular, of a dark bluish-red color, and situated in the left hypochondriac region,
embracing the cardiac end of the stomach. It is invested by peritoneum, and
connected Avith the stomach by the gastro-splenic omentum.
Relations.
The external surface is convex, smooth, and in relation with the
under surface of the Diaphragm, which separates it from the. ninth, tenth, and
,eleventh ribs of the left side.
The internal surface is slightly concave, and
J,
^J^V"^'^"'' divided by a vertical fissure, the hilum^ into an anterior or larger, and a posterior
^ ^pjL-K*- or smaller portion. The hilum is pierced by several irregular apertures, for the
r
entrance and exit of vessels and nerves. At the margins of the hilum, the two
layers of peritoneum are reflected from the surface of the spleen on to the cardiac
end of the stomach, forming the gastro-splenic omentum, which contains between
The internal surits layers the splenic vessels and nerves, and the vasa brevia.
f^ce is in relation, in front, with the great end of the stomach; below, with the
Ps>C»^
-^
tail of the pancreas: and behind, with the left crus of the Diaphragm and corresponding suprarenal capsule. The upper end^ thick and rounded, is in relation
with the Diaphragm, to which it is connected by a fold of peritoneum, the suspen&ovy hgament.
The lower end is pointed it is in relation with the left extremity
of the transverse arch of the colon.
The anterior rnar(jin is free, rounded,
and often notched, especially below. The posterior margin is rounded, and lies
in relation with the left kidney, to which it is connected by loose areolar tissue.
The spleen is held in its position by two folds of peritoneum: one, the (/astrosplenic omentum, connects it with the stomach
and the other, the suspensory
ligament, with the under surface of the Diaphragm.
The size and weight of the spleen are liable to very extreme variations at
different periods of life, in different individuals, and in the same individual under
different conditions.
In the adult, in whom it attains its greatest size, it is usually
about five inches in length, three or four inches in breadth, and an inch or an
inch and a half in thickness, and weighs about seven ounces. At hirth, its
weight, in proportion to the entire body, is almost equal to what is observed in
the adult, beino- as 1 to 350 whilst in the adult it varies from 1 to 320 and 400.
In old age the organ not only decreases in weight, but decreases considerably in
proportion to the entire body, being as 1 to 700. The size of the spleen is
increased during and after digestion, and varies considerably according to the
,

^
I

—

X

;

;

;
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and small in starved
animals.
In intermittent and other fevers it becomes much enlarged, weighing
occasionally from 18 to 20 pounds.
Structure.
The spleen is invested by two coats an external serous, and an
internal fibro-elastic coat.
The external or serous coat is derived from the peritoneum it is thin, smooth,
and in the human subject intimately adherent to the fibro-elastic coat. It invests
almost the entire organ being reflected from it, at the hilum, on to the great
end of the stomach, and at the upper end of the organ on to the Diaphragm.
The fbro-elastic coat forms the framework of the spleen. It invests the exterior of the organ, and at the hilum is reflected inwards upon the vessels in the
form of vaginjs or sheaths. From these sheaths, as well as from the inner surface of the fibro-elastic coat, numerous small fibrous bands, trahecnlx (Fig. 493),
are given oft" in all directions these uniting, constitute the areolar framework
of the spleen.
The framework of the spleen consists, therefore, of a sponge-like
material, inclosing a number of small spaces or areolse, formed by the trabeculge,
which are given ofi' from the inner surface of the capsule, or from the sheaths
prolonged inwards on the blood-vessels. And in these spaces or areolae is contained tlie splenic pulp.
state of nutrition of the body, being large in liiglily fed,

—

—

;

;

;

Fig. 493.

—Transverse Section of

the Spleen, showing the Trabecular Tissue
its Branches.

and the Splenic Vein and

The proper coat, the sheaths* of the vessels and the trabeculge, consist of a
dense mesh of white and yellow elastic fibrous tissues, the latter considerably
predominating. It is owing to the presence of this tissue that the spleen possesses a considerable amount of elasticity to allow of the very considerable
variations in size that it presents under certain circumstances.
In some of the
mammalia, in addition to the usual constituents of this tunic, there are found
numerous pale, flattened, spindle-shaped, nucleated fibres, like nnstriped muscular
fibres.
It is. probably owing to this structure that the spleen possesses, when
acted upon by the galvanic current, faint traces of contractility.
Th-Q proper substance of the spleen or spleen pulp is a soft mass of a dark reddishbrown color, resembling grumous blood. When examined by means of a thin
section, under the microscope, it is found to consist of a number of branching
cells, and of an intercellular substance.
The cells are connective-tissue corpuscles, and have been named the sustentacular or supporting cells of the pulp.
The processes of these branching cells communicate with each other, thus form-
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ing a delicate reticulated tissue in the interior of tlie areolee, formed bj the
So that each primary space may be considered to be
trabeculte of the capsule.
divided into a number of smaller spaces by the junction of these processes of
These secondary spaces contain blood, in Avhich, howthe branching corpuscles.
ever, the white corpuscles are found to be in larger proportions than they are in
ordinary blood. The sustentacular cells are either small, uni-nucleated, or
they do not become deeply stained with carmine,
larger, multi-nucleated cells
like the cells of the Malpighian bodies, presently to be described (W. Miillei-),
but like them they possess amoeboid movements (Cohnheim). In many of them
may be seen deep red, or reddish-yellow granules of various sizes, which present
Sometimes, also, unchanged bloodthe characters of the hfematin of the blood.
disks are seen included in these cells, but more frequently blood-disks are found
which are altered both in form and color. In fact, blood-corpuscles in all stages.
;

Fig. 494.

— Transverse Section of the Himian Spleen, showing the Distribution
of the Splenic Artery

and

its

Branches.

of disintegration may be noticed to occur within them.
Klein has recently
pointed out that sometimes these cells, in the young spleen, contain a proliferating nucleus that is to say, the nucleus is of large size, and presents a number
of knob-like projections, as if small nuclei were budding from it by a process
This observation is of importance, as it may explain one posof gemmation.
sible source of the colorless blood-corpuscles.
The interspaces or areolae formed by the framework of the spleen are thus
filled by a delicate reticulum of branched connective-tissue
corpuscles, the
interstices of which are occupied by blood, and in which the blood-vessels terminate in the manner noAV to be described.
Blood-vessels of the Spleen.
The splenic artery is remarkable for its large
It
size in proportion to the size of the organ, and also for its tortuous course.
divides into from four to six branches, which enter the hilum of the spleen and
ramify throughout its substance (Fig. 494), receiving sheaths from an involution
of the external fibrous tissue.
Similar sheaths also invest the nerves and veins.
Each branch runs in the transverse axis of the organ, from within outwards,
diminishing in size during its transit, and giving off in its passage smallerbranches, some of which pass to the anterior, others to the posterior part. These
ultimately leave the trabecular sheaths, and terminate in the proper substance
of the spleen in small tufts or pencils of minute arterioles, which open into the
interstices of the reticulum formed by the branched sustentacular cells.
Each of
the larger branches of the artery supplies chiefly that region of the organ in which
the branch ramifies, having no anastomosis with the majority of the other branches.
The arterioles^ supported by the minute trabeculae, traverse the pulp in all
directions in bundles or pencilli of straight vessels.
Their external coat,,
;

—
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on leaving the trabecular sheaths, consists of ordinary connective tissue, but it
gradually undergoes a transformation, becomes much thickened, and converted
into a lymphoid material.^
This change is effected by the conversion of
the connective tissue into a cytogenous tissue; the bundles of connective tissue

becoming looser and laxer, their fibrils more
and containing in their interstices an
abundance of lymph-corpuscles (W. Miiller).
This lymphoid material is supplied with blood
by minute vessels derived from the artery with
which they are in contact, and which terminates
by breaking up into a network of capillary
delicate,

—

Fig. 495.
Part of a Malpighian Capsule of the Spleen of Man.
(Klein

and Noble Smith,

i

vessels.

The altered coat of the arterioles, consisting
of lymphoid tissue, presents here and there thickenings of a spheroidal shape, the Malpighian
bodies of the spleen.
These bodies vary in size
from about the j-^q- of an inch to the i^-^ of an
inch in diameter.
They are merely local expansions or hyperplasige of the lymplioid tissue,
of which the external coat of the smaller arteries
of the spleen is formed.
They are most frea. Arterial branch in longitudinal section.
quently found surrounding the arteriole, which Adenoid tissue, still containing the lymph-corpuscles only their nuclei are shown, c. Adethus seems to tunnel them, but occasionally they
noid reticulum, the lymph-corijuscles accidengrow from one side of the vessel only, and present tally removed.
the appearance of a sessile bud growing Irom the
arterial wall.
Klein, however, denies this, and says it is incorrect to describe the
Malpighian bodies as isolated masses of adenoid tissue, but that they are always
formed around an artery, though there is generally a greater amount on one side than
the other, and that, therefore, in transverse sections, the artery, in the majority of
cases, is found in an eccentric position. These bodies are visible to the naked eye, on
6..

;

Fig. 496.

— Section of

Spleen,

showing the Termination of the Small Blood-vessel.
b

a.

Arterial branch in longitudinal section.

lymphoid change,

d.

6. Supporting cells of spleen pulp.
c. Coat of the vessel undergoing
Coat of the vessel continuous with the processes of thesupioorting cells.

the surface of a fresh section of the organ, appearing as minute dots of a semiopaque whitish color in the dark substance of the pulp. In minute structure
they resemble the adenoid tissue of lymphatic glands, consisting of a delicate
reticulum, in the meshes of which lie ordinary lymphoid cells.
^ According to Klein, it is the sheath
of the small vessel which undergoes this transformation,
and forms a "solid mass of adenoid tissue which surrounds the vessel like a cylindrical sheath."
[Atlas of Histology, p. 424.)

—

—
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The reticulum of the tissue is made up of extremely delicate fibrils, and is
comparatively open in the centre of the corpuscle, becoming closer at the periphery of the bod}'. The cells which it incloses, like the supporting cells of the
pulp, are possessed of amoeboid movements, but when treated with carmine
become deeply stained, and can thus easily be recognized from those of the pulp.
The arterioles terminate in capillaries, which traverse the pulp in all directheir walls become much attenuated, lose their tubular character, and the
tions
cells of the lymphoid tissue, of which they are composed, become altered, presenting a branched appearance, and acquiring processes which are directly connected with the processes of the sustentacular cells of the pulp (Fig. 496). In
this manner the capillary vessels terminate, and the blood flowing through them
finds its way into the interstices of the reticulated tissue formed by the branched
connective-tissue corpuscles of the splenic pulp. Thus the blood passing through
the spleen is brought into intimate relation with the elements of the pulp, and
no doubt undergoes important changes.
After these changes have taken place the blood is collected from the interstices
;

of the tissue by the rootlets of the veins, which commence much in the same
way as the arteries terminate. Where a vein is about to commence the connective-tissue corpuscles of the pulp arrange themselves in rows, in such a way
They become changed in shape, being
as to form an elongated space or sinus.
elongated and spindle-shaped, and overlap each other at their extremities. They
thus form a sort of endothelial lining of the path or sinus, which is the radicle
of a vein.
On the outer surface of these cells are seen delicate transverse lines
or markinsfs, which are due to minute elastic fibrillos arrano-ed in a circular
manner around the sinus. Thus the channel obtains a continuous external investment, and gradually becomes converted into a small vein, which after a time
presents a coat of ordinary connective tissue, lined by a layer of fusiform epithelial cells, which are continuous with the supporting cells of the pulp.
The
smaller veins unite to form larger ones, which do not accompany the arteries, but
soon enter the trabecular sheaths of the capsule, and by their junction form from
four to six branches, which emerge from the hilum, and, uniting, form the splenic
vein, the largest radicle of the vena portto.
Q'he veins are remarkable for their numerous anastomoses, while the arteries
hardly anastomose at all.
The lymphatics originate in two Avays, ^. e., from the sheaths of the arteries
and in the trabeculge. The former accompany the blood-vessels, the latter pass
to the superficial Ijmiphatic plexus, which may be seen on the surface of the
organ.
The two sets communicate in the interior of the organ. They pass
through the lymphatic glands at the hilum, and terminate in the thoracic duct.
The nerves are derived from branches of the right and left semilunar ganglia,
and right pneumogastric nerve.
The termination of the blood-vessels of the spleen in lymphoid tissue necessarily brings the blood into intimate relation with the elements of this tissue, so
that the blood passes through its meshes in the same manner as the lymph
through the meshes of the adenoid tissue in an absorbent gland. Hence the
general opinion now is that the function, or one of the functions, of the spleen
is to act on the blood in the same way as the lymph is acted on in the gland
i.e., to develop lymphatic, or white, corpuscles in it.
And in support of this
view the observation is adduced that the blood which leaves the spleen by the
vein is especially rich in white corpuscles. The red blood-corpuscles are found
in the spleen-pulp in various conditions of disintegration, and Kolliker suggests
that the spleen serves as the organ in which the used-up blood-globules are
disintegrated in order to form pigment, which is then transferred to the liver
by the splenic blood, to be used in the bile. Doubtless the spleen subserves
other purposes also.
There seems very strong reason for thinking that it acts
as a storehouse of nutrition during the intervals of feeding, and possibly as a
diverticulum for the circulation, uses for which its remarkable elasticity renders
.

it

verv

fit.

;

The Thorax.
a conical framework, formed partly of bones and partly of the
THEsoftThorax
tissues by which they are connected together.
It
supported and
is

is

its

back part is formed by the middle, or dorsal, region of the spine. It is narrow
above, broad below, flattened before and behind, and somewhat cordiform on a
transverse section.
Boundaries. The thorax is bounded in front by the sternum, the six upper
costal cartilages, the ribs, and intercostal muscles
at the sides, by the ribs and
intercostal muscles
and behind, by the same structures and the dorsal portion
of the vertebral column.
The superior opening of the thorax is bounded on each side by the first rib
in front, by the upper border of the sternum
and behind, by the first dorsal
vertebra.
It is broader from side to side than from before backwards
and its
direction is backwards and upwards.
The upper border of the sternum is on a
level with the second dorsal vertebra, and the distance between them is about

—

;

;

;

;

two

inches.

The

lower opening^ or hase^ is bounded in front by the ensifonn cartilage
by the last dorsal vertebra and on each side by the last rib, the Diaphragm filling in the intervening space. Its direction is obliquelj^ downwards
and backwards; so that the cavity of the thorax is much deeper on the posterior
than on the anterior wall. It is wider transversely than from before backwards.
Its outer surface is convex; but it is more flattened at the centre than at the
sides.
Its floor is higher on the right than on the left side, corresponding in the
dead body to the upper border of the fifth costal cartilage on the right side, and
to the corresponding part of the sixth cartilage on the left side.
The parts which pass through the upper opening of the thoi'ax are, from before
backwards, the Sterno-hyoid and Sterno-thyroid muscles, the remains of the
thymus gland, the trachea, oesophagus, thoracic duct, and the Longus Colli
muscles of each side on the sides, the arteria innominata, the left common
carotid and left subclavian arteries, the internal mammary and superior intercostal arteries, the right and left venae innominatae, and the inferior thyroid
veins, the pneumogastric, sympathetic, phrenic, and cardiac nerves, the anterior
branch of the first dorsal nerve, and the recurrent laryngeal nerve of the left
side.
The apex of each lung, covered by the pleura, also projects through this
aperture, a little above the margin of the first rib.
The viscera contained in the thorax are, the heart, inclosed in its membranous
bag, the pericardium
and the lungs, invested by the pleura3.

behind,

;

;

;

The Pericardium.
The Pericardium is a conical membranous sac, in which the heart and the commencement of the great vessels are contained. It is placed behind the sternum,
and the cartilages of the third, fourth, fifth, sixth, and seventh ribs of the left
the interval between the pleuras.
Its apex is directed upwards, and surrounds the great vessels about two inches
above their origin from the base of the heart. Its hose is attached to the central
tendon of the Diaphragm, extending a little farther to the left than to the right
side.
In front it is separated from the sternum b}^ the remains of the thja-nus
gland above, and a little loose areolar tissue below and is covered by the
side, in

;

marg;ins of the lungs, especially the

left.

Behind^

it

rests

upon the bronchi, the
(827)
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Laterally^ it is covered by the pleurae
oesophagus, and the descending aorta.
the phrenic nerve, with its accompanying vessels, descending between the two

membranes on either side.
The pericardium is a fibro-serous membrane, and

two

consists, therefore, of

layers, an external fibrous and an internal serous.
T\\Q fibrous layer is a strong, dense membrane.

Above, it surrounds the great
on which it is continued in the form
of tubular prolongations, which are gradually lost upon their external coat the
The pericardium may be traced,.
strongest being that which incloses the aorta.
vessels arising

from the base of the

heart,

;

Fig. 497.

— Front View of the Thorax.

The Ribs and Sternnm

in relation to the Lungs, Heart,

M. Mitral

valve.

T. Tricuspid valve.

and

otiier Internal

A. Aortic semilunar valves.

P.

are represented
Organs.

Pulmonary semilunar

valves.

over these vessels, to become continuous with the deep layer of the cervical fascia.
Below, it is attached to the central tendon of the Diaphragm and, on the left
;

side, to its

muscular

fibres.

The vessels receiving fibrous prolongations from this membrane are the aortn,
the superior vena cava, the right and left pulmonary arteries, and the four pulmonary veins. As the inferior vena cava enters the pericardium through the
central tendon of the Diaphragm, it receives no covering from the fibrous layer.
The serous layer invests the heart, and is then reflected on the inner surface of
the pericardium. It consists, therefore, of a visceral and parietal portion. The
former invests the surface of the heart, and the commencement of the great vessels,
to the extent of two inches from their origin from these it is reflected upon the
;
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inner surface of the fibrous layer, lining, below, the upper surface of the central
tendon of the Diaphragm. The serous membrane incloses the aorta and pulmonary artery in a single tube but it only partially covers the superior and inferior
vena cava and the four pulmonary veins. Its inner surface is smooth and glistening, and secretes a thin fluid, which serves to facilitate the movements of the heart.
The arteries of the pericardium are derived from the internal mammary, and
its musculo-phrenic branch, and from the descending thoracic aorta.
;

The Heart.
The Heart is a hollow muscular organ of a conical form, placed between the
lungs, and inclosed in the cavity of the pericardium.
Position.
The heart is placed obliquely in the chest the broad attached end,
•or base, is directed upwards and backwards to the right, and corresponds to the
interval between the fifth and eighth dorsal vertebrge the apex is directed forwards and to the left, and corresponds to the interspace between the cartilage of
the fifth and sixth ribs, one inch to the inner side, and two inches below the left

—

:

;

nipple.
The heart is placed behind the lower two-thirds of the sternum, and projects further into the left than into the right cavity of the chest, extending from
the median line about three inches in the former direction, and only one and a
half in the latter. Its upper border would correspond to a line drawn across the
sternum, on a level with the upper border of the third costal cartilages and its
lower border, to aline drawn across the lower end of the gladiolus, from the right
side of the costo-xiphoid articulation to the point above mentioned, as the situation of the apex.
The lungs cover a part of the heart, and during inspiration,
when their borders nearly meet behind the sternum, a thin layer of lung covers
Hence the custom of making a patient hold
the roots of all the large vessels.
But a considerable portion
his breath whilst examining the sounds of the heart.
of the heart is always uncovered by the lungs where they recede from each other
below. This " area of the heart's dulness," as it is commonly called, is said by
Mr. Holden^ to be indicated, roughly, but sufficiently for practical purposes, by a
circle one inch in radius, the centre of which is midway between the left nipple
and the end of the sternum. The anterior surface of the heart is round and convex, directed upwards and forwards, and formed chiefly by the right ventricle and
part of the left. Its posterior surface is flattened, and rests upon the Diaphragm,
and is formed chiefly bj the left ventricle. The right border is long, thin, and
;

sharp

;

Size.

the

left

border short, but thick and round.

— The heart, in the adult, measures five inches in length, three inches and

part, and two inches and a half in thickness.
weight, in the male, varies from ten to twelve ounces in the female
from eight to ten: its proportions to the body being as 1 to 169 in males; 1 to
149 in females. The heart continues increasing in weight, and also in length,
breadth, and thickness, up to an advanced period of life this increase is more

a half in

breadth in the broadest

The prevalent

;

:

marked

men than

women.
Component Parts. The heart is subdivided by a longitudinal muscular septum
into two lateral halves, which are named respectively, from their position, right
and left and a transverse constriction divides each half of the organ into two
in

in

—

;

upper cavity on each side being called the auricle^ the lower the venis the venous side of the heart, receiving into its auricle the
dark venous blood from the entire body, by the superior and inferior vena cava,
and coronary sinus. From the right auricle the blood passes into the right ventricle, and from the right ventricle, through the pulmonary artery, into the lungs.
The blood, arterialized by its passage through the lungs, is returned to the left
side of the heart by the pulmonary veins, which open into the left auricle from
the left auricle the blood passes into the left ventricle, and from the left ventricle
cavities, the
tricle.

The

right

;

^

"

Landmarks— Medical and

Surgical," 2d ed., p. 22.

;
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distributed, by the aorta and its subdivisions, through the entire body.
This
constitutes the circulation of the blood in the adult.
This division of the heart into four cavities is indicated by grooves upon its

is

The great

transverse groove separating the auricles from the ventricles
It is deficient, in front, from being
crossed by the root of the pulmonary artery, and contains the trunk of the
The auricular portion occupies the base of the
nutrient vessels of the heart.
heart) and is subdivided into two cavities by a median septum.
The two ventricles are also separated into a right and left, by two longitudinal furrows, the
interventricular grooves, which are situated one on the anterior, the other on the
posterior surface these extend from the base to the apex of the organ the
former being situated nearer to the left border of the heart, and the latter to the
right.
It follows, therefore, that the right ventricle forms the greater portion of
the anterior surface of the heart, and the left ventricle more of its posterior surface.
Each of these cavities should now be separately examined.
The Eight Aueicle is a little larger than the left, its walls somewhat thinner,
measuring about one line and its cavit}^ is capable of containing about two
It consists of two parts, a principal cavity, or sinus, and an appendix
ounces.
surface.

called the aurictilo-ventncular groove.

is

:

;

;

auriculse.
Fig. 498.

—The Right Auricle and
"Walls of

Venti'icle laid open, the Anterior

both being removed.

Bristle j>assetl through

Stgnt Atcricula ^entrlcuJitr opBiunq

The sinus

is the large quadrangular cavity, placed between the two vense cavas
walls are extremely thin it is connected below with the right ventricle, and
internally with the left auricle, being free in the rest of its extent.
The aip'pendix ouriculse^ so called from its fancied resemblance to a dog's ear, is
a small conical muscular pouch, the margins of which present a dentated edge.
It projects from the sinus forwards and to the left side, overlapping the root of
the aorta.

its

;

To examine the

interior of the auricle, a transverse incision should be made along its ventricuright border to tlie appendix
and from the middle of this, a second incision
should be carried upwards, along the inner side of the two venaa cavje.

lar margin,

from

its

;

—
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following parts present themselves for examination
f
I

/-v

Openings.

^

Superior cava.
Inferior cava.

n
Uoronarj

:

,-

•

T-r

sinus.

Foramina Thebesii.

,

-u,

,

.

Jcjustachian.

1

V alves.

-<

p

'^'

'-

I

[

Auriculo- ventricular.
Relics of foetal f Annulus ovalis,
structure.
[ Fossa ovalis.

Musculi pectinati.
Tuberculum Loweri.

—

Opening-s. The superior vena cava returns the blood from the upper half of
the body, and opens into the upper and front part of the auricle, the direction of
its orifice being downwards and forwards.
The inferior vena cava^ larger than the superior, returns the blood from the
lower half of the body, and opens into the lowest part of the auricle, near the
septum, the direction of its orifice being upwards and inwards. The direction
of a current of blood through the superior vena cava would consequently be
towards the auriculo- ventricular orifice whilst the direction of the blood through
the inferior cava would be towards the auricular septum. This is the normal
direction of the two currents in foetal life.
The tuberculum Loweri \b a small projection on the right wall of the auricle,
between the two cavse. This is most distinct in the hearts of quadrupeds; in
man it is scarcely visible. It was supposed by Lower to direct the blood from
the superior cava towards the auriculo-ventricular opening.
The coronary sinus opens into the auricle, between the inferior vena cava and
the auriculo-ventricular opening. It returns the blood from the substance of the
heart, and is protected by a semicircular fold of the lining membrane of the
The sinus, before entering the auricle, is considerauricle, the coronary valve.
ably dilated nearly to the size of the end of the little finger. Its wall is partly
muscular, and, at its junction with the great coronary vein, is somewhat constricted, and furnished with a valve, consisting of two unequal segments.
The /brammcj Thebesii are numerous minute apertures, the mouths of small
veins {yense cordis minimse), which open on various parts of the inner surface of
the auricle. They return the blood directly from the muscular substance of the
heart.
Some of these foramina are minute depressions in the walls of the heart,
presenting a closed extremity.
The auriculo-ventricular opening is the large oval aperture of communication
between the auricle and the ventricle, to be presently described.
Valves. The Eustachian valve is situated between the anterior margin of
It is semilunar in
the inferior vena cava and the auriculo-ventricular orifice.
form, its convex margin being attached to the wall of the vein; its concave
margin, which is free, terminating in two cornua, of which the left is attached
the right being lost on the wall of
to the anterior edge of the annulus ovalis
the auricle. The valve is formed by a duplicature of the lining membrane of
the auricle, containing a few muscular fibres.
In the fostus this valve is of large size, and serves to direct the blood from the
inferior vena cava through the foramen ovale into the left auricle.
In the adult it is occasionally persistent, and may assist in preventing the
reflux of blood into the inferior vena cava more commonly it is small, and its
occasionally it is
free margin presents a cribriform or filamentous appearance
altogether wanting
The coronary valve (valve of Thebesius) is a semicircular fold of the lining
membrane of the auricle, protecting the orifice of the coronary sinus. It prevents the regurgitation of blood into the sinus during the contraction of the
auricle.
This valve is occasionally double.
The fossa ovalis is an oval depression, corresponding to the situation of the
;

—

—

;

;

;

—

—
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foramen ovale in the foetus. It is situated at tlie lower part of tlie septum
;auricularum, above tlie orifice of the inferior vena cava.
The annulus ovalis is the prominent oval margin of the foramen ovale. It is

A

most distinct above and at the sides below, it is deficient.
small slit-like
valvular opening is occasionally found, at the upper margin of the fossa ovalis,
which leads upwards, beneath the annulus, into the left auricle, and is the remains
of the aperture between the two auricles in the foetus.
The musculi pectinati are small, prominent muscular columns, which run across
the inner surface of the appendix auricula and adjoining portion of the wall of
the sinus. They have received the name pectinati from the fancied resemblance
they bear to the teeth of a comb.
The Right Ventricle is triangular in form, and extends from the right
Its anterior or upper surface is rounded
auricle to near the apex of the heart.
and convex, and forms the larger part of the front of the heart. Its posterior
or under surface is flattened, rests upon the Diaphragm, and forms only a small
Its inner wall is formed by the partition between
part of the back of the heart.
the two ventricles, the septum ventriculorum^ the surface of which is convex,
and bulges into the cavity of the right ventricle. Superiorly, the ventricle forms
a conical prolongation, the infundihulum, or conns arteriosus^ from which the
pulmonary artery arises. The walls of the right ventricle are thinner than those
of the left, the proportion between them being as 1 to 2 (Bizot). The wall is
thickest at the base, and gradually becomes thinner towards the apex.
The
cavity, which equals that of the left ventricle, is capable of containing about
three fluidounces.^
;

To examine the
ular groove

interior an incision should be

made

a

to the right of the anterior ventricheart, and should be carried up from

little

from the pulmonary artery to the apex of the

thence along the right border of the ventricle as far as the auriculo-ventricular opening.

The following

parts present themselves for examination

Q

•

f

Auriculo-ventricular.

I

Opening of the pulmonarv

^

Valves.

And

:

artery.

(Tricuspid.
( feemimnar.

a muscular

The

and tendinous apparatus connected with the tricuspid valve
Columnas carneee.
Chordse tendincEe.

auriculo-ventricular orifice

between the auricle and

is

ventricle.

:

the large oval aperture of communication
It is situated at the base of the ventricle,

near the right border of the heart, and corresponds to the centre of the sternum,
between the fourth costal cartilages. The opening is about an inch in diameter,^
oval from side to side, surrounded by a fibrous ring, covered by the lining membrane of the heart, and rather larger than the corresponding aperture on the left
side, being sufficiently large to admit the ends of four fingers.
It is guarded by
the tricuspid valve.
The opening of the pulmonary artery is circular in form, and situated at the
summit of the conus arteriosus, close to the septum ventriculorum. It is placed
on the left side of the auriculo-ventricular opening, upon the anterior aspect of
^

that, "taking the means of various estimates, it may be inferred that
able to contain four to six ounces of blood."
(Kirke's Physiology, 10th edition,

Morrant Baker says

each ventricle

is

p. 156.)

119, Dr. Peacock has given some careful researches
in health and disease.
He states, as the result of
his investigations, that, in the healthy adult heart, the right auriculo-ventricular aperture has a
mean circumference of 54.4 lines, or 4ff inches; the left auriculo-ventricular aperture a mean
circumference of 44.3 lines, or 3ff inches; the pulmonic orifice of 40 lines, or 3|-| inches; and
the aortic orifice of 35.5 lines, or 3/^ inches; but the dimensions of the orifices varied greatly in
^

In the Patliological Transactions, vol.

vi., p.

upon the weight and dimensions of the heart

different cases, the auriculo-ventricular aj^erture

others in the

same proportion.

having a range of from 45 to 60

lines,

and the

HEART—RIGHT VENTRICLE.

883

the heart, and corresponds to the articnlation of the third costal cartilage of the
Its orifice is guarded by tiie pulmonary semilunar
left side with the sternnm.
valves.

The tricuspid valve consists of three segments of a triangular or trapezoidal
shape, formed by a duplicature of the lining membrane of the heart, strengthened
by a layer of fibrous tissue, and containing, according to Klirschner and Senac,
muscular fibres. These segments are connected by their bases to the auriculoventricular orifice, and by their sides with one another, so as to form a continuous
annular membrane, which is attached round the margin of the auriculo- ventricular
opening, their free margins and ventricular surfaces affording attachment to a
number of delicate tendinous cords, the chordse tendinese. The largest and most
movable segment is placed towards the left side of the auriculo-ventricular openAnother seging, interposed between that opening and the pulmonary artery.
ment corresponds to the front of the ventricle and a third to its posterior wall.
The central part of each segment is thick and strong the lateral margins are
thin and indented.
The chordae tendinese are connected with the adjacent margins of the principal segments of the valve, and are further attached to each segment in the following manner: 1. Three or four reach the attached margin of
each segment, where they are continuous with the auriculo-ventricular tendinous
ring,
2. Others, four to six in number, are attached to the central thickened
part of each segment.
3. The most numerous and finest are connected with the
;

:

marginal portion of each segment.
The columnx carnese are the rounded muscular columns which project from
nearly the whole of the inner surface of the ventricle, excepting near the opening
of the pulmonary artery.
They may be classified, according to their mode of
The first set merely form promiconnection with the ventricle, into three sets.
nent ridges on the inner surface of the ventricle, being attached by their entire
length on one side, as well as by their extremities. The second set are attached
by their two extremities, but are free in the rest of their extent whilst the third
set {musculi papillares)^ three or four in number, are attached by one extremity
to the wall of the heart, the- opposite extremity giving attachment to the chordse
tendinese.
The tricuspid valve is situated behind the middle of the sternum,
about the level of the fourth costal cartilage.
The semilunar valves^ three in number,^ guard the orifice of the pulmonary
artery.
They consist of three semicircular folds, two anterior and one posterior,
formed by a duplicature of the lining membrane, strengthened by fibrous tissue.
They are attached, by their convex margins, to the wall of the artery, at its
junction with the ventricle, the straight border being free, and directed upwards
;

in the course of the vessel, against the sides of which the valve-flaps are pressed
during the passage of the blood along the artery. The free margin of each is
somewhat thicker than the rest of the valve, is strengthened by a bundle of tendifibres, and presents, at its middle, a small projecting fibro-cartilaginous
nodule, called corpus Arantii.
From this nodule, tendinous fibres radiate through
the valve to its attached margin, and these fibres form a constituent part of its
substance throughout its whole extent, excepting two narrow lunated portions,
placed on either side of the nodule immediately behind the free margin here
the valve is thin, and formed merely by the lining membrane. I)uring the
passage of the blood along the pulmonary artery these valves are pressi^d against
the sides of the cylinder, and the course of the blood along the tube is-- uninterrupted but during the ventricular diastole, when the current of blood along the
pulmonary artery is checked, and partly thrown back by its elastic walls, these
valves become immediately expanded, and effectually close the entrance of the
tube.
When the valves are closed, the lunated portions of each are brought into
contact with one another by their opposed surfaces, the three fibro-cartilaginous

nous

;

;

^ The pulmonary semilunar valves
have been found to be two in number instead of three (Dr.
Hand, of St. Paul, Minn., in the North- Wentern Med. and Surg. Joiirn.^ July, 1873), and the same

variety

is

more frequently noticed

53

in the aortic semilunar valves.
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nodules filling u]) the small triangular space that would be otherwise left by the
approximation of the three semilunar valves.
Between the semilunar valves and the commenceijient of the pulmonary artery
These are the pulmoare three pouches or dilatations, one behind each valve.
nary sinuses {sinuses of Valsalva). Similar sinuses exist between the semilunar
valves and the commencement of the aorta they are larger than the pulmonary
The blood, in its regurgitation towards the heart, finds its way into
sinuses.
The pulmonary valves are
these sinuses, and so shuts down the valve-flaps.
situated behind the junction of the left third rib with the ste>rnum.
The Left Aueicle is rather smaller but thicker than the right, measuring
about one line and a half; it consists, like the right, of two parts, a principal
cavity or sinus, and an appendix auriculae.
The sinus is cuboidal in form, and concealed in front by the pulmonary artery
and aorta internally it is separated from the right auricle by the septum auricularum behind, it receives on each side the pulmonary veins, being free in the
rest of its extent.
;

;

;

Fig. 499.

—The Left Auricle and Ventricle laid open, the Anterjpr Walls of both being removed.

BrisUtpassrd

thr.

Left Aitricalo 'Venty

opening

passed theAortic opening

The

appeiidix auriculse is somewhat constricted at its junction with the auricle
longer, narrower, and more curved than that of the right side, and its margins
more deeply indented, presenting a kind of foliated appearance. Its direction is
forwards and towards the right side, overlapping the root of the pulmonary artery.
;

it is

In order to examine its interior, a horizontal incision should be made along the attached
border of the auricle to the ventricle and from the middle of this a second incision should be
carried upwards.
;

The following

parts then present themselves for examination

The openings of the four pulmonary veins.
Auriculo- ventricular opening.
Musculi pectinati.

:

—
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The pulTnonary veins^ four in number, open, two into the right and two into
The two left veins frequently terminate by a common
the left side of the auricle.
opening. They are not provided with valves. ^.
The auriciilo-ventricular opening is the large oval aperture of communication
between the auricle and ventricle. It is rather smaller than the corresponding
opening on the opposite side (see note, p. 832).
The musciiU pectinati are fewer in number and smaller than on the right side;
they are confined to the inner surface of the appendix.
On the inner surface of the septum auricularum may be seen a lunated
impression, bounded below by a crescentic ridge, the concavity of which is
turned upwards. The depression is just above the fossa ovalis in the right
aui'icle.

The Left Yentricle

is longer and more conical in shape than the right
forms a small part of the left side of the anterior surface of
the heart, and a considerable part of its posterior surface.
It also forms the
apex of the heart by its projection beyond the right ventricle. Its walls are
much thicker than those of the right side, the proportion being as 2 to 1
(Bizot).
They are also thickest in the broadest part of the ventricle, becoming
gradually thinner towards the base, and also towards the apex, which is the

ventricle.

It

thinnest part.
should be opened by making an incision thi-ough its anterior wall along the left
septum, and carrying it round the apex and along its posterior surface to
the auriculo-ventricular opening.
Its cavity

side of the ventricular

The

following parts present themselves for examination

^
Openings.
.

f
•{

'-

{

Auriculo-ventricular.
,.
Aortic.

-^j

.

(

-,

Valves.

.

Chordge tendineee.

:

-{

[
i

,

•

Mitral.
-t
kSemilunar.

o

.,Columnse carneae.

The auriculo-ventricnlar openinc] is placed to the left of the aortic orifice, in
the third intercostal space to the left of the sternum.
It is a little smaller than
the corresponding aperture of the opposite side and, like it, is broader in the
transverse than in the antero-posterior diameter.
It is surrounded by a dense
fibrous ring, covered by the lining membrane of the heart, and guarded by the
mitral valve.
The, aor^Jfc opening is a small, circular aperture, in front and to the right side
of the iuriculo-ventricular, from which it is separated by one of the segments
of the mitral valve.
Its orifice is guarded by the semilunar valves.
Its position
corresponds to the left half of the sternum, on a line with the lower border of
the third costal cartilage.
The mitral valve is attached to the circumference of the auriculo-ventricular
orifice in the same way that the tricuspid valve is on the opposite side.
It is
formed by a duplicature of the lining membrane, strengthened by fibrous tissue,
and contains a few muscular fibres. It is larger in size, thicker, and altogether
stronger than the tricuspid, and consists of two segments of unequal size. The
larger segment is placed in front, between the auriculo-ventricular and aortic
orifices, and is said to prevent the filling of the aorta during the distension of
the ventricle.
Two smaller segments are usually found at the angle of junction
of the larger.
The mitral valve-flaps are furnished with chordse tendineee, the
mode of attachment of which is precisely similar to that of those on the right
side
but they are thicker, stronger, and less numerous. The mitral valve lies in
the third intercostal space, about an inch from the left border of the sternum.
The semih.inar valves surround the orifice of the aorta two are posterior
(right and left) and one anterior they are similar in structure, and in their mode
of attachment, to those of the pulmonary artery.
They are, however, larger,
thicker, and stronger than those of the right side
the lunulas are more distinct,
and the corpora Arantii larger and more prominent. Between each valve and the
;

;

;

:

;
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cylinder of the aorta is a deep depression, the sinus aortici (sinuses of Valsalva)
they are larger than those at the root of the pulmonary artery. The aortic
valves lie close behind the left border of the sternum, close to the lower margin
of the third costal cartilage.
The columnse carnese admit of a subdivision into three sets, like those upon the
right side but they are smaller, more numerous, and present a dense interlacement, especially at the apex and upon the posterior wall. Those attached by
one extremity only, the miisculi papillares^ are two in number, being connected
one to the anterior the other to the posterior wall they are of large size, and
terminate by free rounded extremities, from which the chordee tendinese arise.
The Endocardium is a thin membrane which lines the internal surface of the
heart it assists in forming the valves by its reduplications, and is continuous
with the lining membrane of the great blood-vessels. It is a smooth, transparent membrane, giving to the inner surface of the heart its glistening appearance.
It is more opaque on the left than on the right side of the heart, thicker
in the auricles than in the ventricles, and thickest in the left anricle.
It is thin
on the musculi pectinati, and on the columnae carnese but thicker on the
smooth part of the auricular and ventricular walls, and on the tips of the
•

;

;

;

;

musculi papillares.

—

Structure.
The heart consists of muscular fibres, and of fibrous rings which
serve for their attachment.
The /?Z)?-o?/s ?'m(/s surround the auriculo-ventricular and arterial orifices: they
are stronger upon the left than on the right side of the heart.
The auriculoventricular rings serve for the attachment of the muscular fibres of the auricles
and ventricles, and also for the mitral and tricuspid valves the ring on the left
side is closely connected, by its right margin, with the aortic arterial ring.
Between these and the right auriculo-ventricular ring is a fibro-cartilaginous
mass and in some of the larger animals, as the ox and elephant, a nodule of
bone.
The fibrous rings surrounding the arterial orifices serve for the attachment of
the great vessels and semilunar valves. Each ring receives, by its ventricular
margin, the attachment of the muscular fibres of the ventricles
its opposite
margin presents three deep semicircular notches, within which the middle coat
of the artery (which presents three convex semicircular segments) is firmly
fixed the attachment of the artery to its fibrous ring being strengthened by the
thin cellular coat and serous membrane externally, and by the endocardium
within.
It is opposite the margins of these semicircular notches, in the arterial
rings, that the endocardium, by its reduplication, forms the semilunar valves,
the fibrous structure of the ring being continued into each of the segments of the
valve at this part. The middle coat of the artery in this situation is thin, and
the sides of the vessel are dilated to form the sinuses of Valsalva.
The muscular structure of the heart consists of bands of fibres, which present
an exceedingly intricate interlacement. They are of a deep red color, and
marked with transverse strige (p. 60).
The muscular fibres of the heart admit of a subdivision into two kinds, those
of the auricles and those of the ventricles, which are quite independent of one
another.
Fibres of the Auricles.
These are disposed in two layers a superficial layer
common to both cavities, and a deep layer proper to each. The superficial
fibres are more distinct on. the anterior surface of the auricles, across the bases
of which they run in a transverse direction, forming a thin but incomplete layer.
Some of these fibres pass into the septum auricularum. The internal or deep
The
fibres proper to each auricle consist of two sets, looped and annular fibres.
looped fibres pass upwards over each auricle, being attached by two extremities
The annuto the corresponding auriculo-ventricular rings, in front and behind.
lar fihres surround the whole extent of the appendices auricularum, and are continued upon the walls of the venae cavse and coronary sinus on the right side, and
;

;

;

;

—

—
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upon the pulmonary veins on the

left side, at their connection with the heart.
In the appendices they interlace with the longitudinal fibres.
The fibres of the ventricles are arranged in numerous layers, of which
Other anatomists have regarded them differently,
Pettigrew' describes seven.
and indeed there must be some uncertainty on the subject, for the layers are not
independent of each other, but their fibres are interlaced to a considerable extent.
And it has been observed that as Pettigrew's observations were made chiefly on
Yet as
the hearts of the lower animals, they may not apply exactly to man.
this description has been received by some of the best anatomists, and is supported by a large series of preparations, it seems best to adopt it.
The general result of these investigations may be very briefly stated as follows
In the left ventricle the fibres of the first or most external layer are continuous
with those of the seventh or most internal, those of the second with the sixth,
and those of the third with the fifth, while the fourth or central layer appears to
be single.
The general direction of the fibres of the external layer is nearly
the
vertical, but inclining somewhat from left to right as they run downwards
direction of the fibres of the internal layer is just the reverse, nearly vertical,
but running upwards from left to right those of the second layer run more
obliquely downwards from left to right, and those of the sixth with a corresponding obliquity in the reversed directions. The obliquity of the fibres of the
third layer is greater in fact, they approach the horizontal, as do those of the
fifth in the reversed direction, while the fibres of the fourth layer run pretty
nearly horizontal. The thickness of the layers increases from without inwards,
so that the fourth layer, which is the middle in order of sequence, lies nearer the
The fibres of the external
outer than the inner surface of the ventricular wall.
or superficial layer arise, as a rule, from the auriculo-ventricular rings and from
the fibrous rings surrounding the aorta, but a few of them are continued beneath
They curve round at the apex in a spiral,
the rings into the columns carnese.^
which forms the whorl or vortex, those from the anterior surface of the heart
curving round to enter the apex posteriorly, and vice versa. From the apex they
are traced up into the seventh layer, which is much thicker, and from which the
musculi papillares and columnee carneee are chiefly formed. The apex of the
heart is formed exclusively of the fibres of this first layer (or first and seventh),
And the successive layers
so that, when it is removed, the ventricle is opened.
terminate further and further from the apex, an arrangement which has led to
their fibres being described as shorter, which Pettigrew doubts, attributing the
:

;

;

;

shortness of the layers to the different direction of the fibres, not to any differSince the deeper layers do not descend
ence in length in the individual fibres.
to the apex, this is the thinnest part of the ventricle, measuring only one-eighth
of an inch in thickness even in the heart of an ox.
The fibres of the deeper layers are not connected with the auriculo-ventricular rings, but pass below them, each layer terminating a little below the more
superficial layer which wraps round it, though the difference in this respect is not
so great as in their depth towards the apex.
The fibres of the first layer pass across the

septum from one ventricle to the
an arrangement particularly well seen at the back of the heart, where
there is a set of transverse fibres, described by Pettigrew as the " hinge-like
fibres" of the back of the heart, and the three subjacent layers also take part in
the formation of both ventricles but when the fourth layer is removed, the two
The septum is
ventricles are entirely severed from each other posteriorly.
formed of the fibres of both ventricles applied to each other.
The general arrangement of the fibres of the right ventricle is the same as
that of the left, but the external fibres do not pass in to be continuous with the
other,

;

^

PMl. Trans. 1864.

" It is a great mistake to imagine that all the fibres of the ventricles arise from the auriculoventricular tendinous rings, the fact being that, with the exception of the fibres of the first and
seventh layers, they are continuous beneath them." Pettigrew, op. cit., p. 456, 7iote.
^

—
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—

tlie apex— but all along tlie anterior coronary groove.
internal at a single point
Its fibres are more delicate tlian those of the left, and it is regarded by Pettigrew as formed out of the left ventricle by a kind of reflection inwards of the
wall of the single cavity of which the ventricles consist at one period of foetal
He points out that the heart at that period may be suplife (see Introduction).
posed to be represented by an open tube formed of spiral fibres. If, now, a portion of this tube or cylinder were pushed down to meet the opposite wall, to
which the fibres of the reflected portion adhere, and with which they coalesce,
there would be formed an oft'set from the common ventricular cavity, formed
partly of common and partly of special fibres, as is the case in the heart.
At
this early period the outer layers are not formed, and the apex is still unclosed.
Their formation closes in the apex and completes the walls of the ventricles.
If this is the case the septum must be formed of two elements or sets of fibres,
one proper to the original single ventricle, and therefore in after life proper to
the left ventricle the other set formed from the reflected or reduplicated fibres
which now form the right ventricle.' To these of course the fibres which cross
over from one ventricle to the other may be added. Pettigrew regards the portion of the septum which belongs to the left ventricle as twice that which belongs
to the right.
For many interesting particulars with regard to the arrangement
of the fibres and the shape of the cavities the reader must be referred to the
original paper.
Vessels and Nerves.
The arteries supplying the heart are the left or anterior
and right or posterior coronary (p. 476).
Tlie veiJis accompany the arteries, and terminate in the right auricle.
They
are the great cardiac vein, the small or anterior cardiac veins, and the vense
cordis minimse [vense Thehesii) (p. 594).
The lymphatics terminate in the thoracic and right lymphatic ducts.
The nerves are derived from the cardiac plexuses, which are formed partly
from the cranial nerves and partly from the sympathetic. They are freely distributed both on the surface and in the substance of the heart, the separate filaments being furnished with small ganglia.^
;

—

Peculiarities in the Vascular System of the Fcetus.

The chief peculiarities in the heart of the foetus are the direct communication
between the two auricles through the foramen ovale, and the large size of the
Eustachian valve. There are also several minor peculiarities. Thus, the position of the heart is vertical until the fourth month, when it commences to assume
an oblique direction. Its size is also very considerable as compared with the
body, the proportion at the second month being 1 to 50 at birth it is as 1 to
120, whilst in the adult the average is about 1 to 160. At an early period of
:

the auricular portion of the heart is larger than the ventricular, the
right auricle being more capacious than the left but towards birth the ventricular portion becomes the larger.
The thickness of both ventricles is, at first,
about equal, but towards birth the left becomes much the thicker of the two.
The /oramen ovale is situated at the lower and back part of the septum auricularum, forming a communication between the auricles. It attains its greatest
size at the sixth month.
foetal life

;

^ If the general idea of this is not at once obvious, it will become so
by taking a roll of paper,
calling one side of it the posterior and the other the anterior, and bending it at tlie right side of
its middle till the anterior touches the posterior surface.
The larger part to the left of the middle line represents the left ventricle, the smaller the right, and the double fold in the middle the
septum then, if the reflected parts where they touch are gummed to each other, this will rep;

resent the coalescence of the septum with the outer wall, whereby the right ventricle becomes a
separate tube from the left. The lower openings of these two tubes are closed in by the growth
of the external layers.
' For full and accurate descriptions of the nerves and ganglia of the heart, the student is
referred to Dr. R. Lee's papers on the subject.
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The Eustachian valve is developed from the anterior border of the inferior
vena cava at its entrance into the auricle. It is directed upwards on the left side
of the opening of this vein, and serves to direct the blood from the inferior vena
cava through the foramen ovale into the left auricle.
The peculiarities in the arterial system of the foetus are the communication
between the pulmonary artery and descending part of the arch of the aorta, by
means of the ductus arteriosus, and the communication between the internal iliac
arteries and the placenta, by means of the umbilical arteries.
The ductus arteriosus is a short tube, about half an inch in length at birth,
and of the diameter of a goose-quill. In the early condition it forms the continuation of the pulmonary artery, and opens into the arch of the aorta, just
below the origin of the left subclavian artery and so conducts the chief part of
When the branches
the blood from the right ventricle into the descending aorta.
of the pulmonary artery have become larger relatively to the ductus arteriosus,
the latter is chiefly connected to the left pulmonary artery and the fibrous cord,
which is all that remains of the ductus arteriosus in later life, will be found to
be attached to the root of that vessel.
The umbilical or hypogastric arteries arise from the internal iliacs, in addition
Ascending along the
to the branches given off from those vessels in the adult.
sides of the bladder to its fundus, they pass out of the abdomen at the umbilicus,
and are continued along the umbilical cord to the placenta, coiling round the
umbilical vein. They return to the placenta the blood which has circulated in
the system of the foetus.
The peculiarity in the venous system of the foetus is the communication established between the placenta and the liver and portal vein, through the umbilical
vein, and with the inferior vena cava by the ductus venosus.
;

;

Foetal

CiE,cuLATio]sr.

The arterial blood destined for the nutrition of the foetus is carried from the
placenta to the foetus, along the umbilical cord, by the umbilical vein.
The
umbilical vein enters the abdomen at the umbilicus, and passes upwards along the
free margin of the suspensory ligament of the liver to the under surface of that
organ, where it gives off two or three branches to the left lobe, one of which is
of large size
and others to the lobus quadratus and lobulus Spigelii. At the
transverse fissure it divides into two branches of these, the larger is joined by
the portal vein, and enters the right lobe the smaller branch continues onwards,
under the name of the ductus venosus, and joins the left hepatic vein at the point
of junction of that vessel with the inferior vena cava.
The blood, therefore,
which traverses the umbilical vein, reaches the inferior vena cava in three different
ways. The greater quantity circulates through the liver with the portal venous
blood, before entering the vena cava by the hepatic veins
some enters the liver
directly, and is also returned to the inferior cava by the hepatic veins
the smaller
quantity passes directly into the vena cava, by the junction of the ductus venosus
with the left hepatic vein.
In the inferior cava, the blood carried by the ductus venosus and hepatic veins
becomes mixed with that returning from the lower extremities and viscera of the
abdomen. It enters the right auricle, and, guided by the Eustachian valve, passes
through the foramen ovale into the left auricle, where it becomes mixed with a
small quantity of blood returned from the lungs by the pulmonary veins. From
the left auricle it passes into the left ventricle and from the left ventricle into
the aorta, by means of which it is distributed almost entirely to the head and
upper extremities, a small quantity being probably carried into the descendingaorta. From the head and upper extremities the blood is returned by the branches
of the superior vena cava to the right auricle, where it becomes mixed with a
small portion of the blood from the inferior cava. From the right auricle it
descends over the Eustachian valve into the right ventricle and from the right
;

:

;

;

:

;

;

;
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pulmonary artery. The lungs of the foetus being solid,
and almost impervious, only a small quantity of the blood of the pulmonary
artery is distributed to them, by the right and left pulmonary arteries, which is
returned by the pulmonary veins to the left auricle: the greater part passes through
the ductus arteriosus into the commencement of the descending aorta, where it
becomes mixed Avith a small quantity of blood transmitted by the left ventricle into
Along this vessel it descends to supply the lower extremities and visthe aorta.
ventricle passes into the

Fig.

500.— Plan

of tlie Fcetal Circulation.

Internal Iliac

Artery

In this plan the figured arrows represent the kind of blood, as well as the direction which
••> venous blood,
takes in the vessels.
Thus arterial blood is fiji-ured 3es>
mixed (arterial and venous) blood, 5g^»— •>•.

—

—

;

>»•—

it

>
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cera of the abdomen .and pelvis, the cliief portion being, however, conveyed by
the nmbihcal arteries to the placenta.
From the preceding account of the circulation of the blood in the foetus, it will
be seen
1. That the placenta serves the double purpose of a respiratory and nutritive
organ, receiving the venous blood from the foetus, and returning it again reoxygenated, and charged with additional nutritive material.
2. That nearly the whole of the blood of the umbilical vein traverses the liver
before entering the inferior cava hence the large size of this organ, especially
at an early period of foetal life.
3. That the right auricle is the point of meeting of a double current, the
blood in the inferior cava being guided by the Eustachian valve into the left
At an
auricle, whilst that in the superior cava descends into the right ventricle.
early period of foetal life it is highly probable that the two streams are quite distinct; for the inferior cava opens almost directly into the left auricle, and the
Eustachian valve would exclude the current along the vein from entering the
right ventricle.
At a later period, as the separation between the two auricles
becomes more distinct, it seems probable that some mixture of the two streams
:

;

must take

place.

The blood

carried from the placenta to the foetus by the umbilical vein,
mixed with the blood from the inferior cava, passes almost directly to the arch
of the aorta, and is distributed by the branches of that vessel to the head and
upper extremities: hence the large size and perfect development of those parts
4.

at birth.
5. The blood contained in the descending aorta, chiefly derived from that which
has already circulated through the head and limbs, together with a small quantity
from the left ventricle, is distributed to the lower extremities hence the small
size and imperfect development of these parts at birth.
:

Changes in the Yasculae System at Birth.
At birth, when respiration is established, an increased amount of blood from
the pulmonary artery passes through the lungs, which now perform their office as
respiratory organs, and, at the same time, the placental circulation is cut off.
The
foramen ovale becomes gradually closed in by about the tenth day after birth a
valvular fold rises up on the left side of its margin, and ultimately above its upper
part this valve becomes adherent to the margins of the foramen for the greater
part of its circumference, but above a valvular opening is left between the two
auricles, which sometimes remains persistent.
The ductus arteriosus begins to contract immediately after respiration is established, becomes completely closed from the fourth to the tenth day, and ultimately
degenerates into an impervious cord, which serves to connect the left pulmonary
artery to the concavity of the arch of the aorta.
Of the umbilical^ or hypogastric arteries^ the portion continued on to the bladder
from the trunk of the corresponding internal iliac remains pervious, as the
superior vesical artery and the part between the fundus of the bladder and the
umbilicus becomes obliterated between the second and fifth days after birth,
and projects into the peritoneal sac, so as to form the two fossee of the peritoneum, spoken of in the section on the Surgical Anatomy of Direct Inguinal
Hernia.
The uvi%hilical veins and ductus venosus become completely obliterated between
the second and fifth days after birth, and ultimately dwindle to fibrous cords the
former becoming the round ligament of the liver, the latter the fibrous cord, which,
in the adult, may be traced along the fissure of the ductus venosus.
;

:

;

;

—

Organs of Voice and Eespiration.
The Larynx.
the organ of voice, placed at the upper part of the air-passage.
THEIt Larynx
situated between the trachea and base of the tongue, at the upper and
is

is

fore part of the neck, where it forms a considerable projection in the middle line.
On either side of it lie the great vessels of the neck beliind, it forms part of the
boundary of the pharynx, and is covered by the mucous membrane lining that
;

cavity.

The larynx is narrow and cylindrical below, but broad above, where it presents
the form of a triangular box, flattened behind and at the sides, whilst in front it
is bounded by a prominent vertical ridge.
It is composed of cartilages, which
are connected together by ligaments and moved by numerous muscles the interior
is lined by mucous membrane, and supplied with vessels and nerves.
The Cartilages of the larynx are nine in number, three single and three
:

pairs

:

Two Arytenoid.
Two Cornicula Laryngis.
Two Cuneiform.

Thyroid,
Cricoid.
Epiglottis.

The Thyroid (^i^psoc;, a shield) is the largest cartilage of the larynx. It consists
of two lateral lamellas or ake, united at an acute angle in front, forming a vertical
projection in the middle line which is prominent
above, and called the 'pomum. Adavn. This
Fig. 501.— Side View of the Thyroid
projection is subcutaneous, more distinct in the
and Cricoid Cartilages.
male than in the female, and occasionally separated from the integument by a bursa mucosa.
Each lamella is quadrilateral in form. Its
outer siirface presents an oblique ridge, which
passes downwards and forwards from a tubercle,
situated near the root of the superior cornu.
This ridge gives attachment to the Sternothyroid and Thyro-hyoid muscles the portion
of cartilage included between it and the posterior
border, to part of the Inferior constrictor muscle.
The inner surface of each ala is smooth,
concave, and covered by mucous membrane above
and behind but in front, in the receding angle
formed by their junction, are attached the epiglottis, the true and false chordee vocales, the
Thyro-arytenoid, and Thyro-epiglottidean mus;

;

cles.

The upper border of the thyroid cartilage is
deeply notched in the middle line, immediately
above the pomum Adami, whilst on either side
This border gives attachit is slightly concave.
ment throughout its whole extent to the thyrohyoid membrane.

The

connected to the cricoid cartilage, in the median line, by the
crico-thyroid membrane and, on each side, by the Crico-thyroid muscle.
The posterior borders^ thick and rounded, terminate, above, in the superior
loiver border is

;

(842)

.
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cornua and, below, in the inferior cornua. The two superior cornua are long
and narrow, directed backwards, upwards, and inwards and terminate in a
The
conical extremity, which gives attachment to the thj^ro-hyoid ligament.
two inferior cornua are short and thick they pass forwards and inwards, and
present, on their inner surfaces, a small oval, articular facet for articulation with
The posterior border receives the insertion of
the side of the cricoid cartilage.
the Stylo-pharyngeus and Palato-pharyngeus muscles on each side.
;

;

;

The
from

Cricoid Cartilage

is

so called

resemblance to a signet
ring (xp/xos, a ring). It is smaller
but thicker and stronger than the
thyroid cartilage, and forms the
lower and back part of the cavity
its

of the larynx.

narrow, convex, affording attachment in front
and at the sides to the Crico-thyroid muscles, and, behind those, to
part of the Inferior constrictor.
Its jDosterior half is very broad,
both from side to side and from
Its anterior half is

Fie. 502.

-The Cartilages of the Larynx.
Posterior View.

EPSGLOTTIS

above downwards
it presents in
the middle line a vertical ridge for
the attachment of the longitudinal
fibres of the oesophagus
and on
either side a broad depression for
the Crico-arytEenoideus
posticus
muscle.
At the point of junction of the
two halves of the cartilage on
;

;

either side is a small, round elevation for articulation with the infe-

cornu of the thyroid cartilage.
lower border of the cricoid
cartilage is horizontal, and connected to the upper ring of the
rior

The

fibrous membrane.
Its upper border is directed obliquely upwards and backwards,
owing to the great depth of its posterior surface.
It gives attachment,
in front, to the crico-thyroid membrane
at the sides, to part of the

trachea

by

;

same membrane and

ARYTENOID
Surface
J^7is^7'£u>rb of
CRICO-AHyTilMOID

FOSTIGLE EI kATERAUS

Arytenoid Cart'i

A.rifoaZaLr fiujii-

to the lateral

Crico-arytenoid muscle behind, the
Airiic alar fa-cKt
for Irifer, Ooy*7iu
highest point of the upper border
of Thyroid C
is surmounted on each side by a
smooth oval surface, for articulation
with the arytenoid cartilage. Between the articular surfaces is a slight notch for the attachment of part of the
Arytgenoideus muscle.
The inner surface of the cricoid cartilage is smooth, and lined by mucous
;

membrane.

The Arytenoid Cartilages are so called from the resemblance they bear, when
approximated, to the mouth of a pitcher (api^Taiva, a pitcher). They are two in
number, and situated at the upper border of the cricoid cartilage at the back of
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the larynx.
Each cartilage is p^^ramidal in form, and presents for examination
three surfaces, a base, and an apex.
The posterior surface is triangular, smooth, concave, and lodges part of the
Arytenoid muscle.
The anterior surface^ somewhat convex and rough, gives attachment to the
Thyro-arytenoid muscle and to the false vocal cord.
The internal surface is narrow, smooth, and flattened, covered by mucous
membrane, and lies almost in apposition with the cartilage of the opposite
side.

The hcLse of each cartilage is broad,
articulation with the cricoid cartilage.

and presents a concave, smooth surface

Of

for

three angles the external is short,
rounded, and prominent, receiving the insertion of the posterior and lateral Cricoarytenoid muscles. The anterior angle, also prominent, but more pointed, gives
attachment to the true vocal cord.
The apex of each cartilage is pointed, curved backwards and inwards, and
surmounted by a small, conical-shaped, cartilaginous nodule, corniculum larynyis
(cartilage of Santorini).
This cartilage is sometimes united to the arytenoid,
and serves to prolong it backwards and iuAvards. To it is attached the arytenoepiglottidean fold.
The cuneiform cartilages (cartilages of Wrisberg) are two small, elongated,
cartilaginous bodies, placed one on each side, in the fold of mucous membrane,
which extends from the apex of the arytenoid cartilage to the side of the epiglottis [aryteno-epiglottidean fold) ; they give rise to small, whitish elevations
on the inner surface of the mucous membrane, just in front of the arytenoid
its

cartilages.

The

lamella of fibro-cartilage, of a yellowish color, shaped
and placed behind the tongue in front of the superior opening of the
larynx. During respiration its direction is vertically upwards, its free extremity
curving forwards towards the base of the tongue but when the larynx is drawn
up beneath the base of the tongue during deglutition, it is carried downwards
and backwards, so as to completely close the opening of the larynx. Its free
extremity is broad and rounded; its attached end is long and narrow, and connected to the receding angle between the two alse of the thyroid cartilage, just
below the median notch, by a long, narrow, ligamentous band, the thyro-epiglottic
ligament.
It is also connected to the posterior surface of the body of the hyoid
bone by an elast:c ligamentous band, the hyo- epiglottic ligament.
Its anterior or lingual surface is curved forwards towards the tongue, and covered at its upper part by mucous membrane, which is reflected on to the sides
and base of the organ, forming a median and two lateral folds, the glosso-epiglotepiglottis is a thin

like a leaf,

;

tidean ligaments.
Its posterior or laryngeal surface is smooth, concave from side to side, convex
from above downwards, and covered by mucous membrane; when this is removed
the surface of the cartilage is seen to be studded with a number of small mucous
glands, which are lodged in little pits upon its surface.
To its sides the aryteno-

epiglottidean folds are attached.
Structure.
The epiglottis, cuneiform cartilages, and cornicula laryngis are
composed of yellow fibro-cartilage, which shows little tendency to ossification;
but the other" cartilages resemble in structure the costal cartilages, becoming
more or less ossified in old age.
Ligaments. The ligaments of the larynx are extrinsic, i.e., those connecting
the thyroid cartilage with the os hyoides; and intrinsic, those which connect the
several cartilaginous segments to each other.
The ligaments connecting the thyroid cartilage with the os hyoides are three
in number
the thyro-hyoid membrane, and the two lateral thyro-hyoid ligaments.
The thyro-hyoid membrane is a broad, fibro-elastic, membranous layer, attached
below to the upper border of the thyroid cartilage, and above to the upper

—

—

—
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border of the inner surface of the hyoicl bone, being separated from the posterior
It is thicker in the middle line
surface of the hyoid bone by a synovial bursa.
than at either side, in which situation it is pierced by the superior laryngeal
vessels and nerve.
The two lateral thyro-hyoid liyaments are rounded, elastic cords, which pass
between the superior cornua of the thyroid cartilage and extremities of the
small cartilaginous nodule (cartilago tritigreater cornua of the hyoid bone.
cea), sometimes bony, is found in each.
The ligaments connecting the thyroid cartilage to the cricoid are also three in
number the crico-thyroid membrane, and the capsular ligaments and synovial

A

—

membranes.

The crico-thyroid membrane is composed mainly of yellow elastic tissue. It is
of triangular shape thick in front, where it connects together the contiguous
margins of the thyroid and cricoid cartilages thinner at each side, where it
extends from the superior border of the cricoid cartilage to the inferior margin
of the true vocal cords, with which it is closely united in front.
The anterior portion of the crico-thyroid membrane is convex, concealed on
each side by the Crico-thyroid muscle, subcutaneous in the middle line, and
crossed horizontally by a small anastomotic arterial arch, formed by the junction
of the two crico-thyroid arteries.
The lateral portions are lined internally by mucous membrane, and covered
by the lateral Crico-arytenoid and Thyro-arytenoid muscles.
capsular ligament incloses the articulation of the inferior cornu of the
thj^roid with the cricoid cartilage on each side.
The articulation is lined by
synovial membrane.
The ligaments connecting the arytenoid cartilages to the cricoid are two thin
and loose capsular ligaments connecting together the articulating surfaces, lined
internally by synovial membrane, and strengthened behind by a strong posterior
crico-arytenoid ligament, which extends from the cricoid to the inner and back
part of the base of the arytenoid cartilage.
The ligaments of the epiglottis are the hyo-epiglottic and thyro-epiglottic, and
the three glosso-epiglottic folds
of mucous membrane which
The Larynx and Adjacent Parts,
pig-_ 503.
connect the epiglottis to the sides
seen from above.
and base of the tongue. The
Arytenoid cart
•Icttiiil^
latter have been already de;

;

A

—

scribed.

The

hyo-epiglottic ligament is

an elastic fibrous band, which
extends from the anterior surface of the epiglottis, near its
apex, to the posterior surface
of the body of the hyoid bone.

The
is

thyro-epiglottic

ligam,ent

a long, slender, elastic

cord,

which connects the apex of the
epiglottis with the
receding
angle of the thyroid

cartilage

immediately beneath the median
notch, above the attachment of
the vocal cords.

—

Interior of the Larynx.
The
superior aperture of the la^rynx
(Fig. 503) is a triangular or cordiform opening, wide in front, narrow behind, and
sloping obliquely downwards and backwards.
It is bounded in front by the epiglottis behind, by the apices of the arytenoid cartilages and the cornicula laryngis
and laterally, by a fold of mucous membrane, inclosing ligamentous and muscular
;

;

ORGANS OF VOICE AND RESPIRATION,

846

stretcUcd between the sides of the epiglottis and the apex of the arytenoid
cartiLages: these are the aryteno-epiglottidean folds, on the margins of which
the cuneiform cartilages form a more or less distinct whitish prominence.
fibres,

The cavity of the larynx extends from the aperture behind the epiglottis to the
lower border of the cricoid cartilage. It is divided into two parts by the projection inwards of the vocal cords, and the Thyro-arytenoid muscles between
tbe two cords is a long and narrow triangular fissure or chink, the glottis^ or rima
ylottidis.
The portion of the cavity of the larynx above the glottis is broad and
triangular in shape above, and corresponds to the interval between the alas of the
thyroid cartilage the portion below the glottis is at first of an elliptical, and
lower down of a circular form.
The (jlottts [rima glottidis) is the interval between the inferior or true vocal
cords.
The two superior or false vocal cords are placed above the latter, and are
formed almost entirely by a folding inwards of the mucous membrane Avhilst
the two inferior or true vocal cords are thick, strong, and formed of yellow elastic
fibrous tissue, covered by mucous membrane, which is very thin, and closely
adherent to the tissue beneath. Between the true and false vocal cords, on each
side, is an oval depression, the sinus, or ventricle of the larynx^ which leads
upwards, on the outer side of the superior
vocal cord, into a csecal pouch of variable
Fig. 504.
Vertical Section of the Larynx
;

;

;

—

and Upper Part of the Trachea.

the sacculus laryngis.
glottidis is the narrow fissure or
chink between the inferior or true vocal cords.
It is the -narrowest part of the cavity of the
larynx, and corresponds to the lower level of
the arytenoid cartilages. Its length, in the
male, measures rather less than an inch, its
breadth, when dilated, varying at its widest
part from a third to half an inch.
In the
female these measurements are less by two
Marjtennl
or three lines.
The form of the glottis
In its half-closed condition it is a
varies.
narrow fissure, a little enlarged and rounded
behind. In quiet breathing it is widely open,
somewhat triangular, the base of the triangle
directed backwards, and corresponding to the
space between the separated arytenoid cartilages.
In forcible expiration it is smaller
than during inspiration.
When sound is
produced it is more narrowed, the margins of
the arytenoid cartilages being brought into
contact, and the edges of the vocal cords
approximated and made parallel, the degree
of approximation and tension corresponding
to the height of the note produced.^
The superior or false vocal coo-ds, so
called because they are not directly concerned in the production of the voice, are two folds of mucous membrane,
inclosing a delicate, narrow, fibrous band, the superior thyro-arytenoid ligament.
This ligament consists of a thin band of elastic tissue, attached in front to the
angle of the thyroid cartilage below the epiglottis, and behind to the anterior
surface of the arytenoid cartilage.
The lower border of this ligament, inclosed
in mucous membrane, forms a free crescentic margin, wLich constitutes the upper
boundary of the ventricle of the larynx.
The inferior or true vocal cords, so called from their being concerned in the prosize,

The rima

^

On

the shape of the

glottis,

"Czermak on the Laryngoscope,"

in the vai'ious conditions of breathing
translated for the Ifew Sydenham Society.

and speaking, see

;
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duction of sound, are two strong RhTOiishM'ids(mferiorthyro-arytenoidIt(jame7its\
covered on their surface by a thin layer of mucous membrane. Bach ligament
consists of a band of yellow elastic tissue, attached in front to the depression
between the two alas of the thyroid cartilage, and behind to the anterior angle of
the base of the arytenoid. Its lower border is continuous with the thin lateral
Its upper border forms the lower boundary
part of the crico-thyroid membrane.
Externally, the Thyro-arytsenoideus muscle lies
of the ventricle of the larynx.
parallel with it.
It is covered internally by mucous membrane, which is extremely
thin, and closely adherent to its surface.
The ventricle of the lary7ix is an oblong fossa, situated between the superior and
This
inferior vocal cords on each side, and extending nearly their entire length.
fossa is bounded above by the free crescentic edge of the superior vocal cord
below by the straight margin of the true vocal cord externally by the corresponding Thyro-arytsenoideus muscle. The anterior part of the ventricle leads up
by a narrow opening into a csecal pouch of mucous membrane of variable size,
called the laryngeal pouch.
The saccnlus larynyis^ or laryngeal pouch, is a membranous sac, placed between
the superior vocal cord and the inner.surface of the thyroid cartilage, occasionally
extending as far as its upper border it is conical in form, and curved slightly
backwards, like a Phrygian cap. On the surface of its mucous membrane are the
openings of sixty or seventy small follicular glands, which are lodged in the submucous areolar tissue. This sac is inclosed in a fibrous capsule, continuous below
with the superior thyro-arytenoid ligament its laryngeal surface is covered by
the Aryt^no-epiglottideus inferior muscle {Compressor sacculi laryngis^ Hilton);
whilst its exterior is covered by the Thyro-epiglottideus muscle.
These muscles
compress the sacculus laryngis, and discharge the secretion it contains upon the
chordte vocales, the surfaces of which it is intended to lubricate.
Muscles. -The intrinsic muscles of the larynx are eight in number five of
which are the muscles of the chordc© vocales and rima glottidis three are connected with the epiglottis.
The five muscles of the chordge vocales and rima glottidis are, the
;

;

:

—

;

;

Crico-thyroid.
Crico-arytaanoideus posticus.
Crico-arytsenoideus lateralis.

Arytasnoideus.
Thyro-aryta?noideus.

The Crico-thyroid is triangular in form, and situated at the fore part and side
It arises from the front and lateral part of the cricoid
of the cricoid cartilage.
cartilage its fibres diverge, passing obliquely upwards and outwards, to be inserted
into the lower border of the thyroid cartilage, and into the anterior border of the
lower cornua.
The inner borders of these two muscles are separated in the middle line by a
triangular interval, occupied by the crico-thyroid membrane.
The Crico-arytsenoide us posticus arises from the broad depression occupying each
its fibres pass upwards
lateral half of the posterior surface of the cricoid cartilage
and outwards, converging to be inserted into the outer angle of the base of the
arytenoid cartilage. The upper fibres are nearly horizontal, the middle oblique,
and the lower almost vertical.'
The Grico-arytsenoideus lateralis is smaller than the preceding, and of an oblong
form.
It arises from the upper border of the side of the cricoid cartilage, and,
;

;

Dr. Merkel of Leipsic has described a muscular slip which occasionally extends between the
outer border of the posterior surface of the cricoid cartilage and the posterior margin of the
It is not found in
inferior cornu of the thyroid
this lie calls the '' Musculus kerato-cricoideus."
every larynx, and when present exists usually only on one side, but is occasionally found on both
sides.
Mr. Turner {Edinburgh Medical Journal, Feb., 1860) states that it is found in about one
case in five.
Its action is to fix the lower horn of the thyroid cartilage backwards and downwards, opposing in some measure the part of the Orico-thyroid muscle which is connected to the
anterior margin of the horn.
'

;

;
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passing obliquely upwards and backwards, is inserted into the outer angle of the
base of the arytenoid cartilage, in front of the preceding muscle.
The Arytsenoideus is a single muscle, filling up the posterior concave surface
of the arytenoid cartilages.
It arises
Muscles of Larynx. Side View
Fig. 505.
from the posterior surface and outer borRight Ala of Thyroid Cartilage removed.
der of one arytenoid cartilage, and is inserted into the corresponding parts of
It consists of
the opposite cartilage.
three planes of fibres, two oblique and
one transverse. The oblique fibres^ the

—

most

superficial,

form two

fasciculi,

which

pass from the base of one cartilage to the
apex of the opposite one. The transverse
fibres^ the deepest and most numerous,
pass transversely across between the two
cartilages
hence the Arytsenoideus was
formerly considered as several muscles,
under the name of transversi and ohliqui.
few of the oblique fibres are occasionally continued round the outer margin
of the cartilage, and blend with the
Thyro-arytenoid or the Aryteeno-epiglottideus muscle.
The Thyro-arytsenoideus is a broad, flat
muscle, wdiich lies parallel with the
outer side of the true vocal cord. It
arises in front from the lower half of the
receding angle of the thyroid cartilage,
and from the crico-thyroid membrane.
Its fibres pass horizontally backwards and
outwards, to be inserted into the base
and anterior surface of the arytenoid
cartilage.
This muscle consists of two
I'asciculi.
The inferior^ the thicker, is inserted into the anterior angle of the base
of the arytenoid cartilage, and into the
adjacent portion of its anterior surface
it lies parallel with the true vocal cord, to
which it is occasionally adherent. The
superior fasciculus, the tb inner, is inserted
into the anterior surface and outer border of the arytenoid cartilage above the
preceding fibres; it lies on the outer
side of the sacculus laryngis, immediately
;

A

Ar^Cct^af facet
faTJhferior Cornu, of

THyrotd, Cart^t

Fig 506.

—Interior of the Larynx, seen from
above.

(Enlarged.)

beneath its mucous lining.
The muscles of the epiglottis

are,

the

Thyro-epiglottideus.
Arytteno-epiglottideus superior.
Arytaeno-epiglottideus inferior.

The

Thyro-epiylottideus

fasciculus,

which

arises

is

a delicate

from the inner sur-

face of the thyroid cartilage, just external
the origin of the Thyro-arytenoid

to

surface of the sacculus laryngis

muscle, and spreading out upon the outer
its fibres are lost in the aryleno-epi-

some of
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glottideaii fold, whilst others are continued forwards to the

margin of the

epi-

glottis (^Depressor epigloiiidis).

The

Arytseno-epiglottideus superior consists of a few delicate muscular fasciculi,

which arise from the apex of the arytenoid cartilages, and become lost in the fold
of mucous membrane extending between the arytenoid cartilage and side of the
epiglottis {aryteno-epiglottidean folds).

The

Arytseno-epiglottideus inferior {^Compressor sacculi laryngis^ Hilton) arises
cartilage, just above the attachment of the superior vocal
cord passing forwards and upwards, it spreads out upon the inner and upper
This muscle is separated from the preceding by an indispart of the epiglottis.
tinct areolar interval.^
Actions.
In considering the action of the muscles of the larynx, they may be
conveniently divided into two groups, viz.: 1. Those which open and close the
glottis.
2. Those which regulate the degree of tension of the vocal cords.
and
1. The muscles which open the glottis are the Crico-arytgenoidei postici
those which close it are the Arytsenoideus and the Crico-aryta^noidei laterales. 2.
The muscles which regulate the tension of the vocal cords are the Crico-thyand the Thyro-arj^taenoidei, which
roidei, which tense and elongate them
The Thyro-epiglottideus is a depressor of the epiglottis,
relax and shorten them.
and the Aryteeno-epiglottidei constrict the superior aperture of the larynx, com-

from the arytenoid
;

—

;

;

press the sacculi laryngis, and

empty them of

their contents.

The Orico-arytcenoidei postiai separate the chordee vocales, and, consequently, open the glottis,
by rotating the base of the arytenoid cartilages outwards and backwards so that their anterior
angles and the ligaments attached to them become widely separated, the vocal cords, at the same
;

time, being made tense.
The Grieo-arytmiioidei laterales close the glottis, by rotating the base of the arytenoid cartilages inwards, so as to approximate their anterior angles.
The Arytmnoideus muscle approximates the arytenoid cartilages, and thus closes the opening of
the glottis, especially at its back part.
The Crico-thyroid muscles produce tension and elongation of the vocal cords, by drawing down
the thyroid cartilage over the cricoid.
The Thyro-arytcenoidei muscles draw the arytenoid cartilages, together with the part of the
cricoid to which they are connected, forwards towards the thyroid, and thus shorten and relax
the vocal cords.
The Thyro-epiglottidei depress the epiglottis, and assist in compressing the sacculi laryngis.
The Aryteeno-epiglottideus superior constricts the superior aperture of the larynx, when it is
drawn upwards, during deglutition, and the opening closed by the epiglottis. The Aryttenoepiglottideus inferior, together with some fibres of the Thyro-arytfenoidei, compress the sacculus
laryngis.

The Mucous Membrane of the larynx is continuous above with that lining the
mouth and pharynx, and is prolonged through the trachea and bronchi into the
and upper part of the anterior surface of the epiand forms the aryteno-epiglottidean folds
which encircle the superior aperture of the larynx. It lines the whole of the
cavity of the larynx forms, by its reduplication, the chief part of the superior,
or false, vocal cord and, from the ventricle, is continued into the sacculus laryngis.
It is then reflected over the true vocal cords, where it is thin, and very
intimately adherent covers the inner surface of the crico-thyroid membrane and
cricoid cartilage and is ultimately continuous with the lining membrane of the
trachea.
It is covered with columnar ciliated epithelium below the superior
vocal cord; but above this point the cilia are found only in front, as high as the
middle of the epiglottis. In the rest of its extent the epithelium is of the

lungs.

It lines the posterior

glottis, to

which

closely adherent,

it is

;

;

;

;

squamous

variety.

^ Mttscultjs triticeo-glosstjs.
Bochdalek, jun. {Prager Vierteljahrschrift., 2d Part, 1866),
describes a muscle hitherto entirely overlooked, except a brief statement in Henle's "Anatomy,"
which arises from the nodule of cartilage (corpus triticeum) in the posterior thyro-hyoid hgament, and passes forwards and upwards to enter the tongue along witli the Kerato-glossus muscle.
He met with this muscle eight times in twenty-two subjects. It occurred in both sexes,
sometimes on both sides, at others on one only.

54
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Glands. The mucous membrane of the larynx is furnished witli numerous
muciparous glands, the orifices pf which, are found in nearly every part they
are very numerous upon the epiglottis, being lodged in little pits in its substance
they are also found in large numbers along the posterior margin of the arytenoepiglottidean fold, in front of the arytenoid cartilages, where they are termed
;

;

They exist also in large numbers upon the inner surface
the arytenoid (jlands.
None are found on the vocal cords.
of the sacGulus laryngis.
Vessels and Nerves. The arteries of the larynx are the laryngeal branches
derived from the superior and inferior thyroid. The veins empty themselves
The lymphatics terminate
into the superior middle and inferior thyroid veins.
The nerves are the superior- laryngeal, and the infein the deep cervical glands.
rior or recurrent laryngeal branches of the pneumogastric nerves, joined by filaments from the sympathetic. The superior laryngeal nerves supply the mucous
membrane of the larynx and the Orico-thyroid muscles. The inferior laryngeal
nerves supply the remaining muscles. The Arytenoid muscle is supplied by
both nerves.

—

The Trachea.
The

(Fig. 507.)

is a cartilaginous and membranous cylindrical tube,
which extends from the lower part of the larynx, on a level
with the fifth cervical vertebra, to opposite the third dorsal, where it divides into
the two bronchi, one for each lung.
The trachea measures about four inches and
its diameter, from side to side, is from three-quarters of an inch
a half in length
to an inch, being always greater in the male than in the female.
The anterior surface of the trachea is convex, and covered in the
Relations.
neck^ from above downwards, by the isthmus of the thyroid gland, the inferior
thyroid veins, the arteria thyroidea ima (when that vessel exists), the Sternohyoid and Sterno-thyroid muscles, the cervical fascia (in the interval between
those muscles), and, more superficially, by the anastomosing branches between
the anterior jugular veins in the thorax it is covered from before backwards by
the first piece of the sternum, the remains of the thymus gland, the arch of the
aorta, the innominate and left carotid arteries, and the deep cardiac plexus.
It
lies upon the oesophagus, which is directed to the left near the arch of the aorta

trachea, or air-tube,

flattened posteriorly,

;

—

;

with the common carotid arteries, the lateral
lobes of the thyroid gland, the inferior thyroid arteries, and recurrent laryngeal
nerves and, in the thorax^ it lies in the interspace between the pleurae, having
the pneumogastric nerve on each side of it.
The Might Bronchus.^ wider, shorter, and more horizontal in direction than the
left, is about an inch in length, and enters the right lung, opposite the fourth
dorsal vertebra.
The vena azygos arches over it, from behind and the right
pulmonary artery lies below, and then in front of it.
The Left Bronchus is smaller, more oblique, and longer than the right, being
nearly two inches in length. It enters the root of the left lung, opposite the
fifth dorsal vertebra, about an inch lower than the right bronchus.
It crosses,
in front of the oesophagus, the thoracic duct and the descending aorta passes
beneath the arch of the aorta, and has the left pulmonary artery lying at first
above, and then in front of it.
If a transverse section is made across the trachea,
a short distance above its point of bifurcation, and a bird's-eye view taken of its
interior (Fig. 508), the septum placed at the bottom of the trachea and separating the two bronchi will be seen to occupy the left of the median line, as was
first shown by Mr. Goodall, of Dublin, so that any solid body dropping into the
trachea would naturally be directed towards the right bronchus, and this tendency is undoubtedly aided by the large size of this tube as compared with its
fellow.
This fact serves to explain why a foreign substance in the trachea generally falls into the right bronchus.
The trachea is composed of imperfect cartilaginous rings, fibrous membrane,
muscular fibres, longitudinal j^ellow elastic fibres, mucous membrane, and glands.
laterally, in the neck^ it is in relation

;

;

;

;
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from sixteen to twenty in number: eacli forms an imperwhicli surrounds about two-tliirds of the cylinder of the trachea,
being imperfect behind, where the tube is completed by fibrous membrane. The
cartilages are placed horizontally above each other, separated by narrow membranous intervals. They measure about two lines in depth and half a line in
thickness.
Their outer surfaces are fliattened, but internally they are convex,
from being thicker in the middle than at the margins. The cartilages are
inclosed in an elastic fibrous membrane, which forms a double layer one layer,
the thicker of the two, passing over the outer surface of the ring, the other over

The

fect

Cartilages vary

ring,

;

Fig. 507.

—Front View of Cartilages of

Larynx

:

the Trachea and Bronchi.

Superior

Comit

the inner surface at the upper and lower margins of the cartilages these two
layers blend together to form a single membrane, which connects the rings one
with another. They are thus, as it were, imbedded in the membrane. In the
space behind, between the extremities of the rings, the membrane forms a single
distinct layer.
The peculiar cartilages are the first and the last.
^h.Q first cartilage is broader than the rest, and sometimes divided at one end
it is connected by fibrous membrane with the lower border of the cricoid cartilage, with which, or with the succeeding cartilage, it is sometimes blended.
:
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The last cartilage is thick and broad in the middle, in consequence of its lower
border being prolonged into a triangular, hook-shaped process, which curves
downwards and backwards between the two bronchi. It terminates on each side
in an imperfect ring, which incloses the commencement of the bronchi.
The
cartilage above the last is somevvhat broader than the rest at its centre.
Two
or more of the cartilages often unite, partially or completely, and are sometimes
bifurcated at their extremities.
They are highly elastic, and seldom ossify, even
in advanced life.
In the right bronchus the cartilages vary in number from six
to eight in the left, from nine to twelve.
They are shorter and narrower than
;

those of the trachea.
The Muscular Fibres are disposed in two layers, longitudinal and transverse.
The longitudinal fibres are the most
Jig. 508.— Transverse Section of the Trachea,
external, and arise by minute tendons
just above its Bifurcation, with a bircVs-eye
view ot the interior.

fibrous

^,^=^^

x^7?A

f^.^^ ^he inner surfaces of the ends of
,i
in
,i
^
i
i
J_^
the tracheal cartilages, and trom the

membrane.

The transverse fibres (Trachealis muscle, Todd and Bowman), the most interform a thin layer, which extends
transversely between the ends of the
cartilages and the intervals between
them at the posterior part of the trachea.
The muscular fibres are of the
unstriped variety.
The elastic fibres form a complete lining to the entire cylinder of the trachea,
beneath the mucous membrane they are most abundant at the posterior part of
the tube between the extremities of the rings, where they are collected into
distinct longitudinal bundles, and are especially numerous about the bifurcation
of the trachea.
They may be traced downwards as a continuous membrane to
the ultimate ramifications of the bronchial tubes.
The Mucous Membrane contains a large amount of lymphoid tissue. It presents a well-marked basement membrane, supporting several layers of epithelial
cells, the superficial layer being columnar ciliated.
It is continuous above with
that of the larynx, and below with that of the lungs.
The Tracheal Glands are found in great abundance at the posterior part of
the trachea. They are small, flattened, ovoid bodies, placed upon the outer surface of the fibrous layer, each furnished with an excretory duct, which pierces
the fibrous and muscular layers, and opens on the surface of the mucous membrane.
Some glands of smaller size are also found at the sides of the trachea,
between the layers of fibrous tissue connecting the rings, and others immediately
beneath the mucous coat. The secretion from these glands serves to lubricate
the inner surface of the trachea.
Vessels and Nerves.
The trachea is supplied with blood by the inferior
thyroid arteries. The vei?is terminate in the thyroid venous plexus. The nerves
are derived from the pneumogastric and its recurrent branches, and from the
nal,

:

—

sympathetic.

—

Surgical Anatomy.
The air-passage may be opened in three different situations: through the
crico-thyroid membrane [laryngotomy)., through the cricoid cartilage and upper ring of the
tracliea (laryngo-tracheotomy), or through the trachea below the isthmus of the thyroid gland
{traeh.eotomy').
The student should, therefore, carefully consider the relative anatomy of the
air-tube in each of these situations.
Beneath the integument of the laryngo-tracheal region, on either side of the median line, are
the two anterior jugular veins. Their size and position vary; there is nearly always one, and
frequently two at the lower part of the neck they diverge, passing beneath the Sterno-mastoid
These veins
muscles, and are frequently connected by a transverse communicating branch.
should, if possible, always be avoided in any operation on the larynx or trachea.
If cut through,
considerable hemorrhage occurs.
Beneath the cervical fascia are the Sterno-hyoid and Sterno-thyroid muscles, the contiguous
edges of the former being near the median line; and beneath these muscles the following parts
;
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are met with from above downwards: the thyroid cartilage, the crico-thyroid
cricoid cartilage, and the trachea, crossed by the isthmus of the thyroid gland.

membrane, the

space is very superficial, and may be easily felt beneath the skin as a
about an inch below the pomum Adami it is crossed transversely by a small
arterj^, the crico-thyroid, the division of which is seldom accompanied by any troublesome
hemorrhage.
The isthmus of the thja'oid gland usually crosses the second and third rings of the trachea;
above it is found a large transverse communicating branch between the superior thyroid veins,
and the isthmus is covered by a venous plexus, formed between the thyroid veins of opposite
sides.
On the sides of the thyroid gland, and below it, the veins converge to a single median
vessel, or to two trunks which descend along the median line of the front of the trachea, to
open into the innominate veins by valved orifices. In the infant the thymus gland ascends a
variable distance along the front of the trachea and the innominate artery crosses the tube
obhquely at the root of the neck from left to right. The arteria thjn-oidea ima, when that vessel
exists, passes from below upwards, along the front of the trachea.
The upper part of the trachea
lies comparatively superficial
but the lower part passes obliquely downwards and backwards,
so as to be deeply placed between the converging Sterno-mastoid muscles.
In the child the
trachea is smaller, more deeply placed, and more movable than in the adult. In fat or shortnecked people, or in those in whom the muscles of the neck are prominently developed, the
trachea is more deeply placed than in the opposite conditions.

The

crico-tljyroid

depression,

;

:

;

Fig. 509.

-Surgical

Anatomy

of Laryngo-Tracheal Region.
In the Infant.

Thyror'cl Cartilage

OrlaO'thyroid
S&

Jiii^TnbTa7i£

Artery

Cricoid

Ca^Ua^c

"From these observations it must be evident that laryngotomy is anatomically the most simple
operation, can most readily be performed, and should always be preferred, when particular circumstances do not render the operation of tracheotomy absolutely necessary. The operation is
performed thus The head being thrown back and steadied by an assistant, the finger is passed
vertical incision is then
over the front of the neck, and the crico-thyroid depression felt for.
made through the skin in the middle line over this spot, and the crico-thyroid membrane is divided
to a suflficient extent to allow of the introduction of a large curved tube. The crico-thyroid artery
If it should be of large size, its division
is the only vessel of importance crossing this space.
:

A

might produce troublesome hemorrhage.
Laryngo-tracheotomy, anatomically considered, is more dangerous than tracheotomy, on
account of the small interspace between the cricoid cartilage and the isthmus of the thyroid
gland: the communicating branches between the superior thyroid veins, which cover this spot,
can hardly fail to be divided and the greatest care will not, in some cases, prevent the division
If either of these structures is divided, the hemorrhage may
of part of the thyroid isthmus.
be considerable.
Tracheotomy below the isthmus of the thyroid gland is performed thus The head being thrown
back and steadied by an assistant, an incision, an inch and a half or two inches in length, is made
through the skin, in the median line of the neck, from a little below the cricoid cartilage to the
top of the sternum. The anterior jugular veins should be avoided by keeping exactly in the
median line; the deep fascia should then be divided, and the contiguous borders of the Sterno;

:
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A

quantity of loose areolar tissue, containing the
thyroid muscles separated from each other.
inferior thyroid veins, must then he separated from the front of the trachea with the liandle of
the scalpel and when the trachea is well exposed, it should be opened by inserting the knife
It is a matter of the greatest
into it, dividing two or three of its i-ings from below upwards.
importance to restrain, if possible, all liemorrhage before the tube is opened otherwise, blood
may pass into the trachea, and suffocate the patient.
;

;

The Pleura,
Each lung is invested, upon its external surface, by an exceedingly delicate
serous membrane, the pleura^ which incloses the organ as far as its root, and is
then reflected upon the inner surface of the thorax. The portion of the serous
membrane investing the surface of the lung is called the -pleura ^ulmonalis (visceral layer of pleura), while that which lines the inner surface of the chest is
The interspace or cavity
called the pleura costalis (parietal layer of pleura).
between these two layers is called the cavity of the pleura. Each pleura is therefore a shut sac, one occupying the right, the other the left half of the thorax;
and they are perfectly separate, not communicating with each other. The two
Fig. 510.

— A Transverse Section of the Thorax,

showing the relative Position of the Viscera
and the Reflections of the Pleurae.
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pleurae do not meet in the middle line of the chest, excepting at one point in
front; an interspace being left between them, which contains all the viscera of the
thorax excepting the lungs this is the mediastinum.
:

—

Commencing at the sternum, the pleura
passes outwards, covers the costal cartilages, the inner surface of the ribs and Intercostal muscles, and at the back part of the thorax passes over the thoracic ganglia
and their branches, and is reflected upon the sides of the bodies of the vertebrae,
where it is separated by a narrow interspace from the opposite pleura, the posterior
mediastinum. From the vertebral column the pleura passes to the side of the
pericardium, which it covers to a slight extent it then covers the back part of
the root of the lung, from the lower border of which a triangular fold descends
vertically by the side of the posterior mediastinum to the Diaphragm.
This fold
Reflections of the

Pleura (Fig. 510).

:
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the broad ligament of the lung, the ligamentum latum pulmonis^ and serves to
From the root^ the pleura may
retain the lower part of that organ in position.
be traced over the convex surface of the lung, the summit and base, and also over
the sides of the fissures between the lobes. It covers its anterior surface and the
front part of its root, and is reflected upon the side of the pericardium to the inner
Below, it covers the under surface of the Diaphragm.
surface of the sternum.
Above, its apex projects, in the form of a cul-de-sac, through the superior opening
of the thorax into the neck, extending about an inch above the margin of the
this sac is strengthfirst rib, and receives the summit of the corresponding lung
ened, according to Dr. Sibson, by a dome-like expansion of fascia, derived from
the lower part of the Scaleni muscles.
little above the middle of the sternum, the contiguous surfaces of the two
pleurae are sometimes in contact for a slight extent but above and below this
is

;

A

;

between them forms the anterior mediastinum.
The inner surface of the pleura is smooth, polished, and moistened by a serous
flaid; its outer surface is intimately adherent to the surface of the lung, and to
the pulmonary vessels as they emerge from the pericardium it is also adherent
throughout the i^est of its extent it is
to the upper surface of the Diaphragm
somewhat thicker, and may be separated from the adjacent parts with extreme
point, the interval left

;

:

facility.

The
the

right pleural sac

left.

shorter, wider,

is

and reaches higher in the neck than

—

The arteries of the pleura are derived from the intercostal,
Vessels and Nerves.
the internal mammary, the musculo-phrenic, th^^mic, pericardiac, and bronchial.
The veins correspond to the arteries. The lymphatics are very numerous. The
Kolliker states
nerves are derived from the phrenic and sympathetic (Luschka).
that nerves accompany the ramification of the bronchial arteries in the pleura
pulmonalis.
Mediastinum.

The mediastinum is the space left in the median line of the chest by the nonapproximation of the two pleura. It extends from the sternum in front to the
spine behind, and contains all the viscera in the thorax excepting the lungs.
The
mediastinum is subdivided, for convenience of description, into the anterior,
middle, and posterior.
The anterior mediastinum is bounded in front by the sternum, on each side by
the pleura, and behind by the pericardium. Owing to the oblique position of the
heart towards the left side, this space is not parallel with the sternum, but directed
obliquely from above downwards, and to the left of the median line it is broad
below, narrow above, very narrow opposite the second piece of the sternum, the
contiguous surfaces of the two pleuras being occasionally united over a small
The anterior mediastinum contains the origins of the Sterno-hyoid and
space.
;

Sterno-thyroid muscles, the Triangularis sterni, the internal mammary vessels of
the left side, the remains of the thymus gland, and a quantity of loose areolar
tissue, in which some lymphatic vessels are found ascending from the convex
surface of the liver.
The middle mediastinum is the broadest part of the interpleural space. It contains the heart, inclosed in the pericardium, the ascending aorta, the superior vena
cava, the bifurcation of the trachea, the pulmonary arteries and veins, and the
phrenic nerves.
The posterior Tnediastinum is an irregular triangular space, running parallel
with the vertebral column it is bounded in front by the pericardium and roots
of the lungs, behind by the vertebral column, and on either side by the pleura.
It contains the descending aorta, the greater and lesser azygos veins and left
superior intercostal vein, the pneumogastric and splanchnic nerves, the oesophagus,
;

thoracic duct, and

some lymphatic glands.
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they are two in number,
Tiie Luugs are the essential organs of respiration
placed one in each of the lateral cavities of the chest, separated from each other
by the heart and other contents of the mediastinum. Bach lung is conical in
shape, and presents for examination an apex, a base, two borders, and two surfaces
;

(see Fig. 512).
Fie;.

511.

— The Posterior Mediastinum.

The a'pex forms a tapering cone which extends into the root of the neck, about
an inch to an inch and a half above the level of the first rib.
The hase is broad, concave, and rests upon the convex surface of the Diaphragm
its circumference is thin, and fits into the space between the lower ribs and the
;

:
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Diaphragm, extending lower down externally and behind

than in front.

The external or thoracic surface is smooth, convex, of considerable extent, and
corresponds to the form of the cavity of the chest, being deeper behind than in front.
The inner surface is concave. It presents, in front, a depression corresponding
and behind, a deep fissure (the hilum
to the convex surface of the pericardium
pulmonis), which gives attachment to the root of the lung.
The posterior border is round and broad, and is received in the deep concavity
on either side of the spinal column. It is much longer than the anterior border,,
and projects below between tlie ribs and the Diaphragm.
The anterior border is thin and sharp, and overlaps the front of the pericardium..
The anterior border of the right lung corresponds to the median line of the
chest, from tlie junction of the first and second pieces of the sternum as low as
the sixth costal cartilage. The anterior border of the left lung lies in the midline only as low as the fourth costal cartilage below this it presents a V-shaped
notch, formed at the expense of the left lung, in which the pericardium is
exposed. The two lungs are therefore in contact in the middle line, the pleura
only being interposed, between the levels of the second and fourth costal carti;

;

lages.

Each lung is divided into two lobes, an upper and lower, by a long and deep
which extends from the upper part of the posterior border of the organ,
about three inches from its apex, downwards and forwards to the lower part of its
fissure,

anterior border.
This fissure penetrates nearly to the root. In the right lung
the upper lobe is partially divided by a second and shorter fissure, which extends
from the middle of the preceding, forwards and upwards, to the anterior margin
of the organ, marking off" a small triangular portion, the middle lobe.
The right luny is the larger and heavier it is broader than the left, owing to
tlie inclination of the heart to the left side
it is also shorter by an inch, in consequence of the Diaphragm rising higher on the right side to accommodate the
liver.
The right lung has three lobes.
The left lung is smaller, narrower, and longer than the right, and has only two
;

;

lobes.

A

little above the middle of the inner surface of each lung, and nearer its
posterior than its anterior border, is its root, by which the lung is connected to
the heart and the trachea. The root is formed by the bronchial tube, the pulmonary artery, the pulmonary veins, the bronchial arteries and veins, the pulmonary
plexus of nerves, lymphatics, bronchial glands, and areolar tissue, all of which
are inclosed by a reflection of the pleura.
The root of the right lung lies behind
the superior vena cava and ascending portion of the arch of the aorta, and below
the vena azygos. That of the left lung passes beneath the arch of the aorta, and in
front of the descending aorta
the phrenic nerve and the anterior pulmonary
plexus lie in front of each, and the pneumogastric and posterior pulmonary plexus
behind each.
The chief structures composing the root of each lung are arranged in a similar
manner from before backwards on both sides, viz.: the pulmonary veins most
anterior
the pulmonary artery in the middle and the bronchus, together with
the bronchial vessels, behind. From above downwards, on the two sides, their
arrangement differs, thus
On the right side their position is bronchus, pulmonaiy artery, pulmonary
veins but on the left side their position is
pulmonary artery, bronchus, pulmonary veins which is accounted for by the bronchus being placed on a lower
level on the left than on the right side, in order that it may pass under the arch of
the aorta.
The weight of both lungs together is about forty-two ounces, the right lung
being two ounces heavier than the left but much variation is met with, according
to the amount of blood or serous fluid they may contain.
The lungs are heavier
in the male than in the female, their proportion to the body being, in the former,
;

;

;

—

;

;

;

—

.
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as 1 to 37, in the latter, as 1 to 43.
from 345 to 746, water being 1,000.

The

The

specific gravity of the lung-tissue varies

much

according to their.degree of inflation, so that
When fully inflated, the total capacity
for air at a temperature of 60°, in an adult male of mean height (about five feet
seven inches), is believed to be on the average 282 cubic inches. The amount
which can be expelled by the most forcible expiration after an extreme inspiraThis quantity is called by
tion is, according to Hutchinson, 225 cubic inches.
Hutchinson the " vital capacity of the lungs." The quantity of air contained in
the lungs after the most forcible expiration would be, therefore, 57 cubic inches.
size of the lungs varies

no accurate measurements can be given.

This

is

termed

" residual " air.

Fig. 512.

— Front AMew

of the Heart and Lungs.

rtus Arteriosus

The amount of air Avhich can be expelled by an extreme expiration after a
forced inspiration varies according to the height of the individual
increasing
at a uniform rate of eight cubic inches for every additional inch in height above
;

five feet.'

The

is a pinkish white
in adult life, a dark slate
and as age advances, this mottling assumes a black
color.
The coloring matter consists of granules of a carbonaceous substance
deposited in the areolar tissue near the surface of the organ.
It increases in quantity as age advances, and is more abundant in males than in females.
The posterior border of the lung is usually darker than the anterior.
The surface of
the lung is smooth, shining, and marked out into numerous polyhedral spaces,
indicating the lobules of the organ the area of each of these spaces is crossed by

color of the

lungs at birth

color, mottled in patches

;

;

:

numerous

lighter lines.
^

Gyclopoidia of Anatomy

and Physiology,

vol. iv., p.

1072.
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The substance of tlie lung is of a liglit, porous, spongy texture it floats in water,
and crepitates wlien handled, owing to the presence of air in the tissue it is also
highly elastic hence the collapsed state of these organs when they are removed
from the closed cavity of the thorax.
The lungs are composed of an external serous coat, a subserous
Structure.
areolar tissue, and the pulmonarj^ substance or parenchyma.
The serous coat is derived from the pleura; it is thin, transparent, and invests
the entire organ as far as the root.
;

;

;

—

The subserous areolar tissue contains a large proportion of elastic fibres it
invests the entire surface of the lung, and extends inwards between the lobules.
The parenchyma is composed of lobales, which, although closely connected
together by an interlobular areolar tissue, are quite distinct from one another, and
The lobules vary in size those on the surface
are easily separable in the foetus.
are large, of pyramidal form, the base turned towards the surface those in the
Each lobale is composed of one of the
interior smaller, and of various forms.
ramifications of the bronchial tube and its terminal air-cells, and of the ramifications of the pulmonary and bronchial vessels, Ijanphatics, and nerves; all of these
structures being connected together by areolar fibrous tissue.
The bronchus^ upon entering the substance of the lung, divides and subdivides
dichotomously throughout the entire organ. Sometimes three branches arise
together, and occasionally small lateral branches are given oE from the sides of a
main trunk. Each of the smaller subdivisions of the bronchi enters a pulmonary
lobule (lobular bronchial tube), and, again subdividing, ultimately terminates in
the intercellular passages and air-cells of which the lobule is composed.
Within
the lungs the bronchial tubes are circular, not flattened, and their constituent
elements present the following peculiarities of structure.
The cartilages are not imperfect rings, but consist of thin laminae, of varied
form and size, scattered irregularly along the sides of the tube, being most distinct at the points of division of the bronchi.
They may be traced into tubes,
the diameter of which is only one-fourth of a line. Beyond this point the tubes
are wholly membranous.
The fibrous coat and the longitudinal elastic fibres are
continued into the smallest ramifications of the bronchi. The muscular coat is
disposed in the form of a continuous layer of annular fibres, which may be traced
upon the smallest bronchial tubes they consist of the unstriped variety of muscular fibre.
The mucous membrane lines the bronchi and its ramifications
throughout, and is covered with columnar ciliated epithelium.
According to the observations of Mr. Rainey,^ the lobular bronchial tubes, on
entering the substance of the lobules, divide and subdivide from four to nine
times, according to the size of the lobule, continuing to diminish in size until
they attain a diameter of -^q- to gV of an inch. They then become changed in
structure, losing their cylindrical form, and are continued onwards as irregular
passages (intercellular passages, Rainey
air-sacs. Waters), through the substance
of the lobule, their sides and extremities being closely covered by numerous saccular dilatations, the air-cells.
This arrangement resembles most closely the
naked-eye appearances observed in the reticulated structure of the lung of the
tortoise and other Reptilia.
Opinions have differed as to the existence of communications or anastomoses between the intercellular passages, or air-sacs.
According to Dr. Waters,^ these air-sacs, as he terms them, are arranged in
groups, or " lobulettes," of five or six, which spring from the terminal dilatation
of a single bronchial tube, but have no other communication with each other, or
with neighboring lobulettes, than that which is afforded by their common connection with the bronchial tubes.
The air-cells^ or alveoli (Waters), are small, polyhedral, alveolar recesses,
separated from each other by thin septa, and communicating freely with the
;

:

;

:

—

^

^

Medico- Chirurgical Transactions^ vol. xxviii., 1845.
The Anatomy of the Hum.an Lung^ 1860, pp. 136-150.
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513.— The Roots

of the

Lungs and Posterior Pulmonary Plexus, seen from behind.
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They are well seen on the surface of the lung,
to y^th of an inch in diameter being largest on the surface,
at the thin borders, and at the apex, and smallest in the interior.

intercellular passages or air-sacs.

and vary from

Tj-g-oth

;

At the termination of the bronchial tubes, in the intercellular passages, their
constituent elements become changed their walls are formed by an interlacing
of the longitudinal elastic bundles with fibrous tissue the muscular fibres disappear, and the mucous membrane becomes thin and delicate, and lined with a
layer of squamous epithelium.
The latter membrane lines the air-cells, and
forms by its reduplications the septa intervening between them.
The Puhnonary Artery conveys the venous blood to the lungs it divides into
branches which accompany the bronchial tubes, and terminates in a dense capillar}^ network, upon the walls of the intercellular passages and air-cells.
From
this network the radicles of the pulmonary veins arise
coalescing into large
branches, they accompany the arteries, and return the blood, purified by its
passage through the capillaries, to the left auricle of the heart. In the lung the
branches of the pulmonary artery are usually above and in front of a bronchial
tube, the vein below.
The Pulmonary Capillaries form plexuses which lie immediately beneath the
mucous membrane, on the walls and septa of the air-cells and upon the walls of
the intercellular passages. In the septa between the cells the capillary network
forms a single layer. The capillaries form a very minute network, the meshes
•of which are smaller than the vessels themselves;^ their walls are also exceedingly thin. The vessels of neighboring lobules are distinct from each other, and
do not anastomose and, according to Dr. Waters, those of the separate groups
of intercellular passages, or air- sacs (which groups he denominates lobulettes),
are also independent; so that in the septa between two adjoining lobulettes there
would be a double layer of capillaries, one layer belonging to each of the adjacent
air-sacs, or intercellular passages.
If this is really the arrangement of the vessels,
it would follow that, in the septa between the air-cells (or alveoli), the blood in
the capillaries would be exposed on all sides to the action of the air, since it is
circulating in a single layer of vessels, which is in contact with the membrane
of the air-passages on both sides but that in the septa between the intercellular
passages (or air-sacs) the blood in the double layer of capillaries will be in contact with the air on one side only.
The Bronchial Arteries supply blood for the nutrition of the lung they are
derived from the thoracic aorta, and, accompanying the bronchial tubes, are distributed to the bronchial glands, and upon the walls of the larger bronchial tubes
and pulmonary vessels, and terminate in the deep bronchial veins. Others are
distributed in the interlobular areolar tissue, and terminate partly in the deep,
partly in the superficial, bronchial veins.
Lastly, some ramify upon the walls of
the smallest bronchial tubes, and terminate in the pulmonary veins.
The Superficial and Deep Bronchial Veins unite at the root of the lung, and
terminate on the right side in the vena azygos on the left side, in the superior
:

;

;

;

;

;

:

;

intercostal vein.

According to Dr. Waters, the bronchial veins do not exist within the proper
substance of the lung, but commence at or near the root of the lung by branches
which lie on the large bronchial tubes. He also denies that the bronchial arteries
contribute to the formation of the pulmonary capillary plexus, believing that the
communication between the bronchial and pulmonary system of vessels takesplace in the pulmonary veins.
If this view be correct, almost the whole of the
blood carried by the bronchial arteries must be returned to the heart by the pulmonary veins, and thus the great mass of pure, or arterial, blood which is carried
hy the pulmonary veins would be adulterated by a small quantity of carbonized
or venous blood which has passed through the bronchial circulation.
^

The meshes

— Kulliker,

are only 0.002'^^ to 0.008'^^ in width, while the vessels are 0.003^^^ to 0.005''^^.

Human

Microscopic Anatomy.
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The Lymphatics consist of a superficial and deep set: they terminate at the
root of the lung, in the bronchial glands.
Nerves.
The lungs are supplied from the anterior and posterior pulmonaryplexuses, formed chiefly by branches from the sympathetic and pneumogastric.
The filaments from these plexuses accompany the bronchial tubes, upon which
they are lost. Small ganglia are found upon these nerves.

—

Thyeoid Gland.
bears much resemblance in structure to other glandular
usually classified together with the thymus, suprarenal capsules,
and spleen, under the head of ductless glands., since it has no excretory duct. Its
function is unknoAvn, but, from its situation in connection with the trachea and
larynx, the thyroid body is usually described with those organs, although it takes
no part in the function of respiration. It is situated at the upper part of the
trachea, and consists of two lateral lobes, placed one on each side of that tube,
and connected together by a narrow transverse portion, the isthmus.
Its anterior surface is convex, and covered by the Sterno-hyoid, Sterno-thyroid,
and Omo-hyoid muscles.
Its lateral surfaces., also convex, lie in
Fig. 514.
Two Lobules from the Thyroid
of an [nfant.
contact with the sheath of the common
carotid artery.
Its posterior surface is concave, and
embraces the trachea and larynx.
The
posterior borders of the gland extend
as far back as the lower part of the

The thyroid gland

organs, and

is

—

pharynx.

The thyroid

is of a brownish-red color.
weight varies from one to two ounces.
It is larger in females than in males, and
becomes slightly increased in size during
occasionally becomes
menstruation.
It
enormously hypertrophied, constituting the

Its

:r

^
e^

disease called bronchocele, or goitre. Each
lobe is somewhat conical in shape, about
two inches in length, and three-quarters of
an inch to an inch and a quarter in breadth,
a. Small glandular vesicles with their cells,
b. The
the right lobe being the larger of the two.
same with incipient colloid metamorphosis, more
The isthmus connects the lower third
strongly marked at c.
d. Coarse lymph-canals,
e.
of
the two lateral lobes it measures about
Fine radicles of the same. /. An efferent vessel of
considerable size.
half an inch in breadth, and the same in
depth, and usually covers the second and
third rings of the trachea. Its situation presents, however, many variations,
Sometimes the isthmus
a point of importance in the operation of tracheotomy.
is altogether wanting.
third lobe, of conical shape, called the pyramid., occasionally arises from the
left side of the upper part of the isthmus, or from the left lobe, and ascends as
high as the hyoid bone. It is occasionally quite detached, or divided into two
parts, or altogether wanting.
few muscular bands are occasionally found attached, above, to the body of
the hyoid bone, and below to the isthmus of the gland, or its pyramidal process.
These form a muscle, which was named by Summerring the Levator glandulse^
;

A

A

thyroidese.

—

Structure.
The thj^roid consists of a connective-tissue capsule, from the internal
surface of which are given off septa, which subdivide the organ into lobes and
lobules, and in which ramify the blood-vessels and lymphatics. Each lobule consists of a number of vesicles inclosed in a vascular connective tissue, derived from
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the interlobular structure, by means of which they are packed together into
lobules, the aggregation of which form the lobes of the gland.
According to Dr. Baber, who has recently published some important observations on the minute structure of the thyroid,^ the vesicles of the thyroid of the
adult animal are generally closed cavities but in some young animals (e. f/.,
young dogs) the vesicles are more or less tubular and branched. This appearance he supposes to be due to the mode of growth of the gland, and merely
indicating that an increase in the number of vesicles is taking place.
Each
vesicle is lined by a single layer of epithelium, the cells of which, though differing somewhat in shape in different animals, have always a tendency to assume a
columnar form. Between the epithelial cells exists a delicate reticulum. The
vesicles are of various sizes and shapes, and contain as a normal product a viscid,
homogeneous, semi-fluid, slightly yellowish material, which frequently contaius
blood the red corpuscles of which are found in it in various stages of disintegration and decolorization, the yellow tinge being probably due to the hgemoglobin,
which is thus set free from the colored corpuscles. Baber has also described in
;

;

—

Minute Structure of Thyroid. From a Transverse Section of tlie Thyroid of a Dog.
(Semi-diagrammatic.)
From Dr. Baber's paper. Philosophical Transactions of the Royal

Fig, 515.

Society^ vol. clxvi.. pt.

.>..

--•

ii.,

p. 557.

,'c-^'A

vK-

'M:fe-1

:v

'}'-"-

'>':^^

--

-

'cM

Lumen

A.
filled

of an artery, seen in transverse section. B. Cross section of a large lymphatic vessel that surrounds it,
with a granular material. C. Contents of the vesicles, which present a similar appearance to B. D. Walls of gland-

vesicles, the epithelial cells of

which are flattened hy the action of reagents.

the thyroid gland of the dog large round cells (" parenchymatous cells"), each
provided with a single oval-shaped nucleus, Avhich migrate into the interior of
the gland-vesicles.
The capillary blood-vessels form a dense plexus in the connective tissue around
the vesicles, between the epithelium of the vesicles and the endothelium of the
lymph-spaces, which latter surround a greater or smaller part of the circumference of the vesicle.
These lymph-spaces empty themselves into lymphatic
vessels, which run in the interlobular connective tissue, not uncommonly surrounding the arteries which the}^ accompany, and communicate with a network
in the capsule of the gland.
Baber has found in the lymphatics of the thyroid
a viscid material which is morphologically identical with the normal constituent
of the vesicle.
From this it follows that one of the functions of the thyroid is the destruction
^

"Eesearches on the Minute Structure of the Thyroid Gland," Phil. Trans., part

iii.,

1881.

;
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of the colored corpuscles in the vesicles, and their removal and final discharge
into the general circulation by the lymphatics.
The arteries supplying the thyroid are the superior and
Vessels and Nerves.
inferior thyroid, and sometimes an additional branch
Yvy. 61Ck
(thyroidea media, or ima) from the arteria innominata, or the arch of the aorta, which ascends upon
The arteries are remarkthe front of the trachea.
able for their large size and frequent anastomoses.
The veins form a plexus on the surface of the gland,
and on the front of the trachea, from which arise
the superior, middle, and inferior thyroid veins
the two former terminating in the internal jugular,
The lymphatics
the latter in the vena innominata.
are numerous, of large size, and terminate in the
They are thus
thoracic and right lymphatic ducts.
described by Frey
" The whole envelope of the
organ is covered by knotted trunks, which take
their origin from a network of very complicated
canals, situated in a deeper layer of the former.
This latter network is formed around the secondary
lobules of the gland by the reticular intercommunications of these canals (Fig. 514, /).
From the
peripheral network formed of canals burrowing
through the connective tissue of the capsule, lateral
1. Upper portion of the thymus of a
ramifications are given oft' which penetrate into the
fcetal pig of 2" in length, showing the
interior, and gradually inclose the primary lobes in
bud-like lobuli and glandular elements.
2. Cells of the thymus, mostly from a
complete rings, or more or less perfect arches (r/, d).
man. a. Free nuclei. 6. Small cells, c.
From these a few fine terminal passages with blind
Larger,
d.
Larger, with oil-globules,
ends (e) are seen sinking in between the different
from the ox. e,/. Cells completely filled
with fat, at / without a nucleus, g, h.
vesicles.
The nerves are derived from the pneumo
Concentric bodies, g. An encapsulated
gastric,^ and from the middle and inferior cervical
nucleated cell. h. A composite structure
ganglia of the sympathetic.
of a similar nature.
Chemical Composition. The thyroid gland consists of albumen, traces of gelatine, stearine, oleine, extractive matter, alkaline
aod earthy salts, and water. The salts are chloride of sodiam, alkaline sulphates,
phosphate of potash, lime, magnesia, and a trace of oxide of iron.

—

:

—

—

Thymus Gland.
presents much resemblance in structure to other glandular
another of the organs denominated ductless glands.
The thymus gland is a temporary organ, attaining its full size at the end of
the second year, when it ceases to grow, and gradually dwindles, until at puberty
it has almost disappeared.
If examined when its growth is most active, it will
be found to consist of two lateral lobes placed in close contact along the middle
line, situated partly in the anterior mediastinum, partly in the neck, and extending from the fourth costal cartilage upwards, as high as the lower border of the thyroid gland.
It is covered by the sternum, and by the origins of the Sterno-hyoid
and Sterno-thyroid muscles. In the mediastinum it rests upon the pericardium,
being separated from the arch of the aorta and great vessels by the thoracic
fascia.
In the neck it lies on the front and sides of the trachea, behind the
Sterno-hyoid and Sterno-thyroid muscles. The two lobes generally differ in size
they are occasionally united, so as to form a single mass and sometimes separated by an intermediate lobe.
The thymus is of a pinkish-gray color, soft, and
lobulated on its surfaces.
It is about two inches in length, one and a half in

The thymus gland

'

organs, and

is

;

;

^

Frey denies that

pathetic.

tlie

vagus supplies any of these nerves, deriving them entirely from the sym-
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breadth below, and about three or four lines in thickness.
about half an ounce.
Structure.

by

— Each

lateral lobe is

composed of numerous

At

birth

it

weighs

lobules, held together

delicate areolar tissue the entire gland being inclosed in an investing capsule
Tiie primary lobules vary in size from a pin's
of a similar but denser structure.
head to a small pea, and are made up of a number of small nodules or follicles,
which are irregular in shape and are more or less fused together, especially
;

towards the interior of the gland. According to Watney, each follicle consists
of a medullary and cortical portion, which differ in many essential particulars
from each other. The cortical portion is mainly composed of lymphoid cells,
supported by a delicate reticulum. In addition to this reticulum, of which traces
only are found in the medullary portion, there is also a network of finely branched
Fig. 517.

—Minute Structure of Thymus Gland.

two

rings,

thymus from calf, four days
large vessels are disposed in
lies just within the margin of the

Follicle of injected

diagrammatic (magnified about 50 diametei-s).
one of which surrounds the follicle, the other

old, slightly

The

medulla.

A and B. From thymus of camel, examined without addition of any reagent. (Magnified about 400 diameters.) A.
Large colorless cell containing small oval masses of haemoglobin. Similar cells are found in the lymph-glands, spleen,
and medulla of bone. B. Colored blood-corpuscle.

with coarse threads, which is continuous with a similar network in the
medullary portion. This network forms an adventitia to the blood-vessels. In
the medullary portion there are but few lymphoid cells, but there are, especially
towards the centre, granular cells and concentric corpuscles. The granular cells
are rounded or flask-shaped masses, attached (often by fibrillated extremities) to
The concentric corpuscles
blood-vessels and to newly formed connective tissue.
are composed of a central mass, consisting of one or more granular cells, and of a
55
cells,

;
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which is formed of epitlielioid cells, which are continuous with the
branched cells forming the network mentioned above.
Each folHcle is surrounded by a capillary plexus, from which vessels pass into
the interior, and radiate from the periphery towards the centre, and form a second
zone just within the margin of the medullary portion. In the centre of the
medulla there are very few vessels, and they are of minute size.
Dr. Watney has recently made the important observation that hsemoglobin is
found in the thymus, either in cysts or in cells situated near to, or forming part
This haemoglobin varies from granules to masses
of, the concentric corpuscles.
exactly resembling colored blood-corpuscles, oval in the bird, reptile, and fish
capsule,

Dr. Watney has also discovered, in
circular in all mammals, except in the camel.
the lymph issuing from the thymus, similar cells to those found in the gland,
and, like them, containing hsemoglobin, either in the form of granules or masses.

From

these facts, he arrives at the physiological conclusion that the thymus is
one source of the colored blood-corpuscles.
These points are illustrated by the accompanjdng drawing by Dr. Watney
(Fig. 517), for which I have to express my thanks to him.
The arteries supplying the thymus are derived from the
Vessels and Nerves.
internal mammary, and from the superior and inferior thyroid.
The veins termiThe lymphatics are
nate in the left vena innominata, and in the thyroid veins.
of large size, arise in the substance of the gland, and are said to terminate in the
Sir A. Cooper believed that these vessels carried. into the
internal jugular vein.
blood the secretion formed in the substance of the thymus. The nerves are
exceedingly minute they are derived from the pneumogastric and sympathetic.
Branches from the descendens noni and phrenic reach the investing capsule, but
do not penetrate into the substance of the gland.
Chemical Composition. The solid animal constituents of the thymus are albumen and tibrine in large quantities, gelatin, and other animal matters. The
salts are alkaline and earthy phosphates, with chloride of potassium.
It contains
ubout 80 per cent, of water.

—

;

—

The Urinary Organs.
The

Kidneys.^

—

Definition and General Description. The kidneys are the two largest
tubular glands of the body, and are intended for the secretion of urine. They
are found at the back part of the abdomen, behind the peritoneum, situated in
the lumbar regions each kidney extending from the eleventh rib nearly to the
crest of the ilium, but the right a little lower than the left, in consequence of
They are usually imbedded in a considthe large space occupied by the liver.
erable quantity of fat, which principally holds them in position, though they
are also to some extent sustained by the large blood-vessels with which they are
connected.
Each kidney is about four inches in length, two in breadth, and one in thickness, the left being somewhat larger, though thinner, than the right.
The
weight of the kidney in the adult male varies
from -ij oz. to 6 oz., in the adult female Fig. 518. Vertical Section of Kidney.
from 4 oz. to 5J oz., the left being nearly
always heavier than the right by about two
drachms. The combined weight of the two
kidneys in proportion to the body is about 1
to 240.
The renal substance is of a dark-red
color, and dense in texture
but it is easily
;

—

;

lacerable under mechanical force.
Relations.
Each kidney presents for examination two surfaces, two borders, an upper and
a lower extremity.
The anterior surface is convex and entirely

covered by peritoneum. It is in relation, on
the right side of the body, with the back part
of the right lobe of the liver, the descending
portion of the duodenum, and the ascending
colon and on the left, with the great end of
the stomach, the lower end of the spleen, the
tail of the pancreas, and the descending colon.
The posterior surface^ flatter than the anterior, rests upon the corresponding crus of the
diaphragm in front of the eleventh and twelfth
ribs, the anterior lamella of the aponeurosis
of the transversalis abdominis, which separates
it from the quadratus lumborum, and on the
psoas magnus.
The external border is convex, and directed outwards and slightly forwards,
towards the parietes of the abdomen.
The internal border^ concave, is interrupted at its central portion by a notch or
fissure of about an inch in length, called the hilum oi the kidney.
This fissure
opens into a hollow cavity called the sinvs, and through it pass the vessels, duct
(ureter), nerves, and lymphatics of the kidney enveloped in fat and cellular tissue.
Let the vessels, nerves, duct, and fat be removed so as to leave only the kidney
;

^

Tfiis description is

from the pen of

my

friend Mr. E. J. Spitta, late

Demonstrator of Anatomy

at St. Geoi'ge's Hospital.
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proper the liilum will be seen opening into the sinus just as, in osteology, a fissure opens into a fossa.
The relation of the hilum to the sinus will be understood by comparing Figs. 518, 519.
In the former the hilum and sinus are seen
in section, the hilum occupied by the commencement of the ureter proper, the
sinus filled by the pelvis.
In the latter figure the pelvis has been separated from
the greater part of the sinus of the kidney, and partly lifted out of it.
The relative position of the vessels and ureter to each other is usually, although not always,
as follows
From above downwa^dsy— artery, vein, ureter from before back;

:

wards

—

;

—vein, artery, ureter.

-^*-

j'<<-'f u

(jlJlr^.

The

t^.^^'

'.

^
fj^

superior extremity, directed slightly inwards as well as upwards, is thick
and rounded, and embraced by the suprarenal capsule. It corresponds on the left
side with the upper, and on the right with the lower border of the eleventh rib„
Fig. 519.

a.

The hilum

sinus,

and

lifted

—Diagram of

cut open, leading into

out

;

the ureter

and vein passing through the

is

(6)

the Hilum, Sinus, and Pelvis of the Kidney.

the sinus,

c.

The

seen continuous with

it,

pelvis of the ureter partly separated

and emerging from the hilum below,

from the walls of the
d, e.

The

re'al

artery

sinus.

The inferior extremity^ directed a little outwards as well as downwards, is
smaller than the superior and more flattened
it extends nearly as low as the
crest of the ilium.
General Structure of the Kidney. The sti-ucture of the kidney, as seen
by the naked eye on making a section from its convex to its concave border, will
be found to consist of two parts the glandular portion, or Icidney proper^ and its
excretory duct, or ureter,^ which latter will be described separately.
The kidney proper presents two distinct parts the outer or cortical portion^ surrounded by the capsule^ and the inner or medullary^ which latter is arranged in
large conical masses, called the pyramids of Malpigbi.
The capsule is a fibrous coat formed of dense areolar tissue. It is thin and
smooth, and easily removed from the cortical structure, to which it is connected
only by small blood-vessels and by numerous fine fibrous processes continuous
;

—

:

:

In this section the first two portions of the duct are alone seen. These are usuallj^ called the
and pelvis of the hidney ; but inasmuch as they are really part of the ureter^ they will be
described under that head.
^

calices

;
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with tlie connective tissue of the kidney. At the hilum it is reflected inwards
so as to line the sides of the sinus; and at the floor of that cavity becomes continuous with the fibrous sheaths of the vessels and nerves, and with the cup-like
commencements of the ureter above mentioned, called the calices.
The cortical structure is of a reddish-brown color, soft, granular, and easily
found everywhere immediately beneath the capsule, and is seen
an arched form over each medullary pyramid. The part
separating the sides of any two pyramids, through which the arteries and nerves
enter and the veins and lymphatics emerge from the kidney, is called a cortical
column^ or column of Bertini (a, a', Fig. 518); whilst that portion Avhich
stretches from one cortical column to the next, and intervenes between the base
of the pyramid and the capsule, which is marked by the dotted line, extending
from A to a' (Fig. 518), is called a cortical arch^ the depth of which varies from
The cortical structure is composed of convoluted and
a third to half an inch.
of blood-vessels, nerves, and lymphatics
straight tubes, called tubuli uriniferi
and also of numerous little red masses disseminated throughout its substance, known
These bodies, with the interstitial tissue connecting
as the Malpighian bodies.
them, will be described under the head of the "Minute Structure of the Kidney."
The medullary structure^ as before said, is seen to consist of paleish-red colored
striated conical masses, the pyramids of Malpighi ; the number of which, varying from eight to eighteen, corresponds to the number of lohes of which the
organ in the foetal state is composed. The base of each pyramid is surrounded
by a cortical arch, and directed towards the circumference of the kidney; the
whilst the apex^ known as the
sides are contiguous with the cortical columns
papilla or mammilla of the kidney, is covered by mucous membrane, and is seen
projecting into one of the calices of the ureter.
In addition to the arteries and veins and the "looped tubes of Henle," hereafter
to be described, each pyramid is composed of a large number of straight, uriniferous tubes passing from base to apex, and which, b}^ repeated inosculations at
very acute angles, are reduced to a comparativel}^ small number, and terminate
in open mouths on the mucous surface of the mamilla.
Minute Structure of the Kidney. Under this head the Malpighian bodies
will be first described
then the course and structure of the tubuli uriniferi and
lastly, the blood-vessels, nerves, lymphatics, and connective tissue or intertubular
lacerable.

extend

to

It is

itself in

;

;

—

;

;

stroma.

The Malpighian bodies are small, rounded masses, averaging T04th of an inch in
diameter, of a deep-red color, found only in the cortical structure of the kidney;
being scattered throughout the columns of Bertini, but regularly disposed in
double rows in the cortical arches. Each of these little bodies is composed of
two parts: a central glomerulus of vessels, called a Malpighian tuft^ and a membranous envelope, the Malpighian capsule^ which latter is a small, pouch-like
commencement of a uriniferous tubule.'
The Maljnghian trift, or vascular glomerulus, consists of the ramifications of
certain small vessels termed afferent and efferent renals, the latter being usually
smaller than the former.
Each renal afferent in the cortical arches is derived
from an interlobular artery (Fig. 521), but in the cortical columns it springs from
one of the arteria3 proprise renales (Fig. 528). Having pierced the capsule,
usually at a point opposite to the commencing tubule (Figs. 520, 521), it divides
in a radiating or tuft-like manner into several terminal branches, which ultimately
inosculate so as to form a network of capillaries, from which the efferent arises
[gl^ Fig. 521).
This latter vessel makes its egress from the capsule near to the
point where the afferent enters and then, anastomosing with other efferents
from other tufts, contributes to form a dense venous plexus around the urinary
tubes adjacent (shown at
in Fig. 521).
;

m

In former editions of this work the Malpighian capsule was said to be found at the side as
well as the coinmencement of the tubule (Gerlach)
only the latter position, however, is now
recognized in the human subject.
^

;

THE URINARY ORGANS.

870

The Malpighian capsule^ which surrounds the glomerulus, is formed of homogeneous membrane, thicker here than at any other part of the tube. It is
pierced at a point usually opposite the centre of the tubule, with which it is continuous, by the afferent and efferent renals, and is lined upon its inner surface by
but as regards this layer, whether it
a delicate layer of flattened epithelial cells
;

Fiff.

520.

-Minute Structure of
Kidney.

—

Fig. 521.
Diagrammatic Representation of the Bloodvessels in the Suhstance of the Cortex of the Kidney.

.(li""' t,

m. Region of the medullary ray. h. Region of the tortuous portion
vi. Vena interlobularis.
ai. Arteria interlobularis.
vz. Venous twig
va. Vas atferens. gl Glomerulus, ve. Vas efFereus.
of the tubules,

of the interlobularis.— From Ludwig, in Strieker's " Handbook."

is

prolonged over the tuft either in whole or in

part, there is a diversity of opinion

among many of the most eminent observers. According to Henle, Ecker, and
Bowman, it is not reflected upon the tuft at all, so that the latter hangs free and
uncovered in the interior of the capsule (Fig. 522, a) on the other hand, Gerlach,
Isaachs, Moleschott, and Chrzonszczewsky assert that it can be traced upon the
lohole oit\\Q tuft, and that the cells are even larger and better marked than those
;

upon the internal surface of the capsule (Fig. 522,
ment has been described by Kulliker, who says
Fiff.

whilst yet a third arrangethat the tuft has no epithelial

b)

;

522.

FIC.A

lining on the greater part of its extent, but upon that portion wdiich looks
towards the commencing tubule a special layer of cubical cells can always be seen
(Fig. 522, c).'
In the frog, the cells lining the interior of the capsule, near its

now very generally admitted that tlie glomerulus is covered with a layer of epithelial
because in the development of the INIalpighian bodies the extremity of the urinary tube
becomes invaginated by the growtli of the glomerulus. Hence in the foetus the epitlielium
covering the vessels is especially distinct, and is made up of i)olyhedral cells.
'

It is

cells,
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junction witli the tube, are provided with cilia but in the human subject their
presence lias not been satisfactorily demonstrated.
The Tubuli Uriniferi : their Course. The tubuli uriniferi commence in a
dilated c^ecal extremity, the Malpighian capsule, and terminate by an opening
on the free surface of the papilhe, so that the fluid which they contain passes
into the calices and pelvis of the kidney.
In their course the tubuli uriniferi present many changes in shape and direction,
and are contained partly in the medullary and partly in the cortical portions of
the organ.
At their junction with the Malpighian capsule they present a somewhat constricted portion, which is termed the nech. Beyond this the tube
becomes convoluted, and pursues a considerable course in the cortical structure,
After a time the convolutions disapconstituting the proximal convoluted tube.
pear, and the tube approaches the medullary portion of the kidney in a more or
This section of the tube has been called the spiral tubule of
less spiral manner.
Schachoioa.
Throughout this portion of their course the tubuli uriniferi have
been contained entirely in the cortical structure, and have presented a pretty
uniform calibre. They now enter the medullary portion suddenly become
much smaller, quite straight in direction, and dip down for a variable depth into
the p3^ramids, constituting the descending limb of lienles loop.
Bending on
themselves, they form a kind of loop, the loop of Henle^ and reascending, they
become suddenly enlarged and again spiral in direction, forming the ascending
This portion of the
limb of Henle^s loop, and re-enter the cortical structure.
tube does not present a uniform calibre, but becomes narrower as it ascends and
irregular in outline.
As a narrow tube it enters the cortex and ascends for a
short distance, when it again becomes dilated, irregular, and angular.
This
section is termed the irregular tubule; it terminates in a convoluted tube, which
exactly resembles the proximal convoluted tubule, and is called the distal convoluted tubule.
This again terminates in a narrow curved tube, which enters the
;

—

;

straight or collecting tube.

Each straight, otherwise called a collecting or receiving tube, commences by a
small orifice on the summit of one of the papillge, thus opening and discharging
Traced into the substance of
its contents into the interior of one of the calices.
the pyramid, these tubes are found to run from apex to base, dividing dichotomously in their course and slightly diverging from each other. Thus dividing
and subdividing, they reach the base of the pyramid, and enter the cortical
structure greatly increased in number.
Upon entering the cortical portion they
continue a straight course for a variable distance, and are arranged in groups,
several of these groups corresponding to a single pyramid.
The tubes in the
cenfre of the group are the longest, and reach almost to the surface of tlie kidney,
while the external ones are shorter, and advance only a short distance into the
cortex.
In consequence of this arrangement the cortical portion presents a number of conical masses, the apices of which reach the periphery of the organ, and
the bases are applied to the medullary portion.
These are termed the pyramids
As they run through the cortical portion, the straight tubes receive
of Ferrein.
on either side the curved extremity of the convoluted tubes, which, as stated
above, commence at the Malpighian capsules.
It will be seen from the above description that there is a continuous series of
tubes from their commencement in the Malpighian capsules to their termination
at the orifices on the apices of the pyramids of Malpighi, and that the urine, the
secretion of which commences in the capsule, finds its way through these tubes
into the calices of the kidney, and so into the ureter.
Commencing at the capsule, the tube first presents a narrow constricted portion, the neck.
2. It forms
a wide convoluted tube, the proximal convoluted tube.
3. It becomes spiral, the
spi'-al tubule of Schachowa.
4. It enters the medullary structure as a narrow,
straight tube, the descending limb of Heriles loop.
5. Forming a loop and becoming dilated, it ascends, somcAvhat spirally and gradually diminishing in calibre,
and again enters the cortical structure, the ascending limb of Henle's loop. 6. It
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now becomes

irregular and angular in outline, tlie irregular tuhule.
7. It then
distal convoluted tubule.
8. Diminishing in size, it forms
9. Finally it joins a straight tube, the straight cola curve, the curved tubule.
lecting tube, which is continued downwards through the medullary substance to
open at the apex of a pyramid.
The Tub>'li Uriniferi: their Structure. The tubuli uriniferi consist of basement-membrane lined with epithelium. The epithelium varies considerably in
In the neck the epithelium is condifferent sections of the uriniferous tubes.
tinuous with that lining the Malpighian capsule, and, like it, consists of flattened
cells with an oval nucleus (Fig. 523, a).
The cells are, however, very indistinct
and difficult to follow, and the tube has here the appearance of a simple basement-membrane unlined by epithelium. In the proximal convoluted tubule and
the spiral tubule of Schachowa the epitbelium is polyhedral in shape, the sides

becomes convoluted, the

—

Fig. 523.

Fig. 524.

CURVED
COLLECTINQ
TUBULE

PROXIMA
CONVOLUTEI
TUBUUEj

DeSCCNDINO LIIVIB\
OF HENLE'S LOOP/

A A. Malpighian bodies. B B. Margin of
medullary structure. G C C. Loops of Henle-

—

N. B. For the sake of clearness the epithelial cells have
bsen represented more highly magnified than the tubes in
•which they are contained.

D D D.

Straight tubes cut

straight tubes.

F.

off.

E.

Commencing

Termination of straight

tube.

of the cells not being straight, but fitting into each other, and in some animals
so fused together that it is impossible to make out the lines of junction.
In the
human kidney the cells often present an angular projection of the surface next
the basement-membrane. These cells are made up of more or less rod-like fibres,
which rest by one extremity on the basement-membrane, whilst the other projects towards the lumen of the tube.
This gives to the cells the appearance of
distinct striation (Heidenhain) (Fig. 523, b).
In the descending limb of Henle's
loop the epithelium resembles that found in the Malpighian capsule and the
commencement of the tube, consisting of flat transparent epithelial plates, with
an oval nucleus (Fig. 523, a). In the ascending limb, on the other hand, the
cells partake more of the character of those described as existing in the proximal
convoluted tubule, being polyhedral in shape, and presenting the same appearance
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The nucleus, however, is not situated in the centre of the cell, but
of striation.
near the lumen (Fig. 523, c). After the ascending limb of Henle's loop becomes
narrower upon entering the cortical structure, the striation appears to be confined
at all events, it is much more distinct in this situto the outer part of the cell
ation the nucleus, which appears flattened and angular, being still situated near
In the irregular tubule, the cells undergo a still further
the lumen (Fig. 523, d).
change, becoming very angular, and presenting thick bright rods or markings,
;

;

Fig. 525.

-Transverse Section of Pyramidal Substance of Kidney of Pig, the Bloodvessels of which are injected.

b. Branch of collecting tube, cut across, lined
a. Large collecting tube, cut across, lined with cylindrical epithelium,
with epithelium with shorter cylinders, c and d. Henle's loop cut across, e. Blood-vessels cut across. D. Connective-

tissue ground-substance.

Fig. 526.'

—Longitudinal Section of Straight

Fig. 527.'

—Longitudinal

Section of Henle's

Descending Limb.

Tube.

a.

Cylindrical or cubical epithelium.

a.

Membrana

6.

Membrana

6.

Epithelium.

propria.

propria.

striation much more distinct than in any other section of the
urinary tubules (Fig. 523, h). In the distal convoluted tubule the epithelium
appears to be identical with that which has been described as existing in the
proximal convoluted tubule (Fig. 523, b). In the curved tubule, just before its
entrance into the straight collecting tube, the epithelium varies greatly as regards
the shape of the cells, some being angular with short processes, others spindleshaped-, others poljdiedral (Fig. 523, e).
In the straight tubes the epithelium is more or less columnar in its papillary
portion the cells are distinctly columnar and transparent, but as the tube

which render the

;

^

From

the

"Handbook

for the Physiological Laboratory."
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approaclies the cortex tlie cells are less uniform in shape some are pol^diedral,
and others angular with short processes (Fig. 523, F and g).
The Renal Blood-vessels : their Origin^ Course^ and Distrihition. The kidney
is plentifully supplied with blood by the renal artery, a large offset of the
abdominal aorta, which enters the sinus through the hilum, dividing in its pasThese, whilst in the sinus,
sage through the latter into four or five branches.
give off a few twigs for the nutrition of the surrounding tissues, and terminate
in the arterise proprise renales, which enter the kidney proper in the columns of
Two of these pass to each pyramid of Malpighi and run along its sides
Bertini.
for its entire length, giving off as they advance the afferent vessels of the MalHaving arrived at the bases of the pyramids,
pighian bodies in the columns.
they make a bend in their course, so as to lie between the bases of the pyramids
and the cortical arches, where they break up into two distinct sets of branches
devoted to the supply of the remaining portions of the kidney.
;

—

Fig. 528.

—Diagrammatical Sketch of

a A
A

a.

Proper renal artery aud vein, the former giving

—

A portion of Fig. 528 enlarged.
(The references are the same.)

Fig. 529.

Kidney.

'^cf

A.

off the renal afferents, the latter receiving the renal effereiits.

B b. Interlobular artery and vein, the latter commencing from the stellate veins, and receiving branches from the plexus
around the tubuli contorti, the former giving oti" renal afferents. C. Straight tube, surrounded by tubuli contorti, -with
which it communicates, forming a pyramid of Ferrein, as more fully shown in Fig. oil. D. Margin of medullary substance. E E E. Receiving tubes cut oB". F/. Arteriolce et vence rectae, the latter arising from (G) tlie plexus at tlie
medullary apex.

The first set, the interlobular arteries (Figs, 528, 529, b), are given off at right
angles from the side of the arterite proprias renales looking towards the cortical
substance, and, passing directly outwards between the pyramids of Ferrein, supply the capsule, terminating in the stellate plexus of veins beneath that structure.
In their outward course they support the Malpighian bodies by supiplying them
with efferent vessels, which, having pierced the capsule, end in the Malpighian
From each tuft the corresponding renal efferent arises, which, having
tufts.
made its egress from the capsule near to the point where the efferent entered,
anastomoses with other efferents from other tufts, and contributes to form a dense
venous plexus around the urinary tubes adjacent.
The second set from the arteria3 proprite renales are for the supply of the
medullary pyramids, Avhich they enter at their bases; and passing through their
substance straight to their apices, terminate in the venous plexuses found in that
situation.
They are called the arteriolse rectse (F'igs. 528, 529, f).
The Renal Veins arise from three sources the veins beneath the capsule, the

—

—
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plexuses around the tubuli contorti in the cortical arclies, and the plexuses
situated at the apices of the pyramids of Malpighi.
The veins beneath the capsule are stellate in arrangement, being found around the bases of the p^yramids
of Ferrein, and are derived from the terminations of the interlobular arteries.
These join to form the ve7ise interlohulares^ which pass inwards between the pyramids of Ferrein, receive branches from the plexuses around the tubuli contorti,
and, having arrived at the bases of the Malpighian pyramids, join with the vena3
rect£e, next to be described (Figs. 528, 529, h).
The Vense Rectse are branches from the plexuses at the apices of the medullary
pyramids, formed by the terminations of the arteriolas rect^. They pass outwards in a straight course between the tubes of the medullary structure, and
joinins:, as above stated, the venae interlobulares, form the proper renal veins
(Figs. 528, 529,/).
These vessels, Vense

Proprise Renales^ accompany the arteries of the same

name, running along the entire length of the sides of the pyramids and having
received in their course the eft'erents from the Malpighian bodies in the cortical
structure adjacent, quit the kidney proper to enter the sinus.
In this cavity they
inosculate with the corresponding veins from the other pyramids to form
The Renal Vein, which, passing through the hilum, opens into the vena cava
inferior; the left being longer than the right, from having to cross in front of the
abdominal aorta.
Nerves of the Kidney. The nerves of the kidney, although small, are about
fifteen in number.
They have small ganglia developed upon them, and are
derived from the solar plexus,. the lower and outer part of the semilunar ganglion,
and from the lesser and smallest splanchnic nerves. They communicate with the
spermatic plexus, a circumstance which may explain the sympathy that exists
between the kidney and testicle. So far as they have been traced, they seem to
accompany the renal artery and its branches, but their exact mode of termination
;

—

not known.
The lymphatics consist of a superficial and deep set, which terminate in the
lumbar glands.
Connective tissue, or interlohular stroma.
Althouo-h the tubules and vessels are
closely packed, a certain small amount of connective tissue, continuous with the
capsule, binds them firmly together.
This tissue was first described by Goodsir,
is

—

and subsequently by Bowman. Ludwig and Zawarykin have observed distiiict
around the Malpighian bodies; and Henle has seen them between
the straight tubes composing the medullary structure.
fibres passing

The Ureters.
The term Ureter is generally restricted to that portion of the renal duct which
between the pelvis of the kidney and the bladder, but in this description the
So that the
calices and pelvis of the kidney will be included in its composition.
ureter, or excretory duct, of the kidney will be said to consist of three portions
its dilated
its cup-like commencements, the calices, including the infundibula
portion, the pelvis ; and its tubular portion, the ureter proper.
The calices are cup-like tubes encircling the apices of the Malpighian pyramids but inasmuch as one calyx may include two or even more papillie, their
number is generally less than the pyramids themselves, the former being from
seven to thirteen, whilst the latter vary from eight to eighteen. These calices
converge into the three infundihida.^ an upper, middle, and lower, Avhich b}' their
junction form \)aQ pelvis, or dilated portion of the ureter; which latter, gradually
narrowing, become"s continuous with the ureter proper. The portion last mentioned, where the pelvis merges into the ureter proper, is found opposite the
transverse process of the third lumbar vertebra on the left, and the fourth on
the right side; at either of which situations it is accessible behind the peritoneum
is

—

;

;

(see Fig. 481, p. 806).

;
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is a cylindrical membranous tube, from sixteen to eighteen
and of the diameter of a goose-quill, extending from the pelvis
of the kidney to the bladder. Its course is obliquely downwards and inwards
through the lumbar region into the cavity of the pelvis, where it passes downwards, forwards, and inwards across that cavity to the base of the bladder, into
which it then opens by a constricted orifice, after having passed obliquely for
nearly an inch between its muscular and mucous coats.
In its course it rests upon the psoas muscle,
Relations of the Ureter Proper.
being covered by the peritoneum, and crossed obliquely, from within outwards,
by the spermatic vessels; the right ureter lying close to the outer side of the
inferior vena cava.
Opposite the first piece of the sacrum it crosses the common
iliac artery, lying behind the ileum on the right side and the sigmoid flexure of
the colon on the left.
In the pelvis it enters the posterior false ligament of the
bladder, below the obliterated hypogastric artery, the vas deferens in the male
passing between it and the bladder. In the female the ureter passes along the
sides and cervix uteri and upper part of the vagina.
At the base of the bladder
it is situated about tAvo inches from its fellow; lying, in the male, about an
inch and a half behind the base of the prostate, at the posterior angle of the

The

ureter proper

iuclies in length,

—

trigone.

Structure.

— The

ureter is

composed of three coats

—a

fibrous, muscular,

and

mucous.
l^\\e fibrous coat is the same throughout the entire length of the duct, being
continuous at one end with the capsule of the kidney at the floor of the sinus
whilst at the other it is lost in the fibrous structure of the bladder.
In the pelvis of the kidney the muscular coats are thick, but they become
thinner and thinner in the calices, the longitudinal fibres becoming lost upon the
sides of the mamillse, whilst a few scattered fibres from the circular layer may
be traced surrounding the medullary structure in the same situation. In the
ureter proper the muscular fibres are very distinct, and are arranged in three
layers
an external longitudinal, a middle circular, and an internal layer, less
distinct than the other two, but having a general longitudinal direction. According to Kolliker, this internal layer is only found in the neighborhood of the

—

bladder.

The mucous

coat is smooth, and presents a few longitudinal folds, which become
by distension. It is continuous with the mucous membrane of the bladder
below, whilst it is prolonged over the mamillas of the kidney above.
Its epithelium is of a peculiar character, and resembles that found in the bladder. It
effaced

known by the name of " transitional " epithelium. It consists of several layers
of cells, of which the innermost that is to say, the layer in contact with the
urine are quadrilateral in shape, with a concave margin on their outer surface,
into which fits the rounded end of the second layer.
These, the intermediate
cells, more or less resemble columnar epithelium, and are pear-shaped, Avith a
rounded internal extremity, which fits into the concavity of the cells of the first
layer, and a narrow external extremity, which is wedged in between the cells of
the third layer. The external or third layer consists of conical or spindle-shaped
cells, varjang in number in different parts, and presenting processes which extend
down into the basement-membrane.
The arteries supplying the ureter are branches from the renal, spermatic, internal iliac, and inferior vesical.
The nerves are derived from the inferior mesenteric, spermatic, and hypogastric
plexuses.
is

—

—

Suprarenal Capsules.
The suprarenal capsules are usually classified together with the spleen, thymus,
and thyroid, under the head of "ductless glands," as they have no excretory duct.
They are two small flattened glandular bodies, of a yellowish color, situated at
the back part of the abdomen, behind the peritoneum, and immediately in front
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of the upper part of either kidney hence their name.
The right one is somewhat triangular in shape, bearing a resemblance to a cocked hat; the left is more
semilunar, and usually larger and higher than the right.
They vary in size in
different individuals, being sometimes so small as to be scarcely detected
their
usual size is from an inch and a quarter to nearly two inches in length, rather
less in width, and from two to three lines in thickness.
In weight they vary
;

:

from one to two drachms.

—

Relations.
The anterior surface is in relation, on the right side, with the under
surface of the liver and on the left with the pancreas and spleen.
The posterior
surface rests upon the crus of the Diaphragm, opposite the tenth dorsal vertebra.
The ^qoper thin convex border is- directed upwards and inwards. The lower thick
concave border rests upon the upper end of the kidney, to which it is connected
by areolar tissue. The inner harder is in relation with the great splanchnic
;

Fisj

Cortical portion of

human

high magnifying power,
stitial

530.

connective tissue.
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c.
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nerves and semilunar ganglion, and lies in contact on the right side with the
vena cava, and on the left side with the aorta. The surface of the suprarenal gland is surrounded by areolar tissue containing much fat, and closely
invested by a thin fibrous coat, which is difficult to remove, on account of the
numerous fibrous processes and vessels which enter the organ through the furrows
inferior

on

its anterior surface and base.
Structure.
On making a perpendicular section, the gland is seen to consist of
two substances external or cortical, and internal or medullary. The former,
which constitutes the chief part of the organ, is of a deep-yellow color, and consists chiefly of narrow columnar masses placed perpendicularly to the surface.

—

—

The medullary substance is soft, pulpy, and of a dark-brown or black color, whence
the name atrahiliary capsules^ formerly given to these organs.
In the centre is
often seen a space, not natural, but formed by the breaking down after death of
the medullary substance.
The cortical portion owes its arrangement to the disposition of the capsule,
which sends into the interior of the gland processes passing in vertically and communicating with each other by transverse bands, so as to form spaces which open
into each other.
These spaces are of slight depth near the surface of the organ,
so that there the section somewhat resembles a net
this is termed the zona
;

;
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glomerulosa^ but they become much deeper or longer further in, so as to resemble
Still deeper down, near the
pipes or tubes placed endwise, the zona fasciculaia.
medullary part, the spaces become again of small extent; this is named t\\Qzona
These processes or trabeculae., derived from the capsule and forming
reticularis.
the framework of the spaces, are composed of fibrous connective tissue, with
Within the interior of the
longitudinal bundles of unstriped muscular fibres.
spaces are contained groups of polyhedral cells, which are finely granular in
appearance, and contain a spherical nucleus, and not unfrequently fat molecules.
These groups of cells do not entirely fill the spaces in which they are contained,
but between them and the trabecular of the framework is a channel, which is
believed to be a lymph path or sinus, with which certain intercellular passages
between the cells, composing the group, communicate. The lymph path is supposed to open into a plexus of efferent lymphatic vessels which are contained in
the capsule.
In the medullary portion, the fibrous stroma seems to be collected together into
a much closer arrans-ement, and forms bundles of stout connective tissue, which
are loosely applied to the large plexus of veins of which this part of the organ
mainly consists. In the interstices lie a number of cells, compared by Frey to
those of columnar epithelium.
They are coarsely granular, do not contain any
fat molecules, and some of them are branched.
Luschka has affirmed that these
branches are connected with, the nerve- fibres of a very intricate plexus which is
found in the medulla this statement has not been verified by other observers,
for the tissue of the medullary substance is less easy to make out than that of the
cortical, owing to its rapid decomposition.
The numerous arteries which enter the suprarenal bodies from the sources mentioned below penetrate the cortical part of the gland, where they break up into
capillaries in the fibrous septa, and these converge to the very numerous veins of
the medullary portion, which are collected together into the suprarenal vein, which
usually emerges as a single vessel from the centre of the gland.
The arteries supplying the suprarenal capsules are numerous and of large size
they are derived from the aorta, the phrenic, and the renal they subdivide into
numerous minute branches previous to entering the substance of the gland.
The sxiprarenal vein returns the blood from the medullary venous plexus, and
receives several branches from the cortical substance
it opens on the right side
into the inferior vena cava, on the left side into the renal vein.
The lymphatics terminate in the lumbar glands.
The nerves are exceedingly numerous: they are found chiefly, if not entirely,
in the medulla, and are derived from the solar and renal plexuses, and, according
to Bergmann, from the phrenic and pneumogastric nerves.
They have numerous
small ganglia developed upon them, from which circumstance the organ has been
conjectured to have some function in connection with the sj^mpathetic nervous
system.
:

;

;

THE PELVIS.
The cavity of the pelvis is that part of the general abdominal cavity which is
below the level of the linea ilio-pectinea and the promontory of the sacrum.
Boundaries. It is bounded, behind, by the sacrum, the coccyx, and the great
sacro-sciatic ligaments
in front and at the sides by the pubes and ischia, covered
by the Obturator muscles above, it communicates with the cavity of the abdomen and below, it is limited by the Levatores ani and Coccygei muscles, and
the visceral layer of the pelvic fascia, which is reflected from the wall of the
pelvis on to the viscera.

—

;

;

;

—

Contents.
The viscera contained in this cavity are the urinary bladder, the
rectum, and some of the generative organs peculiar to each sex they are partially covered by the peritoneum, and supplied with blood- vessels, lymphatics,
:

and nerves.
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Bladder..

The bladder is the reservoir for the urine. It is a musculo-membranous sac,
situated in the pelvis, behind the pubes, and in front of the rectum in the male,
the uterus and vagina intervening between it and that intestine in the female.
The shape, position, and relations of the bladder are greatly influenced by age,
During infancy it is conical in
sex, and the degree of distension of the organ.
shape, and projects above the upper border of the pubes into the hypogastric
region.
In the aduli^ when quite empty and contracted, it is a small triangular
sac, placed deeply in the pelvis, flattened from before backwards, its apex reachslightly distended
ing as high as the upper border of the symphysis pubis.
and when greatly disit has a rounded form, and partially fills the pelvic cavity
tended it is ovoJd in shape, rising into the abdominal cavity, and often extending

When
;

Fig. 632.

—Vertical Section of

Bladder, Penis, and Uretlira.

Prep uoe-

nearly as high as the umbilicus. It is larger in its vertical diameter than from side to
side, and its long axis is directed from above obliquely downwards and backwards,
in a line directed from some point between the pubes and umbilicus (according to its
distension) to the end of the coccyx.
The bladder, when distended, is slightly
curved forwards towards the anterior wall of the abdomen, so as to be more con
vex behind than in front. In the female it is larger in the transverse than in the
vertical diameter, and its capacity is said to be greater than in the male.
When
moderately distended, it measures about five inches in length and three inches
across, and the ordinary amount which it contains is about a pint.
The bladder is divided into a summit, body, base, and neck.
The summit^ or apex, of the bladder is rounded and directed forwards and
upwards; it is connected to the umbilicus by a fibro-muscular cord, the urachus,
and also by means of two rounded fibrous cords, the obliterated portions of the
hypogastric arteries, which are placed one on each side of the urachus. The
^

'

According to Henle, the

bladdei"

is

considerably smaller in the female than

m

the male.
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summit of

tlie bladder behind tlie urachus is covered by peritoneum, whilst the
portion in front of the urachus has no peritoneal covering, but rests upon the

abdominal wall.
The urachus is the obliterated remains of a tubular canal which exists in the
embryo, and connects the cavity of the bladder with a membranous sac placed
external to the abdomen, opposite the umbilicus, called the aUaniois.
In the
infant, at birth, it is occasionally found pervious, so that the urine escapes at the
umbilicus, and calculi have been found in its canal.
The body of the bladder in front is not covered by peritoneum, and is in relation Avith the triangular ligament, the posterior surface of the symphysis pubis,
the Internal obturator muscles, and, when distended, with the abdominal parietes.
The posterior surface is covered by peritoneum throughout. It corresponds,
in the female with the uterus, some convolutions
in the male, with the rectum
of the small intestine being interposed.
The side of the bladder is crossed obliquely from below, upwards and forwards,
by the obliterated hypogastric artery above and behind this cord the bladder
but below and in front of it the serous covering is
is covered by peritoneum
wanting, and it is connected to the pelvic fascia. The vas deferens passes, in an
arched direction, from before backwards, along the side of the bladder, towards
its base, crossing in its course the obliterated hypogastric artery, and passing
;

:

;

along the inner side of the ureter.
The hase [fundus) of the bladder is directed downwards and backwards. It
varies in extent according to the state of distension of the organ, being very
broad when full, but much narrower when empty. In the 'male it rests upon the
second portion of the rectum, from which it is separated by a reflection of the
recto-vesical fascia.
It is covered posteriorly, for a slight extent, by the peritoneum, which is reflected from it upon the rectum, forming the recto-vesical fold.
The portion of the bladder in relation with the rectum corresponds to a triangular space, bounded behind by the recto-vesical fold
on either side by the vesicula seminalis and vas deferens
and touching the prostate gland in fi'ont.
When the bladder is very full, the peritoneal fold is raised with it, and the distance
between its reflection and the anus is about four inches but this distance is much
diminished when the bladder is empty and contracted. In the female the base
of the bladder lies in contact with the lower part of the cervix uteri, is adherent
to the anterior wall of the vagina, and separated from the upper part of the
anterior surface of the cervix uteri by a fold of the peritoneum.
The neck (cervix) of the bladder is the constricted portion continuous with the
urethra.
In the male its direction is oblique in the erect posture, and it is sur
rounded by the prostate gland. In the female its direction is obliquely down;

;

;

wards and forwards.
Ligaments. The bladder is retained in its place by ligaments, which are
divided into true and false. The true ligaments are five in number, two anterior and two lateral, formed by the recto-vesical fascia, and the urachus.
The
false ligaments, also five in number, are formed by folds of the peritoneum.
The anterior liyamenis (pubo-prostatic) extend from the back of the pubes, one
on each side of the symphysis, to the front of the neck of the bladder, over the
upper surface of the prostate gland. These ligaments contain a few muscular
fibres prolonged from the bladder.
The lateral ligaments^ broader and thinner than the preceding, are attached to
the lateral parts of the prostate, and to the sides of the base of the bladder.
The urachus is the fibro-muscular cord already mentioned, extending between
the summit of the bladder and the umbilicus.
It is broad below, at its attachment to the bladder, and becomes narrower as it ascends.The false ligaments of the bladder are two posterior, two lateral, and one

—

superior.

The tivo posterior pass forwards, in the male, from the sides of the rectum in
the female, from the sides of the uterus, to the posterior and lateral aspect of the
;

—
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bladder: they form the lateral boundaries of the recto-vesical fold of the peritoneum, and contain the obliterated hypogastric arteries, and the ureters, together
with vessels and nerves.
The two lateral ligaments are reflections of the peritoneum, from the iliac fossae
to the sides of the bladder.

The swperior ligament is the prominent fold of peritoneum extending from
the summit of the bladder to the umbilicus.
It covers the urachus and the
obliterated hypogastric artei'ies.
Structure.
The bladder is composed of four coats a serous, a muscular, a

—

cellular,

and a mucous

—

coat.

The serous coat is partial, and derived from the peritoneum. It invests the
posterior surface, from opposite the termination of the two ureters to its summit,
and is reflected from this point and from the sides, on to the abdominal and pelvic
walls.

The muscular coat consists of two layers of unstriped muscular fibres, an
external layer, composed of longitudinal fibres, and an internal layer, of circular
fibres.

The longitudinal fibres are most distinct on the anterior and posterior surfaces
of the organ.
They arise in front from the anterior ligaments of the bladder,
from the neck of the bladder, and, in the male, from the adjacent portion of the
prostate gland.
They spread out, and form a plexifbrm mesh, on the anterior
surface of the bladder, being continued over the posterior surface and base of the
organ to the neck, where they are inserted into the prostate in the male, and
into the vagina in the female.
Other longitudinal fibres arise in the male from the sides of the prostate, and
spread out upon the sides of the bladder, intersecting with one another.
The circular fibres are very thinly and irregularly scattered on the body of
the organ but towards its lower part, round the cervix and commencement
of the urethra, they are disposed as a thick circular layer, forming the sphincter
vesicse, which is continuous with the muscular fibres of the prostate gland.
Two bands of oblique fibres, originating behind the orifices of the ureters,
converge to the back part of the prostate gland, and are inserted, by means of
a fibrous process, into the middle lobe of that organ.
They are the muscles of
the ureters^ described by Sir C. Bell, who supposed that during the contraction
of the bladder they served to retain the oblique direction of the ureters, and soprevent the reflux of the urine into them.
;

J. B. Pettigrew gives the following results at which he has arrived by his exquisite dissections
of the muscular fibres of the bladder and prostate {PMla. Trans.., 1867).
The muscular fibres
of the bladder are arranged spirally, forming figure-of-8 loops, the superficial more longitudinal
or drawn out, the deeper more circular or flattened.
This arrangement has been aptly compai-ed
to that of india-rubber rings through which a stick has been passed, and which are then wound
twice round the stick and drawn out into figures-of-8, some (the exterior) in very elongated
loops, so as to approach the longitudinal direction, others (the central) in very flattened loops,
so as to be nearly circular.
The external fibres, which are nearly longitudinal, are in four sets
an anterior and posterior, and a right and left lateral the latter accessory and less fully developed.
The fibres are arranged in seven strata, three external, three internal, and a middle, pursuing
well-marked directions in each. These layers, however, are very imperfect, '• the fibres rarely,
if ever, occupying precisely the same plane and running exactly parallel.
They, moreover, split
up, and become fused with each other, with corresponding or homologous fibres, and with fibres
which are either superimposed or underlie them." The fibres of the first and seventh layers are
the inost feebly developed. The crossings or decussations of the loops occur at different distances
in proceeding from before backwards, this crossing forming a kind of spiral line.
The loops are
directed towards and embrace the urachus and urethra respectively.
The terminal expansions
of the loops in the other layers contribute to the formation of. tlie fourth layer, particularly
towards the base and apex, which are, therefore, thicker than the other parts. The aggregation
of the loops towards the apex forms the sphincter.
The longitudinal, slightly oblique, truly
oblique, and nearly circular fibres of the successive layers are all continued into the prostatic
urethra, which therefore may be regarded as a continuation of the bladder anteriorly.
The
fibres of the cervix are traceable into the verumontanum, which Pettigrew believes to act as a
valve to the urethra, falling down into the tube and obstructing it when the muscle of the bladder is not acting, and raised up, so as to stand erect in the middle line, and thus to allow the flow
;

56

;
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of urine, when tlie fibres contract.
The varying obliquity and spiral arrangement of the seven
layers establishes a close analogy between the disposition of the muscular fibres of the bladder
and those of the heart, as described by Pettigrew in Phil. Trans., 1864; and he hints at similar
structure in the stomach and uterus.

—

Superficial Layer of the Epithelium
of the Bladder.
Composed of polyhedral
cells of various sizes, each with one, two,
or three nuclei.
(Klein and Noble Smith.)

Fig. 533.

Fig.

535.— The Bladder and Urethra
Seen from above.

laid open.

—

Fig. 584.
Deep Layers of Epithelium of Bladder, showing large, club-shaped cells above,
and smaller, more spindle-shaped cells below

— each

with an oval nucleus.
Noble Smith.)

(Klein

and

The

cellular coat consists of a layer of areolar

tissue,

connecting together the muscular and

mucous coats, and intimately united to the latter.
The mucous coat is thin, smooth, and of a
It is continuous through the
pale rose color.
ureters with the lining membrane of the uriniferous tubes, and below with that of the
urethra.
It is connected loosely to the muscular
coat by a layer of areolar tissue, excepting at
the trigone, where its adhesion is more close.

provided with a few mucous follicles and
numerous small racemose glands, lined with
columnar epithelium, exist near the neck of the
It is

organ.

;

The epithelium covering

it

is

of the

transitional variety, consisting of a superficial

layer of polyhedral, flattened cells, each with
beneath these, a
one, two, or three nuclei
stratum of large club-shaped cells, with the
narrow extremity directed downwards and
;

Cawget's

GfcW;

Orifices if ductr.
nJ'Cowpers Giands

wedged in between smaller spindle-shaped cells,
containing an oval nucleus (Figs. 533, 534).
Upon the inner surInterior of the Bladder.
face of the base of the bladder, immediately behincT the urethral orifice, is a triangular, smooth
surface, the apex of which is directed forwards
this is the trigonum vesicse or trigone vesical.
It is paler in color than the rest of the mucous
membrane, and never presents any rugse, even
in the collapsed condition of the organ, owing
to its intimate adhesion to the subjacent tissues.
It is bounded on each side by two slight ridges,
which pass backwards and outwards to the
orifices of the ureters, and correspond with the
muscles of these tubes and at each posterior
angle by the orifices of the ureters, which are
placed nearly two inches from each other, and
about an inch and a half behind the orifice of the

—

;
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trigone corresponds with the interval at the base of the bladder,

bounded by the prostate in front, and the vesiculse and vasa deferentia on the
Projecting from the lower and anterior part of the bladder, into the orifice
sides.
of the urethra, is a slight elevation of mucous membrane, called the uvula
vesicae.
It is formed by a thickening of the prostate.

The arteries supplying the bladder are the superior, middle, and inferior vesical
in the male, with additional branches from the uterine and vaginal in the female.
They are all derived from the anterior trunk of the internal iliac. The obturator
and

supply small visceral branches to the bladder.
sides, and base of the

sciatic arteries also

The

veins

form a complicated plexus round the neck,

bladder, and terminate in the internal iliac vein.
The lymphatics accompany the blood-vessels, passing through the glands sur-

rounding them.

The nerves are derived from the hypogastric plexus of the sympathetic and
the fourth sacral nerve the former supplying the upper part of the organ, the
According to F. Darwin the sympathetic fibres have
latter its base and neck.
ganglia connected with them, which send branches to the vessels and muscular
;

coat.

Male Ueethra.
The urethra extends from the neck of the bladder to the meatus urinarius. It
presents a double curve in the flaccid state of the penis, but in the erect state it
forms only a single curve, the concavity of which is directed upwards (Fig. 532).
and it is divided into three portions,
Its length varies from eight to nine inches
the prostatic, membranous, and spongy, the structure and relations of which are
essentially different.
The Prostatic portion is the widest and most dilatable part of the canal. It
passes through the prostate gland, from its base to its apex, lying nearer its upper
than its lower surface. It is about an inch and a quarter in length the form of
the canal is spindle-shaped, being wider in the middle than at either extremity,
and narrowest in front, where it joins the membranous portion.
transverse
section of the canal as it lies in the prostate is horseshoe in shape, the convexity
being directed upwards (Fig. 536). The canal is closed, except during the passage of the urine, the upper and lower mucous surfaces being in contact.
Upon the floor of the canal is a narrow, longitudinal ridge, the verumontanum^
or caput gallinaginis^ formed by an elevation of the mucous membrane and its
subjacent tissue. It is eight or nine lines in length, and a line and a half in
height and contains, according to Kobelt, muscular and erectile tissues. When
distended, it may serve to prevent the passage of the semen backwards into the
bladder.
On each side of the verumontanum is a slightly depressed fossa, the
prostatic sinus^ the floor of which is perforated by numerous apertures, the orifices
At
of the prostatic ducts, the ducts of the middle lobe opening behind the crest.
the fore part of the verumontanum, in the middle line, is a depression, the sinus
pocularis [vesicula prostatica) ; and upon or within its margins are the slit-like
openings of the ejaculatory ducts. The sinus pocularis forms a cul-de-sac about
a quarter of an inch in length, which runs upwards and backwards in the substance of the prostate beneath the middle lobe its prominent upper wall partly
forms the verumontanum. Its walls are composed of fibrous tissue, muscular
fibres, and mucous membrane
and numerous small glands open on its inner surface.
It has been called by Weber, who discovered it, the uterus masculinus,
from its homology with the female organ.
The Membranous portion of the urethra extends between the apex of the
prostate and the bulb of the corpus spongiosum.
It is the narrowest part of the
canal (excepting the orifice), and measures three-quarters of an inch along its
upper, and half an inch along its lower surface, in consequence of the bulb projecting backwards beneath it below.
Its upper concave surface is placed about
an inch beneath the pubic arch, from which it is separated by the dorsal vessels
;

;

A

;

;

;

:
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and nerves of the penis, and some muscular fibres. Its lower convex surface is
separated from the rectum by a triangular space, which constitutes the perinseum.
The membranous portion of the urethra perforates the deep perinseal fascia and
two layers from this membrane are prolonged round it, the one forwards, the
other backwards; it is also surrounded by the Compressor urethras muscle. Its
coverings are mucous membrane, elastic fibrous tissue, a thin layer of erectile
tissue, muscular fibres, and a prolongation from the deep perinseal fascia.
The Spongy portion is the longest part of the urethra, and is contained in the
corpus spongiosum. It is about six inches in length, and extends from the
termination of the membranous portion to the meatus urinarius. Commencing
below the symphysis pubis, it ascends for a short distance, and then curves downwards. It is narrow, and of uniform size in the body of the penis, measuring
about a quarter of an inch in diameter being dilated behind, within the bulb
and again anteriorly within the glans penis, forming the fossa navicularis.
cross section of this canal in the body of the penis has its long diameter transverse but in the glans, that diameter is directed vertically.
The Bulbous portion is a name given, in some descriptions of the urethra, to
the posterior dilated part of the spongy portion contained within the bulb.
The meatus urinarius is the most contracted part of the urethra it is a vertical
slit, about three lines in length, bounded on each side by two small labia.
The
inner surface of the lining membrane of the urethra, especially on the floor of
the spongy portion, presents the orifices of numerous mucous glands and follicles
situated in the submucous tissue, and named the glands of Littre. .They vary in
size, and their orifices are directed forwards, so that they may easily intercept
the point of a catheter in its passage along the canal. One of these lacunae,
larger than the rest, is situated on the upper surface of the fossa navicularis,
about an inch and a half from the orifice it is called the lacuna magna. Into
the bulbous portion are found opening the ducts of Cowper's glands.
Structure.
The urethra is composed of three coats a mucous, muscular, and
:

;

A

;

;

;

:

erectile.

The mucous coat forms part of the genito-urinary mucous membrane. It is
continuous with the mucous membrane of the bladder, ureters, and kidneys
externally, with the integument covering the glans penis
and is prolonged into
the ducts of the glands which open into the urethra, viz., Cowper's glands, the
prostate gland, and the vasa deferentia and vesiculee seminales, through the
ejaculatory ducts.
In the spongy and membranous portions the mucous membrane is arranged in longitudinal folds when the organ is contracted. Small
papillge are found upon it, near the orifice
and its epithelial lining is of the
columnar variety, excepting near the meatus, where it is laminated.
The m^uscular coat consists of two layers of plain muscular fibres, an external
longitudinal layer, and an internal circular.
The muscular tissue is most
abundant in the prostatic portion of the canal. According to Hancock, the
muscular fibres of the urethra are continuous with those of the bladder, and are
arranged as follows. The outer coat of the bladder is continued forwards over
the prostate, immediately beneath the capsule to the membranous portion of the
urethra the inner coat of the bladder passes through the prostate around the
urethra, and at the anterior extremity becomes continuous with the outer layer
investing the membranous portion of the urethra.
At the bulb the two layers
again separate the inner one that is, the one derived from the inner coat of
the bladder surrounds the urethra, immediately beneath the mucous membrane,
while the outer one surrounds the whole of the corpus spongiosum, lying between
it and its fibrous investment.
At the lips of the urethra the two layers meet
together and become continuous one with the other (" Lettsomian Lectures,"
;

;

;

:

—

:

—

1852).
thin layer of erectile tissue is continued from the corpus spongiosum round
the membranous and prostatic portions of the urethra to the neck of the
bladder.

A

Male Generative Organs.
Prostate Gland.
a pale, firm, glandular body,
Prostate Gland
stand before)
THEwhicli
surrounds the neck of the bladder and commencement of the urethra.
(Tpo'iffTrifxi,

to

is

behind and below the symphysis pubis, posterior
and upon the rectum, through which it may be disespecially when enlarged.
In shape and size it resembles a horse-

It is placed in the pelvic cavity,

to the

deep perinseal

tinctly

felt,

fascia,

chestnut.
Fig. 536.

—Transverse Section of
of the caput gallinaginis

the Prostate Gland; showing the urethra, with tlie eminence
beneath it the sinus pocularis and ejaculatory ducts.
;

backwards towards the neck of the bladder.
directed forwards to the deep perinseal fascia, which it touches.
Its under surface is smooth, and rests on the rectum, to which it is connected
by dense areolar fibrous tissue.
Its upper surface is flattened, marked by a slight longitudinal furrow, and
placed about three-quarters of an inch below the pubic symphysis.
It measures about an inch and a half in its transverse diameter at the base, an
inch in its antero-posterior diameter, and three-quarters of an inch in depth. Its
weight is about six drachms. It is held in its position by the anterior ligaments
of the bladder {pubo-prostatic) ; by the posterior layer of the deep perinseal fascia,
which invests the commencement of the membranous portion of the urethra and
prostate gland and by the anterior portion of the Levator ani muscle (levator
Its base is directed

The apex

is

;

(
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.
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proslatse\ wliich passes down on eacli side from the symphysis pubis and anterior
ligament of the bladder to the sides of the prostate.
The prostate consists of two lateral lobes and a middle lobe.
The two lateral lobes are of equal size, separated behind by a deep notch, and
marked by a slight furrow upon their upper and lower surface, which indicates
the bi-lobed condition of the organ in some animals.
The third, or middle lobe, is a small transverse band, occasionally a rounded or
triangular prominence, placed between the two lateral lobes, at the under and
It lies immediately beneath the neck of the bladder,
posterior part of the organ.
behind the commencement of the urethra, and above the ejaculatory ducts. Its
existence is not constant but it is occasionally found at an early period of life,
In advanced life this, or some other portion
as well as in adults, and in old age.
;

becomes considerably enlarged, and projects into the bladder,
impede the passage of the urine. According to Dr. Messer's researches,
conducted at Greenwich Hospital,^ it would seem that such obstruction exists in
of the prostate, often

so as to

twenty per cent, of all prostates over sixty years of age.
The prostate gland is perforated by the urethra and common seminal ducts.
The urethra usually lies about one-third nearer its upper than its lower surface
occasionally, the prostate surrounds only the lower three-fourths of this tube, and
more rarely the urethra runs through the lower instead of the upper part of the
gland.
The ejaculatory ducts pass forwards obliquely through a conical canal,
situated in the lower part of the prostate, and open into the prostatic portion of
the urethra.

The

Structure.

prostate

is

inclosed in a thin but firm fibrous capsule, distinct

from that derived from the posterior layer of the deep perinseal fascia, and separated from it by a plexus of veins.
Its substance is of a pale reddish-gray color,
very friable, but of great density. It consists of glandular substance and muscular tissue.

The muscular

tissue, according to Kolliker, constitutes the proper stroma of
the connective tissue being very scanty, and simply forming thin
trabeculee beneath the muscular fibres, in which the vessels and nerves of the
gland ramify. The muscular tissue is arranged as follows immediately beneath
the fibrous capsule is a dense layer, which forms an investing sheath for the gland,
and is continuous behind with the external layer of the bladder, and in front
forms a muscular stratum around the membranous portion of the urethra
secondly, around the urethra as it lies in the prostate is another dense layer of
circular fibres, continuous behind with the internal layer of the muscular coat
of the bladder, and in front blending with the fibres surrounding the membranous
portion of the urethra, derived from the outer layer of the prostate, first described.
Between these two layers, strong bands of muscular tissue, which decussate freely,
form meshes, in which the glandular structure of the organ is imbedded. In
that part of the gland which is situated anterior to the urethra the muscular
tissue is especially dense, and there is here little or no gland-tissue
while in
that part which is behind the urethra the muscular tissue presents a wide-meshed
structure, which is densest at the upper part of the gland
that is, near the
bladder becoming looser and more sponge-like towards the apex of the organ.
The glandular substance is composed of numerous follicular pouches, opening
into elongated canals, which join to form from twelve to twenty small excretory
ducts.
The follicles are connected together by areolar tissue, supported by prolongations from the fibrous capsule and muscular stroma, and inclosed in a delicate capillary plexus.
The epithelium lining of both the canals and the terminal
vesicles is of the columnar variety. The prostatic ducts open into the floor of the
prostatic portion of the urethra.
Yessels and Nerves.
The arteries supplying the prostate are derived from the
internal pudic, vesical, and hemorrhoidal.
Its veins form a plexus around the

the prostate

:

:

;

—

—

1

Med.-Chir. Trans., vol.

xliii.,

p. 152,

THE
and base of the gland
and terminate in the internal

sides

;
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vein of the penis,
nerves are derived from the h3q30-

tliey receive in front the dorsal
iliac vein.

The

gastric plexus.

Prostatic Secretion is a milky fluid, having an acid reaction, and presenton microscopic examination, molecular matter, the squamous and columnar
forms of epithelium, and granular nuclei. In old age, this gland is liable to be
enlarged, and its ducts are often filled with innumerable small concretions, of a
brownish-red color, and of the size of a millet-seed, composed of carbonate of
lime and animal matter.

The

ing,

Cowper's Glands.
Cowperh Glands are two small rounded and somewhat lobulated bodies, of a
yellowish color, about the size of peas, placed beneath the fore part of the membranous portion of the urethra, between the two layers of the deep peringeal fascia.
They lie close behind the bulb, and are inclosed by the transverse fibres of the
Compressor urethrse muscle. Each gland consists of several lobules, held together
by a fibrous investment. The excretory duct of each gland, nearly an inch in
length, passes obliquely forwards beneath the mucous membrane, and opens by a
minute orifice on the floor of the bulbous portion of the urethra. Their existence
is said to be constant; they gradually diminish in size as age advances.

The

Penis.

The penis is the organ of copulation, and contains in its interior the larger
portion of the urethra. It consists of a root, body, and extremity or glans penis.
The root is broad, and firmly connected to the rami of the pubes by two strong
tapering fibrous processes, the crura, and to the front of the symphysis pubis by
a fibrous membrane, the suspensory ligament.
The extremity^ or glans penis^ presents the form of an obtuse cone, flattened
from above downwards. At its summit is a vertical fissure, the orifice of the
urethra (meatus urinarius) at the back part of this orifice a fold of mucous membrane passes backwards to the bottom of a depressed raphe, where it is continuous
with the prepuce this fold is termed the frsenum prseputii. The base of the
glans forms a rounded projecting border, the corona glandis ; and behind the corona
is a deep constriction, the cervix.
Upon both of these, numerous small lenticular
sebaceous glands are found, the glandidse Tysonii odoriferse. They secrete a
sebaceous matter of very peculiar odor, which probably contains caseine, and
:

;

becomes

easily

decomposed.

The hody of the

penis is the part between the root and extremity. In the flaccid
condition of the organ it is cylindrical, but when erect has a triangular prismatic
form with rounded angles, the broadest side being turned upward, and called the

dorsum.

It is covered

by integument remarkable

for its thinness, its

dark

color,

looseness of connection with the deeper parts of the organ, and its containing
no adipose tissue. At the root of the penis the integument is continuous with
that upon the pubes and scrotum and at the neck of the glans it leaves the surface, and becomes folded upon itself to form the prepuce.
The internal layer of the prepuce, which also becomes attached to the cervix,
approaches in character to a mucous membrane it is reflected over the glans
penis, and at the meatus urinarius is continuous with the mucous lining of the
urethra.
The mucous membrane covering the glans penis contains no sebaceous glands
but projecting from its free surface are a number of small, highly sensitive papillaa.
The penis is composed of a mass of erectile tissue, inclosed in three cylindrical
fibrous compartments.
Of these, two, the corpora cavernosa, are placed side by
side along the upper part of the organ; the third, or corpus spongiosum, incloses
the urethra, and is placed below.
its

;

;

;
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They
chief part of the body of the penis.
two fibrous cyhndrical tubes, placed side by side, and intimately connected along the median linefortheir anterior three-fourths, their posterior fourth
being separated to form the two crura, by which the penis is connected to the
rami of the pubes. Each crus commences by a blunt-pointed process in front of
The Corpora Cavernosa form the

consist of

the tuberosity of the ischium; and, near its junction with its fellow, presents a
Just
slight enlargement, named by Kobelt the Indh of the corpus cavernosum.
beyond this point they become constricted, and retain an equal diameter to their
anterior extremity, where the}'" form a single rounded end, which is received into
median groove on the upper surface
a fossa in the base of the glans penis.
lodges the dorsal vein of the penis, and the groove on the under surface receives
the corpus spongiosum. The root of the penis is connected to the symphysis
pubis by the suspensory ligament.
/Structure.
Each corpus cavernosum consists of a strong fibrous envelope,
inclosing a fibrous reticular structure, which contains erectile tissue in its meshes.
It is separated from its fellow by an incomplete fibrous septum.
The fibrous investment is extremely dense, of considerable thickness, and highly
elastic
it not only invests the surface of the organ, but sends off numerous fibrous
hands (trabeculse) horn, its inner surface, as well as from the surface of the septum,
which cross its interior in all directions, subdividing it into a number of separate
compartments, which present a spongy structure, in which the erectile tissue is
contained.
The trabecular structure fills the interior of the corpora cavernosa. Its component fibres are larger and stronger round the circumference than at the centre
of the corpora cavernosa they are also thicker behind than in front.
The interspaces, on the contrary, are larger at the centre than at the circumference, their
long diameter being directed transversel}^ they are largest anteriorly. They are
lined by a layer of flattened cells similar to the endothelial lining of veins.
The fibrous septum forms an imperfect partition between the two corpora cavernosa it is thick and complete behind but in fi^ont it is incomplete, and consists
of a number of vertical bands of fibrous tissue, which are arranged like the teeth
of a comb, whence the name, septum pectini/orme ; these bands extend between
the dorsal and the urethral surface of the corpora cavernosa.
The fibrous investment and septum consist of longitudinal bands of white fibrous
tissue, Avith numerous elastic and muscular fibres.
The trabeculas also consist of
white fibrous tissue, elastic fibres, and plain muscular fibres, and inclose arteries
and nerves.
The Corpus Spongiosum incloses the urethra, and is situated in the groove on
the under surface of the corpora cavernosa. It commences posteriorly in front
of the deep peringeal fascia, between the diverging crura of the corpora cavernosa,
where it forms a rounded enlargement, the bulb and terminates, anteriorly,
in another expansion, the glans penis, which overlaps the anterior rounded
extremity of the corpora cavernosa. The central portion, or body of the corpus
spongiosum, is cylindrical and tapers slightly from behind forwards.

A

;

;

;

;

;

;

The

hulb varies in size in different subjects

from the anterior layer of the deep perineal

;

it

receives a fibrous investment
and is surrounded by the

fascia,

Accelerator uringe muscle. The urethra enters the bulb nearer its upper than
its lower surface, being surrounded by a layer of erectile tissue, a thin prolongation of which is continued backwards round the membranous and prostatic portions of the canal to the neck of the bladder, lying immediately beneath the
mucous membrane. The portion of the bulb below the urethra presents a partial
division into two lobes, being marked externally by a linear raphe, whilst internally there projects inwards, for a short distance, a thin fibrous septum, more distinct in early life.

Structure.
The corpus spongiosum consists of a strong fibrous envelope,
inclosing a trabecular structure, which contains in its meshes erectile tissue.
The
fibrous envelope is thinner, whiter in color, and more elastic than that of the corpus
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The trabeculae are delicate, uniform in size, and the meshes between
their long diameter, for the most part, corresponding with that of
thin layer of muscular fibres, continuous behind with those of the
the penis.
bladdei', forms part of the outer coat of the corpus spongiosum, and a second
cavernosum.

them small

;

A

layer of muscular tissue
the urethra.

The

is

found immediately beneatli the mucous membrane of

of an intricate venous plexus, lodged in
The veins forming this plexus are so
numerous, and communicate so freely with one another, as to present a cellular
appearance when examined by means of a section their walls are extremely
thin, and lined by a single layer of flattened endothelial cells.
The veins are
smaller in the glans penis, corpus spongiosum, and circumference of the corpora
cavernosa, than in the central part of the latter, where they are of large size,
and much dilated. They return the blood by a series of vessels, some of which
emerge
considerable numbers from the base of the glans penis, and converge
on the dorsum of the organ to form the dorsal vein others pass out on the
upper surface of the corpora cavernosa, and join the dorsal vein some emerge
from the under surface of the corpora cavernosa, and, receiving branches from
the corpus spongiosum, wind round the sides of the penis to terminate in the
dorsal vein but the greater number pass out at the root of the penis, and join
the prostatic plexus and pudendal veins.^
erectile tissue consists essentially

the interspaces between the trabeculse.

;

m

;

;

;

Fig. 537.

1. a.

—From the peripheral

portion of the corpus cavernosum penis under a low
magnifyinc: jjower.
(Copied from Langer.)

Network known

as the superficial.

6.

The

deep.

2.

Connection of the arterial twigs

(a)

with the

canals of the deeper cortical network.

The arteries of the penis are derived from the internal pudic. Those supplying
the corpora cavernosa are the arteries of the corpora cavernosa, and branches
from the dorsal artery of the penis, which perforate the fibrous capsule near the
fore part of the organ.
Those to the corpus spongiosum are the arteries of the
bulb.
Additional branches are described by Kobelt as arising from the trunk
of the internal pudic they enter the bulbous enlargements on the corpora cavernosa and corpu.s spongiosum. The arteries, on entering the cavernous structure,
divide into branches, which are supported and inclosed by the trabecules some
of these branches terminate in a capillary network, which communicates with
the veins as in other parts; whilst others are more convoluted, and assume a
tendril-like appearance
hence the name, helicine arteries^ which was given to
these vessels by Miiller.
The helicine arteries are more abundant in the back
part of the corpora cavernosa and corpus spongiosum they have not been seen
in the glans penis.
The termination of these arteries in the venous spaces has
;

;

;

;

^ It seems probable, from
an observation by Mr. Gay, and from his injections of these veins,
that the deep veins
those returning the blood from the erectile tissues have little communication with tlie superficial
those which derive their blood from the integuments; but further
research is needed on this point.
See Gay in Path. Trana., xxx., 323-5.

—

—

—

:
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but the views of Langer are those which are now
universally adopted.
He describes the arteries of the corpus cavernosum as terminating, some of them (as above), in ordinary capillaries. Others run, as somewhat fine arterial twigs (about 4^o-th of an inch in diameter), into the venous
network, while the terminal branches of the arteries open directly into the venous
There are also capillaries which
spaces by remarkable funnel-shaped orifices.
surround the coats of the large arteries, and communicate with the venous spaces.
This arrangement of vessels is also found in the bulb of the urethra. In the
corpus spongiosum and in the glans, the arteries communicate with the venous
spaces through the intervention of capillary vessels.^
The lymphatics of the penis consist of a superficial and deep set the former
terminate in the inguinal glands the latter emerge from the corpora caveimosa
and corpus spongiosum, and, passing beneath the pubic arch, join the deep lymphatics of the pelvis.
The nerves are derived from the internal pudic nerve and the hypogastric
plexus.
On the glans and bulb some filaments of the cutaneous nerves have
Pacinian bodies connected with them, and according to Krause many of them
terminate in a peculiar form of end-bulb.

been long a matter of debate

;

•

;

;

The Testes and their Coverings.
The testes are two small glandular organs, which secrete the semen: they are
situated in the scrotum, being suspended by the spermatic cords.
At an early
period of foetal life, the testes are contained in the abdominal cavity, behind the
peritoneum. Before birth, they descend to the inguinal canal, along which they
pass with the spermatic cord, and, emerging at the external abdominal ring, they
descend into the scrotum, becoming invested in their course by numerous coverings derived from the serous, muscular, and fibrous layers of the abdominal
parietes, as well as by the scrotum.
The coverings of the testis are, the
Skin,
T\
Dartos,
.

1

}

o

bcrotum.

j

Intercolumnar, or External spermatic fascia.
Cremaster muscle,
Infundibuliform, or Fascia propria (Internal spermatic
Tunica vaginalis.

fascia).

The Scrotum is a cutaneous pouch, which contains the testes and part of the
spermatic cords. It is divided into two lateral halves by a median line, or raphe,
which is continued forwards to the under surface of the penis, and backwards
along the middle line of the perinseum to the anus. Of these two lateral portions the left is longer than the right, and corresponds with the greater length
of the spermatic cord on the left side. Its external aspect varies under different
circumstances thus, under the influence of warmth, and in old and debilitated
persons, it becomes elongated and flaccid but, under the influence of cold, and
in the young and robust, it is short, corrugated, and closely applied to the testes.
The scrotum consists of two layers, the integument and the dartos.
The integument is very thin, of a brownish color, and generally thrown into
folds or rugffi.
It is provided with sebaceous follicles, the secretion of which
has a peculiar odor, and is beset with thinly scattered, crisp hairs, the roots of
which are seen throug;h the skin.
The dartos is a thin layer of loose reddish tissue, endowed with contractility
it forms the proper tunic of the scrotum, is continuous, around the base of the
scrotum, with the superficial fascia of the groin, perineeurn, and inner side of the
thighs, and sends inwards a distinct septum, septum, scroti^ which divides it into
two cavities for the two testes, the septum extending between the raphe and the
under surface of the penis, as far as its root.
:

:

^

See Frey's Manual of Histology for a summary of Langer's description of these vessels.
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The dartos is closely anited to the skin externally, but connecied with the
subjacent parts by delicate areolar tissue, upon which it glides with the greatest
The dartos is very vascular, and consists of a loose areolar tissue, confacility.
Its contractility is slow, and
taining unstriped muscular fibres, but no fat.
excited by cold and mechanical stimuli, but not by electricity.
The inter columnar fascia is a thin membrane, derived from the margin of the
pillars of the external abdominal ring, during the descent of the testis in the
It
foetus, being prolonged downwards aroimd the surface of the cord and testis.
is separated from the dartos by loose areolar tissue, which allows of considerable
movement of the latter upon it, but is intimately connected with the succeeding
layers.

The

cremasteric fascia consists of scattered bundles of muscular fibres [Cremaster
from the lower border of the internal oblique muscle during the

muscle)^ derived

descent of the testis (p. 897).
The /'ascm propria is a thin membranous layer, which loosely invests the surface of the cord.
It is a continuation downwards of the infundibuliform process
of the fascia transversalis, and is also derived during the descent of the testis in
the foetus.
The tunica vaginalis is described with the proper covering of the testis.
more detailed account of the other coverings of the testis will be found in the
description of the surgical anatomy of inguinal hernia.
Vessels and Nerves. The arteries supplying the coverings of the testis are the
superficial and deep external pudic, from the femoral
the superficial perinseal
branch of the internal jjudic and the cremasteric branch from the epigastric.
The veins follow the course of the corresponding arteries. The lymphatics terminate in the inguinal glands.
The nerves are the ilio-inguinal branch of the
lumbar plexus, the two superficial perinatal branches of the internal pudic nerve,
the inferior pudendal branch of the small sciatic nerve, and the genital branch
of the genito-crural nerve.
The Spermatic Cord extends from the internal abdominal ring, where the
structures of which it is composed converge, to the back part of the testicle.
It
is composed of arteries, veins, lymphatics, nerves, and the excretory duct of the
testicle.
These structures are connected together by areolar tissue, and invested
by the fasciee brought down by the testicle in its descent. In the abdominal
wall the cord passes obliquely along the inguinal canal, lying at first beneath the
Internal oblique, and upon the fascia transversalis but nearer the pubes it rests
upon Poupart's ligament, having the aponeurosis of the External oblique in front
of it, and the conjoined tendon behind it.
It then escapes at the external ring,
and descends nearly verticall}^ into the scrotum. The left cord is rather longer
than the right consequently, the left testis hangs somewhat lower than its

A

:

;

;

:

;

;

fellow.

The arteries of the cord are the spermatic, from the aorta the artery of the
vas deferens, from the superior vesical and the cremasteric, from the deej^ epi:

;

;

gastric artery.

The spermatic

artery supplies the testicle.

On

approaching the gland

it

gives

some branches which supply the epididymis, and others which perforate the
tunica albuginea behind, and spread out on its inner surface, or pass through the
fibrous septum in its interior, to be distributed on the membranous septa between
oft'

the lobes.
The artery of the vas deferens is a long, slender vessel, which accompanies the
vas deferens, ramifying upon the coats of that duct, and anastomosing with the
spermatic artery near the testis.
The cremasteric branch from the epigastric supplies the Cremaster muscle and
other coverings of the cord.
The sperm.atic veins leave the back part of the testis, and, receiving branches
from the epididymis, unite to form a plexus [jjampiniform plexus)^ which forms
the chief mass of the cord. They pass up in front of the vas deferens, and unite
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form a single trunk, which terminates, on the right side, in the inferior vena
cava, on tlie left side in the left renal vein.
The lymphatics are of large size, accompany the blood-vessels, and terminate

to

in the

lumbar glands.

The

This plexus is
nerves are the spermatic plexus from the sympathetic.
derived from the renal and aortic plexuses, joined by filaments from the hypogastric plexus which accompany the artery of the vas deferens.
Testes.

The

testes are suspended in the scrotum by the spermatic cords.
Each gland
of an oval form, compressed laterally and behind, and having an oblique position in the scrotum the upper extremity being directed forwards and a little
outwards; the lower, backwards and a little inwards; the anterior convex border
looks forwards and downwards, the posterior or straight border, to which the
cord is attached, backwards and upwards.
The anterior and lateral surfaces, as well as both extremities of the organ, are
convex, free, smooth, and invested by the tunica vaginalis. The posterior border,
to which the cord is attached, receives only a
Tlie Testis in situ, the
Fig. 538.
partial investment from that membrane.
Lying
Tunica Vaginalis having been
upon the outer edge of this border is a long,
laid open.
narrow, flattened body, named, from its relation
It
to the testis, the epididymis (^f'^ujaog, testis).
consists of a central portion, or body, an upper
enlarged extremity, the ylohus major or head and
Artery
of Cord
a lower pointed extremity, the tail, or globus
minor.
The globus major is intimately connected
with the upper end of the testicle by means of its
efferent ducts; and the globus minor is connected
with its lower end by cellular tissue, and a reTunha Vaglnalh
The outer surface
flection of the tunica vaginalis.
and upper and lower ends of the epididymis are
the body
free and covered by serous membrane
is also completely invested by it, excepting along
its posterior border, and connected to the back
of the testis by a fold of the serous membrane.
Attached to the upper end of the testis, or to
the epididymis, are one or more small pedunculated bodies.
One of them is pretty constantly
found between the globus major of the epididymis
and the testicle, and is believed to be the remains
They are termed the
of the upper extremity of the Miillerian duct (page 135).
Hydatids of Morgagni. When the testicle is removed from the body the position of the vas deferens, on its posterior and inner side, marks the side to which
the gland has belonged.
Size and weight.
The average dimensions of this gland are from one and a
half to two inches in length, one inch in breadth, and an inch and a quarter in
the antero-posterior diameter and the weight varies from six to eight drachms,
the left testicle being a little the larger.
The testis is invested by three tunics, the tunica vaginalis, tunica albuginea,
and tunica vasculosa.
The Tunica. Vaginalis is the serous covering of the testis. It is a pouch of
serous membrane, derived from the peritoneum during the descent of the testis
in the foetus from the abdomen into the scrotum. After its descent, that portion
of the pouch which extends from the internal ring to near the upper part of
the gland becomes obliterated, the lower portion remaining as a shut sac, which
invests the outer surface of the testis, and is reflected on the internal surface of
is

;

—

;

^

;

;

THE
the scrotum

;

hence

it

may
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be described as consisting of a visceral and parietal

portion.

The

visceral portion [tunica vaginalis propria) covers the outer surface of the
well as the epididymis, connecting the latter to the testis by means of a

testis, as

From the posterior border of the gland it is reflected on to the
internal surface of the scrotum.
The parietal portion of the serous membrane {tunica, vaginalis reflexa) is far
more extensive than the visceral portion, extending upwards, for some distance
in front, and on the inner side of the cord, and reaching below the testis.
The
inner surface of the tunica vaginalis is free, smooth, and covered by a layer of
squamous epithelium. The interval between the visceral and parietal layers of
this membrane constitutes the cavity of the tunica vaginalis.
The obliterated portion of the pouch may generally be seen as a fibro-cellular
thread, lying in the loose areolar tissue around the spermatic cord
sometimes
distinct fold.

;

may be

traced as a distinct band from the upper end of the inguinal canal,
where it is connected with the peritoneum down to the tunica vaginalis sometimes it gradually becomes lost on the spermatic cord. Occasionally no trace of
it can be detected.
In some cases it happens that the pouch of peritoneum does
not become obliterated, but the sac of the peritoneum communicates with the
This may give rise to one of the varieties of inguinal hernia
tunica vaginalis.
Or in other cases the pouch may contract, but not become entirely
(p. yi7).
obliterated it then forms a minute canal, leading from the peritoneum to the
tunica vaoinalis.^
The Tunica Alhuginea is the fibrous covering of the testis. It is a dense,
fibrous membrane, of a bhiish-white color, composed of bundles of white fibrous
tissue, which interlace in every direction.
Its outer surface is covered by the
tunica vaginalis, except along its posterior border, and at the points of attachment of the epididymis hence the tunica albuginea is usually considered as a
fibro-serous membrane, like the dura mater and pericardium.
This membrane
surrounds the glandular structure of the testicle, and, at its posterior and upper
border, is reflected into the interior of the gland, forming an incomplete vertical
septum, called the mediastinum testis {corpus Higlvmorianum).
The mediastinuin testis extends from the upper nearly to the lower border of
the gland, and is wider above than below.
From the front and sides of this
septum, numerous slender fibrous cords {traheculse) are given off, which pass to
be attached to the inner surface of the tunica albuginea they serve to maintain
the form of the testis, and join with similar cords given off from the inner surface of the tunica albuginea to form spaces which inclose the separate lobules
of the organ.
The mediastinum supports the vessels and ducts of the testis in
their passage to and from the substance of the gland.
The Tunica Vasculosa {pia mater testis) is the vascular layer of the testis, consisting of a plexus of blood-vessels, held together by a delicate areola]" tissue.
It covers the inner surface of the tunica albuginea, sending oft' numerous processes between the lobules, which are supported by the fibrous prolongations from
the mediastinum testis.
Structure.
The glandular structure of the testis consists of numerous lobules
{lohuli testis).
Their number, in a single testis, is estimated by Berres at 250,
and by Krause at 400. They differ in size according to their position, those in
the middle of the gland being larger and longer.
The lobules are conical in
shape, the base being directed towards the circumference of the organ, the apex
towards the mediastinum. Each lobule is contained in one of the intervals
between the fibrous cords and vascular processes which extend between the
mediastinum testis and the tunica albuginea, and consists of from one to three
this

;

;

;

:

recorded that, in the post-mortem examination of Sir Astley Cooper, this minute canal
sides of the body.
Sir Astley Cooper states that, when a student, he suiTered
from inguinal hernia; jirobably this was of the congenital variety, and the canal found after
death was the remains of the one down which the hernia travelled [Lectures on Surgery 1830,
^

It is

was found on both

.,

p. 206).

;
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or more minute convoluted tubes, the tuhuli seininiferi.
The tubes may be
separately unravelled, by careful dissection under water, and may be seen to
commence either by free ca^cal ends or by anastomotic loops. The total number
of tubes is considered by Munro to be about 300, and the length of each about
sixteen feet by Lauth, their number is estimated at 840, and their average
length two feet and a quarter. Their diameter varies from ^^-g- to y-g-Q of an inch.
The tubuli are pale in color in early life, but in old age they acquire a deep
yellow tinge, from containing much fatty matter. They consist of a membrana
propria, containing oval, flattened nuclei, inside which are several layers of epithelial cells, the seminal cells.
These may be divided into an outer layer, next
the membrana propria, and two or more layers of inner cells.
The former cells
are more or less polyhedral in shape, uniform in size, and contain an oval or
spherical nucleus the latter cells, those comprising the inner layer, are spherical, and more loosely connected together.
Near the lumen of the tube these
inner cells have undergone division, forming small epithelial cells, or spermatoIn
blasts^ which, by a series of changes, become converted into spermatozoa.
the young subject, the seminal cells present somewhat the appearance of an epithelial lining, and do not almost fill the tube, as in the adult testis.
The tubules are inclosed in a delicate plexus of capillary vessels, and are held
together by an intertubular connective tissue,
which presents large interstitial vspaces lined b}^ Fig. 539.— Vertical Section of the
Testicle, to show the arrangeendothelium, which are believed to be the rootlets
ment of the Ducts.
of the lymphatic vessels of the testis.
In the apices of the lobules, the tubuli become
less convoluted, assume a nearly straight course,
and unite together to form from twenty to thirty
Tunica VagCnalie
larger ducts, of about J^ of an inch in diameter,
and these, from their straight course, are called
;

;

vasa

recta.

The vasa

recta enter the fibrous tissue of the

mediastinum, and pass upwards and backwards,
forming in their ascent a close network of anastomosing tubes, with exceedingly thin parietes
this constitutes the rete testis. At the upper end
of the mediastinum, the vessels of the rete testis
terminate in from twelve to fifteen or twenty
ducts, the vasa efferentia ; they perforate the tunica
albuginea, and carry the seminal fluid from the
testis to the epididymis.
Their course is at first
straight, they then become enlarged and exceedingly convoluted, and form a series of conical
masses, the coni vasculosis which, together, constitute the globus major of the epididjaiiis.
Each
cone consists of a single convoluted duct, from six to
eight inches in length, the diameter of which gradually decreases from the testis to the epididymis.
Opposite the bases of the cones,
the efferent vessels open at narrow intervals into a single duct, which constitutes, by
When
its complex convolutions, the body and globus minor of the epididymis.
the convolutions of this tube are unravelled, it measures upwards of twenty feet
in length, and increases in breadth and thickness as it approaches the vas
deferens.
The convolutions are held together by fine areolar tissue and by
bands of fibrous tissue.
long, narrow tube, the vasculum aherrans of Haller,
is occasionally found connected with the lower part of the canal of the epididymis, or with the commencement of the vas deferens.
It extends up into the
cord for about two or three inches, where it terminates by a blind extremity,
which is occasionally bifurcated. Its length varies from an inch and a half to
fourteen inches, and sometimes it becomes dilated towards its extremity; more
.

A
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commonly, it retains the same diameter tlirougliout. Its structure is similar to
Occasionally it is found connected with the epididymis.
that of the vas deferens.
The vasa recta and the tubes of the rete testis have very thin parietes, and
consist of a basement membrane lined by a single layer of squamous epithelium.
The vasa efferentia and the tube of the epididymis have walls of considerable
thickness, on account of the presence in them of muscular tissue, which is principally arranged in a circular manner.
These tubes are lined by columnar
ciliated epithelium.
The Vas Deferens, the excretory duct of the testis, is the continuation of the
epididymis. Commencing at the lower part of the globus minor, it ascends along
the posterior and inner side of the testis and epididymis, and along the back part
of the spermatic cord, through the spermatic canal to the internal abdominal
From the ring it descends into the pelvis, crossing the external iliac
ring.
at the side of
vessels, and curves round the outer side of the epigastric artery
the bladder, it arches backwards and downwards to its base, crossing outside the
obliterated hypogastric artery, and to the inner side of the ureter.
At the base
of the bladder, it lies between that viscus and the rectum, running along the
inner border of the vesicula seminalis. In this situation it becomes enlarged
and sacculated; and, becoming narrowed at the base of the prostate, unites with
the duct of the vesicula seminalis to form the ejaculatory duct.
The vas deferens
presents a hard and cord-like sensation to the fingers it is about two feet in
length, of cylindrical form, and about a line and a quarter in diameter.
Its walls
are dense, measuring one-third of a line and its canal is extremely small, measuring about half a line.
In structure, the vas deferens consists of three coats 1. An external, or cellular coat
muscular coat, which is thick, dense, elastic, and consists of two
2.
longitudinal and an intermediate circular layer of muscular fibres 3. An internal, or mucous coat, which is pale, and arranged in longitudinal folds
its epithelial covering is of the columnar variety.
:

;

;

:

;

A

;

;

Vesicula Seminales.
The Seminal Vesicles are two lobulated membranous pouches, placed between
the base of the bladder and the rectum, serving as reservoirs for the semen, and
secreting a fluid to be added to the secretion of the testicles.
Each sac is somewhat p3^ramidal in form, the broad end being directed backwards, and the narrow
end forwards towards the prostate. They measure about two and a half inches
in length, about five lines in breadth, and two or three lines in thickness.
They
vary, however, in size, not only in different individuals, but also in the same
individual on the two sides.
Their upper surface is in contact with the base of
the bladder, extending from near the termination of the ureters to the base of
the prostate gland. Their under surface rests upon the rectum, from which they
are separated by the recto- vesical fascia.
Their posterior extremities diverge from
each other. Their anterior extremities are pointed, and converge towards the
base of the prostate gland, where each joins with the corresponding vas deferens
to form the ejaculatory duct.
Along the inner margin of each vesicula runs the
enlarged and convoluted vas deferens.
The inner border of the vesiculee, and the
corresponding vas deferens, form the lateral boundary of a triangular space,
limited behind by the recto-vesical peritoneal fold; the portion of the bladder
included in this space rests on the rectum, and corresponds with the trigonum
vesicge- in its interior.

Structure.
Each vesicula consists of a single tube, coiled upon itself, and giving
off several irregular cascal diverticula
the separate coils, as well as the diver:

being connected together by fibrous tissue. When uncoiled, this tube is
about the diameter of a quill, and varies in length from four to six inches; it
terminates posteriorly in a cul-de-sac ; its anterior extremit}^ becomes constricted
into a narrow, straight duct, which joins on its inner side with the corresponding
vas deferens, and forms the ejaculatory duct.
ticula,
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The ejaculatory ducts, two in number, one on each side, are formed by the
junction of the duct of the vesicula seminalis with the vas deferens. Each duct
it commences at the base of the
is about three-quarters of an inch in length
prostate, and runs forwards and upwards in a canal in its substance, and along
the side of the sinus pocularis, to terminate by a separate slit-like orifice close to
The ducts diminish in size, and converge
or just within the margins of the sinus.
towards their termination.
The vesicul£e seminales are composed of three coats: an external
Structure.
OT fihro -cellular, derived from the recto- vesical fascia a middle or muscular coat,
which is thinner than the vas deferens the muscular fibres are arranged in two
;

;

Fiff.

540.

-Base of the Bladder, with the Vasa Deferentia
and Vesiculfe Seminales.

BigUEJacuUtory
duct

and deep or longitudinal, which are placed chiefly
and are continuous with the muscular fibres of the
urethra, along the ejaculatory ducts: and an internal or mucous coal, which is
pale, of a whitish-brown color, and presents a delicate reticular structure, like
that seen in the gall-bladder, but the meshes are finer. The epithelium is columnar.
The coats of the ejaculatory ducts are extremely thin, the outer fibrous
layers, superficial or transverse,

on the sides of the

vesiculas,

layer being almost entirely lost after their entrance into the prostate, a thin
layer of muscular fibres and the mucous membrane forming the only constituents
of the tubes.
Vessels and Nerves.
The arteries supplying the vesiculse seminales are derived
from the inferior vesical and middle hemorrhoidal. The veins and lymphatics
accompany the arteries. The nerves are derived from the hypogastric plexus.
The Semen is a thick, whitish fluid, having a peculiar odor. It consists of a
fluid, the liquor seminis, and solid particles, the seminal granules, and sper-

matozoa.

The liquor seminis is transparent, colorless, and of an albuminous composition,
containing particles of squamous and columnar epithelium, Avith oil-globules and
granular matter floating in it, besides the above-mentioned solid elements.
The seminal granules are round, finely -granular corpuscles, measuring jQ-'goth
of an inch in diameter.
The spermatozoa, or spermatic filaments, are the essential agents in producing
fecundation.
They are minute elongated particles, consisting of a small flattened
oval extremity or body, and a long slender caudal filament.
small circular
spot is observed in the centre of the body, and at its point of connection with the
tail there is frequently seen a projecting rim or collar.
The movements of these

A

;
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bodies are remarkable, and consist of a lashing or undulatory motion of

tlie

tail.

Descent op the Testes.
Tke testes, at an early period of foetal life, are placed at tlie back part of the
abdominal cavity, behind the peritoneum in front and a little below the
kidnej^s.
The anterior surface and sides are invested by peritoneum the bloodvessels and efferent ducts are connected with their posterior surface
and attached
to the lower end is a peculiar structure, the gubernaculum testis, which is said
;

;

;

to assist in their descent.

The Guhernaculum. Testis attains its full development between the fifth and
sixth months it is a conical-shaped cord, attached above to the lower end of
the epididymis, and below to the bottom of the scrotum.
It is placed behind
the peritoneum, lying upon the front of the Psoas muscle, and completely filling
the inguinal canal. It consists of a soft, transparent, areolar tissue within, which
often appears partially hollow, surrounded by a layer of striped muscular fibres,
the Cremaster, which ascends upon this body to be attached to the testis.
According to Mr. Curling, the gubernaculum, as well as these muscular fibres,
divides below into three processes the external and broadest process is connected with Poupart's ligament in the inguinal, canal the middle process
descends along the inguinal canal to the bottom of the scrotum, where it joins
the dartos the internal one is firmly attached to the os pubis and sheath of the
Eectus muscle some fibres, moreover, are reflected from the Internal oblique
on to the front of the gubernaculum. Up to the fifth month, the testis is situated
in the lumbar region, covered in front and at the sides by peritoneum, and supported in its position by a fold of that membrane, called the mesorchium between
the fifth and sixth months the testis descends to the iliac fossa, the gubernaculum
at the same time becoming shortened
during the seventh month, it enters the
internal abdominal ring, a small pouch of peritoneum (processus vaginalis) preceding the testis in its course through the canal. J^y the end of the eighth
month, the testis has descended into the scrotum, carrying down with it a lengthened pouch of peritoneum, which communicates by its upper extremity with the
peritoneal cavity.
Just before birth, the upper part of the pouch usually
becomes closed, and this obliteration extends gradually downwards to within a
short distance of the testis.
The process of peritoneum surrounding the testis,
which is now entirely cut off' from the general peritoneal cavity, constitutes the
tunica vaginalis}
Mr Curling believes that the descent of the testis is effected by means of the
muscular fibres of the gubernaculum those fibres which proceed from Poupart's
ligament and the Obliquus internus are said to guide the organ into the inguinal
canal those attached to the pubis draw it below the external abdominal ring
and those attached to the bottom of the scrotum complete its descent.^ During
the descent of the organ these muscular fibres become gradually everted, forming
a muscular layer, which becomes placed external to the process of the peritoneum, surrounding the gland and spermatic cord, and constitutes the Cremaster.
In the female a small cord, corresponding to the gubernaculum in the male,
descends to the inguinal region, and ultimately forms the round ligament of the
uterus.
pouch of peritoneum accompanies it along the inguinal canal, analogous to the processus vaginalis in the male: it is called the canal of Nuck.
;

:

;

;

;

;

;

;

;

A

^ The
obliteration of the process of peritoneum which accompanies the cord, and is hence
called i\\Q funicular process, is often incomplete.
For an account of the various conditions produced by such incomplete obliteration (which are of great importance in the pathological
anatomy of Inguinal Hernia), the student is referred to the " Essay on Hernia," by Mr. Birkett,
in
System of Surgery, edited by T. Holmes, vol. iv.
^ Cleland denies that the gubernaculum is the agent by which the change in the position of the
testis is eifected.
For an interesting resume of the various views which have been held with
regard to the descent of the testis, see Mechanism of the Gubernaculum Testis, by Cleland.
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;

Female Organs

of Generation.

in the female are the mons Veneris, the
the meatus urinarius, and the orifice
or "pudendum," as generally applied, includes

external Organs of Generation
THElabia
majora and minora, the

clitoris,

The term "vulva"
of the vagina.
all these parts.
The mons Veneris is the rounded eminence in front of the pubes, formed by a
It surmounts the vulva, and
collection of fatty tissue beneath the integument.
becomes covered with hair at the time of puberty.
Fig. 541.

—The Vulva.

External Female Organs of Generation.

The labia majora are two prominent longitudinal cutaneous folds, extending
downwards from the mons Veneris to the anterior boundary of the perineum,
and inclosing an elliptical fissure, the common urino-sexual opening. Each
labium is formed externally of integument covered with hair; internally, of
mucous membrane, which is continuous with the genito-urinary mucous tract
and between the two, of a considerable quantity of areolar

tissue, fat, and a
resembling the dartos of the scrotum, besides vessels, nerves, and glands.
The labia are thicker in front than behind, and joined together at each extremity,
forming the anterior and posterior commissures. The interval left between the

tissue

(898)
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posterior commissure and tlie margin of the anus is about an incli in length, and
constitutes the perinseum.
Just within the posterior commissure is a small
transverse fold, the frsenulum jDudendi ov fourchette^ which is commonly ruptured
in the first parturition, and the space between it and the commissure is called
the fossa navicularis. The labia are analogous to the scrotum in the male.
The labia minora^ or nym'phse^ are two small folds of mucous membrane, situated
within the labia majora, extending from the clitoris obliquely downwards and
outwards for about an inch and a half on each side of the orifice of the vagina, on
the sides of which they are lost. They are continuous externally with the labia
majora, internally with the inner surface of the vagina. As they converge
towards the clitoris in front, each labium divides into two folds, which surround
Fig. 542.

— Section of Female Pelvis, showing position of Viscera.

SeetloTi. of-

the glans clitoridis, the superior folds uniting to form the prgeputium clitoridis,
the inferior folds being attached to the glans, and forming the frsenum.
The
nymphse are composed of mucous membrane, covered by a thin epithelial laj^er.
They contain a plexus of vessels in their interior, and are provided with numerous large mucous crypts, which secrete abundance of sebaceous matter.
The clitoris is an erectile structure, analogous to the corpora cavernosa of the
penis.
It is situated beneath the anterior commissure, partially hidden between
the anterior extremities of the labia minora. It is an elongated organ, connected to the rami of the pubes and ischia on each side by two crura the body
is short and concealed beneath the labia
the free extremity, or glans clitoridis, is
a small, rounded tubercle, consisting of spongy erectile tissue, and highly sensitive.
The clitoris consists of two corpora cavernosa, composed of erectile tissue inclosed
in a dense layer of fibrous membrane, united together along their inner surfaces
by an incomplete fibrous pectiniform septum. It is provided, like the penis,
with a suspensory ligament, and with two small muscles, the Erectores clitoridis,
which are inserted into the crura of the corpora cavernosa.
;

;
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Between the clitoris and the entrance of the vagina is a triangular, smooth surbounded on each side by the nymphte this is the vestibule.
The orifice of the urethra [meatus urinarins) is situated at the back part of
the vestibule, about an inch below the clitoris, and near the margin of the vagina,
surrounded bj a prominent elevation of the mucous membrane. Below the
meatus urinarius is the orifice of the vagina, an elliptical aperture, more or less
closed in the virgin by a membranous fold, the hymen.
The hymen is a thin, semilunar fold of mucous membrane, stretched across the
lower part of the orifice of the vagina its concave margin being turned upwards
towards the pubes. Sometimes this membrane forms a complete septum across
the orifice of the vagina a condition known as imperforate hymen. Occasionally it forms a circular septum, perforated in the centre by a round opening;
sometimes it is cribriform, or its free margin forms a membranous fringe, or it
face,

;

;

—

be entirely absent. It may also persist after copulation. The hymen canbe considered as a test of virginity. Its rupture, or the rudimentary condition of the membrane above referred to, gives rise to those small
rounded elevations which surround the opening of the vagina, the carunculse

may

not, consequently,

myrtiformes.

—

Glands of Bartholine. On each side of the commencement of the vagina is a
round or oblong body, of a reddish-yellow color, and of the size of a horse-bean,
analogous to Cowper's gland in the male. It is called the gland of Bartholine.
Each gland opens, by means of a long single duct, upon the inner side of the
Extending from the clitoris, along either side
Tiymphae, external to the hymen.
of the vestibule, and lying a little behind the nymphse, are two large oblong
masses, about an inch in length, consisting of a plexus of veins, inclosed in a thin
These bodies are narrow in front, rounded below,
layer of fibrous membrane.
and are connected with the crura of the clitoris and rami of the pubes they are
termed by Kobelt the hulhi vesiihuli ; and he considers them analogous to the
bulb of the corpus spongiosum in the male. Immediately in front of these
bodies is a smaller venous plexus, continuous with the bulbi vestibuli behind and
the glans clitoridis in front it is called by Kobelt the pars intermedia^ and is
considered by him as analogous to that part of the body of the corpus spongiosum
which immediately succeeds the bulb.
:

:

Bladder.

The bladder is situated at the anterior part of the pelvis. It is in relation, in
hehind^ with the uterus, some convolutions of the small
front^ with the os pubis
intestine being interposed
its base lies in contact with the neck of the uterus,
and with the anterior wall of the vagina. The bladder is said to be larger in
;

;

the female than in the male, although this
in its transverse diameter.

is

denied by Henle, and

is

very broad

Urethra.
The urethra is a narrow membranous canal, about an inch and a half in length,
extending from the neck of the bladder to the meatus urinarius. It is placed
beneath the symphysis pubis, imbedded in the anterior wall of the vagina and
its direction is obliquely downwards and forwards, its course being slightly curved,
the concavity directed forwards and upwards. Its diameter, when undilated,
The urethra perforates the triangular ligament,
is about a quarter of an inch.
precisely as in the male, and is surrounded by the muscular fibres of the Com;

pressor urethrse.
Structure.
The urethra consists of three coats muscular, erectile, and mucous.
The muscular coat is continuous with that of the bladder it extends the
whole length of the tube, and consists of an inner longitudinal and an outer circular stratum of muscular fibres.
thin layer of spongy erectile tissue, containing a plexus of large veins,
:

;
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intermixed with bundles of nnstriped muscular fibre, lies immediately beneath,
the mucous coat.
The mucous coat is pale, continuous, externally, with that of the vulva, and
It is thrown into longitudinal folds, one of
interoally with that of the bladder.
which, placed along the floor of the canal, resembles the verumontanum in the
male urethra. It is lined by laminated epithelium, which becomes spheroidal
Its external orifice is surrounded by a few mucous follicles.
at the blaiider.
The urethra, from not being surrounded by dense resisting structures, as in
the male, admits of considerable dilatation, which enables the surgeon to remove
with considerable facility calculi, or other foreign bodies, from the cavity of the
bladder.

Eectum.
The rectum is more capacious and
The fiy^st portion extends from the

less

curved in the female than in the male.
symphysis to the middle of

left sacro-iliac

the sacrum. Its connections are similar to those in the male.
The second portion extends to the tip of the coccyx. It is covered in front by
the peritoneum, but only for a short distance, at its upper part it is in relation
with the posterior wall of the vagina.
The third portion curves backwards from the vagina to the anus, leaving a
space which corresponds on the surface of the body to the perinseum. Itsextremity is surrounded by the Sphincter muscles and its sides are supported
by the Levatores ani.
:

The Vagina.
The vagina

membranous

extending from the vulva to the uterus.
behind the bladder, and in front of the
rectum. Its direction is curved forwards and downwards, following at first the
It
line of the axis of the cavity of the pelvis, and afterwards that of the outlet.
is cylindrical in shape, flattened from before backwards, and its walls are ordiIts length is about four inches along its anterior
narily in contact with each other.
wall, and between five and six inches along its posterior wall.
It is constricted
it surat its commencement, and becomes dilated near its uterine extremity
rounds the vaginal portion of the cervix uteri, a short distance from the os, and
its attachment extends higher up on the posterior than on the anterior wall of
the uterus.
Relations.
Its anterior surface is in relation with the base of the bladder and
with the urethra. Vi& posterior surface is connected to the anterior wall of the
rectum for the lower three-fourths of its extent, the upper fourth being separated
from that tube by the recto-uterine fold of peritoneum, which forms a cul-de-sac
between the vagina and rectum. Its sides give attachment superiorly to the
broad ligaments, and inferiorly to the Levatores ani muscles and recto-vesical
is

a

canal,

It is situated in the cavity of the pelvis,

;

—

fascia.

—

/Structure.
The vagina consists of an internal mucous lining, of a muscular coat,
and an external layer of erectile tissue.
The mucous membrane is continuous above with that lining the uterus, and below,
with the integument covering the labia majora. Its inner surface presents, along
the anterior and posterior walls, a longitudinal ridge or raphe, called the columns
of the vagina^ and numerous transverse ridges or rugse, extending outwards from
the raphe on either side. These ruga3 are divided by furrows of variable depth,
giving to the mucous membrane the appearance of being studded over with
conical projections or papillae they are most numerous near the orifice of the
;

vagina, especially in females before parturition.
The epithelium covering the
mucous membrane is of the squamous variety. The submucous tissue is very
loose, and contains numerous large veins, which by their anastomoses form a
plexus, together with smooth muscular fibres derived from the muscular coat it
;

is

regarded by Gussenbauer as an erectile tissue.
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The muscular coat consists of two layers an internal longitudinal, which is far
the stronger, and an external circular layer. The longitudinal fibres are continuous with the superficial muscular fibres of the uterus. The strongest fasciculi
The two layers are
are those attached to the recto-vesical fascia on each side.
not distinctly separable from each other, but are connected by oblique decussating
fasciculi, which pass from the one layer to the other.
The erectile tissue consists of a layer of loose connective tissue imbedded in it
is a plexus of large veins, and numerous bundles of unstriped muscular fibres,
derived from the circular muscular layer. The arrangement of the veins is similar
to that found in other erectile tissues.
;

;

The Uterus.
The uterus is the organ of gestation, receiving the fecundated ovum in its cavity,
retaining and supporting it during the development of the foetus, and becoming
the principal agent in its expulsion at the time of parturition.
In the virgin state it is pear-shaped, flattened from before backwards, and situated in the cavity of the pelvis, between the bladder and the rectum
it is
retained in its position by the round and broad ligaments on each side, and projects into the upper end of the vagina below.
Its upper end, or base, is directed
upwards and forwards its lower end, or apex, downwards and backwards, in the
line of the axis of the inlet of the pelvis.
It therefore forms an angle with the
vagina, since the direction of the vagina corresponds to the axis of the cavity and
outlet of the pelvis.
The uterus measures about three inches in length, two in
breadth at its upper part, and an inch in thickness, and it weighs from an ounce
to an ounce and a half.
^\iQ fundus is the upper broad extremity of the organ
it is convex, covered
by peritoneum, and placed on a line below the level of the brim of the pelvis.
The body gradually narrows from the fundus to the neck. Its anterior surface
is flattened, covered by peritoneum in the upper three-fourths of its extent, and
separated from the bladder by some convolutions of the small intestine the lower
fourth is connected with the bladder. Its posterior surface is convex, covered by
peritoneum throughout, and separated from the rectum by some convolutions of
the intestine.
Its lateral margins are concave, and give attachment to the Fallopian tube above, the round ligament below and in front of this, and the ligament of the ovary behind and below both of these structures.
The cervix is the lower rounded and constricted portion of the uterus around
its circumference is attached the upper end of the vagina, which extends upwards
a greater distance behind than in front.
At the vaginal extremity of the uterus is a transverse aperture, the os uteri,
bounded by two lips, the anterior of which is thick, the posterior narrow and
;

;

:

:

:

long.

—

Ligaments. The ligaments of the uterus are six in number two anterior, two
and two lateral. They are formed of peritoneum.
The two anterior ligaments [vesica -uterine) are two semilunar folds which pass
between the neck of the uterus and the posterior surface of the bladder.
The two posterior ligaments {recto-uterine) pass between the sides of the uterus
and rectum. The fold of peritoneum which forms these ligaments is reflected
from the anterior surface of the second portion of the rectum on to the posterior
surface of the upper part of the vagina, and thence passes up on to the posterior
wall of the uterus. It thus forms a pouch or cul-de-sac, which is termed the rectovaginal pouch, or pouch of Douglas.
The two lateral or broad ligaments pass from the sides of the uterus to the lateral
walls of the pelvis, forming a septum across the pelvis, which divides that cavity
into two portions.
In the anterior part are contained the bladder, urethra, and
vagina in the posterior part, the rectum.
The cavity of the uterus is small in comparison with the size of the organ that
:

posterior,

;

:
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portion of the cavity which corresponds to the body is triangular, flattened from
before backwards, so that its walls are closely approximated, and having its base
directed upwards towards the fundus.
At each superior angle is a funnel-shaped
cavity, which constitutes the remains of the division of the body of the uterus
and at the bottom of each cavity is the minute orifice of the
into two cornua
Fallopian tube. At the inferior angle of the uterine cavity is a small constricted
opening, the internal orifice {ostium internum)^ which leads into the cavity of the
cervix.
The cavity of the cervix is somewhat cylindrical, flattened from before
backwards, broader at the middle than at either extremity, and communicates,
Each wall of the canal presents a longitudinal column,
below, with the vagina.
from which proceed a number of small oblique columns, giving the appearance
of branches from the stem of a tree
and hence the name arhor vitse uterina
applied to it.
These folds usually become very indistinct after the first labor.
The uterus is composed of three coats an external serous coat, a
Structure.
middle or muscular layer, and an internal mucous coat.
The serous coat is derived from the peritoneum it invests the fundus and the
whole of the posterior surface of the body of the uterus but only the upper
three-fourths of its anterior surface.
The muscular coat forms the chief bulk of the substance of the uterus. In
the unimpregnated state it is dense, firm, of a grayish color, and cuts almost like
cartilage.
It is thick opposite the middle of the body and fundus, and thin at
the orifices of the Fallopian tubes. It consists of bundles of unstriped muscular
fibres, disposed in layers, intermixed with areolar tissue, blood-vessels, lymphatic
In the impregnated state the muscular tissue becomes more
vessels, and nerves.
prominently developed, and is disposed in three layers external, middle, and
;

;

:

;

;

—

internal.

The

external layer

is

placed beneath the peritoneum, disposed as a thin plane

surfaces.
It consists of fibres, which pass transversely across the fundus, and, converging at each superior angle of the uterus,
are continued on the Fallopian tubes, the round ligament, and ligament of the
ovary some passing at each side into the broad ligament, and others running
backwards from the cervix into the recto-uterine ligaments.
The middle layer of fibres presents no regularity in its arrangement, being
disposed longitudinally, obliquely, and transversely.
The internal or deep layer consists of circular fibres arranged in the form of
two hollow cones, the apices of which surround the orifices of the Fallopian
tubes, their bases intermingling with one another on the middle of the body of
the uterus. At the cervix these fibres are disposed transversely.
The mucous Tnembrane is thin, smooth, and closely adherent to the subjacent
tissue.
It is continuous, through the fimbriated extremity of the Fallopian
tubes, with the peritoneum
and, through the os uteri, with the mucous membrane lininaf the vagina.
In the body of the uterus it is smooth, soft, of a reddish color, lined by
columnar ciliated epithelium, and presents, when viewed with a lens, the orifices
of numerous tubular follicles arranged perpendicularly to the surface.
They
are of small size in the unimpregnated uterus, but shortly after impregnation
the}^ become enlarged, elongated, presenting a contorted or waved appearance
towards their closed extremities, which occasionally dilate into two or three
sacculated extremities.
The circular orifices of these glands may be seen on the
inner surface of the mucous membrane, many of which during the early period
of pregnancy are surrounded by a whitish ring formed of epithelium, which
lines the follicles.
In the impregnated uterus the epithelium loses its ciliated
character.
In the cervix the mucous membrane between the rugas and around the os uteri
is provided with numerous mucous follicles and glands.
The small, transparent,
vesicular elevations, so often found within the os and cervix uteri, are due to
closure of the mouths of these follicles, and their distension with their proper

on the .anterior and posterior

;

;

;
;
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They are called tlie ovula of Nahoth. The mucous membrane covering
the lower half of the cervix presents numerous papillae.The arteries of the uterus are the uterine, from the
Vessels and Nerves.
They are remarkable for their
internal iliac and the ovarian, from the aorta.
tortuous course in the substance of the organ, and for their frequent anastomoses.
The veins are of large size, and correspond Avith the arteries. In the impregnated
uterus these vessels are termed the uterine sinuses, consisting of the lining membrane of the veins adhering to the walls of the canals channelled through the
substance of the uterus. They terminate in the uterine plexuses. The lymphatics
are of large size in the impregnated uterus, and terminate in the pelvic and lumbar
glands.
The nerves are derived from the inferior hypogastric and spermatic
plexuses, and from the third and fourth sacral nerves.
secretion.

—

;

The form, size, and. situation of the uterus vary at different periods of life and under different
circumstances.
In thefoitus the uterus is contained in the abdominal cavity, projecting beyond the brim of the
The cervix is considerably larger than the body.
pelvis.
At 2'>'ub6rty th.Q uterus is pyriform in shape, and weighs from eight to ten drachms. It has
descended into the pelvis, the fundus being just below the level of the brim of this cavity. The
arbor vitte is distinct, and extends to the upper part of the cavity of the organ.
During and after menstruation the organ is enlarged, and more vascular, its surfaces rounder
the OS externum is rounded, its labia swollen, and the lining membrane of the body thickened,
softer, and of a darker color.
During pregnancy the uterus increases so as to weigh from one pound and a half to three
pounds. It becomes enormously enlarged, and projects into the hypogastric and lower part of
the umbilical regions. This enlargement, which continues up to the sixth month of gestation,
is partially due to increased development of pre-existing and new-formed muscular tissue.
The
round ligaments are enlarged, and the broad ligaments become encroached upon by the uterus
making
mucous

way between

its

their laminte.
The mucous membrane becomes more vascular, its
and glands enlarged; the rugas and folds in the canal of the cervix become
the blood and lymphatic vessels, as well as the nerves, according to the researches

follicles

obliterated
of Dr. Lee, greatly enlarged.
;

After parturition the uterus nearly regains its usual size, weighing from two to three ounces;
but its cavity is larger than in the virgin state the external orifice is more marked, and assumes
a transverse direction; its edges present a fissured surface; its vessels are tortuous; and its
muscular layers are more defined.
In old age the uterus becomes atrophied, and paler and denser in texture a more distinct
constriction separates the body and cervix.
The ostium internum, and, occasionally, the vaginal
orifice, often become obliterated, and its labia almost entirely disappear.
;

;

Appendages of the Uterus.
The appendages of the uterus are the Fallopian tubes, the ovaries and their
ligaments, and the round ligaments.
These structures, together with their
nutrient vessels and nerves, and some scattered muscular fibres, are inclosed
between the two folds of peritoneum which constitute the broad ligaments they
are placed in the following order in front is the round ligament the Fallopian
tube occupies the free margin of the broad ligament the ovary and its ligament
are behind and below the latter.
The Fallopian tubes, or oviducts, convey the ova from the ovaries to the
cavity of the uterus. They are two in number, one on each side, situated in
the free margin of the broad ligament, extending from each superior angle of
the uterus to the sides of the pelvis. Each tube is about four inches in length
its canal is exceedingly minute, and commences at the superior angle of the
uterus by a minute orifice, the ostium internum, which will hardly admit a fine
bristle
it continues narrow along the inner half of the tube, and then gradually widens into a trumpet-shaped extremity, which becomes contracted at its
termination.
This orifice is called the ostium ahdominale, and communicates
with the peritoneal cavity. Its margins are surrounded by a series of fringelike processes, termed fimhrise, and one of these processes is connected with the
outer end of the ovary.
To this part of the tube the name fimbriated extremity
;

:

;

;

;

is

applied;

it is

also called

morsus

diaholi,

from the peculiar manner in which

it
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embraces the surface of tlie ovaiy during sexual excitement. In connection
with the fimbriae of the Fallopian tube, or with the broad ligament close to
them, there is frequently a small vesicle or hydatid^ floating on a long stalk of
peritoneum.
Structure.

The

Fallopian tube consists of three coats

:

serous, muscular,

and

mucous.

The external or serous coat is derived from the peritoneum.
The middle or muscular coat consists of an external longitudinal and an

internal
circular layer of muscular fibres continuous with those of the uterus.
The internal or mucous coat is continuous with the mucous lining of the
uterus, and at the free extremity of the tube with the peritoneum.
It is
thrown into longitudinal folds in the outer part of the tube, which indicate
its

adaptation for dilatation, and

This form of epithelium

is

also

is covered by columnar ciliated epithelium.
found on the inner and outer surfaces of the

fimbriae.

The Ovaries {testes muliehres.^ Galen) are analogous to the testes in the male.
They are oval-shaped bodies, of an elongated form, flattened from above downFig. 543.

— The Uterus and

its

Appendages.

Anterior View.

BrisUe passed through

wards, situated one on each side of the uterus, in the posterior part of the broad
ligament, behind and below the Fallopian tubes.
Each ovary is connected, b}^
its anterior margin, to the broad ligaments
by its inner extremity, to the uterus
by a proper ligament the ligament of the ovary and by its outer end, to the
fimbriated extremity of the Fallopian tube by a short, ligamentous cord.
The
ovaries are of a whitish color, and present either a smooth or puckered, uneven
surface.
They are each about an inch and a half in length, three-quarters of an
inch in width, and about a third of an inch thick, and weigh from one to twO'
drachms. The surfaces and posterior convex border are free, the anterior straight
border being attached to the broad ligament.
Professor His has described the position of the ovary with its long diameter
almost vertical, and the Fallopian tube as running along its upper extremity, and
then taking a sudden turn downwards over the outer border of the ovary to
below the level of its lower extremity. From this point the fimbrias are directed
upwards, and the ovary rests upon them. From this description it would appear
that the ripe ova, when liberated from the ovary, would drop at once into the
tube.
Structure.
The ovary consists of a number of Graafian vesicles, imbedded in
the meshes of a stroma or framework, and invested by a serous covering derived
from the peritoneum.
Serous Covering. :Though the investing membrane of the ovary is derived
from the peritoneum, it differs essentially from that structure, inasmuch as its
epithelium consists of a single layer of columnar cells, instead of the flattened

—

—

;

;

:;
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endothelial cells of otlier parts; this has been termed the germinal epithelium of
Waldeyer, and gives to the surface of the ovary a dull, gray aspect, instead of
the shining smoothness of serous membranes generally.
Stroma. The stroma is a peculiar soft tissue, abundantly supplied with
blood-vessels, consisting for the most part of spindle-shaped cells, with a small
amount of ordinary connective tissue. These cells have been regarded by some
anatomists as unstriped muscle-cells, which, indeed, they most resemble (His)
by others as connective-tissue cells (Waldeyer, Henle, and Kcilliker). On the
surface of the organ this tissue is much condensed, and forms a layer composed
This was
of short connective-tissue fibres, with fusiform cells between them.
formerly regarded as a distinct fibrous covering, and was termed the tunica albuginea, but is nothing more than a condensed layer of the stroma of the ovary.
Graafian vesicles. Upon making a section of an ovary, numerous round,
transparent vesicles of various sizes are to be seen they are the Graafian vesImmediately beneath the superficial covericles, the ovisacs containing the ova.
ing is a layer of stroma, in which are a large number of minute vesicles, of
uniform size, about -jho of an inch in diameter. These are the Graafian vesicles
in their earliest condition, and the layer where they are found has been termed
They are especially numerous in the ovary of the young
the cortical layer.

—

—

;

544.— Section of the Ovary of a Virgin,
showing the Stroma and Graafian Vesicles.

Fig.

Fig.
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After puberty, and during the whole of the child-bearing period, large
and mature, or almost mature. Graafian vesicles are also found in the cortical
layer in small numbers, and also " corpora lutea," the remains of vesicles which
have burst and are undergoing atrophy and absorption. Beneath this superficial stratum, otlier larger and more mature Graafian vesicles are found imbedded
in the ovarian stroma.
These increase in size as they recede from the surface
towards a highly vascular stroma in the centre of the organ, termed the medullary substance (zona vasculosa, Waldeyer).
This stroma forms the tissue of the
hilum b}^ which the ovary is attached, and through which the blood-vessels
enter it does not contain any Graafian vesicles.
The Graafian Vesicles consist of an external fibro- vascular coat, connected with
the surrounding stroma of the ovary by a network of blood-vessels and an
internal coat, named ovicapsule, which is lined by a layer of nucleated cells,
child.

;

;

called the

memhrana granulosa.

The

fluid contained in the interior of the ves-

suspended the ovum. In that
nearest the surface of tiie ovary,
the cells of the membrana granulosa are collected into a mass which projects
into the cavity of the vesicle.
This is termed the discus proligerus, and in this

and albuminous, and in
part of the mature Graafian vesicle which
icles is transparent

the

ovum

is

The ova

it is

is

imbedded.^

formed from the germ-epithelium on the surface of the ovary
the cells become enlarged and involuted, forming little depressions on the surface
of the ovary. As they sink deeper into the tissue they. become inclosed by the
outgrowth of processes from the stroma of the ovary, and, becoming surrounded,
their connection with the surface is cut off, and the germ-epithelium forming
the involution is contained in a cavity, the future Graafian follicle.
The germ
are

'

For a description of the ovum, see Introduction, page 102.

;
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now form the ovum the cell-wall forms the vitelline membrane
the nucleus, the germinal area and a nucleolus, which soon appears, the gerclear, homogeneous protoplasm is formed within the cell, constiminal spot.
According to Dr.
tuting the yelk, and thus the primordial ovum is developed.
Foulis, the cells of the membrana granulosa are formed out of the nuclei of the
fibro-cellular stroma of the ovary.'
The formation, development, and maturation of the Graafian vesicles and ova
continue uninterruptedly from infancy to the end of the fruitful period of
woman's life. Before puberty the ovaries are small, the Graafian vesicles contained in them ai^e disposed in a comparatively thick layer in the cortical substance here they present the appearance of a large number of minute, closed
many, however,
vesicles, constituting the early condition of the Graafian vesicle
never attain full development, but shrink and disappear, their ova being incapable of impregnation. At puberty the ovaries enlarge, are more vascular, the
Graafian vesicles are developed in greater abundance, and their ova are capable
of fecundation.
Discharge of the Ovum. The Graafian vesicles, after gradually approaching
the surface of the ovary, burst: the ovum and fluid contents. of the vesicles are
liberated, and escape on the exterior of the ovary, passing thence into the Fallopian tube, the fimbriated processes of which are supposed to grasp the ovary, the
aperture of the tube being applied to the part corresponding to the matured and
bursting vesicle. In the human subject, and most Mammalia, the maturation
and discharge of the ova occur at regular periods only, and are indicated, in the
Mammalia, by the phenomena of heat or rut and in the human female, by menstruation.
Sexual desire is more intense in females at this period; and if the
union of the sexes takes place, the ovum may be fecundated.
Corpus Luteum. Immediately after the rupture of a Graafian vesicle, and the
escape of its ovum, the vesicle is filled with blood-tinged fluid and in a short
time the circumference of the vesicle is occupied by a firm yellow substance,
which is probably formed from plasma exuded from its walls. Dr. Lee believes
that this yellow matter is deposited outside both the membranes of the follicle
Montgomery regards it as placed between the layers while Kolliker considers
it as a thickening of the inner layer of the outer coat of the follicle.
The exudation is at first of a dark-brown or brownish-red color, but it soon becomes
paler and its consistence more dense.
For every follicle in the ovary from which an ovum is discharged, a corpus
luteum will be found. But the characters it exhibits, and the changes produced
in it, will be determined by the circumstance of the ovum being impregnated
or not.
Although there is little doubt that corpora lutea exist in the ovaries after the
escape of ova independently of coitus or impregnation, it appears that the corpus
luteum of pregnancy (true corpus luteum) possesses characters by which it may
be distinguished from one formed in a follicle from which an ovum has been discharged without subsequent impregnation (false corpus luteum).
The true corpora lutea are of large size, often as large as a mulberry of a
rounded form, and project from the surface of the ovary, the summit of the j)rojection presenting a triangular depression or cicatrix, where the peritoneum
appears to have been torn. They contain a small cavity in their centre during
the earl}^ period of their formation, which becomes contracted, and exhibits a
stellate cicatrix during the latter stages of pregnancy.
Their vascularitj;-, lobulated or puckered appearance, firm consistence, and yellow color, are also characteristic marks of true corpora lutea.
False corpora lutea are of small size, do not project from the surface of the
ovary, are angular in form, seldom present any cicatrix, contain no cavity in
their centre
the material composing them is not lobulated, its consistence is
cell or cells

;

;

A

;

;

—

;

—

;

;

;

:

^
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usually

soft,

often resembling coagulated blood

;

the yellow matter exists in the

form of a very thin layer, or more commonly is entirely wanting. False corpora
lutea most frequently result from the effusion into the cavities of the Graafian
vesicles of serum or blood, which subsequently undergoes various changes, and
Dr. Lee states that in the false corpora lutea the yellow
is ultimately removed.
contained within, or attached to, the inner surface of the Graafian
it, as is the case in the true corpora lutea.
In the foetus, the ovaries are situated, like the testes, in the lumbar region,
near the kidneys. They may be distinguished from those bodies at an early
period by their elongated and flattened form, and by their position, which is at
first oblique and then nearly transverse. They gradually descend into the pelvis..
Lying above the ovary, in the broad ligament between it and the Fallopian tube,
This is
is the organ of Eosenmiiller, called also the parovarium or epoophoron.
the remnant of a foetal structure, the development of which has been described in
the Introduction. In the adult it consists of a few closed convoluted tubes, lined
with epithelium, some of them atrophied, and one usually distinguishable from
the rest by ending in a bulbous or hydatid swelling. The parovarium is connected at its uterine extremity with the remains of the Wolffian duct the duct
of Gaertner.
The Ligament of the ovary is a rounded cord, which extends from each superior
angle of the uterus to the inner extremity of the ovary it consists of fibrous
tissue and a few muscular fibres derived from the uterus.
The Round Ligaments are two rounded cords between four and five inches in
length, situated between the layers of the broad ligament in front of and below
Commencing on each side at the superior angle of the
the Fallopian tube.
uterus, this ligament passes forwards and outwards through the internal abdominal ring, along the inguinal canal to the labia majora, in which it becomes lost.
The round ligament consists of areolar tissue, vessels, and nerves, besides a dense
bundle of fibrous tissue, and muscular fibres prolonged from the uterus, inclosed
in a duplicature of peritoneum, which, in the foetus, is prolonged in the form of
This process is
a tubular process for a short distance into the inguinal canal.
called the canal of Nuch.
It is generally obliterated in the adult, but sometimes
remains pervious even in advanced life. It is analogous to the peritoneal pouch
which accompanies the descent of the testis.
Vessels and Nerves.
The arteries of the ovaries and Fallopian tubes are the
ovarian from the aorta. They anastomose with the termination of the uterine
arteries, and enter the attached border of the ovary.
The veins follow the course
of the arteries; they form a plexus near the ovary, the jjam^piniform -plexus.
The nerves are derived from the inferior hypogastric or pelvic plexus, and from
the ovarian plexus, the Fallopian tube receiving a branch from one of the uterine
substance
vesicle,

is

and does not surround

—

;

—

nerves.

Mammaey

Glands.

The mam.rax^ or breasts, are accessory glands of the generative system, whic\i
secrete the milk.
They exist in the male as well as in the female but in the
former only in the rudimentary state,* unless their growth is excited by peculiar
;

In the female they are two large hemispherical eminences,
situated towards the lateral aspect of the pectoral region, corresponding to the
interval between the third and sixth or seventh ribs, and extending from the
side of the sternum to the axilla.
Their weight and dimensions differ at different
periods of life, and in different individuals. Before puberty they are of small
size, but enlarge as the generative organs become more completely developed.
They increase during pregnancy, and especially after' deliver}^, and become
atrophied in old age. The left
is generally a little larger than the right.
Their base is nearly circular, flattened or slightly concave, and has its long diameter
directed upwards and outwards towards the axilla they are separated from

circumstances.

mamma

;

the Pectoral muscles by a thin layer of superficial

fascia.

The

outer surface of

MAMMAEY

GLANDS.

mamma is convex, and presents, just below the centre, a small conical promiThe surface of the nipple is dark-colored, and surnence, the nipple (inajniUa).
rounded by an areola having a colored tint. In the virgin the areola is of a
about the second month of impregnation it enlarges and
delicate rosy hue
acquires a darker tinge, which increases as pregnancy advances, becoming in
some cases of a dark brown, or even black color. This color diminishes as soon
These changes in
as lactation is over, but is never entirely lost through life.
the color of the areola are of extreme importance in forming a conclusion in a
case of suspected pregnancy.
The nipple is a cylindrical or conical eminence, capable of undergoing a sort
of erection from mechanical excitement, a change mainly due to the contraction
of its muscular fibres.
It is of a pink or brownish hue, its surface wrinkled and
provided with papillas and it is perforated by numerous orifices, the apertures of
Near the base of the nipple, and upon the surface of
the lactiferous ducts.
the areola, are numerous sebaceous glands, which become much enlarged during
lactation, and present the appearance of small tubercles beneath the skin.
These
glands secrete a peculiar fatty substance, which serves as a protection to the
integument of the nipple in the act of sucking. The nipple consists of numerous vessels, intermixed with plain muscular fibres, which are principally
arranged in a circular manner around the base some few fibres radiating from
base to apex.
Structure.
The mamma consists of gland-tissue of fibrous tissue, connecting
its lobes
and of fatty tissue in the intervals between the lobes. The mammary
gland, when freed from cellular tissue and fat, is of a pale reddish color, firm in
texture, circular in form, flattened from before backwards, thicker in the centre
than at the circumference, and presenting several inequalities on its surface,
especially in front.
It consists of numerous lobes, and these are composed of
lobules, connected together by areolar tissue, blood-vessels, and ducts.
The
smallest lobules consist of a cluster of rounded vesicles, which open into the
smallest branches of the lactiferous ducts
these ducts uniting, form larger
ducts, which terminate in a single canal, corresponding with one of the chief
subdivisions of the gland.
The number of excretory ducts varies from fifteen
to twenty
they are termed the tubuli lactiferi^ or galactophori. They converge
towards the areolar, beneath which they form dilatations, or ampuUge, which
serve as reservoirs for the milk, and, at the base of the nipple, become contracted, and pursue a straight course to its summit, perforating it by separate
orifices considerably narrower than the ducts themselves.
The ducts are composed of areolar tissue, with longitudinal and transverse elastic fibres, and longitudinal muscular fibres their mucous lining is continuous, at the point of the
nipple, with the integument: the epithelium is of the tesselated or scal}^ variety
near the orifices of the ducts, and columnar in the deeper parts of the gland.
The fibrous tissue invests the entire surface of the breast, and sends down
septa between its lobes, connecting them together.
'V^n.e fatty tissue surrounds the surface of the gland, and occupies the intervals
between its lobes and lobules. It usually exists in considerable "abundance, and
determines the form and size of the gland. There is no fat immediately beneath
the areola and nipple.
Vessels and Nerves.
The arteries supplying the mammae are derived from the
thoracic branches of the axillary, the intercostals, and internal mammary.
The
vei7is describe an anastomotic circle round the base of the nipple, called by
Haller the circulus venosus. From this, large branches transmit the blood to
the circumference of the gland, and end in the axillary and internal mammary
veins.
The lymphatics., for the most part, run along the lower border of the
Pect oralis major to the axillary glands some few fi^om the inner side of the
breast perforate the intercostal spaces and empty themselves into the anterior
mediastinal glands. The nerves are derived from the anterior and lateral
cutaneous nerves of the thorax.

tlie

;

;

;

;

;

;

:

:
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;

—

The

Anatomy

Surgical

of Inguinal Hernia.

—

For dissection of the parts concerned in inguinal hernia, a male subject,,
should always be selected. The body should be placed in the supine position, the
abdomen and pelvis raised by means of blocks placed beneath them, and the lower extremities
If the abdominal walls are flacrotated outwards, so as to make the parts as tense as possible.
cid, the cavity of the abdomen should be inflated by an aperture through the umbilicus.
An
incision should be made along the middle line, from the umbilicus to the pubes, and continued
along the front of the scrotum and a second incision, from the anterior superior spine of the
These incisions should divide the integument; and the triilium to just below the umbilicus.
angular-shaped flap included between them should be reflected downwards and outwards, when
the superflcial fascia will be exposed.
Dissection (Fig. 546).-

free

from

fat,

;

The sriperficial fascia in this region consists of two layers, between which are
found the superficial vessels and nerves, and the inguinal lymphatic glands.
The

superficial layer is thick, areolar in texture, containing adipose tissue in
meshes, the quantity of which varies in different subjects. Below, it passes
over Pqupart's ligament, and is continuous with the outer layer of the superficial
This fascia is continued as a tubular prolongation around
fascia of the thigh.
In this situation it changes its charthe outer surface of the cord and testis.
acter it becomes thin, destitute of adipose tissue, and of a pale reddish color,
and assists in forming the dartos. From the scrotum, it may be traced backwards
This layer should
to be continuous with the superficial fascia of the peringeum.
be removed, by dividing it across in the same direction as the external incisions,
and reflecting it downwards and outwards, when the following vessels and nerves
will be exposed:
The superficial epigastric, superficial circumflex iliac, and superficial external
pudic vessels the terminal filaments of the ilio-hypogastric and ilio-inguinal
nerves and the upper chain of inguinal lymphatic glands.
The superficial epigastric artery crosses Poupart's ligament, and ascends
obliquely towards the umbilicus, lying midwa^^ between the spine of the ilium
and the pubes. It supplies the integument, and anastomoses with the deep
epigastric.
This vessel is a branch of the common femoral artery, and passes
through the saphenous opening of the fascia lata. Its accompanying vein empties
itself into the internal saphenous, after having pierced the cribriform fascia.
The superficial circumfiex iliac artery passes outwards towards the crest of the
ilium, generally lying below the level of Poupart's ligament, and sending only a
few branches upwards to the abdomen.
The superficial external pudic artery passes transversely inwards across the
spermatic cord, and supplies the integument of the hypogastric region, and of the
penis and scrotum.
This vessel is usually divided in the first incision made in
the operation for inguinal hernia, and occasionally requires the application of a
its

;

;

;

ligature.

The veins accompanying these superficial vessels are usually much larger than
the arteries: they terminate in the internal saphenous vein.
Lymphatic vessels are found, taking the same course as the blood-vessels they
return the lymph from the superficial structures in the lower part of the abdomen,
the scrotum, penis, perinseal and gluteal regions, and terminate in a small chain
of lymphatic glands, three or four in number, which lie on a level with Poupart's
ligament.
Nerves.
The terminal branch of the ilio-inguinal nerve emerges at the external
abdominal ring and the hypogastric branch of the ilio-hypogastric nerve perforates the aponeurosis of the external obhque, above and to the outer side of
the external ring,
:

;

(910)
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Tlie deep layer of superficial fascia should be divided across in tlie same direction as tlie external incisions, separated from the aponeurosis of the External
oblique, to which it is connected by delicate areolar tissue, and reflected downwards and outwards. It is thin, aponeurotic in structure, and of considerable
strength.
It is intimately adherent, in the middle line, to the linea alba, and

below, to the whole length of Poupart's ligament and the upper part of the
It forms a thin, tubnlar prolongation round the outer surface of the
cord, and is continuous with the dartos of the scrotum.
From the back of the
scrotum it may be traced into the perinseum, where it is continuous Avith the deep
layer of the superficial fascia in that region, which is attached, behind, to the
triangular ligament, and on each side to the ramus of the pubes and ischium.
The connections of this fascia serve to explain the course taken by the urine in
extravasation of that fluid from rupture of the urethra passing forwards from

fascia lata.

:

Fig. 546.

—Inguinal Hernia.

Superficial Dissection.

Extemo/t
Abclo minaL Rinij

the perineum into the scrotum, it ascends on to the abdomen, but is prevented
extending into the thighs by the attachment of the fascia to the ramus of the
pubes and ischium on each side, and to Poupart's ligament in front, and is prevented from passing on to the buttock by the posterior connections of the
peringeal fascia.

The

aponeurosis of the External ohliq^ie muscle is exposed on the removal of
It is a thin, strong, membranous aponeurosis, the fibres of which
are directed obliquely downwards and inwards.
It is attached to the anterior
superior spinous process of the ilium, tlie spine of the pubes, the linea ilio-pectinea,
symphysis pubes, and linea alba. That portion of the aponeurosis which extends
this fascia.
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from the anterior superior spine of the ilium

to the spine of the pubes is termed
Ligament^ or the crural arch. From its attachment to tlie spine of the
pubes, a portion of the aponeurosis is reflected downwards and outwards to be
inserted into the pectineal line this is termed Gionhernetfs Ligament.
Just above and to the outer side of the crest of the pubes, an interval is seen
in the aponeurosis of the External oblique, called the external ahdominal ring.
This aperture is oblique in direction, somewhat triangular in form, and corresponds with the course of the fibres of the aponeurosis. It usually measures
from base to apex about an inch, and transversely about half an inch. It is
bounded below by the crest of the os pubis above, by a series of curved fibres,
the intercolumnar^ which pass across the upper angle of the ring, so as to increase
its strength
and on either side, by the free borders of the aponeurosis, which
.are called the columns or pillars of the ring.
The external pillar^ which, at the same time, is inferior from the obliquity of
its direction, is the stronger
it is formed by that portion of Poupart's ligament
which is inserted into the spine of the pubes it is curved round the spermatic
cord, so as to form a kind of groove, upon which the cord rests.
The internal or superior pillar is a broad, thin, flat band, which interlaces with
its fellow on the opposite side, in front of the symphysis pubis, that of the right
:side being superficial.
The external abdominal ring gives passage to the spermatic cord in the male,
.and round ligament in the female
it is much larger in men than in women, on
.account of the large size of the spermatic cord, and hence the greater frequency
•of inguinal hernia in men.
The intercolumnar fibres are a series of curved tendinous fibres, which arch
They have
across the lower part of the aponeurosis of the External oblique.
.Poupart''s

:

;

;

;

;

;

received their name from stretching across between the two pillars of the external
ring they increase the strength of the membrane which bounds the upper part
of this aperture, and prevent the divergence of the pillars from one another.
They are thickest below, where they are connected to tlie outer third of Poupart's
ligament, and are inserted into the linea alba describing a curve, with the convexity downwards. They are much thicker and stronger at the outer angle of
the external ring than internally, and are more strongly developed in the male
than in the female. These fibres are continuous with a thin fascia, which is
<5losely connected to the margins of the external ring, and has received the name
of the intercolumnar or external spermatic fascia-; it forms a tubular prolongation
around the outer surface of the cord and testis, and incloses them in a distinct
sheath.
The sac of an inguinal hernia, in passing through the external abdominal
ring, receives an investment from the intercolumnar fascia.
The finger sbould be introduced a short distance into the external ring, and
then, if the limb is extended and rotated outwards, the aponeurosis of the
External oblique, together with the iliac portion of the fascia lata, will be felt to
become tense, and the external ring much contracted if the limb is, on the contrary, flexed upon the pelvis and rotated inwards, this aponeurosis will become
lax, and the external ring sufficiently enlarged to admit the finger with comparative ease hence the patient should always be put in the latter position when the
taxis is applied for the reduction of an inguinal hernia, in order that the abdominal walls may be as much relaxed as possible.
;

;

;

;

removed by dividing it across in the same
downwards and outwards; great care is
muscle beneath. The lower part of the
Internal oblique and the Cremaster are then exposed, together with the inguinal canal, which

The aponeurosis

of the External oblique should be

•direction as the external incisions, and reflecting it
requisite in separating it from the aponeurosis of the

contains the spermatic cord (Fig. 547).
The mode of insertion of Poupart's and Gimbernat's
ligaments into the pubes should also be examined.

Poupart's ligament.^ or the crural arch, extends from the anterior superior spine
of the ilium to the spine of the pubes. It is also attached to the pectineal line
to the extent of about an inch, forming Gimbernat's ligament. Its general direc-

b
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curved towards the thigh, where it is continuous with the fascia lata. Its
outer half is rounded, oblique in its direction, and continuous with the iliac fapcia.
Its inner half gradually widens at its attachment to the pubes, is more horizontal
in direction, and lies beneath the spermatic cord.
Qimhernai s ligament is that portion of the aponeurosis of the External oblique
which is inserted into the pectineal line it is thin, membranous in structure,
triangular in shape, the base directed outwards, the apex corresponding to the
Its anterior margin is continuous with Poupart's ligament,
spine of the pubes.
and its posterior margin attached to the pectineal line.
The triangular ligament is a band of tendinous fibres, of a triangular shape,
which is attached by its apex to the reflected portion of Poupart's ligament along
the pectineal line.
It passes inwards beneath the spermatic cord, and expands
into a somewhat fan-shaped fascia, lying behind the inner pillar of the external
abdominal ring, and in front of the conjoined tendon, and interlaces with the ligament of the other side at the linea alba.
tioii is

;

Fig. 547.

— Inguinal Hernia,

showing the Internal Oblique,
Cremaster, and Spermatic Canal.

The Internal Oblique Muscle has been described

The part which is
(p. 394).
Those fibres
partly muscular and partly tendinous in structure.
which arise from the outer half of Poupart's ligament are thin, pale in color, curve
downwards, and terminate in an aponeurosis, which passes in front of the Rectus
and Pyramidalis muscles, to be inserted into the crest of the os pubis and pectineal
line, to the extent of half an inch, in common with that of the Transversalis
muscle, forming by their junction the conjoined tendon.
This tendon is placed
behind Gimbernat's ligament and the external abdominal ring, being separated
from them by the triangular ligament, and serves to strengthen what would otherwise be a very weak point in the abdominal wall.
When a direct inguinal hernia
passes through the external ring, the conjoined tendon usually forms one of its
coverings.

now exposed

58

is
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The C remaster

is a thin muscular layer, composed of a number of fasciculi
from the middle of Poupart's ligament at the inner side of the Internal
oblique, being connected with that muscle, and also occasionally with the Trans-

which

arise

versalis.

It passes along the outer side of the spermatic cord, descends

with

it

through the external ring upon the front and sides of the cord, and forms a series
of loops, which differ in thickness and length in different subjects.
Those at the
upper part of the cord are exceedingly short, but they become in succession longer
and longer, the longest reaching down as low as the testicle, where a few are
inserted into the tunica vaginalis.
These loops are united together by areolar
tissue, and form a thin covering over the cord, the fascia cremasterica.
The fibres
ascend along the inner side of the cord, and are inserted, by a small pointed tendon,
into the crest of the os pubis and front of the sheath of the Rectus muscle.
It
is supplied by the genital branch of the genito-crural nerve.
It will be observed that the origin and insertion of the Cremaster is precisely
similar to that of the lower fibres of the Internal oblique.
This fact affords an
easy explanation of the manner in which the testicle and cord are invested by
this muscle.
At an early period of foetal life the testis is placed at the lower and
back part of the abdominal cavity, but during its descent towards the scrotum,
which takes place before birth, it passes beneath the arched border of the Internal
oblique.
In its passage beneath this muscle some fibres are derived from its lower
part, which accompany the testicle and cord into the scrotum.
It occasionally happens that the loops of the Cremaster surround the cord, some
lying behind as well as in front. It is probable that, under these circumstances,
the testis, in its descent, passed through instead of beneath the fibres of tiie Internal
oblique.
In the descent of an oblique inguinal hernia, which takes the same course as
the spermatic cord, the Cremaster muscle forms one of its coverings.
This muscle
becomes lai'gely developed in cases of hydrocele and large old scrotal hernige.
No such muscle exists in the female, but an analogous structure is developed in
those cases where an oblique inguinal hernia descends beneath the margin of the
Internal oblique.

The Internal oblique should be detached from Poupart's ligament, separated from the Transsame extent as in the previous incisions, and retlected inwards on to the sheath of
the Rectus (Fig. 548). The circumtiex iliac vessels, which lie between these two muscles, form
versalis to the

a valuable guide to their separation.

The

Its lower
Transversalis muscle has been previously described (p. 397).
partly fleshy and partly tendinous in structure this portion arises from
the outer third of Poupart's ligament, and, arching downwards and inwards over
the cord, terminates in an aponeurosis, which is inserted into the linea alba, the
crest of the pubes, and the pectineal line to the extent of an inch, forming,
together with the Internal oblique, the conjoined tendon. Between the lower
border of this muscle and Poupart's ligament, a space is left in which is seen the

part

is

;

fiiscia transversalis.

The inguinal or sperTuatic canal contains the spermatic cord in the male, and
the round ligament in the female.
It is an oblique canal, about an inch and a
half in length, directed downwards and inwards, and placed parallel with, and a
little above, Poupart's ligament.
It commences, above, at the internal abdominal
and termiring, which is the point where the cord enters the spermatic canal
nates, below, at the external ring.
It is bounded, in front by the integument
and superficial fascia, by the aponeurosis of the External oblique throughout its
whole length, and by the Internal oblique for its outer third behind^ by the
triangular ligament, the conjoined tendon of the Internal oblique and Transverahove^ by the
salis, transversalis fascia, and the subperitoneal fat and peritoneum
arched fibres of the Internal oblique and Transversalis helow^ by the union of
the fascia transversalis with Poupart's ligament. That form of protrusion in which
the intestine follows the course of the spermatic cord along the spermatic canal
;

^

;

;

;

is

called oblique inguinal hernia.

FASCIA TRANSVEKSALIS.
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The fascia transversalis is a thin aponeurotic membrane, which lies between
It forms part
the inner surface of the Transversalis muscle and the peritoneum.
of the general layer of fascia which lines the interior of the abdominal and pelvic
cavities, and is directly continuous with the iliac and pelvic fasciae.
In the inguinal region, the transversalis fascia is thick and dense in structure,
and joined by fibres from the aponeurosis of the Transversalis but it becomes
thin and cellular as it ascends to the Diaphragm. Below, it has the following
attachments external to the femoral vessels it is connected to the posterior
margin of Poupart's ligament, and is there continuous Avith the iliac fascia.
Internal to the vessels it is thin, and attached to the pubes and pectineal line,
behind the conjoined tendon, with which it is united and, corresponding to the
points where the femoral vessels pass into the thigh, this fascia descends in front
of them, formina; the anterior wall of the crural sheath.
;

:

;

Fig. 548.

—Inguinal Hernia, showing the Transversalis Muscle, the Transversalis Fascia,
and the Internal Abdominal

Rina;.

The internal abdominal ring is situated in the transversalis fascia, midway
between the anterior superior spine of the ilium and the spine of the pubes, and
about half an inch above Poupart's ligament. It is of an oval form, the extremities of the oval directed upwards and downwards, varies in size in different
subjects, and is much larger in the male than in the female.
It is bounded,
above, by the arched fibres of the Transversalis muscle, and internally by the
epigastric vessels.
It transmits the spermatic cord in the male, and the round
ligament in the female, and from its circumference a thin, funnel-shaped membrane, the infundihuliform fascia^ is continued round the cord and testis, inclosing
them in a distinct pouch. When the sac of an oblique inguinal hernia passes
through the internal ring, the infundibuliform process of the transversalis fascia
forms one of its coverings.
Between the fascia transversalis and the peritoneum is a quantity of loose
areolar tissue.
In some subjects it is of considerable thickness, and loaded with
adipose tissue. Opposite the internal ring it is continued round the surface of
the cord, forming a loose sheath for it.
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The

bears a very important relation to the internal abdominal
between the transversalis fascia and peritoneum, and passes
obliquely upwards and inwards, from its origin from the external iliac to the
margin of the sheath of the Rectus muscle. In this course it lies along the
lower and inner margin of the internal ring, and beneath the commencement of
the spermatic cord, tlie vas deferens curving round it as it passes from the ring
ejDiyastric artery

This vessel

ring.

lies

into the pelvis.

The peritoneum^ corresponding to the inner surface of the internal ring, presents a well-marked depression, the depth of which varies in different subjects.
thin fibrous band is continued from it along the front of the cord for a varia-

A

becomes ultimately lost. This is the remains of the pouch of
peritoneum which, in the foetus, accompanies the cord and testis into the scrotum the obliteration of which commences soon after birth. In some cases the
fibrous band can only be traced a short distance but occasionally it may be
Somefollowed, as a fine cord, as far as the upper end of the tunica vaginalis.
times the tube of peritoneum is only closed at intervals, and presents a sacculated
appearance; or a single poucli may extend along the whole length of the cord,
which may be closed above or the pouch may be directly continuous with the
peritoneum by an opening at its upper part.
ble distance, and

;

;

;

Inguinal Hernia.
Inguinal hernia is that form of protrusion which makes its way through the
in the inguinal region.
There are two principal varieties of inguinal hernia external or oblique,

abdomen

:

and internal or direct.
External or oblique inguinal hernia, the more frequent of the two, takes the
same course as the spermatic cord. It is called the external^ from the neck of the
sac being on the outer or iliac side of the epigastric artery.
Internal or direct inguinal hernia does not follow the same course as the cord,
but protrudes through the abdominal wall on the inner or pubic side of the epigastric artery.

Oblique Inguinal Hernia.
In oblique inguinal hernia the intestine escapes from the abdominal cavity at
the internal ring, pushing before it a pouch of peritoneum, which forms the
hernial sac (Fig. 549, a). As it enters the inguinal canal it receives an investment from the subserous areolar tissue, and is inclosed in the infundibuliform
process of the transversalis fascia. In passing along the inguinal canal it displaces upwards the arched fibres of the Transversalis and Internal oblique muscles, and is surrounded by the fibres of the Cremaster.
It then passes along the
front of the cord, and escapes from the inguinal canal at the external ring,
receiving an investment from the intercolurnnar fascia. Lastl}^, it descends into
the scrotum, receiving coverings from the superficial fascia and the integument.
The coverings of this form of hernia, after it has passed through the external
ring, are, from without inwards, the integument, superficial fascia, intercolurnnar
fascia, Cremaster muscle, infundibuliform fascia, subserous cellular tissue, and
peritoneum.
This form of hernia lies in front of the vessels of the spermatic cord, and
seldom extends below the testis, on account of the intimate adhesion of the
coverings of the cord to the tunica vaginalis.
The seat of stricture in oblique inguinal hernia is either at the external ring,
in the inguinal canal, caused by the fibres of the Internal oblique or Transversalis, or at the internal ring, more frequently in the latter situation.
If it is
situated at the external ring, the division of a few fibres at one point of its circumference is all that is necessary for the replacement of the hernia. If in the
inguinal canal, or at the internal ring, it will be necessary to divide the aponeu-
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of tlie External oblique so as to lay open the inguinal canal. In dividing
the stricture, the direction of the incision should be upwards.
When the intestine passes along the spermatic canal, and escapes from the
external ring into the scrotum, it is called complete oblique inguinal, or scrotal
hernia.
If the intestine does not escape from the external ring, but is retained
in the inguinal canal, it is called incomplete inguinal hernia, or huhonocele.
In
each of these cases, the coverings which invest it will depend upon the extent to
which it descends in the inguinal canal.
There are two other varieties of oblique inguinal hernia the congenital and
rosis

^

—

infantile.

Congenital hernia (Fig. 549, b) is liable to occur in those cases where the pouch
of peritoneum which accompanies the cord and testis in its descent in the foetus
remains unclosed, and communicates directly with the peritoneum. The intestine desceiids along this pouch into the cavity of the tunica vaginalis, and hes in
contact with the testis.
This form of hernia has no proper sac, being contained
within the tunica vaginalis.
Fig. 549.

— Varieties of

Oblique Inguinal Hernia.

ABC

A. Common scrotal hernia, showing the relation of the sac to the tunica vaginalis. B. Congenital hernia, the sac
being continuous with the tunica vaginalis. C. Infantile hernia, showing the relation of the sac to the tunica vaginalis,
the latter being prolonged in front of the sac.

In infantile hernia (encysted) (Fig. 549, c) the pouch of peritoneum forming
the tunica vaginalis becomes obliterated, at its upper part, generally at or near
the external abdominal ring; below this the pouch does not become closed, but
forms a large pouch in which the testicle is contained. The hernial sac descends
along the inguinal canal, and enters the scrotum behind the tunica vaginalis.
As it descends it becomes more or less completely invested by the posterior layer
of the tunica vaginalis, from which it is separated b}^ a little loose areolar tissue
so that in operating upon this variety of hernia three layers of peritoneum
would require' division; the first and second being the layers of the tunica vaginalis, the third the anterior layer of the hernial sac.
:

Direct Inguinal Hernia.
In direct inguinal hernia the protrusion makes its way through some part of
the abdominal wall internal to the epigastric arter}^, and passes directly through
the abdominal parietes and external ring.
At the lower part of the abdominal
wall is a triangular space {Hesselbach^ s triangle), bounded, externally, by the
epigastric artery internally, by the margin of the Rectus muscle below, by
Poupart's ligament. The conjoined tendon is stretched across the inner twothirds of this space, the remaining portion of the space being filled in by the
;

;

transversalis fascia.
In some cases the hernial protrusion escapes from the abdomen on the outer
side of the conjoined tendon, pushing before it the peritoneum, the subserous
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and the transversalis fascia. It then enters the inguinal canal,
passing along nearly its whole length, and finally emerges from the external ring,
The coverings of this
receiving an investment from the intercolumnar fascia.
form of hernia are precisely similar to those investing the oblique form.'
In other cases, and this is the more frequent variety, the intestine is either
forced through the fibres of the conjoined tendon, or the tendon is gradually distended in front of it, so as to form a complete investment for it. The intestine
then enters the lower end of the inguinal canal, escapes at the external ring lying
on the inner side of the cord, and receives additional coverings from the superThis form of hernia has the same coverings as
ficial fascia and the integument.
the oblique variety, excepting that the conjoined tendon is substituted for the
Cremaster, and the infundibuliform fascia is replaced by a part of the general
cellular tissue,

fascia transversalis.

The se.at of stricture in both varieties of direct hernia is most frequently at
In that form of hernia which perfothe neck of the sac, or at the external ring.
rates the conjoined tendon, it not unfrequently occurs at the edges of the fissure
through which the gut passes. In dividing the stricture the incision should in
all cases be directed upwards.^
If the hernial pi^otrusion passes into the inguinal canal, but does not escape
from the external abdominal ring, it forms what is called incomplete direct hernia.
This form of hernia is usually of small size, and in corpulent persons very difficult of detection.
Direct inguinal hernia is of much less frequent occurrence than the oblique,
their comparative frequency being, according to Cloquet, as one to five.
It
occurs far more frequently in men than in women, on account of the larger size
of the external ring in the former sex.
It differs from the oblique in its smaller
size and globular form, dependent most probably on the resistance offered to its
progress by the transversalis fascia and conjoined tendon.
It differs also in its
position, being placed over the pubes, and not in the course of the inguinal canal.
The epigastric artery runs on the outer or iliac side of the neck of the sac, and
the spermatic cord along its external and posterior side, not directly behind it,
as in oblique inguinal hernia.

SURGICAL ANATOMY OF FEMORAL HERNIA.
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dissection of tiie parts comprised in the anatomy of femoral hernia should be performed,
upon a female subject free from fat. The subject should lie upon its back; a block
first placed under the pelvis, the thigh everted, and the knee slightly bent, and retained in this

if ])ossible,
is

^ Tlie
difference between the position of the neck of the sac in these two forms of direct
inguinal hernia has been referred, with some probability, to a difference in the relative positions of
the obliterated hypogastric artery and the epigastric artery.
The projection of the hypogastric
When the
artery towards the cavity of the abdomen produces two fossce in the peritoneum.
course of the obliterated hypogastric artery corresponds pretty nearly with that of the epigastric,
which is regarded as the normal arrangement, the bottom of the external fossa of the peritoneum
corresponds to the position of the internal abdominal rings; and a hernia which distends and
pushes out the peritoneum lining this fossa is an oblique hernia. When, on tlie other hand, the
obliterated hypogastric artery lies considerably to the inner side of the epigastric, it divides the
triangle of Hesselbach into two parts.
In that case a hernia may distend and push out the peritoneum forming the bottom of the external fossa, and by so doing will pi'otrude the tissues which
form the abdominal wall between the internal ring and the conjoined tendon. It will be a direct
hernia, since the neck of the sac lies internal to the epigastric artery
but its coverings, as stated
in the text, will be identical with those of the oblique form, with the insignificant difference that
the covering from the transversalis fascia is taken from another portion of that fascia, and not
from its infundibuliform process.
^ In all cases of inguinal hernia, whether oblique or direct, it is proper to divide the stricture
directly upwards; tlie reason of this is obvious, for by cutting in this direction the incision
is made parallel to the epigastric artery
either external to it, in the oblique variety; or internal
If
to it, in the direct form of hernia; and thus all chance of wounding the vessel is avoided.
the incision was made outwards, the artery might be divided if the hernia was direct, and if
made inwards it would stand an equal chance of injury if the case was one of oblique inguinal hernia.
;

—

;
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An incision should then be made from the anterior superior spinous process of the
position.
ilium along Poupart's ligament to the symphysis pubis; a second incision should be carried transversely across the thigh about six inches beneath the preceding and these are to be connected
together by a vertical one carried along the inner side of the thigh. These several incisions
should divide merely the integument this is to be reflected outwards, when the superficial fascia
;

;

will

be exposed.

The superficial fascia at the upper part of the thigh consists of two layers,
between which are found the cutaneous vessels and nerves, and numerous lymphatic glands.

The

is a thick and dense fibro-cellular membrane, in the
found a considerable amount of adipose tissue, varying in
quantity in different subjects; this layer may be traced upwards over Poupart's
ligament to be continuous with the superficial fascia of the abdomen whilst
below, and on the inner and outer sides of the limb, it is continuous with the
superficial fascia covering the rest of the thigh.

superficial layer

meshes of which

is

;

This layer should be detached by dividing it across in the same direction as the external
incisions; its removal will be facilitated by commencing at the lower and inner angle of the
space, detaching it at first from the front of the internal saphenous vein, and dissecting it off
from the anterior surface of that vessel and its branches it should then be reflected outwards,
in the same manner as the integument.
The cutaneous vessels and nerves, and superficial
inguinal glands, are then exposed, lying upon the deej) layer of the superficial fascia.
These are
the internal saphenous vein, and the superficial epigastric, supei'ficial circumflex iliac, and superficial external pudic vessels, as well as numerous lymphatics ascending with the saphenous vein
to the inguinal glands.
;

The internal saphenous vein is a vessel of considerable size, which ascends
obliquely upwards along the inner side of the thigh. It passes through the
saphenous opening in the fascia lata to terminate in the femoral vein. This
vessel is accompanied by numerous lymphatics, which return the lymph from
the dorsum of the foot and inner side of the leg and thigh they terminate in
the inguinal glands, which surround the saphenous opening. Diverging from
the same point are the superficial epigastric vessels, which run across Poupart's
ligament obliquely upwards and inwards, to the lower part of the abdomen
the superficial circumflex iliac vessels, which pass obliquely outwards along
Poupart's ligament to the crest of the ilium and the superficial external pudic
vessels, which pass inwards to the perineeum and scrotum.
These vessels supply
the subcutaneous areolar tissue and the integument, and are accompanied by
numerous lymphatic vessels, which return the lymph from the same parts to the
inguinal glands.
The superficial inguinal glands are arranged in two groups, one of which is
disposed above and parallel with Poupart's ligament, and the other below the
ligament surrounding the termination of the saphenous vein, and following (occasionally) the course of that vessel a short distance along the thigh.
The upper
chain receives the lymphatic vessels from the penis, scrotum, lower part of the
abdomen, peringeum, and buttock the lower chain receives the lymphatic vessels
from the lower extremity.
The nerves supplying the integument of the region are derived from the ilioinguinal, the genito-crural, and anterior crural.
The ilio-inguinal nerve may be
found on the inner side of the internal saphenous vein, the terminal branch of
the genito-crural nerve outside the vein, and the middle and external cutaneous
nerves more external.
The deep layer of superficial fascia should be divided in the same direction as
the external incisions, and separated from the fascia lata this is easily effected
to the inner side of the saphenous vein, when it forms a distinct though very
thin membrane.
External to the vein it can scarcely be separated as a continuous layer. It is placed beneath the subcutaneous vessels and nerves, and upon
the surface of the fascia lata.
It is intimately adherent above to the lower
margin of Poupart's ligament, and about one inch below this ligament covers the
saphenous opening in the fascia lata, is closely united to its circumference, and is
:

;

;

;
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connected to the slieatli of the femoral vessels corresponding to its under surface.
The portion of fascia covering this aperture is perforated by the internal saphenous vein, and by numerous blood and lymphatic vessels hence it has been
termed the cribriform fascia^ the openings of these vessels having been likened to
The cribriform fascia adheres closely both to the superficial
the holes in a sieve.
fascia and the fascia lata, so that it is described by some anatomists as a part of
the fascia lata, but is usually considered (as in this work) as belonging to the
superficial fascia.
It is not till the cribriform fascia has been cleared away that
the saphenous opening is seen, so that this opening does not in ordinary cases
Mr. Callenda/. however, speaks
exist naturally, but is the result of dissection.
of cases in which, probably as the result of pressure from enlarged inguinal
;

Fig. 650.

—Femoral Hernia.

Superficial Dissection.

become atrophied, and

a saphenous opening exists, indefemoral hernia, in passing through the saphenous
opening, receives the cribriform fascia as one of its coverings.
The deep layer of superficial fascia, together with the cribriform fascia, having
been removed, the fascia lata is exposed.
The Fascia Lata^ already described (p. 440), is a dense, fibrous aponeurosis,
which forms a uniform investment for the whole of this region of the limb. At
the upper and inner part of the thigh, a large oval-shaped aperture is observed
in it it transmits the internal saphenous vein and other small vessels, and is
called the saphenous opening.
In order the more correctly to consider the mode

glands, the fascia has

pendent of

dissection.^

A

;

'

Anatomy of Femoral Rupture^ note on

p. 18.

THE FASCIA LATA.
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of formation of this aperture, tlie fascia lata in this part of the thigh is described
as consisting of two portions, an iliac portion and a pubic portion.
The iliac portion of the fascia lata is situated on the outer side of the saphenous

opening covering the outer surface of the Sartorius, the Eectus, and the Psoas
and Iliacus muscles. It is attached externally to the crest of the ilium and its
anterior superior spine, to the whole length of Poupart's ligament as far internally as the spine of the pubes, and to the pectineal line in conjunction with
Gimbernat's ligament, where it becomes continuous with the pubic portion.
From the spine of the pubes it is reflected downwards and outwards, forming
an arched margin, the outer boundary {superior cornu) of the saphenous openFig. 551.

—Femoral Hernia, showing Fascia Lata and Saphenous Opening.

mg.

This is sometimes called the falciform process of the fascia lata (femoral
ligament of Hey) it overlies, and is adherent to, the sheath of the femoral
vessels beneath
to its edge is attached the cribriform fascia, and it is continuous below with the pubic portion of the fascia lata by a well-defined curved
;

;

margin.'
The pubic portion of the fascia lata is situated at the inner side of the saphenous
opening: at the lower margin of this aperture it is continuous with the iliac portion traced upwards, it covers the surface of the Pectineus, Adductor longus,
and Gracilis muscles and passing beneath the sheath of the femoral vessels, to
:

;

^ Mr. Gay (on Femoral Rupture^
p. 13) describes the iliac portion of the fascia lata as advancing
to the saphenous opening, then becoming abruptly reflected on itself, so as to form two layers,
the inner or lower of which is continuous with the thin fascia repeatedly alluded to by Sir A.
Cooper as spread out beneath it and in front of the sheath of the vessels. This deep layer of the
iliac fascia is traversed by a band of ligamentous fibres lying immediately behind the crural arch,
and named the deep crural arch, which Mr. Gay identifies with Hey's ligament.

;;
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it is closely united, is continuous with the sheath of the Psoas and Uiacus
This fascia is
muscles, and is finally lost in the fibrous capsule of the hip-joint.
attached above to the pectineal line, and internally to the margin of the pubic
arch.
It may be observed from this description that the iliac portion of the
fascia lata passes in front of the femoral vessels, the pubic portion behind them
an apparent aperture consequently exists between the two, through which the
internal saphenous joins the femoral vein.
The Saphenous Opening is an oval-shaped aperture, measuring about an inch
and a half in length, and half an inch in width. It is situated at the upper and
inner part of the thigh, below Poupart's ligament, towards the inner side, and is
directed obliquely downwards and outwards.
Its outer margin is of a semilunar form, thin, strong, sharply defined, and lies
on a plane considerably anterior to the inner margin. If this edge is traced
upwards, it will be seen to form a curved elongated process or cornu (the superior
cornu), or falciform process of Burns which ascends in front of the femoral vessels, and, curving inwards, is attached to Poupart's ligament and to the spine of
the pubes and pectineal line, where it is continuous with the pubic portion.^ If
traced downwards, it is found continuous with another curved margin, the concavity of which is directed upwards and inwards: this is the inferior cornu of
the saphenous opening, and is blended with the pubic portion of the fascia lata
covering the Pectineus muscle.
The inner boundary of the opening is on a plane posterior to the outer margin
and behind the level of the femoral vessels; it is much less prominent and defined
than the outer, from being stretched over the subjacent Pectineus muscle. It is
through the saphenous opening that a femoral hernia passes after descending
along the crural canal.
If the finger is introduced into the saphenous opening while the limb is moved
in different directions, the aperture will be found to be greatly constricted on
extending the limb, or rotating it outwards, and to be relaxed on flexing the limb
and inverting it hence the necessity for placing the limb in the latter position
in employing the taxis for the reduction of a femoral hernia.

which

^

:

The iliac portioD of the fascia lata, but not its falciform process, should now be removed by
detaching it from the lower margin of Poupart's ligament, carefully dissecting it from the subjacent structures, and turning it inwards, when the sheath of the femoral vessels is exposed
descending beneath Poupart's ligament (Fig. 552).

The Crural

Arch^ or Poupart's Ligament^ is the lower border of the aponeuExternal oblique muscle, which stretches across from the anterior
superior spine of the ilium to the spine of the os pubis and pectineal line the
portion corresponding to the latter insertion is called GimhernaVs Ligament.
The direction of Poupart's ligament is curved downwards towards the thigh
its outer half being oblique, its inner half nearly horizontal.
Nearly the whole
of the space included between the crural arch and innominate bone is filled in
by the parts which descend from the abdomen into the thigh. The outer half
of the space is occupied by the Iliacus and Psoas muscles, together with the
rosis of the

:

^ It is difficult to perceive in the recognized description of these ligaments (Hey's and Burns's)
any ditference between the two nor is it clear what structure Mr. Hey really intended to
describe.
Mr. Gay (on Femoral Rupture, p. 16) gives very cogent reasons for thinking that the
"deep crural arch" was the structure which Hey had in view. The most recent writer on
Femoral Hernia speaks thus while treating of these parts: "The whole upper edge of the
;

—

ihac fascia lata is commonly called the 'falciform process,' whilst its deeper tibres receive the
name of 'Burns's ligament.' Hey's femoral ligament would appear to consist of distinct fibres
connected with the inner fold of the iliac fascia, which extend immediately beneath the tendon
of the external oblique to the subperitoneal fascia."
(Callexdek, On the. Anatomy of the Parts
concerned in Femoral Rupture^ p. 19, note.) This description of Hey's ligament accords closely
with that of the deep crural arch, for the subperitoneal fascia is Mr. Callender's name for the
fascia transversalis. Mr. Callender goes on to say, " The upper border of this (saphenous) opening
thus receives, by an unfortunate complication, the names of 'Falciform process,' 'Femoral ligament,' 'Burns's or Hey's ligament.' The various divisions of the iliac fascia lata depend in great
measure upon the skill of the dissector, and are, in my opinion, artificial."

GIMBERNAT'S LIGAMENT.
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external cutaneous and anterior crural nerves. Tlie pubic side of the space is
occupied by the femoral vessels included in their sheath, a small oval-shaped
interval existing between the femoral vein and the inner wall of the sheath,
which is occupied merely by a little loose areolar tissue, and occasionally by a
small lymphatic gland: this is the crural canal, along which the gut descends in
femoral hernia.
Glmbernat's Ligament (Fig. 554) is that part of the aponeurosis of the External
oblique muscle which is reflected downwards and outwards, to be inserted into
It is about an inch in length, larger in the
the pectineal line of the os pubis.
Fig. 552.

—Femoral

Hernia. Iliac Portion of Fascia Lata removed, and Sheatli of
Femoral Vessels and Femoral Canal exposed.

male than

in the female, almost horizontal in direction in the erect posture, and
of a triangular form, the base directed outwards.
Its hase^ or outer margin, is
concave, thin and sharp, lies in contact with the crural sheath, and is blended
with the pubic portion of the fascia lata. Its apex corresponds to the spine of
the pubes. Its posterior margin is attached to the pectineal line.
Its anterior

margin

is continuous with Poupart's ligament.
Crural Sheath. If Poupart's ligament is divided, the femoral or crural sheath
may be demonstrated as a continuation downwards of the fasciae that line the
abdomen, the transversalis fascia passing down in front of the femoral vessels, and
the iliac fascia descending behind them: these fascige are directly continuous on
the iliac side of the femoral artery, but a small space exists between the femoral
vein and the point where they are continuous on the pubic side of that vessel,
which constitutes the femoral or crural canal. The femoral sheath is closely
adherent to the contained vessels about an inch below the saphenous opening,
becoming blended with the areolar sheath of the vessels, but opposite Poupart's
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ligament it is inucli larger than is required to contain them hence the funnelshaped form which it presents. The outer border of the sheath is perforated by
the genito-crural nerve. Its inner border is pierced by the internal saphenous
In front, it is covered by the iliac portion
vein, and numerous lymphatic vessels.
of the fascia lata and behind it is the pubic portion of the same fascia.
Deep Crural Arch. Passing across the front of the crural sheath, and closely
connected with it, is a thickened band of fibres, called the deep crural arch. It
is apparently a thickening of the fascia transversalis, joining externally to the
centre of Poupart's ligament, and arching across the front of the crural sheath, to
be inserted by a broad attachment into the pectineal line, behind the conjoined
tendon. In some subjects this structure is not very prominently marked, and
not unfrequently it is altogether wanting.
;

;

Fig. 553.

— Structures which pass beneath the Crural Arch.
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If the anterior wall of the sheath is removed, the femoral artery and vein are
seen lying side by side, a thin septum separating the two vessels, while another
septum may be seen lying just internal to the vein and cutting oiEf a small space
between the vein and the inner wall of the sheath. The septa are stretched
between the anterior and posterior walls of the sheath, so that each vessel is
inclosed in a separate compartment.
The interval left between the vein and the
inner wall of the sheath is not filled up by any structure, excepting a little loose
areolar tissue, a few lymphatic vessels, and occasionally a lymphatic gland this
is the femoral or crural canal, through which the intestine descends in femoral
:

hernia.

The crural canal is the narrow interval between the femoral vein and the inner
wall of the crural sheath. It exists as a distinct canal only when the sheath has
been separated from the vein by dissection, or by the pressure of a hernia or tumor.

—
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from a quarter to half an inch, and it extends from Gimbernat's ligaupper part of the saphenous opening.
Its anterior wall is very narrow, and formed by a continuation downwards of
the fascia transversalis, under Poupart's ligament, covered by the falciform procIts length is

ment

to the

ess of the fascia lata.
Its posterior wall is formed by a continuation downwards of the iliac fascia
covering the pubic portion of the fascia lata.
Its outer wall is formed by the fibrous septum separating it from the inner side
of the femoral vein.
Its inner loall is formed by the junction of the processes of the transversalis
and iliac fasciee, which form the inner side of the femoral sheath, and lies in contact with the outer edge of Gimbernat's ligament.

Fig. 554.

— Hernia.

The Relations of the Femoral and Internal Abdominal Rings,
seen from within the Abdomen.
Right Side.

—

This canal has two orifices a lower one, the saphenous opening^ closed by the
cribriform fascia; an upper one, the /emoraZ or crural ring closed by the septum
^

crurale.

H^he femoral or crural ring (Fig. 553) is the upper opening of the femoral canal,
and leads into the cavity of the abdomen.^ It is bounded in front by Poupart's
ligament and the deep crural arch behind by the pubes, covered by the Pectineus
muscle and the pubic portion of the fascia lata; internally, hj the base of Gimbernat's ligament, the conjoined tendon, the transversalis fascia, and the deep
crural arch
externally, by the fibrous septum lying on the inner side of the
femoral vein. The femoral ring is of an oval form its long diameter, directed
transversely, measures about half an inch, and it is larger in the female than in
the male, which is one of the reasons of the greater frequency of femoral hernia
in the former sex.
Position of Parts around the Ring.
The spermatic cord in the male, and round
ligament in the female, lie immediately above the anterior margin of the femoral
ring, and may be divided in an operation for femoral hernia if the incision for
the relief of the stricture is not of limited extent.
In the female this is of little
importance, but in the male the spermatic artery and vas'deferens may be divided.
^]iQ femoral vein lies on the outer side of the ring.
;

;

;

^

" Each femoral hernia
This ring, like the crural canal, is a morbid or an artificial product.
for itself (for neither outlet exists in the natural anatomy of the region) a crural canal, and

makes

a crural (femoral) ring."

Callender,

ojy. cit.^

p. 40.
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The e-pigastric artery, in its passage inwards from the external iliac artery to
the umbilicus, passes across the upper and outer angle of the crural ring, and is
consequently in danger of being wounded if the stricture is divided in a direction
upwards and outwards.
The communicating branch between the epigastric and obturator lies in front of
the ring.
The circumference of the ring is thus seen to be bounded by vessels in every
It is in the former position that the strictpart, excepting internally and behind.
ure is divided in cases of strangulated femoral hernia.
The obturator artery^ when it arises by a common trunk with the epigastric,
which occurs once in every three subjects and a half, bears a very important relaIn some cases it descends on the inner side of the external
tion to the crural ring.
iliac vein to the obturator foramen, and will consequently lie on the outer side
of the crural ring, where there is no danger of its being wounded in the operation for dividing the stricture in femoral hernia.
(See Fig. 840, p. 646, 1st fig.)
Occasionally, however, the obturator artery curves along the free margin of
Gimbernat's ligament in its passage to the obturator foramen it would, consequently, skirt along the greater part of the circumference of the crural canal,
and could hardly avoid being wounded in the operation. (See Fig. 340, p. 546,
•

:

2d

fig.)

Septum

The femoral ring

by

a layer of condensed areolar
This serves as a barrier to the
protrusion of a hernia through this part.
Its upper surface is slightly concave,
and supports a small lymphatic gland, by which it is separated from the subserous
areolar tissue and peritoneum.
Its under surface is turned towards the femoral
canal.
The septum crurale is perforated by numerous apertures for the passage
of lymphatic vessels, connecting the deep inguinal glands with those surrounding

Crurale.

tissue, called,

by

J. Cloquet, the

is

closed

septum crurale.

the external iliac artery.
The size of the femoral canal, the degree of tension of its orifices, and, consequently, the degree of constriction of a hernia, vary according to the position of
the limb. If the leg and thigh are extended, abducted, or everted, the femoral
canal and its orifices are rendered tense, from tVie traction on these parts by Poupart's ligament and the fascia lata, as may be ascertained by passing the finger
along the canal. If, on the contrary, the thigh is flexed upon the pelvis, and, at
the same time, adducted and rotated inwards, the femoral canal and its orifices
becorne considerably relaxed for this reason the limb should always be placed
in the latter position when the application of the taxis is made in attempting the
reduction of a femoral hernia.
The septum crurale is separated from the peritoneum by a quantity of loose
subserous areolar tissue. In some subjects this tissue contains a considerable
amount of adipose substance, which, when protruded forwards in front of the sac
of a femoral hernia, may be mistaken for a portion of omentum.
Descent of the Hernia. From the preceding description it follows that the
femoral ring must be a weak point in the abdominal wall hence it is, that when
violent or long-continued pressure is made upon the abdominal viscera, a portion
of intestine may be forced into it, constituting a femoral hernia
and the changes
in the tissues of the abdomen which are produced by pregnancy, together with
the larger size of this aperture in the female, serve to explain the frequency of
this form of hernia in women.
When a portion of the intestine is forced through the femoral ring, it carries
before it a pouch of peritoneum, which forms what is called the hernial sac ; it
receives an investment from the subserous areolar tissue, and from the septum
crurale, and descends vertically along the crural canal in the inner compartment
of the sheath of the femoral vessels as far as the saphenous opening at this point
it changes its course, being prevented from extending further down the sheath
on account of the narrowing of the sheath and its close contact with the vessels,
and also from the close attachment of the superficial fascia and crural sheath to
;

:

;

;
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the lower part of the circumference of the saphenous opening; the tumor
is, consequently, directed forwards, pushing before it the cribriform fascia, and
then curves upwards on to the falciform process of the fascia lata and lower part
of the tendon of the External oblique, being covered by the superficial fascia and
integument. While the hernia is contained in the femoral canal, it is usually of
small size, owing to the resisting nature of the surrounding parts but when it
has escaped from the saphenous opening into the loose areolar tissue of the groin,
it becomes considerably enlarged.
The direction taken by a femoral hernia in its
descent is at first downwards, then forwards and upwards; this should be borne
in mind, as in the application of the taxis for the reduction of a femoral hernia,
pressure should be directed in the reverse order.
Coverings of the Hernia.
The coverings of a femoral hernia from within outwards are peritoneum, subserous areolar tissue, the septum crural e, crural sheath,
cribriform fascia, superficial fascia, and integument.^
Varieties of Femoral Hernia.
If the intestine descends along the femoral
canal only as far as the saphenous opening, and does not escape from this aperture, it is called i7icomplete femoral hernia.
The small size of the protrusion in
this form of hernia, on account of the firm and resisting nature of the canal
in which it is contained, renders it an exceedingly dangerous variety of the
disease, from the extreme difficulty of detecting the existence of the swelling,
especially in corpulent subjects.
The coverings of an incomplete femoral hernia
would be, from without inwards, integument, superficial fascia, falciform process
of fascia lata, crural sheath, septum crurale, subserous cellular tissue, and peritoneum. When, however, the hernial' tumor protrudes through the saphenous
opening, and directs itself forwards and upwards, it forms a complete femoral
hernia.
Occasionally the hernial sac descends on the iliac side of the femoral
vessels, or in front of these vessels, or even sometimes behind them.
The seat of stricture of a femoral hernia varies: it may be in the peritoneum
at the neck of the hernial sac
in the greater number of cases it would appear
to be at the point of junction of the falciform process of the fascia lata with the
lunated edge of Gimbernat's ligament or at the margin of the saphenous opening in the thigh.
The stricture should in every case be divided in a direction
upwards and inwards and the extent necessary in the majority of cases is about
two or three lines. By these means, all vessels or other structures of importance,
in relation with the neck of the hernial sac, will be avoided.
;

;

;

;

^ Sii* A. Cooper has described
an investment for femoral hernia under the name of "Fascia
propria," lying immediately external to the peritoneal sac, but frequently separated from it by
more or less adipose tissue. Surgically, it is important to remember the existence (at any rate,
the occasional existence) of this layer, on account of the ease with which an inexperienced operAnaator may mistake the fascia for the peritoneal sac, and the contained fat for omentum.
tomicahy, this fascia appears identical with what is called in the text "subserous areolar tissue,"
the areolar tissue being thickened and caused to assume a membranous appearance by the pressure
of the hernia.

Surgical

Anatomy

of the Perinseum and Ischio-

rectal Eegion.

—

Dissection.
The student should select a well-developed muscular subject, free from fat, and
the dissection should be commenced early, in order that the parts may be examined in as recent
staff having been introduced into the bladder, and the subject placed in
a state as possible.
the position shown in Fig. 555, the scrotum should be raised upwards, and retained in that position, and the rectum moderately distended with tow.

A

The space wliicli is now exposed corresponds to the inferior aperture or outlet
of the pelvis.
Its deep boundaries are, in front, the pubic arch and subpubic
ligament behind, the tip of the coccyx and on each side, the ramus of the
pubes and ischium, the tuberosity of the ischium, and great sacro-sciatic ligament. The space included by these boundaries is somewhat lozenge-shaped, and
is limited on the surface of the body b}'' the scrotum in front, by the buttocks
behind, and on each side by the inner side of the thighs. It measures, from,
before backwards, about four inches, and about three in the broadest part of its
transverse diameter, between the ischial tuberosities.
line drawn transversely
between the anterior part of the tuberosity of the ischium, on each side, in front
of the anus, subdivides this space into two portions.
The anterior portion contains the penis and urethra, and is called the perinseum.
The posterior portion
contains the termination of the rectum, and is called the ischio-rectal region.
;

;

A

TSCHIO-RECTAL EeGION.

The ischio-rectal region corresponds to the portion of the outlet of the pelvis
situated immediately behind the perineeum
it contains the termination of the
rectum.
deep fossa, filled with fat, is seen on either side of the intestine,
between it and the tuberosity of the ischium this is called the ischio-rectal
:

A

;

fossa.

The

middle line the aperture of the anus;
folds, which are
obliterated on distension of the intestine.
The integument is of a dark color,
continuous with the mucous membrane of the rectum, and provided with
numerous follicles, which occasionally inflame and suppurate, and may be mistaken for fistulse. The veins around the margin of the anus are occasionally
much dilated, forming a number of hard, pendent masses, of a dark bluish color,
covered partly by mucous membrane and partly by the integument. These
tumors constitute the disease called external piles.

around

ischio-rectal region presents in the

this orifice, the

integument

is

thrown into numerous

Dissection.
Make an incision through the integument, along the median line, from the base of
the scrotum to the anterior extremity of the anus; carry it round the margins of this aperture
to its posterior extremity, and continue it backwards about an inch behind the tip of the coccyx.
transverse incision should now be carried aci'oss the base of the scrotum, joining the anterior
extremity of the preceding; a second, carried in the same direction, should be made in front of
the anus; and a third at the posterior extremity of the gut.
These incisions should be sufficiently extensive to enable the dissector to raise the integument from the inner side of the thighs.
The flaps of skin corresponding to the ischio-rectal i-egion (Figs. 555-59) should now be removed.
In dissecting the integument from this region great care is required, otherwise the External
sphincter will be removed, as it is intimately adherent to the skin.

A

The superficial fascia is exposed on the removal of the skin it is very thick,
In it are found ramif}^areolar in texture, and contains much fat in its meshes.
ing two or three cutaneous branches of the small sciatic nerve these turn round
;

;

(928)

;
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are distributed to the integu-

in this region.

Gorrugaior Cutis Ani. Around the anus is a thin stratum of involuntary
muscle, which radiates from the interior of the anus, where it commences in the
submucous tissue, to the skin outside, where it blends with the sabdermic tissue.
By its contraction it raises the skin into ridges radiating from the margin of
the anus.
The External sphincter is a thin flat plane of muscular fibres, elliptical in shape,
and intimately adherent to the integument surrounding the margin of the anus.
It measures about three or four inches in length, from its anterior to its posterior
extremity, being about an inch in breadth, opposite the anus. It arises from the
tip of the coccj^x, by a narrow tendinous band and from the superficial fascia in
front of that bone and is inserted into the tendinous centre of the perinasum,
joining Avith the Trans versus perinsei, the Levator ani, and the Accelerator
urinse.
Like other sphincter muscles, it consists of two planes of muscular
fibre, which surround the margin of the anus, and join in a commissure before
and behind.
;

;

Fig. 555.

—Dissection of

Perineum and

Iscliio-rectal Region.

—

Relations.
By its superficial surface.^ with the integument
in contact with the internal Sphincter
and is separated

it is

;

;

by its deej) surface
from the Levator

by

loose areolar tissue.
ani is a voluntary muscle, supplied by the hemorrhoidal branch
of the fourth sacral nerve. This muscle is divided in the operation for fistula in
ano and also in some cases of fissure of the rectum, especially if attended with
much pain or spasm. The object of its division is to keep the parts at rest and

ani

The Sphincter
;

in contact during the healing process.
The Internal sphincter is a muscular ring about an inch in breadth, which
surrounds the lower extremity of the rectum, its inferior border being contiguous
This muscle is about two
to, but quite separate from, the External sphincter.
lines in thickness, and is formed b}^ an aggregation of the involuntary circular
fibres of the intestine.
It is paler in color, and less coarse in texture, than the
External sphincter.
The ischio-rectal fossa is situated between the end of the rectum and the tuberosity of the ischium on each side.
It is triangular in shape its base, directed to
the surface of the body, is formed by the integument of the ischio-rectal region;
its apex^i directed upwards, corresponds to the point of division of the obturator
fascia, and the thin membrane given off from it, which covers the outer surface
;

of the Levator ani (anal fascia). Its dimensions are about an inch in breadth at
It
the base, and about two inches in depth, being deeper behind than in front.
is bounded internally by the Sphincter ani. Levator ani, and Coccygeus muscles
externally by the tuberosity of the ischium, and the obturator fascia, which covers
the inner surface of the Obturator internus muscle in front it is limited by the
59
;
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and deep perinteal fasciae and hehind^ by the
margin of the Gluteus maximus, and the great sacro-sciatic ligament. This space
is filled with a large mass of adipose substance, which explains the frequency
with which abscesses in the neighborhood of the rectnm burrow to a considerline of junction of the superficial

;

able depth.
If the subject has been injected, on placing the finger on the outer wall of this
fossa, the internal pudic artery, with its accompanying veins and nerve, will be
felt about an inch and a half above the margin oF the ischiatic tuberosity, but
approaching nearer the surface as they pass forwards along the inner margin of
the pubic arch. These structures are inclosed in a sheath formed by the obturator
Crossing the space transversely,
fascia, the pudic nerve lying below the artery.
about its centre, are the inferior hemorrhoidal vessels and nerves, bra,nches of the
internal pudic they are distributed to the integument of the anus, and to the
muscles of the lower end of the rectum. These vessels are occasionally of large
size, and may give rise to troublesome hemorrhage when divided in the operation
At the back part of this space may be seen a
of lithotomy, or of fistula in ano.
branch of the fourth sacral nerve and, at the fore part of the space, a cutaneous
branch of the perinseal nerve.
;

;

Perin-EUM.

The

perin^eal space is of a triangular

form

;

its

deep boundaries are limited,

by the rami of the pubes and ischia, meeting in front at the pubic arch
behind, by an imaginary transverse line, extending between the tuberosities of
The lateral boundaries vary, in the adult, from three inches to three
the ischia.
inches and a half in length and the base from two to three inches and a half in
breadth; the average extent of the space being two inches and three-quarters.
The variations in the diameter of this space are of extreme interest in connection
laterally,

;

;

with the operation of lithotomy, and the extraction of a stone from the cavity of
the bladder.
In those cases where the tuberosities of the ischia are near together
it would be necessary to make the incisions in the lateral operation of lithotomy
less oblique than if the tuberosities were widely separated, and the perinseal space,
The peringeum is subdivided by the median raphe into two
consequently, wider.
equal parts. Of these, the left is the one in which the operation of lithotomy is
performed.
In the middle line the peringeum is convex, and correspond* to the bulb of the
urethra.
The skin covering it is of a dark color, thin, freely movable upon the
subjacent parts, and covered with sharp, crisp hairs, which should be removed
before the dissection of the part is commenced.
In front of the anus a prominent
line commences, the raphe, continuous in front with the raphe of the scrotum.
The flaps of integument corresponding to this space having been removed, in the
manner shown in Figs. 555-58, the superficial fascia is exposed.
The Superficial Fascia consists of two layers, superficial and deep, as in other
regions of the body.

The superficial layer is thick, loose, areolar in texture, and contains much
adipose tissue in its meshes, the amount of which varies in different subjects. In
front it is continuous with the dartos of the scrotum
behind, it is continuous
with the subcutaneous areolar tissue surrounding the anus; and, on either side,
with the same fascia on the inner side of the thighs. This layer should be carefully removed after it has been examined, when the deep layer will be exposed.
The deep layer of superficial fascia (superficial perineal fascia) is thin, aponeurotic in structure, and of considerable strength, serving to bind down the muscles
of the root of the penis.
It is continuous, in front, with the dartos of the scrotum on either side it is firmly attached to the margins of the rami of the pubes
and ischium, external to the crus penis, and as far back as -the tuberosity of the
ischium posteriorly it curves down behind the Transversus perinsei muscles to
join the lower margin of the deep perinasal fascia.
This fascia not only covers
the muscles in this region, but sends down a vertical septum from its under
;

;

;
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which separates the back part of the subjacent space into two,

being-

incomplete in front.
In rupture of the anterior portion of the urethra, accompanied by extravasation of urine, the fluid makes its way forwards, beneath this fascia, into the
areolar tissue of the scrotum, penis, and anterior and lateral portions of the
abdomen it rarely extends into the areolar tissue on the inner side of the thighs,
This limitation of the extravasated fluid to the
or backwards around the anus.
parts above named is easy of explanation, when the attachment of the deep layer
of the superficial fascia are considered.
When this fascia is removed the muscles connected with the penis and urethra will be exposed
these are, in the
middle line, the Accelerator urina? on each side, the Erector penis; and behind,
the Trans versus perin^i.
The Accelerator urinse (Ejaculator seminis, or bulbo-cavernosus) is placed in
the middle line of the perineeum, immediately in front of the anus. It consists
of two symmetrical halves, united along the median line by a tendinous raphe.
;

;

;

Fig. 556.

— The Pei-inseum.

The Integument and

Superficial

Layer of

Superficial Fascia reflected.

from the central tendon of the perinseum, and from the median raphe
From this point its fibres diverge like the plumes of a pen the most
posterior form a thin layer, which are lost on the anterior surface of the triangular ligament the middle fibres encircle the bulb and adjacent parts of the
corpus spongiosum, and join with the fibres of the opposite side, on the upper
It arises

in front.

;

;

part of the corpus spongiosum, in a strong aponeurosis; the anterior fibres, the
longest and most distinct, spread out over the sides of the corpus cavernosum, to
be inserted partly into that body, anterior to the Erector penis, occasionally
extending to the os pubis partly terminating in a tendinous expansion, which
The latter fibres are best seen by dividcovers the dorsal vessels of the penis.
ing the muscle longitudinally, and dissecting it outwards from the surface of the
;

urethra.
Actions.

This muscle serves to empty the canal of the urethra, after the
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its contents; during the greater part of the act of micturiare relaxed, and it only conies into action at the end of the process.
The middle fibres are supposed, by Krause, to assist in the erection of the corpus
spongiosum, by compressing the erectile tissue of the bulb. The anterior fibres,
according to Tyrrel, also contribute to the erection of the penis, as they are
inserted into, and continuous with, the fascia of the penis, compressing the dorsal
vein during; the contraction of the muscle.
The Erector penis covers the unattached part of the cms penis. It is an elongated muscle, broader in the middle than at either extremity, and situated on
either side of the lateral boundary of the perinaeum.
It arises by tendinous and
fleshy fibres from the inner surface of the tuberosity of the ischium, behind the
eras penis, from the surface of the crus, and from the adjacent portion of the
ramus of the pubes. From these points fleshy fibres succeed, which end in an

bladder
tion

lias

expelled

its fibres

The

Superficial Muscles

and Vessels of the Perineeum.

Superficial PerinealArtery
Superficial Perineal J/'erve

Grf SacrO'Soiaiie Ligt'

Internal Pudio Ne^rve
Internal Puclic A.rte.ry

aponeurosis which is inserted into the sides and under surface of the crus penis.
This muscle compresses the crus penis and retards the return of the blood through
the veins, and thus serves to maintain the organ erect.
The Transversns perinsei is a narrow muscular slip, which passes more or less
transversely across the back part of the perinasal space.
It arises by a small
tendon from the inner and fore side of the tuberosity of the ischium, and, passing obliquely forwards and inwards, is inserted into the central tendinous point
of the perinseum, joining in this situation with the muscle of the opposite side,
the Sphincter ani behind, and the Accelerator uringe in front.
Between the muscles just examined a triangular space exists, bounded internally by the Accelerator urinse, externally by the Erector penis, and behind by
the Transversus perinsei.
The floor of this space is formed by the triangular ligament of the urethra (deep periiiasal fascia), and running from behind forwards in it
are the superficial perinasal vessels and nerves, the transverse perinseal artery coursing along the posterior boundary of the space, on the Transversus perinsei muscle.
In the later operation of lithotomy, the knife is carried obliquely across the
back part of this space, downwards and outwards, into the ischio-rectal fossa,

;
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dividing tlie Transversus perinsei muscle and artery, the posterior fibres of the
Accelerator urinse, the superficial perineeal vessels and nerve, and more posteriorly
the inferior hemorrhoidal vessels.
The superficial and transverse perinjeal arteries are described at p. 548 and
the superficial perin^eal and the inferior pudendal nerves at pp. 706-708.
The muscles of the perin^eum in the female are, the
;

Compressor

Sphincter vaginas.
Erector clitoridis.
Transversus peringei.

urethrge.

Sphincter ani,

Levator

ani.

Coccygeus.

The

Sphincter Vaginse surrounds the orifice of the vagina, and is analogous
It is attached, posteriorly, to the central
tendon of the periufeum, where it blends with the sphincter ani. Its fibres pass
forwards on each side of the vagina, to be inserted into the corpora cavernosa of
the clitoris, a fasciculus crossing over the body of the organ so as to compress
the dorsal vein.
The Erector Clitoridis resembles the Erector penis in the male, but is smaller
than it, arising from the tuberosity of the ischium, and being inserted on each
side of the crus.
The Transversus Perinsei is inserted into the side of the Sphincter vaginse, and
the Levator ani into the side of the vagina and rectum.
The other muscles are
precisely similar to those in the male.
to the Accelerator urinee in the male.

The Accelerator urinas and Erector penis muscles should now be removed, when the deep
perinasal fascia will be exposed, stretching across the front part of the outlet of the pelvis.
The
urethra is seen perforating its centre, just behind the bulb and on either side is the crus penis,
;

connecting the corpus cavernosum with the ramus of the ischium and pubes.

The Deep Perinseal Fascia (triangular ligament) is a dense membranous
lamina, which closes the front part of the outlet of the pelvis. It is triangular
in shape, about an inch and a half in depth, attached above, by its apex, to the
under surface of the symphysis pubis and subpubic ligament and on each side
to the rami of the ischium and pubes, beneath the crura penis.
Its inferior
margin, or base, is directed towards the rectum, and connected to the central
tendinous point of the perinasum. It is continuous with the deep layer of the
superficial fascia behind the Transversus perinsei muscle, and with a thin fascia
which covers the cutaneous surface of the Levator ani muscle (anal fascia).
The deep perinseal fascia is perforated by the urethra, about an inch below the
symphysis pubis. The aperture is circular in foj'm, and about three or four lines
in diameter.
Above this is the aperture for the dorsal vein of the penis; and,
outside the latter, the pudic nerve and artery pierce it.
The deep perinasal fascia consists of two layers, anterior and posterior these
are separated above, but united belov/.
The anterior layer is continued forwards, around the anterior part of the membranous portion of the urethra, becoming lost upon the bulb.
The posterior layer is derived from the obturator fascia ^ it is continued backwards around the posterior part of the membranous portion of the urethra and
the outer surface of the prostate gland.
If the anterior layer of this fascia is detached on either side, the following
parts are seen between it and the posterior layer the subpubic ligament above,
close to the pubes
the dorsal vein of the penis the membranous portion of
the urethra, and the muscles of the urethra Cowper's glands and their ducts
the pudic vessels and nerve the artery and nerve of the bulb, and a plexus of
;

;

;

:

;

;

;

;

veins.

The Compressor

Urethrse (constrictor urethrse) surrounds the whole length of

^ " On the Anatomy of the Posterior Layer
of the Triangular Ligament," see a paper by Mr.
Carrington, Guy\ Hospital Reports.
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the membranous portion of the urethra, and is contained between the two layers
It arises, by aponeurotic fibres, from the upper
of the deep perinseal fascia.
part of the ramus of the pubes on each side, to the extent of half or threequarters of an incli: each segment of the muscle passes inwards, and divides
into two fasciculi, which surround the urethra from the prostate gland behind
and unite, at the upper and lower
to the bulbous portion of the urethra in front
surfaces of this tube, with the muscle of the opposite side by means of a tendinous raphe.
Circular Muscular Fibres surround the membranous portion of the urethra
from the bulb in front to the prostate gland behind they are placed immediately
beneath the transverse fibres already described, and are continuous with the
muscular fibres of the bladder. These fibres are involuntary.
lands are situated immediately below the membranous portion of
Cowperh
the urethra, close behind the bulb, and below the artery of the bulb (p. 887).
The Pudic Vessels and Nerves are placed along the inner margin of the pubic
arch (p. 547).
;

;

Fig. 558.

—Deep Perinaaal Fascia.

On

tlie left

side the Anterior

Layer

has been removed.

/

AntericrXciyev cf
Dtep. Pirinecul T^ascia removed/

COMPRESSOR URETHRiE
Jnier-nal Fudlc ArtVt
Arty €f the Ba,lb
Corvjie^s GlaTuZ'

The Artery of the Bvlh passes transversely inwards, from the internal pudic
along the base of the triangular ligament, between the two layers of fascia,
accompanied by a branch of the pudic nerve (p. 548).
If the posterior layer of the deep peringeal fascia is removed, and the crus
penis of one side detached from the bone, the under or peringeal surface of the
Levator ani is brought fully into view. This muscle, with the triangular ligament in front and the Coccygeus and Pyriformis behind, closes in the outlet of
the pelvis.
The Levator ani is a broad, thin muscle, situated on each side of the pelvis.
It is attached to the inner surface of the sides of the true pelvis, and, descending,
unites with its fellow of the opposite side to form the floor of the pelvic cavity.
It supports the viscera in this cavity, and surrounds the various structures
which pass through it. It arises, in front, from the posterior surface of the body
and ramus of the pubes, on the outer side of the symphysis posteriorly, from
;
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the innner surface of the spine of the ischium
and between these two points,
from the angle of division between the obturator and recto- vesical layei's of the
pelvic fascia at their under part the fibres pass downwards to the middle line
of the floor of the pelvis, and are inserted, the most posterior fibres into the sides
of the apex of the coccyx those placed more anteriorly unite with the muscle
of the opposite side, in a median fibrous raphe, which extends between the
coccyx and the margin of the anus. The middle fibres, which form the larger
;

:

;

portion of the muscle, are inserted into the side of the rectum, blending with
the fibres of the Sphincter muscles lastly, the anterior fibres, the longest,
descend upon the side of the prostate gland to unite beneath it with the muscle
of the opposite side, blending with the fibres of the External sphincter and
Transversus perineei muscles at the tendinous centre of the perinseum.
The anterior portion is occasionally separated from the rest of the muscle by
cellular tissue.
From this circumstance, as well as from its peculiar relation with
the prostatC' gland, descending by its side, and surrounding it as in a sling, it has
been described by Santorini and others as a distinct muscle, under the name of
the Levator 'prostatoe. In the female the anterior fibres of the Levator ani descend
upon the sides of the vagina.
Relations.
By its upper or pelvic surface^ with the recto-vesical fascia, Avhich
separates it from the viscera of the pelvis and from the peritoneum.
By its outer
or perinseal surface it forms the inner boundary of the ischio-rectal fossa, and
is covered by a quantity of fat, and by a thin layer of fascia (anal fascia) continued
from the obturator fascia. Its posterior harder is continuous with the Coccygeus
muscle. Its anterior border is separated from the muscle of the opposite side by
a triangular space, through which the urethra, and in the female the vagina,
passes from the pelvis.
This muscle supports the lower end of the rectum and vagina, and
Actions.
also the bladder during the elfbrts of expulsion.
It elevates and inverts the lower
end of the rectum after it has been protruded and everted during the expulsion
of the fgeces. It is also a muscle of forced expiration.
The Coccygeus is situated behind and parallel with the preceding. It is a
triangular plane of muscular and tendinous fibres, arising, by its apex, from the
spine of the ischium and lesser sacro-sciatic ligament, and inserted, by its base.
into the margin of the coccyx and into the side of the lower piece of the sacrum.
This muscle is continuous with the posterior border of the Levator ani, and closes
in the back part of the outlet of the pelvis.
Relations.
By its inner or pelvic surface.^ with the rectum. By its external
Bj^ its posterior border^ with the
siirface^ with the lesser sacro-sciatic ligament.
Pyriformis.
Action.
The Coccygei muscles raise and support the coccyx, after it has been
pressed backwards during defecation or parturition.
;

point of the

Divide the central tendinous
Position of the Viscera at the Outlet of the Pelvis.
perinasum, separate the rectum from its connections by dividing the fibres of the
wliich descend upon the sides of the prostate gland, and draw the gut backwards
coccyx, when tlie under surface of the prostate gland, the neck and base of the
vesicular seminales, and vasa deferentia will be exposed.

Levator ani,
towards the
bladder, the

The Prostate Gland is placed immediately in front of the neck of the bladder,
around the prostatic portion of the urethra, its base being turned backwards, and
its under surface towards the rectum.
It is retained in its position by the Levator
prostata and by the pubo-prostatic ligaments, and is invested by a dense fibrous
The
covering, continued from the posterior laj^er of the deep perineal fascia.
longest diameters of this gland are in the antero-posterior direction, and transversely at its base; and hence the greatest extent of incision that can be made
m it without dividing its substance completely across, is obliquely outwards and
backwards. This is the direction in which the incision is made through it in the
operation of lithotomy, the extent of which should seldom exceed an inch in
length.
The relations of the prostate to the rectum should be noticed by means
:
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of the finger introduced into the gut, the surgeon detects enlargement or other
disease of this organ; he is enabled also, by the same means, to direct the point
of a catheter when its introduction is attended with much difficulty, either from
injury or disease of the membranous or prostatic portions of the urethra.
Behind the prostate is the posterior surface of the neck and base of the
bladder a small triangular portion of this organ is seen, bounded in front by
the prostate gland; behind, by the recto-vesical fold of the peritoneum; on each
side, by the vesiculEe seminales and vasa deferentia
and separated from direct
contact with the rectum by the recto-vesical fascia.
The relation of this portion
of the bladder to the rectum is of extreme interest to the surgeon.
In cases of
retention of urine this portion of the organ is found projecting into the rectum,
between three and four inches from the margin of the anus, and may be easily
perforated during life without injury to any important parts; this portion of the
bladder is, consequently, frequently selected for the performance of the operation
:

;

Fig. 559.

—A View of the Position of the Viscera at the Outlet of the Pelvis.

Artery of Corpus CavErnosum.
Dorsal Artery of Penia

Artery of Bath
Jntcnial Pudio Artery-

-.

Cou'per'g GZartd-

of tapping the bladder.
If the finger is introduced into the bowel, the surgeon
in some cases, learn the position, as well as the size and weight, of a calculus in the bladder and in the operation for its removal, if, as is not unfre-

may,

;

quently the case, it should be lodged behind an enlarged prostate, it may be displaced from its position by pressing upwards the base of the bladder from the
rectum.
Parts concerned in the Operation of Lithotomy. The triangular ligament must
be replaced and the rectum drawn forwards so as to occupy its normal position.
The student should then consider the position of the various parts in reference
to the lateral operation of lithotomy.
This operation is performed on the left
side of the perineum, as it is most convenient for the right hand of the operator.
A staff" having been introduced into the bladder, the first incision is commenced
midway between the anus and the back of the scrotum (^. e., in an ordinary adult
perinseum, about an inch and a half in front of the anus), a little on the left side
of the raphe, and carried obliquely backwards and outwards to midway between
The incision divides the integument
the anus and tuberosity of the ischium.
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and superficial fascia, tlie inferior hemorrlioidal vessels and nerves, and the superand transverse perinasal vessels if the forefinger of the left hand is thrust
upwards aud forwards into the wound, pressing at the same time the rectum
inwards and backwards, the staii' may be felt in the membranous portion of the
The finger is fixed upon the stafl", and tlie structures covering it are
urethra.
divided with the point of the knife, which must be directed along the groove
towards the bladder, the edge of the knife being carried outwards and backwards, dividing in its course the membranous portion of the urethra, and part of
the left lobe of the prostate gland, to the extent of about an inch.
The knife is
then withdrawn, and the forefinger of the left hand passed along the staff into
the bladder the staff having been withdrawn, and the position of the stone
ascertained, the forceps is introduced over the finger into the bladder.
If the
stone is very large, the opposite side of the prostate may be notched before the
forceps is introduced the finger is now withdrawn, and the blades of the forceps
opened and made to grasp the stone, which must be extracted by slow and
cautious undulating movements.
ficial

;

:

:

Fig. 560.

—A Transverse Section of the

Pelvis,

showing the Pelvic Fascia from behind.

Anterior CruralNerve^

Ohturafor JFascia

Internal Pvdic VesseU

& AV

Parts divided in the Operation. The various structures divided in this operation are as follows
The integument, superficial fascia, inferior hemorrhoidal
vessels and nerves, the posterior fibres of the Accelerator urin«, the Transversus
perinsei muscle and artery (and, probabl}^, the superficial perinjeal vessels and
nerves), the deep peringeal fascia, the anterior fibres of the Levator ani, part of
the Compressor urethra, the membranous and prostatic portions of the urethra,
and part of the prostate gland.
Parts to he avoided in the Operation. In making the necessary incisions in the
peringeum for the extraction of a calculus, the following parts should be avoided:
The primary incision should not be made too near the middle line, for fear of
wounding the bulb of the corpus spongiosum or the rectum nor too far exter:

—

;

nally, otherwise the pudic artery

may

ascends along the inner
border of the pubic arch. If the incisions are carried too far forwards, the artery
of the bulb may be divided if carried too far backwards, the entire breadth of
;

be implicated as

it
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the prostate and neck of the bladder may be cut through, which allows the urine
to become infiltrated behind the pelvic fascia into the loose cellular tissue between
the bladder and rectum, instead of escaping externally diffuse inflammation is
consequently set up, and peritonitis, from the close proximity of the recto-vesical
If, on the contrary, the prostate is divided in
peritoneal fold, is the consequence.
front of the base of the gland, the urine makes its way externally, and there is
less danger of infiltration taking place.
During the operation it is of great importance that the finger should be passed
into the bladder hefore the staff is removed if this is neglected, and if the incision
made through the prostate and neck of the bladder is too small, great difficulty
maybe experienced in introducing the finger afterwards and in the child, where
the connections of the bladder to the surrounding parts are very loose, the force
made in the attempt is sufficient to displace the bladder up into the abdomen, out
of the reach of the operator. Such a proceeding has not unfrequently occurred,
producing the most embarrassing results, and total failure of the operation.
;

;

;

Fig. 5G1.

— Side View of the Pelvic Viscera of the Male Subject, showing the Pelvic
and Perinseal

Fasciae.

It is necessary to bear in mind that the arteries in the perineeum occasionally
take an abnormal course. Thus the artery of the bulb, when it arises, as sometimes happens, from the pudic opposite the tuber ischii, is liable to be wounded
in the operation for lithotomy, in its passage forwards to the bulb. The accessory
pudic may be divided near the posterior border of the prostate gland, if this is
completely cut across and the prostatic veins, especiallj^ in people advanced in
life, are of large size, and give rise, when divided, to troublesome hemorrhage.
;

Pelvic Fascia.

The

is a thin membrane which lines the whole of the
continuous with the trans versalis and iliac fasciae. It

pelvic fascia (Fig. 561)

cavity, of the pelvis,

and

is

PELVIC FASCIA.
is

attaclied to tlie

brim of the pelvis

939

for a short distance at the side of the cavity,

and to the inner surface of the bone round tlie attacliment of the Obturator
internus.
At the posterior border of this muscle, it is continued backwards as a
very thin membrane in front of the Pyriformis muscle and sacral nerves, behind
the branches of the internal iliac artery and vein, which perforate it, to the front
of the sacrum. In front it follows the attachment of the Obturator internus to
the bone, arches beneath the obturator vessels, completing the orifice of the
obturator canal, and at the front of the pelvis is attached to the lower part of the
symphysis pubis. At the level of a line extending from the lower part of the
symphysis pubis to the spine of the ischium, is a thickened whitish band this
marks the attachment of the Levator ani muscle to the pelvic fascia, and corresponds to its point of division into two layers, the obturator and recto vesical.
The obturator fascia descends and covers the Obturator internus muscle. It
is a direct continuation of the pelvic fascia below the white line above mentioned, and is attached to the pubic arch and to the margin of the great sacro
sciatic ligament.
From its attachment to the pubes a process is given off which
is continuous with a similar process from the opposite side, so as to close the
front part of the outlet of the pelvis, forming the posterior layer of the triangular ligament. This fascia forms a canal for the pudic vessels and nerve in
their passage forwards to the perinasum, and is continuous with a thin membrane,
which covers the peringeal aspect of the Levator ani muscle, called the ischio;

rectal {anal) fascia.

The

recto-vesical fascia (visceral layer of the pelvic fascia) descends into the

upon the upper surface of the Levator ani muscle, and

invests the prosthe inner surface of the symphysis pubis a
short, rounded band is continued to the upper surface of the prostate and neck
of the bladder, forming the pubo-prostatic or anterior true ligaments of the
bladder. At the side this fascia is connected to the side of the prostate, inclosing
this gland and the vesico-prostatic plexus of veins, and is continued upwards on
the surface of the bladder, forming the lateral true ligaments of the organ.
Another prolongation invests the vesiculse seminales, and passes across between
the bladder and rectum, being continuous with the same fascia of the opposite
side.
Another thin prolongation is reflected round the surface of the lower end
of the rectum.
The Levator ani muscle arises from the point of division of the
pelvic fascia the visceral layer of the fascia descending upon and being intimately adherent to the upper surface of the muscle, while the under surface of
the muscle is covered by a thin layer derived from the obturator fascia, called
the ischio-rectal or anal fascia. In the female the vagina perforates the rectovesical fascia, and receives a prolongation from it.
pelvis
tate,

bladder, and rectum.

;
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LANDMARKS,
MEDICAL AND SURGICAL

1. Iisr clinical teaching, we often have occasion to point out, on the surface of
By
the living body, what may be called "medical and surgical landmarks."
"landmarks" we mean surface-marks, such as lines, eminences, depressions,
which are guides to, or indications of, deeper-seated parts. This practice is not
only most useful, but absolutely necessary because many even advanced students of anatomy are not so ready as they ought to be in their recognition of
parts when covered by skin. Students who may be familiar enough with bones,
muscles, bloodvessels, or viscera in the dissected subject, are often sadly at fault
when they come to put this knowledge into practice in the living.
For instance, ask a student to put his finger on the? exact place where he
would feel for the head of the radius, the coracoid process of the scapula, the
tubercle of the scaphoid bone in the foot ask him to compress effectually one
of the main arteries to chalk the line of its course to map on the chest the
position of the heart and the several valves at its base to trace along the walls
of the chest the outline of the lungs and pleura to point out the bony prominences about the joints, and their relative position in the different motions of
the joints test him about the muscles and tendons which can be seen or felt as
they stand out in relief or remain in repose let him introduce his finger into
the several orifices of the body, and say what parts are accessible to the touch
questions such as these, even a good anatomist, unaccustomed to deal with the
living subject, might possibly find himself at a loss to answer.
-Our main object, therefore, is to induce in students the
2. Object in View.habit of looking at the living body with anatomical eyes, and with eyes, too, at
their fingers' ends. The value of this habit cannot be too highly estimated.
Is
it not of the utmost importance to an operating surgeon that he should have in
his mind's eye the various structures of the body as they lie grouped, connected,
and working together ? Should he not try at least to see them with the same
clearness and accuracy as if they were perfectly transparent ?
Moreover, the habit of examining the living body with "anatomical eyes"
and "surgical fingers" teaches the eye and the hand to act together, and trains
that delicate sense of touch, which every surgeon should possess.
This habit is within easy reach of any one who has carefully dissected for
himself, and learned what to feel for.
Plates will not give him this knowledge.
Let a student examine his own body with a skeleton before him. Better still
that two should work thus together, each serving as a model to the other.
Teachers of anatomy should follow the example of Sir C. Bell, who was in
the habit of introducing, from time to time, a powerful muscular fellow to his
class, "in order to shoAV how much of the structure of the body, such as the
articulations and the muscles, might be learned without actual dissection."^
;

;

;

;

;

;

;

;

:
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At tliG same time, it is only fair to say that "landmarks" cannot alA^ays be
considerable latitude must be allowed for natural
defined with precision.
In some, their anatomy stands out beautifully
variations in different persons.
Selecting, therefore, for study a modeclear in others it is inasked by obesity.
rately lean person, let us begin with the head.

A

;

THE HEAD.

—

Scalp; its Density. The great toughness of the scalp, more especially
back of the head, is owing to its intimate connection with the cranial
This density often
aponeurosis, the scalp vessels and hair bulbs intervening.
obscures the diagnosis of tumors on the cranium. A tumor growing upon the
head may be either above or below the aponeurosis of the scalp.- If below, it
will have a firm resisting feel, being bound down by the aponeurosis.
Nevertheless its firmness and resistance may depend not simply on its confinement
beneath the aponeurosis, but on its having its origin within the skull. Look
with suspicion, then, on every tumor on the head that will not readily permit
you to move it about, so as to be sure of its connections prior to an attempt at
^.

at the

extirpation.
The scalp moves freely over the pericranium, to which it is very loosely connected by areolar tissue. When suppuration takes place in this tissue free
incisions through the dense scalp must be made to let the pus out.
^The supra-orbital artery can be felt beating just
i. Arteries of Scalp.
above the supra-orbital notch, and traced for some way up to the forehead; the
temporal (anterior branch) ascends tortuously about one inch and a quarter
behind the external angular process of the frontal bone; the occipital can be
felt near the middle of a line drawn from the occipital protuberance to the mastoid process; the posterior auricular, near the apex of the mastoid process.
All
these arteries can be effectually compressed against the subjacent bone.
The skullcap is rarely quite S3^mmetrical. This want of
5. Skullcap.
symmetry is often obvious. It may occur in men highly gifted, as in the celebrated French anatomist Bichat. As to shape and relative dimensions, no two
heads are exactly alike, any more than are two faces. It is beside
present
purpose to go into the question of craniology more than to say that, although
the cranium does not exactly follow the brain in all its eminences and depressions
so as to be like a cast of its surface, yet it certainly indicates the dimensions of
the great cerebral masses. The prominence of the frontal and parietal "eminences"'
and of the occipital region may be taken as a general indication of the development of the corresponding lobes of the brain. To ascertain the relative proportions of these three regions, let a thread be passed from one meatus auditorius
to the other, across the frontal, parietal, and occipital eminences respectively.

—

—

my

—

[Anterior Fontanelle. At the junction of the sagittal and the coronal
sutures in the new-born child is the anterior fontanelle, caused by the as yet
incomplete ossification of the frontal and the parietal bones. It closes at about
twelve to eighteen months of age. Its condition, as to whether it is a hollow
or a hill, is important, for it shows the wasting of the fluids of the body, as in
the summer diarrhoeas of children, or the redundancy of fluid within the skull,
The pulse of a sleeping child can often be counted at the
as in hydrocephalus.
fontanelle by the eye alone.]
Frontal Sinuses. The "frontal sinuses" foi'med by the separation of the
two tables of the skull vary much in size in different persons and at different
periods of life. This fact has an important bearing on wounds in the forehead
and on xrephining in this situation. These "bumps" do not exist in children,
because the tables of the skull do not begin to separate before puberty. From
an examination of many skulls in the Hunterian Museum, I find that the
absence of the "bumps," even in middle age, does not necessarily imply the

—

;
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absence of tlie sinuses, since tliey may be formed by a retrocession of tlie inner
wall of the sknll. In old persons, as a rule, wlien tlie sinuses enlarge-, it is by
The inner wall of the
the encroacbment of the inner table on the brain case.
It is, therefore, important to bear in
skull here follows the shrinking brain.
mind that an adult, and more especially an elderly person, may have a large
frontal sinus without any external indication of it.
Neither does a very prominent bump necessarily imply the existence of a
The "bump" may be a mere heaping
large sinus, or indeed of even a small one.
up of bone, a degradation as in some Australian skulls.
Mastoid Process.' The mastoid process, which can be felt behind the ear,
[" Mascontains air-cells, to which the above observations may also be applied.
toid disease," or suppuration in these cells, which, like the frontal sinuses, arc
lined by mucous membrane, causes pain, tenderness, and swelling in the process,
and often demands early trephining to evacuate the pus.]
Occipital Protuberance. -The occipital protuberance, and the superior
curved line, can be distinctly felt at the back of the head. The protuberance
is ahvays the thickest part of the skullcap, and more prominent in some than

—

—

in others.

The posterior inferior angle of the parietal bone, grooved by the lateral sinus,
on a level with the zygoma, and a trifle more than one inch behind the front
border of the mastoid process.
Lines of Cerebral Sinuses. Aline drawn over the head from the root of
the nose to the occipital protuberance corresponds with the superior longitudiAnother line drawn from the occipital protuberance to the front
nal sinus.
border of the mastoid process corresponds with a part of the lateral sinus.
Middle Meningeal Artery. The trunk of the middle meningeal artery
runs along the front lower corner of the parietal bone, about one inch and a half
be'hind, and half an inch above, the external angular process of the frontal [or
one inch and a half above the zygoma. This is a more definite measuring
is

—

—

point vertically.]

A straight line drawn from the front of one mastoid process to the other
would pass through the middle of the condyles of the occiput, showing how
nearly the skull

is

balanced on the top of the spine in the erect posture.

Thickness of Skullcap.— The average thickness of the cap of an adult
The thickest part is at the occipital protuberance,
skull is about ^ of an inch.
where it is often -I of an inch or more, even in an otherwise thin skull. The
6.

thinnest part is at the temple, where it may be almost as thin as parchment.
Every one in the habit of making post-mortem examinations knows how much
the skullcap differs in thickness in different persons and in different parts of
same skull. In old persons it is often in some parts not thicker than a shilling,
owing to absorption of the cliploe. Another point of interest is that the inner
plane of the cap is not always parallel with the outer. Hence, in applying the.
"Think that you are operating on the thinnest
trephine this is not a bad rule
skull ever seen, and thinner in one half of the circle than the other."
The level of the anterior lobes in front corre7. Levels of the Brain.
sponds with a straight line drawn across the forehead, just above the eyebrows.
The lower level of the anterior and middle lobes of the cerebrum corresponds
with a line drawn from the external angular process of the frontal bone to the
upper part of the meatus auditorius. Another line drawn from the meatus to
the occipital protuberance corresponds with the lower level of the posterior lobe.
The lower level of the cerebellum cannot be defined by external examination.
It depends upon the extent to which the occipital fossas bulge into the nape of
the neck; and this bulge varies in different skulls.
[Ear. The axis of the auditory canal is not directly transverse, but inward
and forward, towards the opposite temple -a fact of importance in the use of
instruments or of injections into the ear. The canal should always be inspected
with care for abscesses, foreign bodies, or impacted wax, and, in cases of possible
.
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fracture at

tlie

base of the skull, for

tlie

About

escape of ccrcbro-spinal fluid.

from the external meatus the canal is closed bj the viemhrana tymThis can be seen best through a speculum bj reflected light from a hand
imni.
or forehead mirror, but not uncommonly it can be seen without the speculum.
To examine the auditory canal or the membrana tympani, the auricle must be
pulled gently, but decidedly, upwards and backwards.]
one

iucli

THE FACE,
8.

their

The approaches to the organs of the senses, their ever-varying expression,
numerous muscles, and their rich profusion of vessels and nerves, give the

face great anatomical importance, which has a most valuable bearing, not only
on the practice of surgery, but on the physiognomy of health, and in the diagnosis of disease.
9.

Foramina

for

Branches of

fifth.

Nerve.

— As a

surgeon

may

be called

any one of the three chief branches of the fifth nerve upon the
face, he looks with interest to the precise situations where they leave their bony
foramina with their corresponding arteries. The supraorbital notch or foramen can be felt about the junction of the inner with the middle third of the
supraorbital margin. From this point a perpendicular line drawn with a slight
inclination outwards, so as to cross the interval between the two bicuspid teeth
in both jaws, passes over the infraorbital and the mental foramina. The direction
[The canal
of these two lower foramina looks towards the angle of the nose.
in the lower jaw for the inferior dental nerve, it must be remembered, in persons who have lost the alveolar process by absorption, lies by so much nearer
the upper margin of the jaw. A trephine must, therefore, in such persons be
applied well above the middle of the bone, or the canal may be missed entirely.]
10. Pulley for Superior Oblique Muscle.
By pressing the thumb

upon

to divide

—

beneath the internal angular process of the frontal bone, the cartilaginous pulley
should
for the tendon of the superior oblique muscle can be distinctly felt.
be careful not to interfere with this pulley in any operation about the orbit.
The working of the condyle of the jaw vertically and
11. Lower Jaw.
from side to side can be distinctly felt [and seen] in front of the ear. When
the moutli is opened wide, the condyle advances out of the glenoid cavity on to
the eminentia articularis, and returns into its socket when the mouth is shut.
The muscle which causes this advance is the external pterygoid; and it gives
the jaw a greater freedom of grinding motion.
The posterior margin of the ramus of the lower jaw corresponds with a line
drawn from the condyle to the angle. In opening abscesses in the parotid region,
the knife should not be introduced behind this line for fear of wounding the
external carotid artery. Punctures to any depth may be safely made in front
of it. They are often necessary where inflammation of the parotid gland ensues
The swelling, tension, and
after eruptive fevers, and runs on to suppuration.
pain are most distressing. Owing to the fibrous framework of the gland, the
matter is not circumscribed, but difi^used. One puncture is not enough. Three
The blade of the knife should be held horizontally
or more may be requisite.
We are not
so as to be less likely to injure the branches of the facial nerve.
The punctures give relief, and matter
to be disappointed if no matter flows.
will probably exude the next day.
[Zygoma. In front of the ear lies the zygoma, one of the most marked and
important landmarks to the touch, and in lean persons to the eye.
Seventh Nerve. This nerve, after emerging from the stylo-mastoid foramen, passes into the parotid gland and is distributed tp the facial muscles, its
branches running towards the temple, the eye, the cheek, and the jaw. It can
always readily be galvanized in facial palsy, etc., by placing one pole at the
lobule of the ear and the other at the desired points of the face.]

We
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—

A line drawn from the bottom of the lobe of the ear to
12. Parotid Duct.
midway between the nose and the mouth gives the course of the parotid duct.
Opposite the second upper molar, the duct opens by a papilla into the mouth.
The branch of the facial nerve which supplies the buccinator runs with the
duct.

—

The pulsation of the trunk of the
13. Temporal and Facial Arteries.
temporal artery can be felt, between the root of the zygoma and the ear. This
should be well known to and used by chloroformists. It is also a convenient
The facial artery can be distinctly felt as it
pulse to feel in a sleeping patient.
passes over the body of the jaw at the anterior edge of the masseter again near
;

the corner of the mouth close to the mucous membrane and, lastly, bj^ the side
of the ala nasi, up to the inner side of the tendo oculi. By holding the lips
between the finger and thumb the coronary arteries are felt under the mucous
membrane [and can be compressed here either by the finger and thumb, or by
The facial vein does
a spring clip, in hare-lip and other similar operations].
not accompany the tortuous artery, but runs a straight course from the inner
angle of the eye to the front border of the masseter, just behind the arter3^
The opening between the eyelids varies in size in
14. Eyelids and Eyes.
different persons; hence more of the eyeball is seen in some than in others, and
Although human eyes do vary a little in size, yet the
the eye appears larger.
actual difference is by no means so great as is generally supposed. The size of the
Contrast the narrow
fissure has much to do with the apparent size of the eye.
fissure of the Chinese and Mongolian races, and the apparent smallness of their
eyes with those of Europeans. As a rule the external angle of the lid is higher
than the internal. When not exaggerated, it gives the face an arch and pleasing
expression.
Evert the lids to see the Meibomian glands; observe their perpendicular
arrangement, in the substance of the tarsal cartilages. [Eversion of the upper
lid is best done while the patient is looking down, by placing a pencil on the
lid, next seizing the eyelashes, and then pushing the pencil gently downwards,
while by the lashes the free border of the lid is lifted over it. In case of a suspected foreign bod}^, if it be not found on the lid, it must be remembered that
it may easily be in the cornea and have been overlooked on the iris as a background. Oblique light will best reveal it if there.]
The free borders of the lids are not bevelled, as described by J. L. Petit and
most anatomists, "so as to form with the globe of the closed eye a triangular
On the contrary, it is easily seen that the lid
canal for the flow of the tears."
margins, when closed, come into accurate contact. The plane is not exactly
horizontal, but slightly inclined upwards.
Every time the eye is shut, the ball turns upwards and inwards, so that the
cornea is completely covered by the upper lid. This may be well seen by raising
the lid of a sleeping infant; also in cases of low fever when the lid is not completely closed.
The upturning of the eye obviously clears the cornea, and protects it from the light.
careful examination of the motion of the lower lid in the act of shutting
the eye proves that it is a double motion. The lid is not only slightly raised,
;

—

A

but drawn inwards about

-^^ '^^

^^ inch.

This second movement sweeps any

particles of dust as well as moisture towards the inner canthus.

Puncta Lachrymalia.

—

The jDuncta lachrymalia are distinctly visible
black dots] at the inner angles of the lids. The lower punctum
is larger and a little more external than the upper, so that they are not exactly
opposite. The direction, too, of the puncta deserves notice. Their open mouths
look a little backwards, ready to imbibe the tears. When their proper bearing
is lost, as in facial paralysis or by a cicatrix near the lid, the tears overflow the
cheek. The length of the lachrymal canals is from three to four lines. The
lower is a little shorter and wider than the upper. As each makes a little angle
in its course, about a line from its orifice, the lid should be drawn outwards to
straighten the canal when we introduce a probe.
15..

[as

two

little

;
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Lachrymal

— To

find the lachrymal sac, draw outwards the eyelids
which crosses the sac a little above its middle. A
knife introduced just below the tendon close to the edge of the orbit would
The angular artery and vein would be on the inner side of the
enter the sac.
1(3.

Sac.

to tighten the tendo oculi,

A probe directed in a line with the inner edge of the orbit, i. e.,
downwards, outwards, and backwards, would pass down the nasal duct, and
appear in the inferior meatus of the nose.
incision.

The tendo oculi serves many j)urposes besides giving attachment to the cartiOne purpose is said to be to pump the tears into
lages and muscles of the lids.
the lachrymal sac. Place a finger on the tendon, and feel that it tightens every
time the lids are closed. The tendon, being intimately connected to the sac,
draws, as it tightens, the sac wall outwards and forwards, and in this Avay it
may pump along the lachrymal canals any fluid collected at the angle of the eye.
The nasal duct is from six to eight lines long, and nar17. Nasal Duct.
rowest in the middle of its course. Its termination in the inferior meatus lies
under the inferior spongy bone, about a quarter of an inch behind the bony
edge of the nostril. The appearance of the orifice in the dry bone conveys no
idea of its size and shape in life; for it is diminished by a valve-like fold of
mucous membrane, so that it becomes, in most cases, a mere slit, not exceeding
a line in diameter.
The facility with which instruments can be introduced into the nasal opening
This position varies
of the duct depends upon its position as well as its size.
Sometimes it opens directly into the roof of the inferior
in different instances.
meatus, in which case the hole is large and round, so that tears readily run into
In other instances the opening is situated on the outer wall of the
tlie nose.
meatus, and is then always such a narrow fissure as to be hardly discernible.
The practical conclusion then is, that a probe can be easily introduced when the
opening is in the roof of the meatus, but not without difficulty and laceration
This difficulty indeed may
of the mucous membrane when on the outer wall.
be increased by the narrowness of the meatus, arising from an unusual curvature of the spongy bone.
The line where the cartilages of the nose
18. Nose and Nasal Cavities.
are attached to the nasal and superior maxillary bones can be traced with precision.
The close connection of the skin to the cartilages admits of no stretching
hence the acute pain felt in erysipelas and boils on the nose. The external
aperture of the nose is always placed a little lower than the floor of the nostril,
so that the nose must be pulled up before we can inspect its cavities.
Looking into the nostrils, we find that the left is, in the majority of cases,
narrower than the right, owing to an inclination of the septum towards the left.
communication sometimes exists between them, through a hole in the septum,
By stretching open the
as in the case of the celebrated anatomist Hildebrandt.
The
anterior nares we can get a view of the end of the inferior spongy bone.
middle spongy bone cannot be seen its attachment to the ethmoid is high, up,
[With the head thrown well back this middle
nearly opposite the tendo oculi.
turbinated bone can be seen. It is important not to mistake these spongy bones
The cavities are so much narrowed transversely by the spongy
for polypi.]
bones, that in the extraction of polypi it is better to dilate the blades of the
forceps perpendicularly, and near the septum.
The color of the vermilion border the doctor ought always, and even
[Lips.
unconsciously, to notice, as a means of judging of the condition of the circulation
and the character of the blood.]
What can be seen and felt through the mouth? The upper
19. Mouth.
surface of the tongue, ^^ speculum 'priviarum viarum^''^ is a study in itself.
notice, on its under surface, a median furrow, on each side of which stands out
the ranine vein, lying upon the prom.inent fibres of the lingualis. In the middle
line of the floor of the mouth is the "frenum linguas," with the orifice of the
duct of the submaxillary gland on each side of it. The gland itself can be

—

—

A
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detected immediately beneatk tlie mucous membrane by feeling further back
near the angle of the jaw, at the same time pressing the gland upwards from
below.
The long ridge of mucous membrane on each side of the floor contains the
sublingual glands.
can feel the attachment of the "genio-hyo-glossi" behind the symphysis
The division of this attachment would enable a surgeon to draw
of the jaw.
the tongue more freely out of the mouth in any attempt to remove carcinoma
extending far back into its root.
Tliere is great difference in the shape of the hard palate; this difference
depends upon the depth of the alveolar processes. In some it forms a broad
arch in others it is narrow, and rises almost to a point like a Grothic arch, and
materially impairs the tone of the voice.
In young children the question of the impending eruption of any
[Teeth..
The secondary incisor teeth
tooth should always be settled by inspection.
Before giving any
should be examined if any possibility of syphilis exist.
ansesthetic, artificial teeth should invariably be removed.]
Throat. ^To examine the throat well, the nose should be held so as to comThus the soft palate will be raised, the
pel breathing through the mouth.
palatine arches widened, and the tonsils and the back of the pharynx fairly
exposed. Pressing the tongue downwards, provided it be done very gently, is
Rude treatment the tongue at once resists. The forefinger
also of advantage.
can be passed into the throat, beyond the epiglottis, as low as the bottom of the
cricoid cartilage, and thus search the pharynx down to the top of the oeso]3hagus,
and the liyoid space (on each side) where foreign bodies are so apt to lodge.
The greater cornu of the liyoid bone can be felt as a distinct projection on either
side.
In introducing a tube into the oesophagus the finger should keep the
instrn^ment well against the back of the pharynx so as to prevent its slipping
into the larynx.
Pass the finger between the teeth and the cheek and feel the anterior border
of the coronoid process of the jaw.
On the inner side of this process, between
it and the tuberosity of the upper jaw, is a recess, where a deeply-seated temporal abscess might burst, or might be opened.
Behind the last molar on the
inner side of the upper jaw we can distinctly feel the hamular process of the
sphenoid bone; also the lower part of the pterygoid fossa, and the internal
pterygoid plate. Behind, and on the outer side of the last molar, can be felt part
of the back of the antrum and of the lower part of the external pterygoid plate.
On the roof of the mouth we can feel the pulsation of the posterior palatine
artery.
Hemorrhage from this vessel can be arrested by plugging the orifice of
the canal, which lies (not far from the surface) on the inner side of the last
molar, about J of an inch in front of the hamular process.
When the mouth is wide open, the pterygo-maxillary ligament forms a prominent fold readily seen and felt beneath the mucous membrane, behind the last
molar teeth.
little below the attachment of this ligament to the lower jaw
we can easily feel the gustatory nerve, as it runs close to the bone below the
last molar tooth.
The exact position of the nerve can be ascertained in one's
own person by the acute pain on pressure.
division of the nerve, easily
effected by a small incision, gives much temporary relief in cases of advanced
carcinoma of the tongue.
To feed a patient in spasmodic closure of the jaw, it is well to know that
there is behind the last molar teeth a space sufficient for the passage of a small
tube into the mouth.
Antrum. Lift up the upper lip and examine the front wall of the antrum.
The proper place in which to tap it is above the second bicuspid tooth, about
one inch above the margin of the gum.
20. Posterior Nares.- -A surgeon's finger should be familiar with the feel
of the posterior nares, and of all that is within reach behind the soft palate.
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important in relation to tlie attachment of polypi, to plugging the nosand to the proper size of the plug. In the examination of this part of the
back of the throat it is necessary to throw the head well back, because, in this
position, nearly all the pharynx in front of the basilar process comes down below
the level of the hard palate, and can be seen as well as felt.
But when the
skull is horizontal, i. e., at a right angle with the spine, the hard palate is on a
level with the margin of the foramen magnum, and the parts covering the basilar
process are concealed from view.
The head then being well back, introduce the forefinger behind the soft
palate, and turn it up towards the base of the skull.
You feel the strong grip
Hooking the finger well forwards, you can feel the
of the superior constrictor.
contour of the posterior nares. Their size depends upon the anterior, but rarely
exceeds a small inch in the vertical diameter, and a small half-inch in the transverse.
The plug for the j^osterior nares should not be larger than this. Their
plane is not perpendicular, but slopes a little forwards. You can feel the septum
formed by the vomer, and also the posterior end of the inferior spongy bone in
This

is

trils,

each nostril.
21. Tonsils.

—

^Before taking leave of the throat, look well at the position of
the tonsils between the anterior and posterior half arches of the palate.
In a
healthy state they should not project beyond the level of these arches. In all
operations upon the tonsils, we should remember the close proximity of the external carotid artery to their outer side.
Nothing intervenes but the pharjmgeal aponeurosis, and the superior constrictor of the pharynx,
tience the rule
in operating on the tonsils, always to keep the point of the knife inwards.
In troublesome hemorrhage from the tonsils, after an incision or removal, it
is well to know that they are accessible to pressure if necessary by means of a
padded stick, or even a finger.
22. Features.
word or two on the lines of the face as indicative of expression.
Every one pays unconscious homage to the study of physiognomy
when, scanning the features of a stranger, he draws conclusions concerning his
intelligence, disposition, and character.
"Without discussing how much physiognomy is really worth, there can be no doubt that it is a mistake to place it in
the same category as phrenology, since the latter lacks that sound base of physiology which no one can deny to the former.
person fond of observing cannot fail to have arrived at the conclusion that
Place a soldier, a sailor, a composia man's daily calling moulds his features.
tor, and a clergyman side by side, and who will not immediately detect a marked

—A

A

difference in their physiognomies?

The muscles of the features are generally described as arising from the bony
fabric of the face, and as inserted into the nose, the corners of the mouth, and
the lips.
tion.

But

this description gives a

They drop

very inadequate idea of their true

inser-

fibres into the skin all along their course, so that there is hardly

a point of the face which has not its little fibre to move it. The habitual recurrence of good or evil thoughts, the indulgence in particular modes of life, call
into play corresponding sets of muscles which, by producing folds and wrinkles,
give a permanent cast to the features, and sj)eak a language which all can understand, and which, rarely misleads.
Schiller puts this well when he says that "it

an admirable proof of infinite wisdom that what is noble and benevolent
beautifies the hiiman countenance
what is base and hateful imprints upon it a
is

;

revolting expression."

THE NECK.

—

[Skin. In no part of the body can the
more readily perceived than by pinching up
neck.]

differing thickness of the skin be
a fold at the front

and back of the

I
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—

Notice first the direction of the subcutaneous
Tlie chief subcutaneous vein is the external jugular.
Its course corresponds with a line drawn from the angle of the jaw to the middle of the clavicle,
where it joins the subclavian. It is made more prominent by putting the sternomastoid into action, or by gentle pressure on the lower end of the vein. It is
23.

veins.

exceptionally joined by a branch which runs over the clavicle, and is termed
The anterior jugular generally runs along the front border
"jugulo-cephalic."
[The condition of these veins should be examined in
of the sterno-mastoid.
all diseases causing respiratory disturbance, especially dyspnoea.
In case of
tricuspid regurgitation there will bo a venous pulse seen.
The stethoscope
will also reveal a venous hum or musical note over these veins in anaamia.]
2-1. Parts in Central Line.
Os-hyoides.— Immediately below and nearly
on a level with the lower jaw we feel the body of the os-hyoides, and can trace
backwards on each side the whole length of the cornua. They might easily be
broken by the grasp of a garotter. Below the body of the os-hyoides is the gap
above the thyroid cartilage. This gap corresponds with the anterior thyro-hyoid
ligament and the apex of the epiglottis; so that in cases of cut throat in this
situation, nearly the whole of the epiglottis lies above the wound.
Thyroid Cartilage. The projection and depth of the notch in the thyroid
cartilage, or "pomum Adami," varies in different persons.
Between the notch
and the hyoid bone there is a large bursa, which facilitates the play of the cartiThe notch does not appear till puberty,
lage beneath the bone in deglutition.
and is throughout life much less distinct in the female than the male. The finger
can trace the upper borders and cornua of the thyroid cartilage its loAver cornua
can be felt by the side of the cricoid.
On each side of the thyroid cartilage we can recognize the lateral lobes of the
thyroid gland. On the upper and front part of the gland we can distinctly feel
This pulsation, coupled with the
the pulsation of the superior thyroid artery.
fact that the gland rises and falls with the larynx in deglutition, gives the best
means of distinguishing a bronchocele from other tumors resembling it.
Below the angle of the thyroid cartilage we feel the interval between it and
the cricoid, which is occupied by the crico-thyroid membrane. In laryngotomy
we cut through this membrane transversely close to the upper edge of the cricoid cartilage, in order that the incision may be as far as possible from the
attachment of the vocal cords.
The projection of the cricoid cartilage is a point
25. Cricoid Cartilage,
of great interest to the surgeon, because it is his chief guide in opening the airpassages, and can always be felt even in infants, however young or fat.
It
corresponds to the interval between the fifth and sixth cervical vertebras. The
commencement of the oasophagus lies behind it: here, therefore, a foreign substance too large to be swallowed would probably lodge, and might be felt ex-

—

:

—

ternally.

Again, a transverse line drawn from the cricoid cartilage horizontally across
the neck would pass over the spot Avhere the omo-hyoid crosses the common
Just above this spot is the most convenient place for tying the
carotid.
artery.

26. Those who have not directed their attention to the subject are hardly
aware what a little distance there is between the cricoid cartilage and the upper
part of the sternum. In a person of the average height sitting with the neck
in an easy position, the distance is barely one inch and a half.
When the neck

Thus, we
well stretched, about three-quarters of an inch more is gained.
have (generally) not more than seven or eight rings of the trachea above the
sternum. None of these rings can be felt externally. The second, third, and
is

fourth are covered by the isthmus of the thyroid gland.
The trachea, it should
be remembered, recedes from the surface more and more as it descends, so that,
just above the sternum in a short fat-necked adult, the front of the trachea
would be quite one inch and a half from the skin.
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27.

Trachea.

—In

tlie

dead subject notliing

tracliea: in the living, this operation

is

more easy than

to

open the

maybe attended with the greatest difficulties.

In urgent dyspnoBa you must expect to find the patient with his head bent forward, and the chin dropped, so as to relax as much as possible the parts. On
raising his head, a paroxysm of dyspnoea is almost sure, to come on, threatening
The elevator and depressor muscles draw the trachea and
instant suffocation.
larynx wp and down with a rapidity and a force which may bring the cricoid
cartilage within half an inch of the sternum.
The great thyroid veins which
descend in front of the trachea are sure to be distended. There may be a
middle thyroid artery. In children the lobes of the thymus may extend up in
front of the trachea, and the left vena innominata may cross it unusually high.
Thus the air-tube may be covered by important parts which ought not to be cut.
Considering all these possible complications, the least difficult and the best mode
of proceeding is to open the trachea just below the cricoid cartilage; and if more
room be requisite, to pull down the isthmus of the thyroid gland, or in children
It is important that all the incisions be made strictly
to divide the cricoid itself.
in the middle line, the " line of safety."
The sterno-mastoid muscle is the great sur28. Sterno-mastoid Muscle.
It stands out in bold relief when the head turns
gical landmark of the neck.
towards the opposite shoulder. Its inner border overlaps the comrnon carotid,
which can be easily compressed for a short time against the spine about the
The artery extends (generally) as high as the
level of the cricoid cartilage.
upper border of the thyroid cartilage, and corresponds with a line drawn from
the sterno-clavicular joint to midway between the angle of the jaw and the
mastoid process.
Between the sternal origins of the sterno-mastoid is the fossa above the sternum, more or less perceptible in different necks. As it heaves and sinks alter-

—

nately, especially in distressed breathing, it was called by the old anatomists
In beautiful necks, as seen in the "Venus," it is filled
"fonticulus gutturis."

up by

fat.

Notice the interval between the sternal and clavicular origins of the sternomastoid.
knife introduced a very little way into this interval would wound,
slanting inwards, the common carotid, slanting outwards, the internal jugular
vein.
These facts are of importance in performing the subcutaneous section of
the tendon of this muscle.
-Many important parts lie behind the sterno29. Sterno-clavicnlar Joint.
clavicular joint.
There is the commencement of the vena innominata; behind
this comes the common carotid on the left side, and the division of the arteria
innominata on the right. Deeper still, the apex of the lung rises into the neck.
In a child the arteria innominata often lies in front of the trachea and
divides a little higher than the joint
a point to be remembered in trache-

A

—

:

otomy

(27).

Apex

Lung

—

The extent to which the apex of the
greater than is generally supposed.
Many observations in reference to this point lead to the conclusion that the lung rises behind
the sterno-mastoid, on an average, one inch and a half above the clavicle; in
persons with long necks, as much as two inches. The apex of the lung and
pleura is covered by the clavicular origin of the sterno-mastoid, the sternothyroid, and a part of the scalenus anticus. It is also crossed by the subclavian
As this cervical portion of lung is
vessels in the first part of their course.
peculiarly liable to tubercular disease, it should always be carefully examined.
Its condition may be ascertained by percussion near the sternal end of the
30.

of

lung rises into the neck

clavicle.

in the Neck.
is

—

The hollow above the clavicle, between the
31. Supra- clavicular Fossa.
sterno-mastoid and the trapezius, is very manifest in emaciation and old age.
[Shrugging the shoulders makes it exceedingly pronounced.] Notice the termination here of the external jugular vein. In some necks only a small de-

;
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pression is visible, particularly when the trapezius has a broad insertion into
the clavicle, and comes well forwards, so that its front border gives a graceful
contour to the base of the neck.
32. Subclavian Artery.- -In the supra-clavicular fossa, near the outer border of the sterno-mastoid, and about one inch above the clavicle, we feel the
pulsation of the subclavian artery. Here the arteiy lies iipon the first rib, and
little pressure is sufficient.
can be effectually compressed.
But the pressure
must be made in the right direction, or the artery will be pressed off the rib
The plane of the rib is such that the pressure, to be
instead of against it.
effectnal, must be made in a direction downwards and a little inwards.
It is
best to stand behind the shoulder and make the pressure with one thumb.
It is worth remembering that the outer border of the sterno-mastoid corresponds pretty nearly with the outer edge of the scalenus anticus, which is the
[As the phrenic nerve passes over the
surgical guide to the subclavian artery.
scalenus anticus, it can now be readily located. If it is to be galvanized, one
pole of the battery should be placed in this fossa and the other over the dia-

—

A

phragm .]

By pressing deeply at the upper part of the supra-clavicular fossa, the transverse process of the seventh cervical vertebra can be distinctly felt.
In long and thin necks, a thin cord is perceptible, running nearly |)arallel
with and just above the clavicle. It is the posterior belly of the omo-hyoideus.
See it rising and falling in breathing, and making tense during inspiration that
part of the cervical fascia which lies over the cervical portion of the lung.
Thus it may be said to be in all respects a muscle of inspiration, co-operating
with the sterno-mastoid and scaleni. In the language of transcendental anatomy, we may say that the central tendon of the omo-hyoid represents a rudimentary cervical rib. Its posterior belly is analogous to a serration of the
serratus magnus its anterior belly to a sterno-hyoid.
;

THE

CHEST.

33. As a rule, the right half of the chest is slightly larger than the left.
Of
ninety-two persons of the male sex and good constitutions, seventy-one had the
right side the larger; eleven the left; ten had both sides equal. The maximum
of difference in favor of the right was one inch and a quarter.
The measurements were made on a plane with the nipple.
34. Peculiarities in the Female.
The chest of the female differs from
that of the male in the following points
the
Its general capacity is less
sternum is shorter the upper opening is larger in proportion to the lower; the
upper ribs are more movable, and therefore permit a greater enlargement of
the chest at its upper part, in adaptation to the requirements of pregnancy.
35. The top of the sternum is on a level with the second dorsal vertebra
and the available space between the top of the sternum and the spine is hardly
more than two inches.^
36. Parts behind first Bone of Sternum.
There is little or no lung
loehind the first bone of the sternum, the space being occupied by the trachea

—

:

—

;

;

—

—

and large vessels as follows:
The left vena innominata crosses the sternum just below the upper border.
Next come the great primary branches of the arch of the aorta. Deeper still
is the trachea dividing into its two bronchi opposite the junction of the first
and second bones of the sternum. Deepest of all is the cesophagus.
*
In several adult normal skeletons measured in the Hunterian Museum, the average diameters
of the upper opening of the chest were antero-posterior, about 2\ inches transverse, about 4ginches.
In the skeleton of O'Brien, the Irish giant, the antero-posterior diameter measures 4
inches, the transverse 65.

—

;

,

-

—
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About one inch from the upper border of the sternum is the highest part of
the aorta, which lies on tlie bifurcation of tlie trachea.
37. The coarse of tlie arteria innominata corresponds with a line drawn from
the middle of the junction of the first with the second bone of the sternum, to
the right sterno-clavicular joint.
When the artery rises higher than usual
into the neck, its pulsation can be felt in the fossa above the sternum.
38. Rules for counting the Ribs.
In fat persons it is often difficult to
count tlie ribs; hence the following rules may be useful
a. The finger passed down from the top of the sternum soon comes to a transverse projection, slight, but always to be felt, at the junction of the first with
This corresponds with the level of the cartithe second bone of the sternum.
lage of the second rib.
h. The nipple of the male is placed, in the great majority of cases, between
the fourth and the fifth ribs, about three-quarters of an inch external to their

—

:^

—

cartilages.
c. The lower external border of the pectoralis major corresponds with the
direction of the fifth rib.
line drawn horizontally from the nipple round the chest cuts the sixth
d.
intercostal space midway between the sternum and the spine.
This is a useful
rule in tapping the chest.
e. When the arm is raised, the highest visible digitation of the serratus magnus corresponds with the sixth rib. The digitations below this correspond
respectively with the seventh and eighth ribs.
f. The scapula lies on the ribs from the second to the seventh, inclusive.
cj.
The eleventh and twelfth ribs can be felt even in corpulent persons, outside the erector spinse, sloping downwards.
h. One should remember the fact that the sternal end of each rib lies on a lower
level than its corresponding vertebra.
For instance, a line drawn horizontally
backwards from the middle of the third costal cartilage at its junction with the
sternum, to the spine, WH:)uld touch the body, not of the third dorsal vertebra,
but of the sixth. Again, the end of the sternum would be on about the level of
the tenth dorsal vertebra. Much latitude must be allowed here for variation
the length of the sternum, especially in women.
39. Interval below Clavicle.
Immediately below the clavicle we recognize the triangular interval between the pectoralis major and the deltoid. This
space varies in difl:erent cases, depending on the distance between the muscles.
It is important as a guide to the coracoid process and the axillary arter^^ In a
case of injury to the shoulder, to ascertain whether the coracoid process is
broken, carry the arm outwards, to put the deltoid and pectoral muscles on the
Pressing
stretch, and make manifest the space between their opposite borders.
the thumb into the space we can feel the inner side of the coracoid process, the
apex being under the fibres of the deltoid thus it is easy to ascertain whether
it be broken.
Moreover, this space corresponds with the line of the axillary
artery; here its pulsation can be distinctly felt, and here it can be compressed
(but not easily, or for long) against the second rib.
40. Internal
Artery. The line of the internal mammary artery
runs perpendicularly behind the cartilages of the ribs, about half an inch from
the sternum.
The perforating branch through the second intercostal space is
generally the largest.
41. Outline of Heart on Chest-wall.
To have a general idea of the form
and position of the heart, map its outline on the wall of the chest as follows:
a. To define the base draw a transverse line across the sternum corresponding
with the upper borders of the third costal cartilages: continue the line half an

A

m

—

;

Mammary

—

—

inch to the right of the sternum and one inch to the left.
h. To find the apex, mark a point about two inches below the left nipple, and
one inch to its sternal side. This point will be between the fifth and sixth ribs.
c. To find the lower border (which lies on the central tendon of the diaphragm),
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a line, slightly curved downwards, from tlie apex across the bottom of
the sternum (not the ensiforra cartilage) as far as its right edge.
d. To define the right border (formed hj the right auricle), continue the last
line upwards with an outward curve, so as to join the right end of the base.
e. To define the left border (formed by the left ventricle), draw a line curving
to the left, but not including the nipple, from the loft end of the base to the
apex.
Such an outline (seen in the cut, below, with the angles rounded off) shows
that the apex of the heart points downwards and towards the left, the base a
little upwards and towards the right; that the greater part of it lies in the left
half of the chest, and that the only part which lies to the right of the sternum
is the right auricle.
needle introduced in the third, the fourth, or the fifth
right intercostal space close to the sternum would penetrate the lung and the
right auricle.

draw

A

Fig. 562.

Outline of tho Heart,

A

its

Valves, and the Lungs.

needle passed through the second intercostal space, close to the right side
of the sternum, would, after passing through the lung, enter the pericardium
and the most prominent part of the. bulge of the aorta.
needle passed through the first intercostal space, close to the right side of
the sternum, would pass through the lung and enter the superior vena cava
above the pericardium.
42. The best definition of that part of the pra3Cordial region which is less
resonant on percussion, was given by Dr. Latham years ago in his "Clinical
" Make a circle of two inches in diameter round a point midway
Lectures."
between the nipple and the end of the sternum. This circle will define, sufficiently for all practical purposes, that part of the heart which lies immediately
behind the wall of the chest, and is not covered by lung or pleura."
Apex of the Heart. The apex of the heart pulsates between the fifth and
sixth ribs, two inches below the nipple, and one inch to its sternal side.
The
place and extent, however, of the heart's impulse, vary a little with the position
of the body.
Of this any one may convince himself by leaning forwards, back-

A

—

;

;
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wards, on this side smd on that, feeling, at the same time, the heart. Inspiration and expiration also alter the position of the heart.
In a deep inspiration
it may descend half an inch, and can be felt beating at the pit of the stomach.
4:D. Valves of the Heart.
The aortic valves lie behind the third intercostal
space, close to the left side of the sternum.
The pulmonary valves lie in front of the aortic behind the junction of the
tbird costal cartilage, on the left side, with the sternum.
The tricuspid valves lie behind the middle of the sternum, about the level of
the fourth costal cartilage.
The mitral valves (the deepest of all) lie behind the third intercostal space,
about one inch to the left of the sternum.
Thus these valves are so situated that the mouth of an ordinary sized stethoscope will cover a portion of them all, if placed over the sternal end of the
third intercostal space, on the left side.
All are covered by a thin layer of lung
therefore we hear their action better when the breathing is for a moment suspended.
[Where to Auscult the Valves of the Heart. The valves being so
close together, it is evident that, to discriminate the sound of one from that of
the others, we must be able to auscult them separately and accordingly we
follow the diverging course of the blood-currents they transmit.
Hence,
The aortic valve is best ausculted over the second intercostal space at the
right border of the sternum it can also be heard over the aorta in the back,
from the third to the ninth dorsal spines, especially if there be any murmur
The pulmonary valve, over the second space at the left border of the

—

—
;

;

sternum

The
tilage

;

The

tricuspid valve, over the middle of the sternum above the ensiform car-

and
mitral valve, over the apex of the heart.]

—

Now let us trace on the chest the outline of
44:. Outline of the Lungs.
the lungs, with as much precision as their expansion and contraction in breathing permit, (See the cut.)
45. The apex of each lung rises into the neck behind the sternal end of the
clavicle and sterno-mastoid muscle as much as an inch, and a half: in females
rather higher than in males (30). From the sternal ends of the clavicles the
lungs converge, so that their thin edges almost meet in the mesial line on a level
with the second costal cartilage. Thus there is little or no lung behind the
first bone of the sternum.
From the level of the second costal cartilage to the
level of the fourth, the margins of the longs run parallel, or nearly so, close
behind the middle of the sternum consequently their thin edges overlap the
great vessels and valves at the base of the heart.
Below the level of the fourth costal cartilage the margins of the lungs diverge,
but not in an equal degree. The margin of the right corresponds with the
direction of the cartilage of the sixth rib the margin of the left, being notched
line drawn perpenfor the heart, runs behind the cartilage of the fourth.
dicularly from the nipple would find the lung margin about the lowest part of
the sixth rib. Laterally, t. e., in the axillary line, the lung margin comes doAvn
as low as the eighth rib: posteriorly, i. e., in the dorsal or scapular line, it descends as low as the tenth.
It should be remembered that, in a deep inspiration, the lung margins descend
about one inch and a half.
In children the lungs are separated in front by the thymus gland. Allowance
should be made for this. About the approach of puberty the thymus disappears.
The direction of the anterior mediastinum
46. Anterior Mediastinum.
is not straight down the middle of the sternum, but slants a little to the left,
owing to the position of the heart. The right pleural sac generally encroaches
needle introduced
a little upon the left, behind the middle of the sternum.
:

:

A

—

A
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tliroLigli the middle of the sternum opposite the third or the fourth rib would
go through the right pleura.
The reflection of the pleura from the wall of
47. Reflection of Pleura.
the chest on to the diaphragm corresponds with a sloping line drawn from the
bottom of the sternum over the cartilages of the ribs down to the lower border

—

of the last rib.
Since the pleura lines the inside of the last rib, a musket ball or other foreign
body, loose in the pleural sac, and rolling on the diaphragm, might fall to the
lowest part of the sac, which would be between the eleventh and twelfth ribs.
The ball might be extracted here. .The chest might also be tapped here, but
not with a trocar, since a trocar would penetrate both layers of pleura, and
go through the diaphragm into the abdomen.
The operation should be done cautiously, by an incision beginning about two
inches from the spine, on the outer border of the " erector spinas," on a level
between the spines of the eleventh and twelfth dorsal vertebrse. The intercostal arterji" will not be injured if the opening be made below the middle of the
space,

which

is

very

wide."-
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In a muscular man, a furrow, caused by the promi48. Median Furrow.
nence of the erector spinse on each side, runs down the middle of the back.
The lower end of the furrow corresponds with the interval between the spine
of the last lumbar and that of the first sacral vertebra.
[It must be observed
that in the skeleton and the body furrows and prominences, hills and hollows,
general rule, reversed. Bony projections in the skeleton, as a rule,
As, at a little distance from the origin, the muscular
are for muscular origins.
But when
bellies swell out, such prominences lie at the bottom of depressions.
long sickness wastes the soft parts, the form of the skeleton reappears, and such
bony prominences then become the favorite seats of bedsores.]
little friction with the fingers down the back49. Spines of VertebraB.
bone will cause the spines of the vertebrte to be tipped with red, so that they
can be easily counted, and any deviation from the straight line detected. Still
it is Avorth remembering that the spine of the third dorsal is on a level with the
commencement of the spine of the scapula -that the spine of the seventh dor-that the spine of the
sal is on a level with the inferior angle of the scapula
last dorsal is on a level with the head of the last rib.
Bivision of the Trachea. The division of the trachea is opposite the
spine of the third, in some cases the fourth, dorsal vertebra.
In front this di-vision is on the level of the junction of the first with the second bone of the
are, as a

—A

—

—

—

sternum.

The

root of the spine of the scapula is marked b}^ a slight dimple in the
stethoscope placed
is on a level with the third intercostal space.
on the inner side of the dimple would cover the bronchus, more especially the
right, since it is nearer to the chest wall.
Make a man lean forwards, with his arms folded across the chest; this will
make prominent the spines of the vertebrje. The lower border of the trapezius Avill guide you to the spine of the twelfth dorsal vertebra.
50. The place where the kidney is most accessible to pressure is below the
last rib, on the outer edge of the erector spinas.
51. The highest part of the ilium is about the level of the fourth lumbar
spine.
The best incision for opening the descending colon is in a slightly sloping line beginning at the outer edge of the erector spinas, midway between the
skin.

•

A

This

upon this subject were made many years ago by the
work-rooms of the College of Surgeons.

Special experiments

Quekett in

tlic

late Professo'-

—

—
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and the last rib, and continued across the flank for three
[This ilio-costal
inches or more, according to the amount of subcutaneous fat.
space varies very much in its vertical measurement. I have seen it only a
The line of the colon
iingcr's breadth, and again a whole hand's breadth.
passes through it vertically about half an inch behind the middle of the crest
of the ilium (Heath.)]
62. In the .pit of the neck we can feel the trapezius and the ligamentum
nuchas.
By pressing deeply we detect the forked and prominent spine of the
second cervical vertebra.
53. The spines of the third, fourth, and fifth cervical vertebrae recede from
the surface to permit free extension of the neck, and cannot often be felt.
But
the spines of the sixth and seventh (v. prominens) stand out well.
54. Notice that most of the spines of the dorsal vertebrje, owing to their obliquity, do not tally with the heads of their corresponding ribs.
Thus, the
spine of the second dorsal corresponds with the head of the third rib the
spine of the third dorsal with the head of the fourth rib, and so on till we come
to the eleventh and twelfth dorsal vertebra, which do tally with their corresponding ribs. All this, however, is best seen in the skeleton.
55. The spines of the vertebrae may be Uvseful as landmarks indicative of the
I have therefore arranged them in a tabular form,
levels of important organs.
th us
crest of tliG ilium

;

:

Tabular Flak of Parts opposite the Spines of the Yertebrje,
(Esophagus begins.
higher in the female than in the male.

5th. Cricoid cartilage.
7th.

Apex

of lung

:

(30)

O
1st.

2d.

3d.
-ith.

Aorta reaches

Apex

spine.

cation of trachea.
Aortic arch ends.

of lower lobe of lung.

Angle of

bifur-

(-49)

Upper

level of heart.

5th.
1-^

m
Ph
O

P

6th.
,

7th.

8th.
9th.

Central tendon of diaphragm.
level of heart.
(Esophagus and vena cava through diaphragm. Upper edge of

Lower

spleen.

Liver comes to surface posteriorly. Cardiac
of lung.
stomach.
Renal capsule.
11th. Lower border of spleen.
Aorta through diaphragm. Pylorus.
12th. Lowest part of pleura.
Pelvis of kidney. (83)
1st. Renal arteries.
Pancreas. Duodenum just beloWc
2d. Termination of spinal cord.

10th.

Lower edge
orifice of

P3

<

Receptaculum
3d. Umbilicus.

chyli.

Lower border of kidney.

Ith. Division of aorta.

(65) ELighest part of ilium.

5th.

—

It is useful to know opposite what
56. Origins of the Spinal Nerves.
vertebrte the spinal nerves in the different regions arise from the spinal cord.
They arise as follows:
The origins of the eight cervical nerves correspond to the interval between
the occiput and the sixth cervical spine.
The origins of the first six dorsal nerves correspond to the interval between
the sixth cervical and the fourth dorsal spines.
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The

origins of the six lower dorsal nerves correspond to the interval between
fourth and the eleventh dorsal spines.
The origins of the five lumbar nerves correspond to the interval between the
eleventh and twelfth dorsal spines.
The origins of the five sacral nerves correspond to the spines of the last dorsal
and the first lumbar vertebra.
tlie

503. — DiAGiiAM AND Table showing the Appkoximatk Relation to the Spinal
Neuves of the Various Motor, Sensory, and Hicflex Functions of the Spinal

[Firf.
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The movements of whicli the spine is
57. Movements of the Spine.
capable are threefold 1, flexion and extension; 2, lateral inclination 3, torsion.
Flexion and extension are freest between the third and sixth cervical vertebrae, between the eleventh dorsal and the second lumbar, and between the last
lumbar and the sacrum. This is well marked in severe cases of opisthotonos,
where the body is supported on the back of the head and heels.^
Still better may it be observed when a mountebank bends backwards, and
touches the ground with his head.
:

;

Fig. 564.

Opisthotonos.

After BeU.

The lateral movement is freest in the neck and the loins.
The movement of torsion or rotation round its own axis may be proved by
the following experiment: Seated upright, with the back and shoulders well
applied against the back of a chair, we can turn the head and neck as far as 70°.
T*eaning forwards lo as to let the dorsal and lumbar vertebrae come into play,
we can turn 30° more.
[The atlo-axoid movement amounts to 25° to each side, the remaining cervical
vertebrfB give 45° more, making 70° in the neck the dorso-lumbar movement
is about 30°
to which the hips add from 65° to 80°, or a total rotation of 165°
to 180°.
For purposes of observation, we gain, in addition to this, about 70°
more for the eyeball, so that, posteriorly, the field of vision right and left overlaps very largely.]
There are a few points worthy
58. Position and Motions of Scapula.
It covers the ribs from the second to the
of observation about the scapula.
seventh inclusive.
can feel its superior angle covered by the trapezius.
The inferior angle is covered by the latissimus dorsi, which keeps it well applied
against the ribs in the strong and athletic but in weak and consumptive persons
the lower angles of the scapulse project like wings hence the term " scapula
;

;

—

We

;

—

alatae."

A

line drawn horizontally from the spine of the sixth dorsal vertebra over
the inferior angle of the scapula gives the upper border of the latissimus dorsi.
Another line drawn from the root of the spine of the scapula to the spine of the
last dorsal vertebra gives the lower border of the trapezius, which stands a

in relief.
The sliding movement of the scapula on the chest can be properly understood only on the living subject. It can move not only upwards and downwards
backwards and forwards as in throwing back
as in shrugging the shoulders
the shoulders but it has a rotatory movement round a movable centre. This
rotation is seen while the arm is being raised from the horizontal to the vertical

little

59.

—

*

See a beautiful

—

illustration of this in Sir C. Bell's

"Anatomy

of Expression," p. 160.
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effected "by the co-operation of the trapezius with the serratus
is thus made to look upwards, the inferior angle
slides forwards, and is well held under the latissimus dorsi.
position,

magnus.

and

is

The glenoid cavity

60. For the medical examination of the back, the patient should sit with the
arms hanging between his thighs, to lower the scapulse as much as possible. In
this position the spine of the scapula corresponds (nearly) with the fissure
between the upper and lower lobes of the lung the apex of the lower lobe
;

being about the level of the third

rib.

—

obviously the
[IJsually I prefer to have the arms folded across the chest
better position for women and it uncovers the back rather better.
The remarkable mobility of the scapula is best seen by contrasting this
position with the place of the scapula when the shoulders are thrown well
back. In this last position the lower angles of the scapulee will be two or
three inches apart, while in the former this interval measures from twelve to
Moreover so soon as the arm is lifted from the trunk at an
sixteen inches.
angle of 30° or 40° and long before it reaches the horizontal line the scapula
begins to move. This mobility of the scapula explains readily the great range
of movement, and therefore the usefulness of the arm, in cases of ankylosis of
;

the shoulder joint.]

THE ABDOMEN.
The student is assumed
abdomen into regions.

the

to

be familiar with the conventional lines dividing

—

the abdomen,

The linea alba, or central line of
61. Abdominal Lines.
marks the union of the aponeuroses of the abdominal muscles.

It

runs from

As this line is the
the apex of the ensiform cartilage to the symphysis pubis.
thinnest and least vascular part of the abdominal wall, we make our incision
along it in ovariotomy [Ceesarean section and most other operations on the
abdominal and pelvic viscera] and in the high operation of lithotomy; in it, we
tap the abdomen in ascites, and the distended bladder in retention of urine.
The so-called "linea semilunaris," at the outer border of the sheath of the
rectus, corresponds with a line, drawn slightly curved (with the concavity
towards the linea alba), from the lowest part of the seventh rib to the spine of
This line would be in an adult about three inches from the umbithe pubes.
licus; but in an abdomen distended by dropsy or other cause, the distance is
increased in proportion.
[These lines of adhesion in the abdominal wall limit
extravasations, emphysema, etc., between their layers.]
It is important to know the position of the "linese transversa," or tendinous
intersections across the rectus abdominis.
There are rarely any below the umbilicus, and generally three above it.
The first is about the level of the umbilicus.
The second is about four inches higher that is, about the level of the lowest
part of the tenth rib.
These are the principal lines, and they divide the upper
part of each rectus into two nearly quadrilateral portions, an upper and a lower;
of these, those on the right side are a trifle larger than on the left.
see
these muscular squares pretty plainly in some athletic subjects.
Much more
frequently we see them, too much exaggerated, on canvas and in marble.
Artists are apt to exaggerate them and make the front of the belly too much
like a chess-board.
It is lucky for them that all the world do not see with
anatomical eyes.
familiarity with the shape and position of these divisions of the rectus is
of importance, lest we should, in ignorance, make a mistake in our diagnosis.
spasmodic contraction of one of these divisions, particularly the upper, or a
collection of matter within its sheath, has been frequently mistaken for deepseated abdominal disease.
In the erect position, the anterior superior spines of the ilia are a little below

—

We

A

A
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the level of the promontory of the sacrum.
The bifurcation of the aorta is
on about tlie level of the highest part of the crest of the ilium.
The umbilicus is not midway between the ensiform carti62. Umbilicus.
lage and ihe pubes, but rather nearer to the pubes.
In all cases it is situated
above the centre of a man's height. It is a vulgar error to say that when a man
lies with legs and arms outstretched, and a circle is drawn round him, the umbilicus lies in the centre of it.
This central point is in most persons just above
the pubes.
[From the vertex to the umbilicus, the whole height being taken as the unit
of measurement, is .550 at birth, i. e., the mid-point is above the navel. At two
years it is at the navel, and gradually falls as the legs grow longer, until, at
thirty, the mid-point is just below the pubes in men (half an inch) and just above
it in women.
Moreover, while at three to jive years of age the whole height is
equal to the distance between the outstretched finger-tips, before that age it is
somewhat greater, and in adult life is much less.]
In very corpulent persons two deep transverse furrows run across the abdomen. One runs across the navel and completely conceals it. The other is lower
down, just above the fat of the pubes. In tapping the bladder above the pubes
in such a case, the trocar should be introduced where this line intersects the

—

linea alba.

Although the position of the umbilicus varies a little in different persons, as
the abdomen is unusually protuberant or the reverse, still, as a general rule, it
Now, since
is placed about the level of the body of the third lumbar vertebra.
the aorta divides a little below the middle of the fourth lumbar, it follows that
the best place to apply pressure on this great vessel is one inch below the umbiThat the aorta can, under favorable
licus, and slightly to the left of it (65).
circumstances, be compressed under chloroform sufficiently to cure an aneurism
below it, is proved by recorded cases, and by none more effectually than by
a case related in the second volume of the "Eeports of St. Bartholomew's Hospital."

It

may

be asked,

The answer

why

not apply pressure on the aorta above the umbilicus?
is farther from the surface,
upon which pressure would

that the aorta above the umbilicus
moreover, covered by important structures
is,

and is,
be dangerous.
[The umbilicus is a point of fusion of all the tissues of the abdominal wall.
Hence, it becomes a most valuable guide as to our position when attacking
tumors, etc., in the abdomen. Attempt to sweep the finger under the umbilicus: if through the abdominal wall and upon the tumor, the finger will meet
with no obstacle other than adhesions, which can be destroyed if, on the contrary, still in the thickness of the abdominal wall (and it is not always easy to
distinguish this in any other way), the finger will be absolutely arrested at the
navel, and no force will carry it further.
The umbilicus being the remains of an opening into the belly, when stretched
by ascites, as the fluid can insinuate itself everywhere, it usually bulges out
considerably but in tumors this cannot be the case.
Again, it affords passage to the contents of the belly not uncommonly, and
so we have umbilical hernias; and sometimes ovarian fluids, pus in peritonitis,
and entozoa escape here.
It is also an important point for measurements, sometimes used in fractures
and dislocations of the hip and femur, and in fractures of the anterior superior
spines, and always in measuring the size of tumors from it to the ensiform, the
pubes, and the two iliac spines.
The umbilicus is always much deeper and wider in women than in men.]
Let us next consider what viscera lie
63. Parts behind Linea Alba.
immediately behind the linea alba. For two or three fingers' breadth below the
ensiform cartilage there is the left lobe of the liver, which here crosses the
middle line. Below the edge of the liver comes the stomach, more or less
;

;

—

m
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In extreme
contact Avitli the linea alba, according to its degree of distension.
distension the stomach pushes everything out of the way, and occupies all the
room between the liver and the umbilicus. When empty and contracted, it
retreats behind the liver, and lies flat in front of the pancreas at the back of the
abdomen; thus giving rise to the hollow termed the "pit of the stomach." But
as the stomach distends, it makes a considerable fulness where there was a pit.
The middle of the transverse colon lies above the umbilicus, occupying space
Behind and below
(vertically two or three inches) according to its distension.
the umbilicus, supposing the bladder contracted, are the small intestines, covered
by the great omentum.
The peritoneum is in contact with the linea alba all the
6-i. Peritoneum.
way down to the pubes, when the bladder is empty. But when the bladder
distends, it raises the peritoneum from the middle line above the pu.bes; so that
with a bladder distended half-way up to the umbilicus, there is a space of nearly
two inches above the symphysis where the bladder may be tapped without risk
For the same reason, we have space sufficient for
of injury to the peritoneum.
This fact in anathe successful performance of the high operation for stone.
tomy must have been well understood by Jean de Dot, the smith at Amsterdam,
who, in the seventeenth century, cut himself in the linea alba above the pubes,
and took out of his bladder a stone as large as a hen's egg. The stone, the
knife, and the portrait of the operator, may be seen to this day in the museum

—

at

Leyden.

—

Bivision of Aorta.' The aorta generally divides at a point one inch
and a half bolow tiie umbilictis. A more reliable guide to this division than
the umbilicus, is a point (a very little to the left) of the middle line about the
level of the highest part of the crest of the ilium.
A line drawn with a slight
curve outwards from this point to the groin, where the pulsation of the common
femoral can be distinctly felt (rather nearer to the pubes than the ilium), gives
About the first
the direction of the common iliac and external iliac arteries.
two inches of this line belong to the common iliac, the remainder to the external.
Slight pressure readily detects the pulsation of the external iliac above "Pou65.

part's ligament."

As a rule, the length of the common iliac is about two inches, but it should
be remembered there are frequent deviations. It may be between three-quarThese varieties may arise
ters of an inch and three inches and a half long.
either from a high division of the aorta, or a low division of the common iliac,
It is impossible to ascertain during life what is its length in a given
or both.
instance, for there is no necessary relation between its length and the height of
It is often short in tall men, and vice versa.
Anatomists generally
the stature.
describe the rig-ht as a trifle longer than the left; but their average length is
pretty nearly the same.
QQ. Mr. Abernethy, who in the year 1796 first put a ligature round the external iliac, made his incision in the line of the artery.
But the easiest and safest
T\^ay to reach the vessel is by an incision (recommended in the first instance by
Sir Astley Cooper, and now generally adopted) beginning just on the inner side
of the artery, a little above Poupart's ligament, and continued upwards and outwards a little beyond the spine of the ilium. The same incision extended farther in the same direction would reach the common iliac.

—

The anterior superior spine of the ilium, the
67. Bony Prominences,
spine of the pubes, and the line of Poupart's ligament, are landmarks with
which every surgeon should be thoroughly familiar,
The spine of the ilium is the spot from which we
68. Spine of Ilium.
measure the length of the lower extremity. It is a valuable landmark in
determining the nature of injuries to the pelvis and the hip. The thumb
easily feels the spine, even in fat persons.
Its position with regard to the trochanter major should be carefully examined. The best way to do this is to
place the thumbs firmly on the opposite spines, and to grasp the trochanters

—
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Avitli the fingers.
Any abnormal position on one side is thus easily ascertained
with the sound side as a guide.
[In all such measurements it is of the utmost importance that a line joining
the two spines should be at right angles to the axis of the body, or the measurements cannot fail to be inaccurate. The spines also are so open to error, as
points of measurement (for we scarcely ever can get precisely correspondingpoints on the two sides), that I have long since adopted the following method.
See that the body is straight and the pelvis (^. e., the line between the two spines)
Let an assistant hold the head immovably in the middle
at right angles to it.
line.
Let the patient seize the tape-line with his teeth. Measure one side, say to
Then measure the other side, never by keeping the meathe inner malleolus.
sure of the first side and simply passing across to the other leg, but by an independent measurement. The last precaution eliminates our pre-conceptions.
The chief source of error here which exists in all methods of measurement is
the position of the pelvis. The advantage is in one and the same starting-point,
and that in the median line.
It must not be forgotten, however, that there is not infrequently a normal

—

—

difference in the length of the

two

legs.]

— The spine

of the pubes is the best guide to the
external abdominal ring. It cannot easily be felt b}^ placing the finger directly
over it, since it is generally covered by fat. To feel it distinctly, we should
push up the skin of the scrotum and get beneath the subcutaneous fat. If
there be any difficulty in finding it, abduct the thigh, and the tense tendon of
the adductor longus will lead up to it.
The position of the spine of the pubes is appealed to as a means of diagnosis
in doubt between inguinal and femoral hernia.
The spine lies on the outer side
of the neck of an inguinal hernia, on the inner side of the neck of a femoral.
The spine of the pubes is nearly on the same horizontal line as the upper
part of the trochanter major. In this line, about one full inch external to the
spine, is the femoral ring.
Here is the seat of stricture in a femoral hernia.
The line of Poupart's ligament
70. Poupart's Ligament, or Crural Arch.
(crural arch) is in most persons indicated by a slight crescent-like furrow along
the skin. It corresponds with a line drawn not straight, but with a gentle curve
downwards from the spine of the ilium to the spine of the pubes. With the
help of the preceding landmarks it is easy to find the exact position of the
external and internal abdominal rings, and the direction of the inguinal
69.

Spine of Pubes.

—

canal.

We

[In hernia, it is always treacherous to trust the eye.
must define exactly
the iliac and pubic spines by the fingers, and draw the line of Poupart's ligament between them. It lies at the uppermost border of the " groin," or groove
between the abdomen and the thigh; and unless we so define its two ends we are
very apt to get it, and especially the inner and most important end, too low,
and so mistake the variety of hernia we have to deal with.
Moreover, an examination of the external abdominal ring will disclose its
condition and show whether the hernia is, or is not, inguinal. Unfortunately,
in women, in whom femoral hernia is most frequent, this examination is least
satisfactory.
The exact location of the line of Poupart's ligament is, therefore,
in women doubly important.]
The external abdominal ring is situated immediately
71. Abdominal Kings.
above the spine of the pubes. It is an ova! opening with the long axis directed
obliquely downwards and inwards. Though its size varies a little in different
persons, yet as a rule it will admit the end of the little finger, so that we can
tell by examination whether it be free or otherwise.
To ascertain this, the best
way is to push up the thin skin of the scrotum before the finger then, by tracking the spermatic cord, the finger readily glides over the crest of the pubes and
feels the sharp margins of the ring.
The position of the internal ring is about midway between the spine of the

—

;
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ilium and the sympliysis of the pubes, and about two-thirds of an inch above
Poapart's ligament.
The position of the external and internal abdominal
72. Inguinal Canal.
rings being ascertained, it is plain that the direction of the inguinal canal must
be obliquely downwards and inwards, and that its length in a well-formed
adult male is from one and a half to two inches, according as we include the
openings or not. In very young children the canal is much shorter and less
With the growth of the pelvis
oblique, the inner ring being behind the outer.
in its transverse direction, the anterior spines of the ilia become farther apart,
e., to the outer
and thus draw the internal ring more and more away from

—

(?.".

side of) the external.

—

-The spermatic cord can be felt as it emerges through
73. Spermatic Cord.
The vas
the external ring, and its course can be tracked into the scrotum.
deferens can be distinctly felt at the back of the cord, and separated from its
other component parts.
The direction of the deep epigastric artery corre74. Epigastric Artery.
sponds with a line drawn from the inner border of the internal ring up the
middle of the rectus muscle towards the chest. [It lies to the inside of oblique,
and to the outside of direct inguinal hernia.]
In thin persons the absorbent glands which lie along Poupart's ligament can
be distinctly felt. They are usually oval, with their long axes parallel to the
line of the ligament.
75. Abdominal Viscera.
Now let us see how far we can make out externall}^ the position and size of the abdominal viscera.
To make this examination with anything like success, it is desirable to relax
the abdominal muscles. The man should be on his back, the head shoulders
and thorax being well raised, to relax the recti muscles and the thighs bent
on the abdomen, to relax the several fasci» attached to the crural arch. To
induce complete relaxation, where a very careful examination is desired [ether
or] chloroform should be given.
In manipulating the abdomen we should not use the tips of the fingers. This
is sure to excite the contraction of the muscles.
The flat hand should be gently
pressed upon it, and with an undulating movement.
76. It is well to bear in mind that the central tendon of the diaphragm is
about the level of the lower end of the sternum at its junction with the seventh
costal cartilage; that the right half of the diaphragm rises to about the level of
the fifth rib that is, about an inch below the nipple that the left half does
not rise quite so high.
In tranquil breathing the diaphragm descends about half

—

—

;

—

;

an inch.

The position of the abdominal viscera varies, to a certain extent, in different
persons.
In some of them, especially the stomach, their position varies in the
same person

at different times.

Let us take,

—

the largest of the abdominal viscera
the liver.
liver lies under the right hypochondrium, and passes across
the middle line over the stomach into the left hypochondrium, generally speaking, as far as the left mammary line.
The extent to which it can be felt below
the edges of the ribs depends upon whether it is enlarged or not, as well as upon
its texture, and also upon the amount of flatus in the stomach and intestines.
As a rule, in health its lower thin border projects about half an inch below the
costal cartilages, and can be felt moving up and down with the action of the
diaphragm but it requires an educated hand to feel it. An uneducated hand
would miss it altogether. That part of it, however, which crosses the middle line
bolow the ensiform cartilage is much more accessible to the feel; here it lies
immediately behind the linea alba, and in front of the stomach, nearly halfway
down to the umbilicus. Here, therefore, is the best place to feel whether the liver
be enlarged or pushed down lower than it ought to be. If it be much enlarged
and much lower, even the most untutored hand could detect its edge.
77.

first,

Liver.— The

;
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Even if the edge of the liver be felt very much lower than its normal below
the ribs, it does not necessarily follow that the liver is enlarged, since it may be
pressed down by other causes for instance, the habit of wearing tight stays.
To what height does the liver ascend? This can only be ascertained by
careful percussion of the chest wall.
The highest part of its convexity on the
right side is about one inch below the nipple, or nearly on a level with the external and inferior angle of the pectoralis major.
Posteriorly the liver comes
to the surface below the base of the right lung, above the level of the tenth
dorsal spine.
Eoughly speaking, the upper border of the liver corresponds with the level
of the tendinous centre of the diaphragm that is, the level of the lower end
Thus a needle thrust into the right side, between the sixth
of the sternum.
and seventh ribs, would traverse the lung, and then go through the diaphragm
into the liver.
-The gall bladder, or rather the fundus of it, is situated,
78. Gall Bladder.
but cannot be felt, just below the edge of the liver about the ninth costal cartilage, outside the edge of the right rectus muscle.
The stomach varies in size more than any [other] organ in
79. Stomach.
the body.
When empty and contracted (63) it lies at the back of the abdomen,
overlapped by the left lobe of the liver, and in front of the pancreas. When
very full, it turns on its axis and swells up towards the front, coming close
behind the wall of the abdomen, occupying most of the left hypochondrium
and epigastrium, displacing the other contiguous organs, pushing in every direction, and often interfering with the action of the heart and left lung.
Hence
the palpitation and distressing heart-symptoms in indigestion and flatulence.
The cardiac orifice of the stomach lies to the left of the middle line, just
below the level of the junction of the seventh costal cartilage with the sternum.
The pylorus lies under the liver, on the right side, near the
80. Pylorus,
end of the cartilage of the eighth rib but it cannot be felt unless occasionally

—

;

—

—

—

;

when

enlarged and hardened by disease.

—

Spleen. The spleen, if it be healthy, cannot be felt, so completely is it
by the ribs. It lies on the left side, connected to the great end of the
stomach, beneath the ninth, tenth, and eleventh ribs, between the axillary lines
lines drawn vertically downwards from the anterior and posterior margins of
the axilla. Its upper edge is on a level with the spine of the ninth dorsal vertebra, its lower with the spine of the eleventh.
Its position and size, therefore, in health can only be ascertained, and not
very accurately, by the extent of dulness on percussion. The greatest amount
of dulness would be over the tenth and eleventh ribs; above this the thin edge
of the lung would intervene between the spleen and the abdominal wall.
If,
therefore, the spleen can be distinctly felt below the ribs, it must be enlarged.
In proportion to its enlargement, so can its lower rounded border be detected
below the tenth and eleventh ribs, especially when forced downwards by a deep
81.

sheltered

—

inspiration.^

—

82. Pancreas.
The pancreas lies transversely behind the stomach, and
crosses the aorta and the spine about the junction of the first and second lumbar vertebrae. The proper place to feel for it, therefore, would be in the linea
alba about two or three inches above the umbilicus.
Is it perceptible to the
touch ?
only under very deep pressure, and very favorable circumstances, such

—

an emaciated and empty abdomen. It is worth remembering that it may be
felt under such conditions.
The pancreas of normal size, in thin persons, has
been mistaken for disease disease of the transverse arch of the colon, or aneurism of the abdominal aorta.
83. Kidney.
The kidney lies at the back of the abdomen, on the quadratus
lumborum and psoas muscles, opposite the two lower dorsal and two upper lumas

—

—

See some good observations on the
Med. Journ.," Jan. 16, 1869.
•

position of the enlarged spleen,

by

Sir

W.

Jenner,

'
"

Brit.

;
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—

The riglit, owing to the size of the liver, is a trifle say, threebar spines.
quarters of an inch
lower than the left. The pelvis of the kidnej is on about
the level of the spine of the first lumbar vertebra the upper border is on
about the level of the space between the eleventh and twelfth dorsal spines
the lower border comes as low as the third lumbar spine. During a deep inspiration both kidneys are depressed by the diaphragm nearly half an inch.
Can we feel the normal kidney ? The only place where it is accessible to
pressure is just below the last rib, on the outer edge of the "erector spinaj."
I say accessible to pressure, for I have never succeeded in satisfying myself that
I have distinctly felt its rounded lower border in the living subject, npr even in
the dead, with the advantage of flaccid abdominal walls and the opportunity of
making hard pressure with both hands, placed simultaneously, one in front of
the abdomen, the other on the back. For these reasons, although we can easily
ascertain its degree of tenderness, we cannot actually feel it unless it be considerably enlarged.
must be on our guard not to mistake for the kidney an enlarged liver or
spleen, or an accumulation of feces in the lumbar part of the colon.
[As Sir
William Jenner has pointed out, the anterior border of the spleen is sharp, and
may be notched, in both of which respects it differs from the kidney, even when
enlarged.]
8-i. Large Intestine.
Let us now trace the large intestine and see where
it is accessible to pressure.
The "csecum," or "caput coli," and the ileo-csecal
valve lie in the right iliac fossa. The ascending colon runs up the right lumbar
region over the right kidney.
[For its line, see § 51.] The transverse colon
crosses the abdomen two or three inches above the umbilicus.
The descending
colon lies in the left lumbar region in front of the left kidney.
The sigmoid
flexure occupies the left iliac fossa.
Throughout this tortuous course, except at the hepatic and splenic flexures,
the colon is accessible to pressure, and we could, under favorable circumstances,
detect hardened feces in it.
In a case which occurred in St. Bartholomew's
Hospital, a collection of feces in the transverse colon formed a distinct tumor
in the abdomen.
All the symptoms yielded to large and repeated injections of
olive oil. In another case an accumulation of fecal matter in the sigmoid flexure

—

:

We

—

was mistaken for a malignant disease.
The operation of opening the colon (colotomy) may be done
the right or left loin, below the kidney, in that part of the colon not covered

durino; life
85.

in

Colotomy.

—

by peritoneum.
The landmarks of the operation

—

are:
(1) The last rib, of which feel the
sloping edge; (2) the crest of the ilium; (3) the outer border of the "erector
spinse."
The incision should be about three inches long, midway between the
rib and the ilium.
It should begin at the outer border of the "erector spinaa,"
and should slope downwards and outwards in the direction of the rib. The edge
of the "quadratus lumborum," which is the guide to the colon, is about one
inch external to the edge of the "erector spin«," or three full inches from the
lumbar spines. The line of the gut is vertical, and runs for a good two inches
between the lower border of the kidney and the iliac crest on the left side;
rather less on the right.
Small Intestines. All the room below the umbilicus is occupied by the
small intestines. The coils of the jejunum lie nearer to the umbilicus (one
reason of the great fatality of umbilical hernias). Those of the ilium are lower
down. [As the patches of Peyer involved in typhoid fever lis chiefly near the
lower end of the ilium, Avhich terminates at the ilio-cascal valve, this will
account for the tenderness found here.
It must be remembered that in ascites, while the fluid will gravitate to the
lowest point in the abdominal cavity, the intestines, being filled with air and
tethered to the spine by the mesentery, will float on top.
Hence the value of
"postural diagnosis," i. e., percussion in different postures, on the right side,

—
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the left side, tlie back, etc. In any solid or encysted tumor this cannot hold
good.]
On the right side, a little below the ninth rib, the colon lies close to the gall
Posteriorly, this part
bladder, and is, after death, sometimes tinged with bile.
of the colon is in contact with the kidney and duodenum.
AYhen the bladder distends, it gradually rises out of the pelvis
86. Bladder.
into the abdomen, pushes the small intestines out of the way [lifts the peritoneum oft' from its anterior wall], and forms a swelling above the pubes, reaching in some instances up to the navel. The outline of this swelling is perceptible
More than this, fluctuation can be felt
to the hand as well as to percussion.
through the distended bladder by tapping on it in front with the fingers of one
hand, while the forefinger of the other passed up the rectum feels the bottom
of the "trigone,"

—

THE FERINE UM.
The body

supposed to be placed in the usual position for lithotom3^
can readily feel the osseous and ligamentous
boundaries of the perineum; namely, the rami of the pubes and ischia, the
tuberosities of the ischia, the great sacro-ischiatic ligaments, and the apex of
the coccyx. This framework forms a lozenge-shaped space. If we draw an
imaginary line across it from the front of one tuber ischii to the other, we divide
The anterior is nearly
this space into an anterior and a posterior triangle.
equilateral, and, in a well-formed pelvis, its sides are from three to three and a
87.

is

Bony Framework. — We

The posterior, containing
half inches long. It is called the urethral triangle.
the greater part of the anus and the ischio-rectal fossa on each side, is called
the anal triangle.
slight central ridge of skin, called the "raphe," runs from
88. Raphe.
This "raph^," or middle line
the anus up the perineum, scrotum, and. penis.
of the perineum, is the "line of safety" in making incisions to let out matter or
effused urine, or to divide a stricture.
It is very important to know that a
89. Central point of Perineum.
point of the raphe about midway between the scrotum (where it joins the perineum) and the centre of the anus, corresponds with the so-called "central tendon" where the perineal muscles meet. The bulb of the urethra lies above
The artery of the
this point, and never, at any age, comes lower down.
Therefore the incision in lithotomy
bulb, too, never runs beloAV this level.
knife introduced at this point, and pushed
should never commence above it.
backwards with a very slight inclination upwards, would enter the membranous
part of the urethra just in front of the prostate gland; pushed still farther it
would enter the neck of the bladder. This point, then, is a very good, landmark to the urethra in lithotomy, or, indeed, in any operations on the peri-

—A

—

A

neum.

The

incision in the lateral operation of lithotomy, beginning

indicated, should be carried

below the point

downwards and outwards between the anus and the

tuberosity of the ischium, a little nearer to the tuberosity than the anus [because
The lower end of the incision should reach
the rectum is wider than the anus].
a point just below the [level of the] anus.
In a thin perineum, we can feel the lower bor90. Triangular Ligament.
der of the deep perineal fascia or the " so-called" triangular ligament of the
urethra.
The urethra passes through it about one inch below the lower part of
the symphysis pubis, and about three-quarters of an inch higher than the central tendon of the perineum.
It is important to bear in mind these landmarks
in introducing a catheter.
If the catheter be depressed too soon, its passage
if too late, it will be likely to make
will be resisted by the triangular ligament
a false passage by running through the bulb.

—

;

—
THE PERINEUM.

971

—

One of the most important landmarks whicli guide a surgeon in
91. Anus.
his operation about the anus, is a white line^ at the junction of the skin and
mucous membrane. It is easily recognized and is of especial interest, because it
marks with great precision the linear interval between the external and internal
From this line the internal sphincter extends upwards,
sphincter muscles.
beneath the mucous membrane, for about an inch, becoming gradually more
and more attenuated.
The wrinkled appearance of the anus is caused by the contraction of the
external sphincter. At the bottom of these cutaneous folds, especially towards
the coccyx, we look for "fissure of the anus."

—

Many valuable landmarks may be felt
92. Landmarks in the Rectum.
by introducing the finger into the rectum, with a catheter at the same time in
the urethra.
The principal of these landmarks are the following
a. The finger can feel the extent and powerful grasp of the internal sphincter
for about one inch up the bowel. (91)
Through the front wall of the bowel it can most distinctly feel
h. Urethra.
the track of the membranous part of the urethra, exactly in the middle line.
This is very important, because you can ascertain with precision whether the
:

—

catheter has deviated from the proper track.
About an inch and a half or two inches from the anus,
c. Prostate Gland.
the finger comes upon the prostate gland. The gland lies in close contact with
the bowel, and can be detected by its shape and hard feel. The finger, moved
from side to side, can examine the size of its lateral lobes, their consistence and

—

sensibility.

The

finger, introduced still farther, can reach beyond the prostate, as far
apex of the trigone of the bladder. More than this, it can feel the angle
between the ''ductus communes ejaculatorii," which forms the apex of the
This is the precise spot where the distended bladder should be
trigone.
punctured through the rectum. The more distended the bladder, the easier
can this spot be felt. Fluctuation is at once detected by a gentle tap on the
bladder above the pubes (86). The trocar must be thrust in the direction of
the axis of the distended bladder
that is, roughly speaking, in a line drawn
from the anus through the pelvis to the umbilicus.
e. The fold of peritoneum, called the recto- vesical pouch, is about four inches
from the anus, therefore it is not within reach of the finger and we run no
d.

as the

;

;

risk of

wounding

it

in tapping the bladder if the trocar be introduced near

the angle of the trigone.
[Eoberts has measured the distance of the rectovesical (or recto- vaginal) pouch from the anus, both in situ and after removal
from the body. The distance was one and a quarter to two inches in situ, and
from three and a half to four and a quarter inches after removal.]
/. The finger can feel one of the ridges or folds of mucous membrane which
are situated at the lower part of the rectum.
This fold projects from the side,
and sometimes from the upper part of the rectum, near the prostate. When
thickened or ulcerated, this fold occasions great pain in defecation and great
relief is afforded by its division.
g. Lastly, the finger can examine the condition of the spaces filled with fat
on either side of the rectum, called the ischio-rectal fossse, with a view to ascertain the existence of deep-seated collections of matter, or the internal communications of fistulse.
[It is often important to instruct mothers and nurses as to the difference in the
direction of the anus and that of the rectum, in order that they may introduce
the nozzle of an enema syringe without pain. The rectum, after following the
curve of the sacrum and coccyx, suddenly bends backward and terminates in
the anus.
The axis of the anal opening is in the direction of the navel for
about an inch, and when the finger, the syringe-nozzle, or other instrument, has
;

'

" Lectures on Rest and Pain," by John Hilton, F.R.S.

London, 1863,

p. 280.
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been introduced thus far, it may then be swept around so as to point to the
small of the back and be pushed in as far as necessary.
It is useful to remember that in women the posterior wall of the vagina can
be everted from the rectum, and, vice versa^ the rectum from the vagina, and
so be carefully examined without a speculum.]
Introduction of Catheters. In the introduction of catheters the following
Keep the point of the instrument well applied against the
are good rules.
upper surface of the urethra; depress the handle at the right moment (90);
keep the umbilicus in view; in cases of difficulty feel the urethra through the
rectum, to ascertain whether the instrument be in the right direction. Atten'tion to these rules diminishes the risk of making a false passage, an injury
which under great delicacy in manipulation ought never to happen.
Urethra in the Child. In children the membranous part of the urethra
is, relatively speaking, very long, owing to the smallness of the prostate.
It
is also more sharply curved, because the bladder in children is more in the abdomen than in the pelvis. It is, moreover, composed of thin and delicate walls.
The greatest gentleness, therefore, should be used in passing a catheter else
the instrument is likely to pass through the coats and make a false passage.
Hence the advantage of being able to ascertain through the rectum whether
the instrument be in the right track and moving freely in the bladder, which
can also be easily felt in children.

—

—
—

—
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—

93. Poupart's Ligament, or Crural Arch.
Mark the anterior superior
spine of the ilium, the spine of the pubes, and define the line of "Poupart's
ligament" which extends between them. This line is one of our guides in the
diagnosis of inguinal and femoral hernije. If the bulk of the tumor be above
the line, the hernia is probably inguinal if below it, femoral. The line is not
a straight one drawn from the spine of the ilium to the spine of the pubes, but
slightly curved, with the convexity downwards, owing to its close connection
with the fascia lata of the thigh. In many persons it can be distinctly felt in
nearly all its precise course is indicated by a slight furrow in the skin.
For the points about the spine of the pubes, refer to paragraph 69.
94. Furrow at the Bend of the Thigh.
When the thigh is even slightly
bent, there appears a second furrow in the skin below that at the crural arch.
This second furrow begins at the angle between the scrotum and the thigh,
passes outwards, and is gradually lost betAveen the top of the trochanter and
the anterior superior spine of the ilium. It runs right across the front of the
capsule of the hip-joint. For this reason it is a valuable landmark in amputation at the hip-joint.
The point of the knife should be introduced externally
where the furrow begins, should run precisely along the line of it, and come
out where it ends so that the capsule of the joint may be opened with the first
thrust.
In suspected disease of the hip, pressure made in this line, just below
the spine of the ilium, will tell us if the joint be tender. Effusion into the
joint obliterates all trace of the furrow, and makes a fulness when contrasted
with the opposite groin.
In most persons there is a natural depression
95. Saphenous Opening.
over the saphenous opening in the fascia lata, where the saphena vein joins the
femoral.
The position of this opening is just below the inner third of Poupart's
This
ligatnent, and about an inch and a half external to the spine of the pubes.
therefore it
is the place where the swelling of a femoral hernia first appears
ought to be carefully examined in cases of doubt.
The position of the femoral ring, through which the
96. Femoral Ring.
hernia escapes from the abdomen, is, on a deeper plane, about half an inch
higher than the saphenous opening, and immediately under Poupart's ligament.
;

;

—

;

—

:

—

•

THE THIGH.
As
in

vertical in the supine position of the body, the way
by pressure, applied first
direction, afterwards in an upward.
The intestine protruded

the plane of the ring

which we should try

in a

downward

973

is

to reduce a femoral hernia is

has to pass back under a sharp edge of fascia, namely, the upper horn of the
saphenous opening (Ivnown as Hey's ligament). At the same time we bend the
thigh, to relax the fascia as much as possible.
good way to find the seat of the femoral ring with precision is the following
Feel for the pulsation of the femoral artery on the pubes allow half an
inch (on the inner side) for the femoral vein then comes the femoral ring.
In performing the operation for the relief of the stricture in femoral hernia
the incision through the skin should be about an inch and a half external to
the spine of the pubes. Its direction should be vertical, and its middle should
be just over the femoral ring,
The cluster of inguinal and fem97. Lymphatic Glands in the Groin.
oral lymphatic glands can sometimes be felt in thin persons.
The inguinal lie
for the most part along the line of Poupart's ligament: they receive the absorbents from the wall of the abdomen, the urethra, the penis, the scrotum [perineum,
gluteal region], and the anus.
The femoral glands lie chiefly over the saphenous opening and along the outer side of the saphena vein they receive the
absorbents of the lower extremity; they receive some also from the scrotum
of which Ave have practical evidence in cases of chimney-sweepers' cancer.
The trochanter major is a most valuable landmark,
98. Trochanter Major.
to which we are continually appealing in injuries and diseases of the lower extremity.
There is a natural depression over the hip (in fat persons) where it
lies very near the surface, and can be plainly felt, especially when the thigh is
rotated.
JSTothing intervenes between the bone and the skin except the strong
fascia of the gluteus maxim us and the great bursa underneath it.
The top of the trochanter lies pretty nearly on a level with the spine of the
pubes, and is about three-fourths of an inch lower than the top of the head of
the femur.
careful examination of the bearing of the great trochanter to
the other bony prominences of the pelvis, and a comparison of its relative position with that of the opposite side, are the best guides in the diagnosis of injuries about the hip, and the position of the head of the femur.
"If in the normal state you examine the relations of
99. Nelaton's Line.
the great trochanter to the other bony prominences of the pelvis, you will find
that the top of the trochanter corresponds to a line drawn from the anterior
superior spine of the ilium to the most prominent part of the tuberosity of the
ischium.
This line also runs through the centre of the acetabulum. The extent of displacement in dislocation or fracture is marked by the projection of
the trochanter behind and above this line."^
"N^laton's line," as it is termed, theoretically holds good. But in stout persons it is not always easy to feel these bony points so as to draw the line with
precision.
surgeon must, after all, in many cases trust to measurement by
his eyes and his flat hands
Thus, let the thumbs be placed
his best guides.
firmly on the spines of the ilia, while the fingers grasp the trochanters on each
side.
Having the sound side as a standard of comparison, the hand will easily
detect any displacement on the injured side.
Hippocrates bids us compare the
sound parts with the parts affected (in fractures) and observe the inequalities.
The top of the great trochanter is the guide in an operation recently introduced by Mr. Adams, namely, the "svibcutaneous section of the neck of the
femur."
"The puncture should be made one inch above and nearly one inch in
front of the top of the trochanter.
The neck of the bone is to be sawn through
at right angles to its axis, the saw working parallel to Poupart's ligament, and
about one inch below it."
Spine of the Ilium. The anterior superior spine of the ilium is the point
from which we measure the length of the lower limb. [See § 68.] By looking

A
:

—

;

;

—
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at the spines of opposite sides we can detect any slant in the pelvis.
By pressure on both spines simultaneously we examine if there be a fracture of the
pelvis, or disease at the sacro-iliac joint.
100. "In reducing a dislocation of the hip by manipulation it is important to
bear in mind that, in every position, the head of the femur faces nearly in the
direction of the inner aspect of its internal condyle.'"
101. Compression of Femoral Artery.— About a point midway between
the spine of the ilium and the symphysis pubis, the femoral artery can be felt
How should the presbeating, and effectually compressed, against the pubes.
sure be ajjplied when the patient lies on the back?
In accordance with the
that is, with a slight inclination upwards.
slope of the bone
want of attention to this point is the reason why so many fail when they undertake to command the circulation through the femoral artery in an amputation, or to cure an
aneurism b}^ digital compression. [I think the chief reason of failure in
attempting compression of the femoral is that pressure is made two or three
inches below Poupart's ligament, instead of immediately below it. In the former position, thick muscles form the floor against which it is ineffectually compressed in the latter, it is directly on the edge of the pelvis or the head of
the femur.]
If the Italian tourniquet be used, we should be careful to adjust the counterpad well under the tuberosity of the ischium. If digital pressure be used, it is
easy to command the femoral by slight pressure of the thumb, provided the
fingers have a firm hold on the great trochanter.
The sartorius is the great fleshy landmark of the thigh, as
102. Sartorius.
Its
the biceps is of the arm, and the sterno-cleido-mastoideus of the neck.
direction and borders may easily be traced by asking the patient to raise his
The same action defines the
leg, a movement which puts the muscle in action.
boundaries of the triangle (of Scarpa) formed by Poupart's ligament, the

—

A

;

—

adductor longus and sartorius.
Line of Femoral Artery.

— To

define the course of the femoral artery,

from midway between the anterior superior spine of the ilium and
the symphysis pubis to the (spurlike) tubercle for the adductor magnus on the
inner side of the knee. The femoral artery lies under the upper f of this line.
The sartorius begins to cross the artery, as a rule, from three to four inches
below Poupart's ligament. The point at which the profunda artery arises is
about one and a half or two inches below the ligament. Therefore the incision
for tiiying the femoral in Scarpa's triangle should commence about a hand's
breadth below Poupart's ligament, and be continued for three inches in the line

draw

a line

of the artery.

To command the femoral in Scarpa's triangle, the pad of the tourniquet should
be placed at the apex, and the direction of the pressure should be, not backwards, but outwards, so that the artery may be compressed against the femur.
In the middle third of the thigh the femoral artery lies in Plunter's canal,
overlapped by the sartorius. About the commencement of the lower third the
artery leaves the canal through the oval opening in the adductor magnus, and,
under the name of popliteal, enters the popliteal space. The line for finding
the artery in Hunter's canal has been already traced (102). The incision to
reach the artery in this part of its course would fall in with the outer border
of the sartorius.

To command the femoral artery in Hunter's canal, the pressure should be
directed outwardly, so as to press the vessel against the bone.
1

Bigelow, "Meclianism of Dislocation and Fracture of the Hip."

Philadelphia, 1869.
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THE BUTTOCKS.
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103. Buttocks.
Bony Landmarks. The bony landmarks of the buttocks
which can be distinctly felt are: 1, the posterior superior spine of the ilia; 2,
the spines of the sacral vertebrae 3, the two tubercles of the last sacral vertebra 4, the apex of the coccyx in the deep groove leading to the anus 5, the
;

;

;

tuberosities of the ischia on each side of the anus.
The posterior spines of the ilia are about the level of the second sacral spine,

and corresponds with the middle of the

sacro-iliac

symphysis.

third sacral spine marks the lowest level to which the membranes of the
cord and the cerebro-spinal fluid descend in the spinal canal.
The tuberosities of the ischia, in the erect position, are covered by the gluteus
maxiraus. In the sitting position they support the weight of the body, and are
only covered by a thick pad o? coarse fat. Between this pad and the bones
there is a bursa, which becomes occasionally enlarged and inflamed in coach-

The

men.

The prominence of the nates is one of the characteristics of man in con" Les fesses n'appartiennent qu'a I'esp^ce
nection with his erect attitude.
liumaine."
They are formed of an accumulation of fat over the great muscle
of the buttock (gluteus maximus).
From their appearance we may gather
some indication of the state of the constitution. They are firm and globose in
the vigorous; loose and flaccid in the infirm. Wasting and flattening of one,
compared with the other, is an early symptom of disease in the hip.
104. Fold of the Buttock. -The deep furrow, termed " the fold of the buttock" [or gluteo-femoral fold], which separates the nates from the back of the
thigh, corrgipeafclAzadAr^heiJqwggj^^
maxii^^tas. Its altered
direction in disease of the hip is very characteristic.
This is the best place to
feel for the great ischiatic nerve.
find it by pressing deeply between the
trochanter and the tuber ischii, rather nearer to the latter. When we sit upright, the nerve is not liable to pressure
but it becomes numbed when we sit
long sideways.
To find at what point the gluteal artery comes out
105. Gluteal Artery.
of the pelvis, draw a line from the posterior superior spine of the ilium to the
top of the trochanter major, rotated inwards. The junction of the inner with
the middle third of this line lies over the artery as it emerges from the upper
border of the great ischiatic notch.
The point of exit of the ischiatic artery from the pelvis is about half an inch
lower than that of the gluteal.
106. Pudic Artery.
The pudic artery crosses the spine of the ischium.
To find it, draw a line from the outer side of the tuber ischii to the posterior
superior spine of the ilium. The junction of the lower with the middle third
gives the position of the artery. The ischiatic artery lies close to it, but nearer
the middle line..
Looking at the course of these arteries it appears that when we sit on hard
seats the pressure is sustained by the bones; when we recline on soft seats the
pressure is sustained more by the soft parts, and reaches the arteries; hence the
tendency of modern modes of reposing to drive the blood into the interior of
the pelvis and favor the production of piles and uterine disorders.
celebrated
French accoucheur used to say that the fashion of high waists, tight lacing, and
easy chairs brought him many thousands a year.

—

We

;

—

—

A

THE KNEE.
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107. Bony Points.
The patella; the tuberosities of the two condyles; the
tubercle of the tibia for the attachment of the ligamentum patellge; another (the
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on the outer side of the head of the tibia; and the head of the
bony landmarks of the knee.
Observe that the head of the fibula lies at the outer and back part of the
tibia, and that it is pretty nearly on a level with the tubercle for the attachment
lateral) tubercle,

fibula are the chief

of the ligamentum patellse.
can also feel the adductor tubercle or spur-like projection of bone above
the internal condyle which gives attachment to the tendon of the adductor
magnus. This spur-like projection corresponds with the level of the epiphysis of
the lower end of the femur, and also with the level of the highest part of the
trochlea for the patella: facts worth notice in performing excision of the knee,
[The importance of preserving intact this inferior epiphysial cartilage of the
femur is best understood when it is remembered that this is the seat of the
While the whole body from birth to adult
greatest growth in the entire body.
life grows (in the male) 3.37 times, and the whole leg 4.49 times, the lower
femur grows 7.30 times.]
"In reducing a dislocation of the hip, it is important to bear in mind that the
inner aspect of the internal condyle in every position of the limb faces nearly
in the direction of the head of the femur."
(100)
The tubercle on the outer side of the head of the tibia gives attachment to
the broad and strong aponeurosis (tendon of the tensor fasciae), which, acting
like a brace for the support of the pelvis, is well seen in emaciated persons
down the outer side of the thigh. [In fracture of the neck of the femur,
therefore, instead of being tense, the fascia will yield to pressure, especially
The patient should be standing
just above the knee and the great trochanter.
(Allis).]
This tubercle indicates the level to which the condyles of the femur
descend, and the lower level of the synovial membrane.
The patella, in extension of the knee, is nearly all above the condyles in
flexion, it lies in the inter-condyloid fossa (more on the external condyle), and
thus protects the joint in kneeling. Its inner border is thicker and more prominent than the outer, which slopes down towards its condyle.
The line of the ligamentum patellae is vertii08. Ligamentum Patellae.
Hence any deviation from this line, one way or the other, indicates more
cal.
There is a pellet of fat under the ligament,
or less dislocation of the tibia.
which answers a "packing" purpose sinking in when the knee is bent; rising
when the knee is extended, and bulging on either side of the tendon, almost
enough to give the feel of fluctuation.
In a well-formed leg the ligamentum patellse, the tubercle of the tibia, and
useful point in
the middle of the ankle should be in the same sti'aight line.
the adjustment of fractures.
Behind the upper half of the ligamentum patellae is the synovial membrane
of the knee-joint; behind the lower half is a synovial bursa and a pad of fat.
It is well to remember this in cases of injury to the ligamentum patellee.
The patellar or housemaid's bursa is situated not
109. Patellar Bursa.
only over the patella, but over the upper part of the ligament. This is plain
enough when the bursa becomes enlarged. There is another subcutaneous bursa
over the insertion of the ligament into the tubercle of the tibia. This is quite
independent of the deep bursa between the tendon and the bone.
The synovial membrane of the knee,
110. Synovial Membrane of Knee.
when the joint is extended, rises like a cul-de-sac above the upper border of the
patella about two inches.
It ascends, too, a little higher under the vastus internus than the vastus externus a fact very manifest when the joint is distended.
When the knee is bent this cul-de-sac is drawn down hence the rule of bending the knee in operations near the lower end of the femur.
The lower level of the synovial membrane of the knee is just above the level
The tibio-fibular synovial memof the upper part of the head of the fibula.
brane is, with rare exceptions, independent of that of the knee.
[It is surprising to note what a large part of the surface of the joint, and
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;

—

—

A

—

—

—

—

THE KNEE.

977

tlie femur, is exposed to examination by tlie touch with the knee
The condition of the synovial membrane and the cartilage, thereThe trochlear groove is especially well defined.]
fore, can be ascertained.
The tendons forming the boundaries of the popli111. Popliteal Tendons.
teal space can be distinctly felt when the muscles which bend the knee are acting.
On the outer side, we have the biceps running down to the head of the iibnla.

especially

on

in flexion.

—

On

the inner side

we

feel three tendons,

disposed as follows:

— nearest to the

middle of the popliteal space is the semitendinosus, very salient and traceable
high up the thigh; next comes the thick round tendon of the semimembranosus;
The sartorins, which forms a graceful
still more internally is the gracilis.
muscular prominence on the inner side of the knee, does not become tendinous
until it gets below it.
[A very interesting experiment may be tried on the "ligamentous action"
Standing with the back fixed
(as Prof, Cleland calls it) of these muscles.
against a wall to steady especially the pelvis, the knee can be made alm*ost to
touch the belly. But note that the knee is flexed. Eepeat the experiment,
the knee being kept rigid, and when the heel has been but slightly raised a
sharp pain in the ham follows any effort to carry it higher. Flexion of the
rigid leg from the vertical line to a right angle increases the distance from the
tuber ischii to the tuberosities of the tibia by some six or eight centimetres, an
amount of stretching these muscles cannot undergo. ITence the compulsory
flexion of the

knee in flexion of the

The same thing

is

hip.

seen in the wrist.

and again with the fingers

in a "fist."

Flex the wrist with the fingers extended,
The first movement can be carried to

90'-^, the second only to 30°, or in some up to 60°.
Making a fist had already
stretched the flexors, and they can be stretched but little further.
Many
surgeons make errors in the leg, but especially in the forearm and hand, and
inflict injury as well as needless pain by forgetting these facts while making
passive movement.
It must be noted, however, that in children there is less danger of this overstretching, for from childhood to old age there is a progressive invasion of the
extensible belly by the inextensible tendon in the muscles generally.
Hence
the ease with which children, even when seated, can lift the heel (without
moving the pelvis) and make the hips the point of an acute angle.]
112. Popliteal Bursa.— The precise position of this bursa in the popliteal
space, which sometimes enlarges to the size of a hen's egg, is between the tendon of the inner head of the gastrocnemius and the tendon of the semimembranosus, just where they rub one against the other.
The bursa is from one
and a half to two inches long. When enlarged, it makes a swelling on theinner side of the popliteal space, which bulges and becomes tense when the knee
is extended, and vice versa.
I examined 150 bodies with a view to ascertain
how often this bursa communicates with the synovial membrane of the knee.
There was a communication about once in five instances. This should make us
cautious in interfering too roughly with the bursa when enlarged.
113. Popliteal Artery.— The popliteal artery can be felt beating and can
be compressed against the back of the femur, close to which it lies. But pressure, sufflcient to stop the blood, should be firm, and should be made against
the bone nearer to the inner than the outer hamstrings.
The line of the artery
corresponds with the middle of the ham. It lies under cover of the fleshy belly
of the semimembranosus, and the outer border of this muscle is the guide to it.
An incision down the middle of the ham would fall in with the vessel just above
the condyles.

—

11-1. Peroneal Nerve.
The peroneal nerve runs parallel with and close to
the inner border of the tendon of the biceps.
It can be felt in thin persons.
There is a risk of dividing it in tenotomy of the biceps, unless the knife be
carefully introduced from within outwards.
Below the knee the nerve can be
62
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to the fibula just below the head, and when pressed
tion causes a sensation to run down its branches to the foot.

felt close

upon

in this situa

THE LEG AN]J ANKLE.
Bony

—

The tubercle of the tibia (for the attachment of the
the sharp front edge called the shin, and the broad flat
subcutaneous surface of the bone can be felt all the way down. The inner edge
can be felt too, but not so plainl3^ The lower third is the narrowest part of the
bone and the most frequent seat of fracture.
The head of the fibula is a good landmark on the outer side of the leg, aboui
one inch below the top of the tibia and nearly on a level with the tubercle
Observe that it is placed well back, and that it forms no part of the knee-joint,
and takes no share in supporting the weight.
The shaft of the fibula arches backwards, the reverse of the shaft of the tibia.
The fact of the bones not being on the same plane should be remembered in
The shaft of the fibula is so buried amongst the muscles, that
flap amputations.
the only part to be distinctly felt is the lower fourth.
Here there is a flat triangular subcutaneous surface, between the peroneus tertius in front, and the
two peronei (longus and brevis) behind. Here is the most frequent seat of
115.

ligamentum

fracture.

Points.

patellas),

—

-The shape and relative position of the malleoli should be
IIB. Malleoli.
carefully studied, as the great landmarks of the ankle.
The inner malleolus
does not descend so low as the outer, and advances more to the front: at the
same time, owing to its greater antero-posterior depth, it is on the same plane

The lower border of the inner malleolus is somewhat
as the outer behind.
rounded, and the slight notch in it for the attachment of the lateral ligament
can be felt. The outer malleolus descends lower than the inner, thus effectually
locking the joint on the outer side. Its shape is not unlike the head of a serpent.
Viewed in profile, it lies just in the middle of the joint.
In Syme's amputation of the foot at the ankle, the line of the incision should
run from the apex of the outer malleolus, under the sole to the centre of the
inner.

In a well-formed leg, the inner edge of the patella, the inner ankle, and the
inner side of the great toe, should be in the same vertical plane. Look to these
landmarks in adjusting a fracture or dislocation, keeping at the same time an
eye upon the conformation of the opposite limb.
[In consequence of violence, usually a sprain, a sliver of the internal surface
of the thick malleoli may be broken off, seriously implicating the joint, but yet
not perceptible by mobility, crepitus, or otherwise, from the exterior. Mr.
Callender has happily named such, " sprain-fractures."
Into the inter- malleolar space the astragalus is tightly wedged or mortised,
and we have h.ere, as I pointed out some years ago, a valuable means of diagnosis
in case of Pott's fracture of the fibula three or four inches above the external
malleolus.
In such a fracture this inter-malleolar space is widened. If now
the leg be seized by one hand above the ankle, and the foot by the other, with
the palm under the sole, the thumb and fingers will have the astragalus in their
grasp. The astragalus can then be pushed sidewise against the outer malleolus
and then shoved suddenly towards the firm inner malleolus, against which it
If none exist,
will come Avith an easily-perceived impact if there be fracture.
Motion at the medio-tarsal joints
the astragalus will have no lateral play.
must not be mistaken for this tibio -tarsal movement.]
There are several strong tendons to be seen and felt ab.out the ankle.
117. Tendo Achillis.
Behind is the tendo Achillis, It forms a high relief,
with a shallow gutter on each side of it. The narrowest part of the tendon,
where it should be divided in tenotomv, is about the level of the inner ankle;

—
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expands again to be attached to the lower and back part of the os
Seen in profile, the tendon is not straight, but slightly concave being
drawn in bj an aponeurosis which forms a sort of girdle around it. This girdle proceeds from the posterior ligament of the ankle; and, though most of its
All
fibres encircle the tendon, some of them adhere to and draw in its sides.
this disappears when the tendon is laid bare by dissection.
118. Tendons behind Inner Ankle.
Above and behind the malleolus
intern us we can feel the broad flat tendon of the tibialis posticus and upon it
that of the flexor longus digitorum.
The tendon of the tibialis posticus lies
nearest to the bone and comes well up in relief in adduction of the foot.
It lies
close to, and parallel with, the inner edge of the tibia, so that this edge is the
best guide to it.
Therefore in tenotomy the knife should be introduced first
perpendicularly between the tendon and the bone, and then turned at right
angles to cut the tendon. The tendon has a separate sheath and synovial membrane, which commences about one inch and a half above the apex of the malleolus, and is continued to its insertion into the tubercle of the scaphoid bone.
The
proper place, then, for division of the tendon, is about two inches above the
end of the malleolus.
In a young and fat child, where the inner edge of the tibia cannot be distinctly felt, the best guide to the tendon is a point midway between the front
and the back of the ankle. An incision in front of this point might injure the
internal saphena vein behind this point, the posterior tibial artery.
lly. Tendons behind Outer Ankle.
Behind the malleolus externus we
feel the two peroneal (long and short) tendons.
They lie close to the edge of
the fibula, the short one nearer to the bone. In dividing these tendons, the
knife should be introduced perpendicularly to the surface, and about two inches
above the apex of the ankle, so as to be above the synovial sheaths of the ten-

below

this it

—

calcis.

—

;

—

dons.

Tendons in front of Ankle.
we can see and

— Over the front of the ankle, when the mus-

feel, beginning on the inner side, the tendons
of the tibialis anticus, the extensor longus pollicis, the extensor longus digitorum, and the peroneus tertius. They start up like cords when the foot is
raised, and are kept in their proper relative position by strong pulleys formed
by the anterior annular ligament. Of these pulleys the strongest is that of the
extensor communis digitorum. When the ankle is sprained, the pain and swelling arise from a stretching of these pulleys and effusion into their synovial
sheaths.
laceration of one of the pulleys and escape of the tendon is extremely

cles are in action,

A

rare.

The place for the division of the tendon of the tibialis anticus, so as to divide
below its synovial sheath, is about one inch before its insertion into the cuneiform bone. The knife should be introduced on the outer side, so as to avoid
it

the dorsal artery of the foot.
[Most of these tendons can be best seen by standing a model on one foot, i. e.,
in unstable equilibrium.]
Now trace the lines of the arteries, and the landmarks near which they divide.
120. Popliteal Artery.
About one inch and a quarter below the head of
the fibula, or say one inch below the tubercle of the tibia, the popliteal artery
divides into the anterior and posterior tibial.
The peroneal comes off from the
posterior tibial about three inches below the head of the fibula.
Consequently we may lay down, as a general rule, that, in amputations one
inch below the head of the fibula, only one main artery, the popliteal, is
divided.
In amputations two inches below the head of the fibula, two main
arteries, the anterior and posterior tibial, are divided.
In amputations three
inches below the head, three main arteries, the two tibials and the peroneal, are

—

divided.
121. Anterior Tibial Artery.
The anterior tibial artery comes in front
of the interosseous membrane, one inch and a quarter below the head of the

—
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bone. Its subsequent course is defined by a
front of the head of the fibula to the middle of the front
This line corresponds pretty nearly with the outer border of the
of the ankle.
If this muscle be put in action, its outer
tibialis anticus all the way doAvn.
border (the intermuscular line) is plainly seen, and the incision for the ligature
of the artery in any part of its course may be defined with the greatest precision.
The artery can be felt beating and can be compressed where it crosses
the front of the tibia and ankle.
The posterior tibial commences about one
122. Posterior Tibial Artery.
inch and a quarter below the head of the fibula. Its subsequent course corresponds with a line drawn from the middle of the upper part of the calf to the
hollow behind the inner ankle, where it can be felt beating distinctly about
half an inch behind the edge of the tibia.
vertical incision down the middle of the calf would reach the artery under cover of the gastrocnemius and
soleus.
vertical incision along the middle third of the leg, about half an
inch from the inner edge of the tibia, would enable the operator to reach the
artery sideways, by detaching from the bone the tibial origin of the soleus.
[The posterior tibial artery, behind the malleolus, lies midway between the
tendo Achillis, or the heel, and the malleolus. It is the middle of five strucfibula,

line

and here

lies close to this

drawn from the

—

A

A

tures in front of it are, (1) the tibialis posticus tendon, (2) the flexor longus
digitorum tendon behind it are (4) the posterior tibial nerve and (5) the flexor
longus pollicis tendon. It is important to observe that, as Wyeth has shown,
it bifurcates into the two plantar arteries at a line drawn from the point of the
malleolus to the middle of the heel.]
The subcutaneous veins on the dorsum of the foot form
123. Saphena Veins.
an arch convex towards the toes (as on the back of the hand), from which issue
the two main subcutaneous trunks of the lower limb, the internal and external
saphena veins. The internal vein can be always plainly seen over the front of
Its further course up the inner side of the leg, knee, and
the inner ankle.
thigh to its termination in the femoral is not in all persons manifest.
[It lies about half an inch behind the internal border of the tibia, skirts the
knee postero-internally, and, passing up the inside of the thigh, empties at the
saphenous opening into the femoral.
thrombus not uncommonly may form
The careful
in it, or in the femoral, or may extend from it into the femoral.
investigation of both veins then becomes very important, and is not generally
difl&cult, especially if we remember the course of the saphena and the relation
of the femoral to its artery.]
The external saphena vein runs behind the outer ankle and up the middle of
:

;

—

A

the calf to

empty

itself (generally) into the popliteal vein.

THE
What
124.

FOOT.

are the bony landmarks which guide us in the surgery of the foot ?
Points of Bone. Along the inner side of the foot, beginning from

behind, we can feel
internal malleolus;

—

—

the tuberosity of the os calcis 2, the projection of the
3, the projection of the os calcis, termed "sustentaculum
tali," about one full inch below the malleolus; 4, about one inch in front of the
malleolus internus, and a little lower, is the tubercle of the scaphoid bone the
gap between it and the sustentaculum tali being filled by the calcaneo-scaphoid
ligament and the tendon of the tibialis posticus, in which there is often a sesamoid bone 5, the internal cuneiform bone 6, the projection of the first
metatarsal bone
[On a line nearly
7, the sesamoid bones of the great toe.
midway from the scaphoid to the inner malleolus the head of the astragalus
can be felt. In front, with the foot in extension, we can feel also the upper
and lateral articular surfaces of the astragalus, and especially the ridges between
them.]
1,

;

;

;

;

;

—
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Along the outer side of tlie foot we can feel 1, the external tuberosity of
the OS calcis; 2, the external malleolus; 3, the peroneal tubercle of tlie os calcis,
one inch below the malleolus, with the long peroneal tendon below it, and the
short one above it; 4, the projection of the base of the fifth metatarsal bone.
In fat persons the following rules for finding the joints
125. Lines of Joints.
may be of service as regards the surgery of the foot
The level of the ankle joint lies about half an inch above the end of the inner
malleolus.
This is worth remembering in performing "Syme's" amputation.
The tubercle of the scaphoid bone is the best guide to the astragalo-scaphoid
joint which lies immediately behind it; and the plane of this joint is in the
same line as that of the calcaneo-cuboid. Thus a line drawn transversely over
the dorsum of the foot, behind the tubercle of the scaphoid, would strike both
the joints opened in " Chopart's" operation.
Place your thumb on the tubercle of the scaphoid, and measure about one
inch and a half in front here you find the joint between the internal cuneiform
bone and the metatarsal bone of the great toe. This point is useful in Lisfranc's
operation, which consists in the removal of the metatarsal bones.
The line of the calcaneo-cuboid joint lies midway between the external malleolus and the (tarsal) end of the metatarsal bone of the little toe.
The projection of the fifth metatarsal bone is tlic guide to the joint between
it and the cuboid.
Notice that the line of the joints between the metatarsal bones and the first
phalanges lies a full inch farther back than the interdigital folds of the skin.
This is a point to be remembered in amputating the toes.
The line of the dorsal artery of the foot is from the
126. Dorsal Artery.
middle of the ankle to the interval between the first and second metatarsal
bones.
The artery can be felt beating over the bones along the outer side of
the extensor longus pollicis, which is the best guide to it.
The synovial sheath of the extensor longus pollicis extends
127. Bursa.
from the front of the ankle, over the instep (apex of the internal cuneiform
bone) as far as the metatarsal bone of the great toe. There is generally a bursa
over the instep, above, or it may be, below, the tendon.
There is often a large irregular bursa between the tendons of the extensor
longus digitorum, and the projecting end of the astragalus, over which the tendons play. There is much friction here. It is well to be aware that this bursa
sometimes communicates with the joint of the head of the astragalus.
128. Plantar Arteries.
The course of the external plantar artery corresponds with a line drawn from the hollow behind the inner ankle obliquely
across the sole nearly to the base of the fifth metatarsal bone from thence the
artery turns transversely across the foot, lying (deeply) near the bases of the
metatarsal bones, till it inosculates with the dorsal arterv of the foot in the first
interosseous sjiace.
The course of the internal plantar corresponds with a line drawn from the
inner side of the os calcis to the middle of the great toe.
129. Plantar Fascia.
To divide the plantar fascia subeutaneously, the best
This is the
place is about one inch in front of its attachment to the os calcis.
narrowest part of it. The knife should be introduced on the inner side; and the
incision will be behind the plantar artery.
The subcutaneous section of the tendon of the abductor pollicis should be
made about one inch before its insertion.
[It is evidently the opinion of shoemakers that the axis of the sole of the
foot ought to be a median straight line, and the two borders symmetrically
curved towards it. If a foot they have not unduly distorted be observed carefully, it will be seen (B. Lee) that the axis i3 curved
that on the inner border
of the foot, the heel, and the front part of the foot are in nearly a straight line,
while the outer border is a curved line. If nature be followed, natural shaped
feet will be the result, and the miseries of corns and bunions be unknown.]

—
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The line of the davicle and the projection of the joint at
130. Clavicle.
Its direction is not
either end can always be felt, even in the fattest persons.
perfectly horizontal, but slightly inclined downwards, when the arm hangs
When the body lies fiat on the back, the shoulder not
quietly by the side.
only falls back, but rises a little, the weight of the limb being taken oif.
Hence the modern practice of treating fractures of the clavicle (in the early
stage) by the supine position.
in

On the front surface of the clavicle, not far from its acromial end,
many persons of mature age a spine-like projection of bone. So

there

is

far as I

A

gentleman, himself a surgeon, showed me
it has not been described.
an instance in his own person. He suspected it was an exostosis.
As a rule the acromio-clavicular joint forms an even plane. But there is
sometimes a knob of bone at the acromial end of the clavicle or it may be
only a thickening of the fibro-cartilage, sometimes existing in the joint. In
either case this relief might be mistaken for a dislocation, or even for a fracture.
reference to the other shoulder might settle the question.
[Being subcutaneous throughout, the clavicle can readily be seized and examined for fracture, syphilitic nodes, etc. If before a glass the arm be swung
round, raised and lowered, the shoulder be shrugged, etc., we shall appreciate
the fact that this is the only bony connection the arm has with the body, and
to what a very large extent it is movable, the sterno-clavicular joint being the

know,

;

A

pivot.]

—We

131. Bony Points of the Shoulder.
can distinctly feel the spine of
the scapula and the acromion, more especially at the angle where they join behind the shoulder. This angle is the best place from which to measure in
taking the comparative length of the arms.
In some shoulders, though very rarely, there is an abnormal symphysis between the spine of the scapula and the acromion. There may indeed be two
symphyses and two acromial bones, the acromion having two centres of ossifi-

These normal symphyses might be mistaken for fractures, until we
cation.
have examined the opposite shoulder, which is sure to present a similar conformation.^

—Projecting

beyond the acromion (the arm hanging by the
through the fibres of the deltoid, the upper part of the humerus. It distinctly moves under the hand when the arm is rotated. It is not
the head of the bone which is felt, but the tuberosities, the greater externally, the
lesser in front.
These tuberosities form the convexity of the shoulder. When
the arm is raised, this convexity disappears there is a slight depression in its
The head of the bone can be felt by pressing the fingers high up in the
place.
Tuberosities.

side),

we can

feci,

;

axilla.

The absence of

prominence formed by the upper part of the humerus
and the presence of a prominence low in the hollow of the
axilla, or in front, below the coracoid process, or behind, on the back of the
scapula, bespeak dislocation of the head of the bone.
In examining obscure injuries about the shoulder, it is worth remembering
that, in the normal relation of the bones, and in every position, the great tuberosity faces in the direction of the external condyle. The head of the bone faces
very much in the direction of the internal condyle.
It is worth remembering also that the upper epiphysis of the humerus
includes the tuberosities; and that it does not unite by bone to the shaft, till
about the 20th year.
By making deep pressure in front of tlie shoulder, when the arm is pendent

under the

'

vii.,

this

deltoid,

See Pruge on " Ossa Acromialia " (" Zeitschrift fur rationelle Medizin "),
1850.

3.

Reihe, Bd.
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feel
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the bicipital groove [between the two tuberosities].

It

and runs in a line drawn vertically downwards through
We should be aware of
the middle of the biceps to its tendon at the elbow.
this, lest it be mistaken for a fracture.
looics directly forwards,

—

Coraco-Acromial Ligament, Under the anterior fibres of the delwe can distinctly feel the position and extent of the coraco-acromial liga-

132.
toid,

A

knife, passed vertically through the middle of it, goes at once into
ment.
the shoulder joint and strikes the bicipital groove with the tendon, a point to

be remembered in excision.
In persons of an athletic build the triangular form and beautiful structure of
The depression
the deltoid become conspicuous when the muscle is in action.
on the outer side of the arm, indicating its insertion, is the place selected for
issues or setoos.

The arm being held up by an assistant, the anterior and posterior borders of
the relaxed deltoid admit of being raised so that in amputation at the shoulder
the knife can be introduced beneath the muscle to make the flap,
[To show its borders best, let the model place his elbow on
133. Axilla.
your shoulder and press down upon it, when the muscles will be brought into
strong relief.]
The anterior border of the axilla, formed by the pectoralis
major, follows the line of the fifth i-ib. In counting the ribs, or in tapping the
chest, it is worth remembering that the highest visible digitation of the serratus
magnus is attached to the sixth rib. The angle of the digitation is directed
forwards, and corresponds to the upper edge of the rib.
The second visible
digitation corresponds to the seventh rib; the interval between these digitations,
therefore, corresponds to the sixth intercostal space
a convenient place for
tapping the chest. (38)
In the normal state no glands can be felt in the axilla. [But in feeling to see
if they are enlarged, remember that they lie next the chest, at the inner, and
not the outer, wall of the axilla; a fact which facilitates also their removal.]
When the arm is raised to a right angle with the
134. Axillary Artery.
body, and the head of the humerus thereby depressed, the axillary artery is
plainly felt beating, and can be perfectly compressed on the inner side of the
This muscle stands out in relief along the humeral side of
coraco-brachialis.
the axilla, and is the best guide to the artery.
line drawn along its inner
border that is, down the middle of the axilla corresponds with the course of
the artery.
The depth and form of the axilla alter in different positions of the arm. In
the arm raised and abducted the axilla becomes nearly flat; hence this position

—

—

—

—

—

A

always adopted in operations.
In opening abscesses in the axilla, the incision should be made midway between
the borders, and the point of the knife introduced from above downwards.
135. Brachial Artery.
When the arm is extended and supinated, a line
drawn from the deepest part of the middle of the axilla down the inner side of
the biceps to the middle of the bend of the elbow, corresponds with the course
of the brachial artery.
The artery can be felt and compressed all the way down;
but nowhere so effectually as midway, where it lies on the tendon of the coracobrachialis close to the inner side of the humerus.
The only direction to apply
the pressure effectually is outwards and a little backwards, else the artery will
slip off the bone.
[A high bifurcation very often occurs, and would probably
be perceptible on careful examination.
The median nerve lies to the outside of the artery above, crosses it, usually
front, at the middle, and lies to the inside below.
It can usually be felt and
very easily differentiated from the artery.]
The musculo-spiral nerve and superior profunda artery wind round the back
of the humerus about its middle, and come to the front of the external condyloid ridge [in the groove between the supinator longus and the brachialis
anticus. where it is accessible to the battery and in operations].
Thus for full
is

—

m
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three inches above the condyles, there is nothing to interfere witli operations on
the bade of the bone, wliich is here broad and flat.
At the bend of the elbow, the tendon of the biceps
136. Bend of Elbow.
can be plainly felt, as well as the pulsation of the brachial artery close to its
inner side, before dividing into the radial and ulnar.
[If the arm be strongly
flexed at a right angle, by attempting to lift a heavy table, for instance, the
bicipital fascia can be outlined hj the finger, and in many persons by the

—

eye.]

—

Cutaneous Veins. The bend of the elbow in young children and in persons with fat and round arms, presents a semicircular fold of which the curve
embraces the lower part of the biceps; but in muscular persons we see the distinct boundaries of the triangular space, formed by the pronator teres on the
inner side, and the supinator longus on the outer. Here can be traced, standing
out in strong relief under the thin white skin, the superficial veins, which, in
days gone by, when bloodletting was the fashion, were of such great importance.
Their arrangement, although subject to variety, is very much like the brandies
of the letter M, the middle of the
being at the middle of the elbow. Of
these branches the median basilic, which runs over the tendon of the biceps, is
the largest and most conspicuous, and is generally selected for venesection; it
crosses the course of the brachial artery, nothing intervening but the semilunar
aponeurosis from the tendon of the biceps.
137. Landmarks of Elbow.- It is of great importance to be familiar with
the relative positions of the various bony prominences about the elbow.
can always feel the internal and external condyles. The internal is the more
prominent of the two, and a trifle higher.
can always feel the olecranon. This is somewhat nearer
Olecranon.
[On strong flexion, the groove in the
to the inner than to the outer condyle.
humerus for the olecranon can be readily felt, and even seen.] Between the
olecranon and the internal condyle is a deep depression in which lies the ulnar
nerve (vulgarly called the "funny bone").
On the outer side of the olecranon, just below the extei'nal condyle, is a pit
This
in the skin, constant even in fat persons (when the elbow is extended).
pit is considered one of the beauties of the elbow in a graceful arm
it is seen
in a child as a pretty little dimple.
To the surgeon it is most interesting, as in
this valley behind the supinator longus and the radial extensors of the wrist he
can distinctly feel the head of the radius rolling in 23ronation and supination of
the forearm. It is, therefore, one of the most important landmarks of the
elbow, since it enables us to say whether the head of the radius is in its right
place, and whether it rotates with the shaft.
Can the tubercle of the radius be felt ? Yes, but only on the back of the
forearm in extreme pronation. Its projection is then distinctly perceptible just
below the bead of the bone.
Relations of Olecranon and Condyles. To examine the relative positions of the olecranon and condyles in the difterent motions of the elbow-joint,
place the thumb on one condyle, the tip of the middle finger on the other, and
In extension, the highest point of
the tip of the forefinger on the olecranon.
the olecranon is never above the line of the condyles; indeed, it is just in this
line.
With the elbow at right angles the point of the olecranon is vertically
below the line of the cond3^1es. In extreme flexion the point of the olecranon
lies in front of the line of the condyles.
All these relative positions would be altered in the dislocation of the ulna,
but not (necessarily) in a fracture of the lower end of the humerus.
Sometimes, though rarely, we meet with a hook-like projection of bone above
the internal condyle. It is called a " supra-condyloid" process; it can be felt
through the skin, with its concavity downwards, and is a rudiment of the bony
canal which, in many mammalia, transmits the median nerve and ulnar artery.

M
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third origin of the pronator teres
the brachial arter3^^

Bursae.

is

always attached to

it
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this origin covers

— The subcutaneous bursa over the olecranon,

as large as a walnut.
npon the ulna. There

if distended, would be
second bursa sometimes exists a little lower down
also a small subcutaneous bursa over each of the con-

A
is

d^des.

The vertical extent of the elbow-joint is limited, above bj a line drawn from
one condyle to the other below, by a line corresponding to the lowest part of
the head of the radius.
About one inch below the head of the radius,
138. Interosseous Arteries.
the ulnar artery gives off the common interosseous and this divides, about
half an inch lower, into the anterior and posterior interosseous.
Thus, in amputating the forearm, say two inches below the head of the radius, four arteries
;

—

;

would require ligature.
flexion of the elbow to the utmost, the circulation through the brachial
artery can be arrested but the position is painful, and can be tolerated only for
a short time.
Lymphatic Gland. There is a small lymphatic gland just above the inner
condyle, in front of the intermuscular septum.
It is the first to take alarm in
poisoned wounds of the hand.
at least

By

;

—
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The edge of the ulna can be felt subcutaneous from the olecra139. Ulna.
Any irregularity could be easily
to the styloid process (in supination).
detected.
The styloid process of the nlna does not descend so low as the styloid
process of the radius, or it would impede the free abduction of the hand.
Its
apex is on a level with the radio-carj^al joint. The head of the ulna is plainly
felt and seen projecting at the back of the wrist, especially in pronation of the
forearm. It then lies between the tendons of the extensor carpi ulnaris and
extensor minimi digiti. There is often a subcutaneous bursa over it. [In supination, it is the styloid process, and not the head of the ulna, which is felt
posteriorly.]
1-10. Radius.
The upper half of the shaft of the radius is so covered by
muscles that we cannot feel it the lower half is more accessible to the touch,
especially just above and just below the part where it is crossed by the extensors of the thumb.
Its styloid process is readily felt, and made all the more
manifest by being covered by the first two extensor tendons of the thumb. It
descends lower, and lies more to the front than the corresponding process of the
ulna.
The relative positions of these styloid processes can be best examined by
placing the thumb on one and the forefinger on the other.
Feel for the little bony pulley on the back of the radius near the wrist, which
keeps in place the third extensor tendon of the thumb. This and the bone
just above it is the place which we examine for a suspected fracture (termed
non

—

;

Oolles's) near the

lower end of the radius.

—Below the styloid process of the

radius, just on the inner side
of the extensors of the thumb, we feel the tubercle of the scaphoid bone.
Between the styloid process and the tubercle is the level of the radio-carpal joint.
little lower we feel the trapezium.
Just below the ulna on the palm of the hand we feel the pisiform bone and
on the inner side of this, the cuneiform.
There are several transverse furrows on the palmar aspect of the wrist. The
lowest of these, which is slightly convex downwards, corresponds with the upper

141.

Carpus.

A

;

*
See on this subject a monograpli, " Canalis Supra-Oondyloideus Humeri."
Petersburg, 185G.

By W.

Grliber.
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tlie anterior annular ligament and the intercarpal joint.
The lino of the
radio-carpal joint, as already stated, is on a level with the apex of the styloid
process of the ulna.
In forcible [and resisted] flexion of the wrist, the tendon of the flexor carpi
radialis and that of the palmaris longus come up in relief.
On the outer side of
the first-named tendon we feel the pulse, the radial artery here lying close to
the radius.
The tendon of the palmaris longus runs near the middle of the wrist, and
close to its inner border runs the median nerve.
In letting out deep-seated
matter near the wrist, the incision should be made close to and parallel with
the inner edge of the radial flexor tendon, so as to avoid injury to the median
nerve.
[The median nerve in the forearm lies under the flexor sublimis digitorum, in a line drawn from the bend of the elbow just inside the artery to a
point between the tendons of the palmaris longus and the flexor carpi radialis.
It is here not only amenable to operations, but often is cut in accidents.]
can feel the tendon of the flexor carpi ulnaris for some distance above
the wrist. It overlies the ulnar artery, and somewhat masks its pulsation.
The "pulse at the wrist" is felt just outside the tendon of the
142. Pulse.
flexor carpi radialis.
In feeling the pulse it should be remembered that, in
some cases, the superficialis volse arises higher and is larger than usual. In
such cases it runs by the side of the radial artery, and gives additional volume
to the pulse.
The old writers call it " pulsus duplex," When in doubt, therefore, it is well to feel the pulse in each, wrist.
14:3. Great Carpal Bursa.
The great synovial sheath under the annular
ligament common to the flexor tendons of the fingers and the long flexor of
the thumb, extends, upwards, about an incli and a half above the edge of the
ligament, and, downwards, as low as the middle of the palm.
This general
synovial sheath communicates witb the special sheaths of the thumb and the
little finger
not with that of the index, middle, and ring fingers.
111. *' Tabatiere Anatomique."
On the outer side of the wrist we can
distinctly see and feel, when in action, the three extensor tendons of the thumb.
Between the second and third there is deep depression, at the root of the thumb,
whicli the French, humorously call the " tabatiere anatomique."
In this depression we can make out
1, the relief of the superficial radial vein; 2, the radial
artery, in its passage to the back of the hand
3, the upper end of the metacarpal bone of the thumb.
The relative positions of the several
145. Tendons on Back of Wrist.
extensor tendons of the wrist and fingers, as they play in their grooves over
the back of the radius and ulna, can all be distinctly traced when the several
muscles are put in action. The length of their synovial sheaths should be
remembered. They vary from one inch and a half to two inches and a half.
The longest of all are those of the extensors of the thumb. When these
sheaths are inflamed and swollen, the motion of the tendons becomes painful
and gives rise to a feeling of crepitus, called "tenalgia crepitans" by some
writers.
It is said to be met with sometimes in pianists.
[On the overstretching of these muscles, see § 111.]
146. Lines of Arteries. -The course of the radial artery corresponds with
a line drawn from the outer border of the tendon of the biceps at the bend of
the elbow down the front of the forearm to the front of the styloid process of

edge of

We

—

—

;

—

—

;

—

—

the radius. In the upper third of its course the artery is overlapped by the
supinator longus. To make allowance for this, the incision for the ligature of
the artery in this situation should be made, not precisely in the line of its
course, but rather nearer the middle of the forearm.
The line of the ulnar artery runs from the middle of the bend of the elbow
The radial
(slightly curving inwards) to the outer side of the pisiform bone.
and ulnar arteries can, in most cases, be effectually commanded by pressure well
applied at the wrist, in wounds of the palmar arch.

THE HAND.
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Before we make incisions along the forearm, it is always desirable to ascertain
whether the ulnar artery, which usually runs under the superficial muscles, may
not run abnormally over them in which case its pulsations can be felt all down
;

the forearm,

THE HAND.
14:7. It is beside the purpose here to examine the question whether the hand
can tell more than the arm, the leg, or anj^ other part of the body, about the
physical constitution of its owner, and to what use it has been put. Those whc
are interested in this subject should read a very elaborate treatise by Carus.^
" On the Reason and Meaning of the Different Forms of the Hand."
Still less
would I indulge curiosity by inquiring whether the professors of chiromancy,
relying on the text "erit signum in manu tua et quasi monumentum ante oculos
tuos," can advance any reasonable pretensions for their assertion that they can
read in the furrows of the palm the future destiny of its master.
148. Furrow in Palm.
The only furrow in the palm useful as a surgical
landmark is that which runs transversely across its lower third [from the ulnar
border to the interspace between the fore- and middle-fingers], and is well seen
when the fingers are slightly bent. This transverse furrow corresponds pretty
nearly with the metacarpal joints of the fingers, with the upper limit of the
sjmovial sheaths of the flexor tendons of the fingers (that of the little finger
excepted (143)) also with the splitting of the palmar fascia into its four slips.
The transverse metacarpal ligament lies in the same line with it. Again, a
little below this furrow, the digital arteries bifurcate to run along the opposite
sides of the fingers.

—

;

—

By pressing upon the interdigital folds of skin,
transverse ligament of the fingers, which prevents their too
wide separation. The skin of these folds is much thinner on the dorsal than
the palmar aspect
hence deep-seated abscesses in the palm very frequently
burst on the back of the hand.
150. Digital Furrows,
Concerning the transverse furrows on the palmar
surface of the fingers, notice that the first furrows, close to the palm, do not
correspond with the metacarpal joints. The second and third furrows do correspond with their respective joints.
The slight depression observable between the ball of the thumb and that of
the little finger corresponds with the middle of the anterior annular ligament.
151. Palmar Arterial Arches.
In opening abscesses in the palm, it is
important to bear in mind the position of the large arterial arches which lie
beneath the palmar fascia. The line of the superficial palmar arch crosses the
palm about the junction of the upper with the lower two-thirds that is, in the
line of the thumb separated widely from the fingers.
From this, the digital
arteries run straight between the shafts of the metacarpal bones towards the
clefts of the fingers.
Incisions, therefore, to let out pus beneath the palmar
fascia may safely be made in the lower two-thirds of the palm, provided they
run in the direction of the middle line of the fingers. The deep palmar arch
lies half an inch nearer the wrist than the superficial.
152. 'Digital Arteries.
As the digital arteries run along the sides of the
fingers, the incision to open a thecal abscess should be made strictly in the middle line.
It should be made not over but between the joints, since the sheath
is strongest and thickest over the shafts of the phalanges, and therefore more
likely to produce strangulation of the inclosed tendons.
153. Metacarpal Joint of Thumb.
The joint of the metacarpal bone of
the thumb with the trapezium can be distinctly felt by tracing the dorsal surface of the bone upwards till we come to the prominence which indicates the
149.

we can

Interdigital Folds.
feel the

;

—

—

—

—

—

'

" Ueber Gnind

unci Bedcutuns" fler verscliiedencn

Formon dcr Hand."

Stuttgart, 1846.
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joint at the bottom of tlie " tabatiere aDatomique" (140).
Supposing, however,
there be much swelling, the knife introduced at the angle between the lirst and
second metacarpal bones readily finds the joint if the blade be directed out-

wards.
154. Sesamoid Bones.
The sesamoid bones of the thumb can be distinctly
Just above them that is, nearer to the wrist lies the joint between the
felt.
metacarpal bone and the first phalanx.
should remember the position of
these bones in amputation at this joint.
Mutatis mutandis the same observations apply to the sesamoid bones of the great toe.
The extensor tendon of the last joint of the thumb crosses the apex of the
first interosseous space.
Under the tendon, and in the angle between the bones,
we feel the radial artery just before it sinks into the palm.
155. Subcutaneous Veins.
The veins on the back of the hand, and their
arrangement in the form of arches which receive the digital veins, is sufficiently
obvious.
The number and arrangement of the arches may vary, but in all
hands it is interesting to notice that the veins from the fingers run up between
the knuckles and out of harm's way.
Since the dorsal interosseous arteries, like
156. Interosseous Arteries.
the palmar, run along the interosseous spaces, incisions to let out pus should
always be made along the lines of the metacarpal bones.
Small subcutaneous burste are sometimes developed
157. Digital Bursas.
over the knuckles and the backs of the joints of the fingers. They often become enlarged and unseemly in persons of a rheumatic or gouty tendency.
The three rows of projections called
158. Knuckles and Digital Joints.
"the knuckles" are formed by the proximal bones of the several joints: thus
the first row is formed by the ends of the metacarpals the second by the ends
In amputations of the fingers it is well to
of the first phalanges, and so forth.
remember that in all cases the line of the joints is a little in advance of the
knuckles, that is, nearer the end of the fingers.
Long and graceful fingers, coupled with thickness and breadth of the sentient
pulp at their ends, and too great arching of the nails, have been regarded, ever
since the days of Hippocrates, as not unlikely indications of a tendency to pul-

—

—

—

We

—

—

—

—

;

monary

disease.

[Staining the nails (e. g.^ by nitric acid) affords a means of determining the
fact and the rate of their growth, and, therefore, of the nutritive processes in
the corresponding arm or leg.]

PALPATION

BY THE

RECTUM.

The following report is from Mr. Walsham, of St. Bartholomew's Hospital,
who, having a small hand (somewhat less than seven and a half inches round),
has had opportunities of introducing it up the rectum, in the living subject, for
the purpose of diagnosis
"It is possible to introduce the hand (if small) into the rectum; in manj^
cases into the sigmoid flexure, and in rare instances into the descending colon.
" Once beyond the sphincter, the hand enters a capacious sac, and the following important parts can be felt through its walls
" Through the anterior wall the hand first recognizes the prostate, which feels
Immediately behind the prostate, the vesilike a moderately large chestnut.
cul^e seminales may be distinguished as two softish masses situated one on either
Internal to them, the whipcord-like feel of the vasa
side of the middle line.
deferentia can be readily traced over the bladder to the sides of the pelvis.
" The bladder is easy recognized, when moderately distended, as a soft fluctuating tumour behind the prostate when empty it cannot be distinguished from
the intestines, which then descend between the rectum and the pubes. The
arch of the pubes can be well defined when the bladder is empty.
:

:

;

—
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posterior wall of the bowel the coccyx and sacrum can be felt,
sacram being readily followed by the hand.
"The projecting spine of the ischium on each side of the pelvis is a valuable
landmark. From this point the outlines of the greater and lesser sacro-ischiatic
foramina can be traced by the fingers; and any new growth, encroaching on the
pelvic cavity through these apertures, could be easily detected.
"If the hand be now pushed farther up the gut, the promontory of the sacrum
is reached; the pulsation of the iliac vessels becomes manifest, and the course
of the external iliac can be traced along the brim of the pelvis to the crural
arch, the loose attachments of the rectum permitting very free movement in
"

Through the

the curve of the

The internal iliac artery can also be followed to the upper part
of the great sacro-ischiatic foramen.
"By semi-rotatory movement, and alternately flexing and extending the fingers, the hand can gradually be insinuated into the commencement of the sigmoid flexure. In the sigmoid flexure the fingers can explore the whole of the
lower part of the abdomen, the loose attachment of this portion of the gut
permitting the hand to travel freely over the iliac and hypogastric regions.
"The parts that can here be felt are the bifurcation of the aorta, the division
of the common iliac arteries, the iliac fossa, and the crest of the ilium.
"In the female, the uterus in the middle line, and the ovaries on either side,
can be readily distinguished.
"In the introduction of the hand into the rectum, in a patient under chloroform, the dilatation of the sphincter ani should be very gradual: first two finIt is necessary to use
gers, then four, and finally the thumb should be passed.
considerable force, and unless care be taken, not only the integumentary edge
The introduction is
of the anus, but the sphincter itself, may be lacerated.
facilitated by the application of the other hand upon the abdomen.
"When the dilatation has been gradual and the hand not too large, no incontinence of feces and no very considerable amount of pain has resulted.
"We have been informed on reliable authority that permanent incontinence
of feces has occasionally followed these examinations."
Lastly, we think it right to insist upon the important feet that, in some subjects, even a small hand cannot be passed up the rectum beyond the reflection
In such instances tho periof the peritoneum over the second part of the gut.
toneum offers a resistance like a tight garter, and prevents the farther advance
of the hand without great risk of laceration of the parts.
this direction.

EXAMINATION PER VAGINAM.
am indebted to Dr. Godson, of St. Bartholomew's Hospital
finger introduced into the vagina comes upon the caruncul93 myrtiformes, which are vascular membranous processes independent of the hymen,
variable in number, size, and form.
It also feels the transverse ridges known
as "rugge."
"Along the anterior wall of the vagina the finger readily detects the track of
the urethra, which feels like a prominent cord and forms an excellent guide to
the orifice of the meatus urinarius in passing a catheter. The orifice is indicated
by a slight semicircular prominence, situated about one-third of an inch above
the orifice of the vagina.
Behind the urethra the finger comes upon the posterior
wall of the bladder. But the bladder is not perceptible, as such, to the touch
With a catheter previously introduced it is much more readily
unless distended.
For

this report I

:

"The

explored.
" The septum between the vagina and the rectum is so thin that, should the
rectum contain fecal matter, its presence becomes at once apparent to the finger.

For further information on this subject, see a paper by Mr. Walshani, in St. Bartholomew's
Hospital Reports, vol. xii.
'

990

LANDMARKS, MEDICAL AND SURGICAL.

"The cervix uteri is felt protruding from the roof of the vagina in a direction
downwards and backwards that is, in a line from the umbilicus to the coccyx.
The OS uteri is felt, small and round, in the centre of the cervix. The posterior
lip feels a little lower than the anterior.
The cul-de-sac formed by the vagina
in front and behind the cervix should be perfectly elastic to the touch, and not
communicate the sensation of a resisting body. Any resistance liere bespeaks

—

an abnormal condition.
"The bony landmarks within reach of a finger, or perhaps two, in a woman
who has not borne a child, are the symphysis pubis, the rami of the pubes and
ischia.
The coccyx and part of the hollow of the sacrum may also be felt, but
not without exerting much pressure on the posterior wall of the vagina, which
gives considerable pain. If the promontory of the sacrum can be felt, it is a
sign that the conjugate diameter of the pelvis is abnormal.
"The finger in the rectum can detect almost everything which has been mentioned in connection with the vagina.
The shape and direction of the cervix
uteri are almost as perceptible, and the posterior wall of the uterus can be examined. The peritoneal fold termed recto-vaginal (Douglas's space) can also be
well explored, and anything abnormal detected in this direction
a point of
great importance in the diagnosis of diseases and displacements of the uterus.
"The ovary in its normal state and position cannot be detected by the touch
even with the hand firmly pressed on the hypogastrium. If a movable body
be felt through the vaginal roof on one side of the cervix, if this body be exquisitely tender and recede at once from the finger, it is an ovary in a state of

—

prolapse.

"The fundus of a healthy unimpregnated uterus never rises above the level
of the brim of the pelvis, and cannot therefore be felt by pressing the hand on
the hypogastrium.
"The direction of the uterus is subject to changes which cannot be looked
upon as abnormal. The fundus may be thrown backwards by a distended
bladder, or forwards by a distended rectum.
The axis of its cavity is not a
straight but a curved line; and uterine sounds should be shaped to suit it."
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of,

development

of,

151

central, of cochlea,

femoro-tibial, 334
of foot, 340

cerebro-spinal, 610

immovable, 287
interchondral, 307
knee, 334
larynx, 844
lower extremity, 330
metacarpal, 329

metacarpo-phalangeal,
328,
329
metatarsal, 346
metatarso-phalangeal, 346
mixed, 289
movable, 287, 289

movements

292
299
occipito-axoid, 300
of pelvis, 308
with spine, 308
phalanges, 330, 346
pubic, 311
radio-carpal, 323
of,

occipito-atloid,

radio-ulnar, inferior, 322

middle, 321
superior, 321
sacro-coccygeal, 310

512

Axis,"l45

elbow, 318

hand, 324
hip, 330

488
thyroid

Articulations
costo-chondral, 307

coeliac,

758

533

thyroid, 509
Axis-cylinder of nerve tubes, 64
of Purkinje, 64

Back, furrows of, 958
landmarks of, 958
muscles of, 380
and socket joint.

Ball

See En-

arthrosis.

Band, furrowed, 646
horny, 636
ilio-tibial, 441
Bartholine, duct of, 778
gland of, 900
Basement membrane, 100
Bauhin, valve of, 805
Beak of corpus callosum, 635
Beale's researches on motor
nerves, 80
Beaunis and Bouchard, table of
development, 138
Bertini, column of, 869
Bicuspid teeth, 767
Bioplasm, 39
Bladder, 879
arteries of, 883
base of, 880
body of, 880
cervix of, 880
female, 900
fundus of, 880
interior of, 882
landmarks of, 936
ligaments of, 880, 939
lymphatics of, 606, 883
muscles of, 881
neck of, 880
nerves of, 883
structure of, 881
summit of, 879
trigone of, 882
uvula of, 883
veins of, 883
Blastema, 38, 771
Blastoderm, 104
Blastodermic membrane, 104

309
309
sacro-vertebral, 308
surgical anatomy of, 526
scapalo-clavicular, 314
recurrent, anterior, 527
scapulo-humeral, 316
posterior, 527
shoulder, 316
umbilical in foetus, 839, 841
of spine with cranium, 299
uterine, 546, 904
sterno-clavicular, 312
vaginal, 546
landmarks of, 953
of vas deferens, 545
of sternum, 307
vasa aberrantia of arm, 519
tarsal, 342
brevia, 536
tarso-metatarsal, 345
intestmi tenuis, 536
temporo-maxillary, 301
vertebral, 507
tibio-fibular, inferior, 339
primitive, 126
middle, 339
vesical, inferior, 545
superior, 338
middle, 545
of the trunk, 293
superior, 545
of tympanic bones, 754
vestibular, 762
of upper extremity, 312
vidian, 493
of vertebral column, 293
Arteriole rectee, 874
wrist, 323
Blood, 33
Arthrodia, 289
Arytenoid cartilage, 843
circulation of, in adult, 833
Articulations, 287
Astragalus, 280
in foetus, 839
acromio-clavicular, 314
Atlas, 144
coagulum of, 33
ankle, 340
composition of, 33
development of, 151
astragalo-calcanean, 342
Atrabiliary capsules, 877
corpuscles, 33, 34
astragalo-scaphoid, 342
Auricle of ear, 748.
development of, 126
See Pinna,
atlo-axoid, 297
of heart, 829. 830, 834
crystals, 36
calcaneo-astragaloid, 342
appendix of, 830, 834
disks, 33, 34
calcaneo-cuboid, 343
left, 834
gases of, 35
calcaneo-scaphoid, 344
openings in, 831, 832
general anatomy of, 33
carpal, 324
right, 830
globules, 33, 34
carpo-metacarpal, 327
septum of, 830, 834
serum of, 33, 37
chondral, 307
sinus of, 830, 834
Bochdalek, ganglion of, 657, 659
classification of, 290
valves in, 831, 833
on triticeo-glossus, 849
coccygeal, 810
Axilla, 512
Body, development of, 102
of,

landmarks

of,

sacro-iliac,

sacro-sciatic,

—

—
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Bodygrowth

of,

See also Corpus and Corpora.
Bone or Bones, animal constitof,

51

apophyses

57

of,

arteries of, 49

287

articular lamella of,
canalieuli of, 50
cancellous tissue of,

47

compact

of,

tissue of,

descriptive

52

magnum, 249
141

of,

52
diaphysis of, 56, 57
dlploe of, 141
earthy constituent of, 52
eminences and depressions
of, 142
epiphyses of, 57
general anatomy of, 47
growth of, 52
Haversian canals of, 50
systems of, 50
spaces of, 50
inorganic constituent of, 51
lacunas of, 50
lamellfB of, 50
lymphatics of, 49
marrow of, 48
medullary canal of, 48
membrane of, 49
spaces of, 50
microscopic structure of, 50
mineral base of, 50
minute anatomy of, 50
nerves of, 49

number

of, 141
organic constituent
ossification of, 52

of,

of,

number

perforating fibres

periosteum

of,

51
of,

50

48

secondary, 118
tissue of,

56

malar, 189
malleus, 754
maxillary, inferior, 195
superior, 184

lateral ventricles of, 634,

metacarpal, 250

membranes

48

landmarks
lobes

mixed. 142
nameless, 253
navicular, 280
orbicular,

160
754

palate, 191

164
269
pelvic, 260, 878
phalanges of foot. 284
of hand, 252
pisiform, 248
pubic, 255, 258
radius, 242
ribs, 220
sacrum, 142, 152
scaphoid of carpus, 245
of tarsus, 280
scapula, 227
semilunar, 246
sesamoid, 286

septum

patella,

in lobules
lung, 859
Brunner's glands, 803

Bubonocele, 917
Bulb, artery of, 548, 934
of corpus cavernosum, 888
of corpus spongiosum, 888
olfactory, 650
Bulbi vestibuli, 900
Bulbs of fornix, 632, 639
Burns, ligament of, 922
Bursffi,

digital,

982

447

754

sternum, 217
supernumerary, 159, 182

277

trapezium, 248

ethmoid, 179
183
femur, 263
fibula, 273
flat, 141

277
166
hand, 244

foot,

frontal,

288

carpal, 980
gluteal,

tibia,

182

landmarks

turbinated, inferior, 193
middle, 181
superior, 181

vomer, 194
wormian, 159, 182

of,

970

0/EOUM, 805

Calamus

tympanic, 750
ulna, 237
unciform, 249
unguis, 189
vertebra dentata, 145
prominens, 146
coccygeal, 142, 152
dorsal, 142, 147
lumbar, 142, 149
sacral, 142, 152

patellar, 982

of shoulder, 316
synovial, 288
of wrist, 980
Buttocks, folds of, 971

trapezoid, 248

vertebrffl, cei'vical, 142,

of ham, 559
mucos83, 288
of olecranon, 979
plantar, 975
popliteal, 982

270

triquetral,

of

of,

sphenoid, 174
sphenoidal spongy, 178

144
axis, 145
calcaneum, 277
carpal, 244
clavicle, 225
coccyx, 156
cranial, 159
cuboid, 278
cuneiform of carpus, 246
of tarsus, 281
ear, 753

614

of,

850

of,

short, 141

astragalus, 280

facial, 159,

627, 630

structure

temporal, 169
atlas,

of,

859

parietal,

tarsal,

635

947

middle, 120
subdivision into parts, 618
upper surface of, 624
weight of, 618
Breasts, 908
Bridge of nose, 183
Bronchi, 850
mode of subdivision in lung,

nasal, 183

occipital,

of,

levels of, 947

metatarsal, 283

stapes,

47

structure of, 47
vessels of,

120
arachnoid of, 616
base of, 630
convolutions of, 67
development of, 120
dura mater of, 615
fore, 120
hinder, 120
interior of, 633
intermediary, 120

long, 141

of,

ossific centres,

Cerebrum.
after,

lesser lachrymal, 189

47

anatomy

development

on structure of kidney, 870
Brachia of optic lobes, 643
Brain, 63, 614, 618.
See also

humerus, 232
hyoid, 215
ilium, 254
incisive, 188
incus, 754
innominate, 253
intermaxillary, 188
irregular, 142
isclnum, 254, 257
lachrymal, 189
lingual, 215

48
chemical analysis
cells,

spongy

Bowman

Bone or Bones

102
Malpighian, 869
of vertebra, 143

uent

995

scriptorius, 620, 648

Calcaneum, 277
articulations of, 278

attachment
278
143

of

muscles

Calcification of cartilage, 53
Oalices of kidney, 869, 875
Callender on hernia, 922
Canal or Canals
accessory palatine, 191

ahmentary, 764
for Arnold's nerve, 173
auditory, 750

to,

—

—
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Canal or Canals
carotid, 1T3, 174
central of modiolus, 758
of spinal cord, 73
for
chorda tymiiani, 170,
756
crural, 924
dental, anterior, 185
inferior, 197
posterior, 184
ethmoidal, 1()8
femoral, 924
of Fontana. 735

Haversian, of bone, 50
of Huguier, 1 70, 667, 751
of Hunter, 554
landmarks of, 970
incisive,

incisor,

205
187

of,

963

184

naso-palatine, 194
of Fuck, 897, 908
palatine, accessory, 191, 192,

205
anterior, 187, 205
posterior.
184, 186,

191,

of Petit, 743

815

pterygoid, 176
pterygo-palatine, 176
sacral,

155

of Schlemm, 735
semicircular, 757.
See Semicircular canals.

spermatic, ^14
spinal,

159

of spinal cord, 73, 120
spiral, of cochlea, 758, 759
of modiolus, 758
of Stilling, 742

temporo-malar, 190
for tensor tympani, 173, 753
vertebral, 159
Vidian. 178
of "Wirsung, 821
Canaliculi of bone, 50
of evelids, 747
Canalis cochlea?, 758, 760
membranacea, 760
reuniens, 761
spirahs modioli, 759
Cancellous tissue, 47
Canthi of eyelids, 744
Capillaries, 83

818
pulmonary, 861
Capitellum of humerus, 320
Capsular ligament. See Ligament.
Capsule, atrabiliarv, 877
of Glisson. 594, 792
of lens, 123, 742
in fcetus, 123, 743
bile,

635
cotyloid, 258
digital of fifth ventricle, 635
of lateral ventricle, 635
glenoid, 170, 230, 231

of larynx, 846
of pelvis, 262, 878
sigmoid, 238, 243
Cells,

38

of bone, 48
cleavage of, 103
of Corti, 761
of Deiters, 761
differentiation of, 103
ethmoidal, 176, 180, 181

hearing, 79

circumferential, 46
connecting, 45

hepatic, 816

223
cricoid, 843, 930
cuneiform, 844
of ear, 748
ensiform, 218

mastoid, 171, 752
myeloid, 65
nucleated, 38
of nerves, 63

lenticular,

*

of epiglottis, 844
fibro-, 45.
See Fibro-cartilage.

general anatomy

192, 205

Cavities of reserve of teeth, 774
Cavity, amniotic, 115
central of lateral ventricle,

giant, 55
goblet, 99

costal, 44,

malar, 190
medullary, 48, 120

portal,

287

arytenoid, 842
of auricle, 748
of bronchi, 850, 859

43
cellular, 44

for Jacobson's nerve, 173
lachrymal, 187, 189, 747

^~

articular, 44,

cells of,

inguinal, 914

nasal,

Cartilage or Cartilages, 44, 51

calcification of, 53

infraorbital, 184, 185

landmarks

Capsule
of Malpighian bodies of kidney, 869, 870
supra-renal, 876
of Tenon, 730
vascular of lens, 123
Caput cornu posterius, 70
gallinaginis, 883
Cardia of stomach, 798
Carpus, 244
articulations of, 323
development of, 252
landmarks of, 979

of,

hyaline, 44, 46
interai-ticular,

interosseous,

of
of
of
of
of

olfactory, 79, 729
parietal of stomach, 797
peptic, 796
salivary,

779

of Schultze, 65, 650

43

45
intercellular substance

797

of,

44

44

knee, 336
larynx, 842
Meckel, 119
nose, 727
pinna, 748

744
permanent, 44
reticular, 46
of Santorini, 844
semilunar of knee, 836
of septum of nose, 728
sesamoid, 286, 727
spongy, 44
stratiform, 46
structure of, 43
tarsal, 744
temporary, 44
thyroid, 842
palpebral,

of trachea, 851
of Wrisberg, 844
xiphoid, 217, 218
yellow, 46
Cartilagines minores of nose, 727
Cartilago triticea, 845
Caruncle, lachrymal, 746

Caruncula lachiyraalis, 746
mammillaris, 650
Carunculge myrtiformes, 900
Casserian ganglion, 653
Cauda equina, 611, 703
Catheter, rules for introducing,
968
Cava, vena.
See Vena cava.
Cavernous body, 888
artery of, 548, 889

segmentation of, 103
seminal, 894
sight, 79
sphenoidal, 175
sustentacular, 823
79
wandering, 41
Cellular tissue, 39
lymphoid, 41
mucoid, 41
retiform, 41
taste,

Cement

of teeth, 769, 770, 772
formation of, 769, 770, 772
Centres of ossification, 53
Centrum ovale majus, 634
minus, 634
Cerebelli incisura anterior, 646
posterior, 646
Cerebellum, 618, 646
commissures of, 646
corpus dentatum of, 647
fissures of, 646
ganglion of, 647
hemispheres of, 646
laminte of, 647

See Lobes.
lobes of, 646.
lobulus centralis of, 646

peduncles

of,

647

structure of, 69, 647
valley of, 646
ventricle of, 648

weight of, 646
Cerebro-spinal axis, 610
fluid, 611, 617
Cerebrum, 618
base of, 630

commissures

of,

644

convolutions of, 67, 624, 629
cortical substance of, 624

—
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Cerebrum
crura

of, 618. 632,

fibres of,

Clavicle
articulations

633

644

fissures of, 626
general arran;i'enient of,

633
gray matter of, 624
hemispheres of, 624
interior of, 633
labia of, 633
lobes of, 626, 62V, 629
central, 627, 628
cuneate, 630
middle, 627, 630
frontal, 627, 630
occipital, 627, 628, 630
orbital, 627
parietal, 627, 628
quadrate, 630
temporo-sphenoidal,
627,
628, 630
peduncles of, 633
structure of, 67, 644
sulci of, 624, 625
under surface of, 630
upper surface of, 624
ventricles of, 634, 641
weight of, 618
Cervix cornu, 70

997
Commissures of

227
attachments of muscles
227
development of, 227
of,

fracture of.

landmarks

to,

See Fracture.
of,

955, 976

Chondrine, 47

peculiarities of, 227
Cleavage of cells, 102
Clitoris, 899
frpenum of, 899
lymphatics of, 605
muscles of, 899, 933
prepuce of, 899
Cloacal cavity, 186
Club-foot, 460
Coagulum, 33
Coccyx, 156
articulations of, 156
attachment of muscles to,
157
development of, 157
Cochlea, 758
arteries of, 758, 762
central axis of, 758
cupola of, 758
denticulate lamina of, 759
infundibulum of, 758
lamina spiralis of, 759
membranous zone of, 760
modiolus of, 758
nerves of, 763
osseous zone of, 760
seal a tympani of, 760
vestibuh of, 760
spiral canal of, 758, 759
veins of, 762
Collar bone, 225

Chorda

Collateral circulation.

of penis, 887
uteri,

902

Chambers

of eve, 741
Cheeks, muscles of, 765
structure of, 765
Chest, bones of, 217
landmarks of, 954
muscles of, 406

Chiasma of optic nerve, 651
dorsalis, 106, 117
tympani, 666, 756
Chordas tendinese of left ventricle, 835
of right, 833
vocales, 846
Willisii, 577
Chorion, 104, 111, 115
primitive, 104
shaggy. 111
Choi'oid coat of eye, 733
plexus of fourth venti'icle,
648

of

lateral

ventricle,

635,

637
of third ventricle, 641
Chyle, 37, 38

802
Chyli receptaculum, 597
Chyliferous vessels, 596
Cilia, 98, 745
Ciliary processes, 735
Circle of Wilhs, 509
Circulation of blood in adults,
833
collateral, 471
in fcetus, 839
Circulus venosus, 909
Circumduction, 292
Cistern of Pecquet, 597
Clarke, Lockhart, researches on
vessels,

brain and spinal cord, 67
Clavicle, 225

gical

Anatomy

See Surof each

artery.
Collecting tubes of kidney, 871
Colles's fracture, 435

Colon, 807
ascending, 807
descending, 807
sigmoid flexure of, 807
transverse, 807

Colotomy, landmarks for, 965
Columnella cochleae, 758
Column of Bertini, 869
cortical, of kidney, 869
posterior A^esicular of spinal
cord, 72

Columna

nasi,

726

Columnfe carneas of
tricle,

left

ven-

836

of right ventricle, 833
papillares, 833, 836

Columnella, 758
Columns of abdominal ring, 912
of medulla oblongata, 619
of spinal cord, 613
of vagina, 901

Comes

nervi ischiadic!, 550

phrenici, 511
Commissura brevis of cerebel-

lum, 646
simplex of cerebellum, 646
Commissure of flocculus, 646
optic, 176, 632, 651

brain, anterior,

641
middle, 642
posterior, 642
soft, 642
of spinal cord, gray, 614
white, 614
Compact tissue of bone, 46
Conarium, 643

Concha, 748
Condyles of femur, 267
of humerus, 233, 235, 236
landmarks of, 978
of jaw, 197
of occipital bone, 161

Cone-granules of retina, 739
Cones of retina, 740
Ooni vasculosi, 894
Conjunctiva, 745
Connective tissue, 39
Conus arteriosus, 832
Convolution, ascending parietal, 628
angular, 628
of corpus callosum, 629
of longitudinal fissure, 624
marginal, 629
Convolutions of cerebrum, angular, 628
frontal, 627
occipital, 628
supramarginal, 628
temporo-sphenoidal, 628
Cord, genital, 135
spermatic.
See
Spermatic
cord.
spinal.

See Spinal cord.

umbilical, 113
Cords, vocal, 846

Corium, 90, 100, 771
Cornea, 732
arteries and nerves of, 732
elastic lamina of, 732
proper substance of, 732
structure of, 732
Corneal corpuscle, 782
spaces, 732
Cornicula laryngis, 844
Cornu ammonis, 638
Cornua of coccyx, 157
of fascia lata, 921
of hyoid bone, 215

of lateral ventricle, 635, 638
of sacrum, 154
of thyroid cartilage, 843
Corona glandis, 887
radiata, 67
albicantia, 632, 639
Arantii, 833. 835

Corpora

cavernosa clitoridis, 899
penis, 888
genicuiata, 641, 644
iutea,

907

mammillaria, 632
olivaria, 620
pyramidalia, 619
quadrigemina, 648
restiformia, 620, 621
striata, 638, 636
veins of, 576, 636
Corpus albicans, 632, 639

—
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Corpus

Crusta of peduncle, 633

callosum, 624, 630, 633, 634
of,

770
Crypts of Lieberklihn, 803

of,

Crystalline

635
635
peduncles of, 631, 635
rapli6 of, 635
rostrum of, 635
ventricles of, 634
cavernosum, 888
artery of, 548
bulb of, 888

beak
genu

dentatuiu of cerebellum, 647
of olivary body, 621
fimbriatum, 635, 637, 638, 63!)

geniculatum externum, 644
internum, 644
Highmorianum, 893
luteum. 907
spongiosum, 888
bulb of, 888
striatum, 633, 635, 636
See also Corpora.
Corpuscles, blood, 33, 34
corneal, 732
Malpiijliian, of kidney, 825
of spleen, 824, 825
Pacinian, 77
tactile, 77, 92
taste, 725
of Wagner, 77
white, 35
Corti, cells of, 761
membrane of, 759
organ of, 760
rods of, 760
Cotunnius, nerve of, 659
Cotyledons, 112
Coverings of hernia. See Hernia,

of

See Testis.

testis.

Cowper's glands, 886, 934
Cranial nerves.
See Nerves.
Cranium. See Skull,

bones

of,

159

development

of,

118, 181

muscles of, 349
Cremaster, 891, 897, 914
Crescents of Cianuzzi, 779
Crest, frontal, 167
of ilium, 256
nasal, 184
occipital, 160
internal, 161
of i^ubes, 258
of tibia, 271
turbinated, of palate, 192
of superior maxillary, 186,

187
Cricoid cartilage, 843

landmarks
Crista

galli,

of,

963

179

256
pubis, 258

Crown

of tooth, 769

cerebelli,

618

cerebri, 618, 632, 633
of chtoris, 899

of corpora cavernosa, 888
of diaphragm, 403
of fornix, 639

Crus penis, 888

See

lens.

Lens,

crystalline.

Crystals, blood, 36

Cuboid bone, 278
articulations of, 280

attachment of muscles to,
280
Cuneiform bone of foot, 281
external, 282
internal, 281

middle, 282
of hand, 246
Cup, ocular, 123
Cupola of cochlea, 758
of gland, 803
Curvatures of spine, 157
Cuspidate teeth, 767
Cutaneous nerves. See Nerves,
.

Decidua, 112
formation of, 116
reflexa, 112
serotiua, 112
vera, 112
Deciduous teeth, 766
Decussation of optic nerve, 651
Deiters, cells of, 761
Demours, membrane of, 732
Dens sapientia?, 768
Dentate body, 621, 647
Dentine, 769
chemical composition of, 769
secondary, 770
Depression, coronoid, 233
Derma, 90
Descemet, membrane of, 732
atlas, axis, etc.

See Atlas, Axis,

etc.,

de-

of.

of body, 102
of organs, table of, 138

Diaphragm, 402
crura of, 403
development of, 132
ligaments of, 402
lymphatics of, 608
openings of, 404
pillars of, 403
tendons of, 403
Diaphysis, 55, 57
Diarthrosis, 289
rotatoria, 290

Di]3loe,

819

cystic,

ejaculatory, 896
of Gaertner, 135, 908

galactophorous, 909
hepatic, 815, 819
of kidney, 868, 875
lachrymal, 186
lactiferous, 909
of liver, 817, 819
lymphatic, right, 598
of Muller, 132, 892

of pancreas, 821

Daetos, 890

velopment

of Cowper's gland, 887

nasal, 186,

Cuticula dentis, 771
Cutis vera, 90
Cuvier, sinuses of, 129

Development of

Douglas, pouch of, 788
semilunar fold of, 398
Doyere, hillocks of, 80"
tufts of, 80
Duct or Ducts
aberrant, of testis, 894
of Bartholine, 778
biliary, 817, 819
common choledoch, 819

747
landmarks of, 949

cutaneous.
Cuticle, 92

Differentiation of cells, 103
Digestion, organs of, 764

ihi,

Crura

peti-osa of teeth, 769,

141

of, 575
Discus proligerus, 102, 906
Disk, germinal, 106

veins

intervertebral, 294

Dissection of muscles, regions,
hernia, etc. .^(je Muscles,
Kegions, Hernia, etc.

omphalomesenteric, 109, 115
parotid, 777
prostatic, 883
seminal, 894
Steno's, 777
thoracic, 597
vitelhne, 113
Wharton's, 778
Wolffian, 132
Ductless glands.
See Spleen,
Thyroid, etc.

Ductus

arteriosus, 839

how

obliterated in foetus,

841
auditorius, 760
cochlearis, 760

communis choledochus, 819
pancreaticus minor, 821
Kiviniani, 778

venosus, 841

Duodenum, 798
vessels

and nerves, 798

Dura mater of

brain, 615

arteries of, 615

nerves

of,

615

processes of, 616
sinuses of, 577
structure of, 615
veins of, 615

of cord, 610

I

Eae, 748
auditory canal, 750

748
bones of, 753
cochlea, 758
auricle

of,

development

of,

124

external, 748
helix of, 748
internal, 756
labyrinth, 756

membranous, 761
middle, 751
muscles of, 352, 749
ossicula of, 753
pinna

of,

748

semicircular canals, 757

—
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Ear—
tympanum,

See

T51.

also

Tympanum,
vestibule, 756
Ejaculatory ducts, 896

Elbow, anastomoses around,
bend of, 521
joint, 318
muscles of, 320
nerves
of,
vessels and
320
landmarks of, 978

Embryo, human, 108
growth of, 113
Eminence of aquajductus Fallopii,

canine, 184

258

164

pyramidal, 759

iris,

articularis,

170

iliac,

intercostal,

731

of,

741

cartilages of, 744
development of, 124
landmarks of, 949
Meibomian glands of, 745
muscles of, 353, 744
structure of, 744
tarsal ligament

844

of,

745

Eye-teeth, 767

Epiphyses, 55, 57, 142
Epiphysis cerebri, 643
Epithelium, 97
ciliated, 98
columnar, 98
conjunctival, 732
germinal, 906
glandular, 98
pavement, 98
spheroidal, 98
tesselated, 98
Epoophoron, 135, 908
tissue,

structure

889
of clitoris, 899
of penis, 889
of vulva, 899
Ethmoid bone, 179
articulations of, 181
cribriform plate of, 179
of,

horizontal plate

masses

181
of, 1

of,

79

180

perpendicular plate of, 180
OS planum of, 180
unciform process of, 181

of,

400

939
920
falciform, process of, 921
iliac portion of, 441, 921
pubic portion of, 441, 921
of leg, 452
deep, 458
lumbar, 397
lumborum, 397
of mamma, 909
of neck, 364
obturator, 939
palmar, 428
pelvic, 938
perineal, deep, 932, 933
superficial, 930
plantar, 461
landmarks of, 976
propria of femoral hernia, 927
of spermatic cord, 891
recto-vesical, 939
spermatic, 393, 912
subperitoneal, 922
superficial, 348, 928
of cranial region, 350
of inguinal region, 910
deep layer, 911
of ischio-rectal region, 929
perineal, 930
of thigh, 439
of thoracic region, 406
of upper extremity, 406
temporal, 361
of thigh, deep, 440
superficial, 439
of thorax, 400, 406
transversalis, 915
Fasciculi graciles, 620
Fasciculi of nerves, 74
teretes, 620, 623, 648
Fasciculus, olivary, 620, 623
unciformis, 631
Fat, 42
Fauces, isthmus of, 775
pillars of, 775
Features as landmarks, 951
ischio-rectal,

lata, 440,

Eyebrows, 744
Eyelashes, 745
Eyelids, 744

Epidermis, 92
Epididymis, 892

437

infundibuHform, 915
of inguinal region, 910
intercolumnar, 393, 891, 912

muscles of, 354
nerves of, 743
tunics of, 730
vessels of, 743

Epiblast, 104, 106, 117

of foot, 461'
of forearm, 4l7
of hand, 427

intermuscular, of arm, 414
of foot, 461
of thigh, 440

pupil of, 735
tunics of, 730
vessels of globe
Eyeball, 730

End-plates, motorial, of Kiihne,
79
Ensiform appendix, 217, 218
Epencephalon, 120

lateral

731

of,

737

sclerotic,

of,

development

123.

735

retina,

770
membrane, 770
jelly, 771
organ, 771
rods, 770
Enarthrosis, 290
Encephalon, 618
weight of, 618
End-bulbs of Krause, 77
Endocardium, 836
Endolymph, 762

Erectile

fibro-areolar, 348

Jacob's, 740

collaterahs, 636, 638
Enamel of teeth, 769, 770

Epiglottis,

cribriform, 439, 920
deep, 349
of arm, 414
of forearm, 417
of leg, 453
of thigh, 440
of thorax, 406
dentata, 638
dorsal, of foot, 464

choroid, 733
conjunctiva, 745
cornea, 731
hvaloid, 741

jugular, 161
nasal, 168

formation

Fascia or Fascia?
costo-coracoid, 408
of cranial region, 350
cremasteric, 891, 914

736

ilio-pectineal,

Eminentia

pupillaris,

membranes

frontal, 166

parietal,

Eustachian tube, 753, 781
valve, 591, 831, 839
Eye, 730
appendages of, 744
arteries of, 743
chambers of, 741
ciliary ligament, 735
muscle, 736
processes, 735
development of, 123
humors of, 730
aqueous, 741
crystalline lens, 742
vitreous, 741
landmarks of, 949

membrana

752

999

Face, arteries of, 485
bones of, 159, 183
development of, 118
landmarks of, 947
lymphatics of, 598
muscles of, 349
nerves of, 664, 679
veins, 571, 575
Fallopian tubes, 904
development of, 135
fimbriated extremity of, 904
lymphatics of, 606
nerves of, 908
structure of, 905
vessels of, 908
Falx cerebelli, 616
cerebri, 168, 616
Fangs of teeth, 766
Fascia or Fasciaa, 347. 348
anal, 933, 939
aponeurotic, 349
of arm, 414, 417
bicipital, 582
cervical, deep, 364
superficial, 364

1

—
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1000
Fecundation of ovum, 103
Female organs of generation,
898
bulbi vestibuli, 900
900
carnnculfB ravrtiformes,
"
clitoris, 899
development of, 134
fossa navicularis, 899
fourchette, 899
frainulum pudendi, 899
glands of Bartholine, 900
hymen, 900
labia majora, 898
minora, 899
mons veneris, 898
nymphfB, 899
prfeputiuin clitoridis, 899
pudendum, 898
uterus, 902

Fibrous

tissue, white, 40, 287
yellow, 40, 287
Fibula, 273

Foetus
liver of, distribution of ves-

sels in, 839
ovaries in, 134
275
attachment of muscles to, 277
peculiarities of vascular sysdevelopment of, 275
tem in, 838
fracture of, with dislocation
relics in heart of, 841
Folds,
of the tibia, 468
aryteno - epiglottidean,
landmarks of, 971, 978
844, 849
Filaments, spermatic, 896
genital, 136
Fillet, olivary, 620
interdigital, 981
Filum terminale of cord, 612
palpebral, 746
Fimbriie or Fallopian tube, 904
recto-uterine, 902
Fingers, 252
recto-vaginal, 788
landmarks of, 950
recto-vesical, 788, 880
Fissura palpebrarum, 744
semilunar, of Douglas, 398
Fissure, auricular, 173
vesico-uterine, 902
calcarine, 629
vestigial, 128
calloso-marginal, 628
FoUicles, dental, 773
of cerebellum, 646
gastric, 796
vagina, 901
hair, 95
vestibule, 900
of cerebrum, 626
collateral, 629
intestinal, 803, 811
vulva, 898
Femoral hernia. See Hernia,
of cranial bones, congenital.
of Lieberkiihn, 808
femoral.
183
sebaceous, 96
Femur, 363
dentate, 629
of tongue, 725
articulations of, 268
of ductus venosus, 814
Fontana, canal of, 735
attachment of muscles to,
of eyelids, 744
spaces of, 735
for gall-bladder, 814
269
Fontanelles, 162, 165, 182
development of, 268
Glaserian, 170, 752
Foot, arteries of, 564, 568
fracture of, 467
horizontal, of cerebellum, 646
bones of, 277
intraparietal, 628
structure of, 267
development of, 285
Fenestra ovalis, 752
of liver, 813
fasciae of, 460
rotunda, 752, 759
longitudinal, of cerebrum, 630
landmarks of, 975
Fenestrated membrane of Henligaments of, 340
of liver, 814
le, 81
of lung, 857
muscles of, 460
Ferrein, pyramids of, 871
maxillary, 185
nerves of, 708
Fibrfe arciformes, 620, 621
phalanges of, 284
of medulla oblongata, 619
transversfe, 644
veins of, 589
palpebral, 744
Fibres, of Oorti, 760
Foramen. See also Foramina.
parallel, 628
dentinal, 769
parieto-occipital, 626, 628
ctecum of frontal bone, 168,
intercerebral, 651
portal, 814
180, 183, 203
intercolumnar, 912
precentral, 627
of medulla oblongata, 619
interretinal, 651
ptervgo-maxillary, 184, 209
of tongue, 724
of Miiller, 740
carotid, 173
of Rolando, 626
of muscle, 57
of skull, 183
condyloid. 161, 162
of nerve, 62, 64
spheno-maxillary, 184, 209
cotyloid, 258
radiating of retina, 740
sphenoidal, 178, 209
dental, inferior, 197
of Rolando, 621
of spinal cord, lateral, 613
ethmoidal, 180
Tomes's, 769, 772
median, 613
incisive, 205
Fibrillse, 58, 59, 62, 64
of Sylvius, 626, 631
infraorbital, 184
fibrous, 40
of the tragus, 748
intervertebral, 159
Fibro-cartilage, 46
transverse, of cerebrum, 638
for Jacobson's nerve, 173
acromio-clavicular, 314
of liver, 814
jugular, 161, 204
circumferential, 47
umbilical, of liver, 814
lacerum anterius, 177, 204
connecting, 46
for vena cava, 814
medium, 172, 204
interarticular, 46. See Inter- Flexion, radial, 327
posterius, 161, 173, 204
articular fibro-cartilage.
ulnar, 327
of Magendie, 611
intercoccygean, 31
Flexure, caudal, 108, 110
magnum, 160
interosseous, 287
cephahc, 108, 110
mastoid, 171
intervertebral, 294
hepatic, 807
medullaiy of tibia, 272
of knee, 336
sigmoid, 807
mental, 195
of lower jaw, 302
splenic, 807
of Monro, 637, 640, 641. 648
pubic, 311
Flocculus, 646
obturator, 257, 258, 259
radio-nlnar, 322
Fluid, cerebro-spinal, 611, 617
optic, 176, 178, 203
reticular, 47
Foetus, circulation in, 839
ovale of heai't, 838
sacro-coccygeal, 311
development of, 113
of sphenoid, 176, 204
semilunar, 336
chronological table of, 138
palatine, anterior, 187, 205
sterno-cl avic alar 3 1
ductus arteriosus of, 839
posterior, 193, 205
stratiform. 47
Eustachian valve in, 591, 831,
parietal, 164, 202
triangular, 322
839
pterygoid, 178
yellow, 47
foramen ovale in, 838
ptery go-palatine, 177
,

ai'ticulations of,

4

i
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Foramen

spinosnm, 177, 204
sternal, 218
stylo-mastoid, 173
supraorbital, 167
thyroid, 259
vertebral, 143
Vesalii, 177
of Winslow, 786, 790
Foramina of diaphragm, 404
external orbital, 177
of face, landmarks of, 948
malar, 190
olfactory, 179
sacral, 154
Thebesii, 594, 831
See also Foramen.

Forearm, arteries of, 522, 525
bones of, 237, 242
fascia of, 417
landmarks of, 979
lymphatics of, 602
muscles of, 417
nerves of, 689
veins of, 581
Forebrain, 120
Foreskin, 888
Fornix, 635, 637, 639
body of, 639
bulbs of, 632, 639
conjunctivae, 746

crura of, 639
Fossa of antihelix, 748
canine, 184
cerebral, 203
condyloid, 161. 208
coronoid, 235
cystidis fellege, 814
digastric, 171, 203, 214
digital, 264
glenoid, 170
of helix, 748
iliac, 256
infraclavicular,

195

innominata, 748

929

jugular, 173, 207

lachrymal, 168
myrtiform, 184

728

navicular of urethra, 884
of vulva, 899
occipital, 161
olecranon, 235
olfactory, of foetus, 124
ovalis, 831
palatine, anterior, 187,
pituitary, 175

953
supraspinous, 227
temporal, 164, 170, 208
of,

204

pterygoid of sphenoid, 178
of lower jaw, 198
scaphoid, 178, 207
scaphoidea, 748
of skull, anterior, 203
middle, 203

Furrowed band, 646
Gaertner, duct

of,

135, 908

Galen, veins of, 576, 594, 641
Gall-bladder, 818
development of, 131

duct

819
814
trochanteric, 264
landmarks of, 964
zygomatic, 177, 178 184, 209
structure of, 819
Fossfe, cranial, 203
valve of, 819
nasal, 212, 728
Ganglion or Ganglia
Fourchette, 899
of Andersch, 669
Fovea centralis retina, 737, 741
Arnold's, 662
hemisph erica, 757
of Bochdalek, 657, 659
serai-eUiptica, 757
cardiac, 717
Fracture of acromion process,
carotid, 715
433
Casserian, 653
clavicle, 433
cephaHc, 665, 712
acromial end of, 433
of cerebellum, 647
centre of, 433
cervical, inferior, 716
sternal end of, 433
middle, 715
Colles's, 435
superior, 714
coracoid process, 433
ciliary, 655
coronoid process of ulna, 434
on circumflex nerve, 687
femur above condyles, 467
coccygeal, 712, 720
below trochanters, 467
diaphragmatic, 718
neck of, 467
on facial nerve, 665
fibula, with dislocation of tiof fifth nerve, 653
bia, 468
general anatomy of, 73
humerus, 433
geniculate, 665
anatomical neck, 434
glosso-pharyngeal, 669
shaft of, 434
impar, 712, 720
surgical neck, 433
inferius, 671
olecranon process, 434
intercarotid, 715
patella, 468
on interosseous nerve, posPott's, 468
terior, 693
radius, 435
jugular, 669, 671
lower end of, 435
lenticular, 655
neck of, 435
Hngual, 715
shaft of, 435
lumbar, 720
and ulna, 435
lymphatic.
See I^ymphatic

468

Frgena of ileo-caaeal valve, 805
of,

infraspinous, 227, 228

nasal,

landmarks

supraclavicular,

ulna, 435

955

ischio-rectal, 928,

interventricular, 830

spheno-maxillary, 184, 209
sublingual, 197
submaxillary, 197
subscapular, 227

tibia,

landmarks

1001

Furrow

posterior, 204

spheno-palatine, 193, 214

incisive, 184,

INDEX.

Fossa

rotuudnm, 176, 204
sacro-sciatic, 257, 310
of Sommerring, 787

—

Frfenulum cerebri, 644
pudendi, 899
valve of Vieussens, 644
Frsenum clitoridis, 899
labii inferioris, 764
superioris, 764
lingufe, 371, 724
prseputii, 887
Frontal bone, 166
articulations of, 169
attachment of muscles to,

169
borders

of,

168

development

of,

structure

168

of,

169

Frontal sinuses, 166, 168
landmarks of, 946
Fundus of bladder, 880
of uterus, 902
Funiculus of nerves, 74

Furrow,
830
digital.

genital,

auriculo-ventricular,

981

137

of,

fissure for,

glands.
Meckel's, 658
mesenteric, 719
ophthalmic, 655
otic,

662

petrous, 669

pharyngeal, 715
pneumogastric, 671
of portio dura, 665
renal, 719
of Ribes, 712, 715
roots of, 656
sacral,

720

semilunar of abdomen, 718
of fifth nerve, 653
of sympathetic, 718
solar,

718

spheno-palatine, 658
of spinal nerves, 677
spirale, 759
submaxillary, 663
suprarenal, 719

of sympathetic nerve,' 712
temporal, 715
thoracic, 717
thyroid, 715
of vagus, root

of,

671

-

—
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Ganglion or Ganglia
Gland or Glands
trunk of, 671
mesenteric, 607
molar, 765
of Wrisberg, 717
mucilaginous of Havers, 288
Ganglion corpuscles, 73
Gaps, congenital, of cranium, —-mucous, of mouth, 780
— of stomach, 796
183
odoriferte, 887
Gelatin of Wharton, 42, 113
Gelatinous tissue, 42
cx'sophageal, 783
of Pacchioni, 615
Generative organs, female. See
palatal, 775
Female organs of genpancreas, 820
eration.
' parotid, 776
male.
See Penis, Scrotum,
peptic, 796
etc.
Peyer's, 803
Geniculate bodies, 641, 644
.- pharyngeal, 781
Genital cord, 135
Genito-urinary organs, developpineal, 641
pituitary. 632
ment of, 132
Genu of corpus callosum, 631, -prostate, 885, 935
-' salivary, 776
635
Gerlach's nerve network, 72, 73
sebaceous, 96
Germinal area, 106
secreting, 100
disk, 106
solitary, 803, 811
epithelium, 906
—sublingual, 778
matter, 38
submaxillary, 778
sudoriferous, 96
spot of ovum, 103
vesicle of ovnm, 102, 103
.suprarenal, 876
Giant cells, 48, 55
/<"sweat, 96
" thymus, 864
Gianuzzi, crescents of, 779
Gimbernat's ligament, 393, 912,
thyroid, 862
of tonsjue, 725
913, 922
tracheal, 852
Ginglymus, 290
trachoma, 746
lateral, 290
Giraldes, organ of, 135
of Tyson, 887
Gladiolus, 217, 218
-uterine, 903
Gland or Glands
of vagina, 900
absorbent, 88, 596
of vulva, 898
(xhindulge odoriferse, 887
accessory of parotid, 777
Pacchioni, 615
aggregate, 803
solitaria?,. 803, 811
agminate, 803
Tysonii, 887
arytenoid, 850
Glans clitoridis, 899
-of Bartholine, 900
penis, 887
Brunner's, 803
-buccal, 765
Glaser, fissure of, 170, 752
Gliding movement, 289
ceruminous, 751
coccygeal, 541
Glioma, 67
Glisson's capsule. 792
conglobate, 596
Cowper's, 886, 934
Globe of eye. See Eye.
Globus major of epididymis,
cupola of, 803
892
development of, 125
minor of epididymis, 892
-'duodenal, 803
-ductless.
See Spleen, Thy- Globules, blood, 33, 34
polar, 103
mus, etc.
epiglottic, 844
Glomerulus arterio-coccygens,
"gastric, 796
541
genital, 132
vascular of kidney, 869
of Havers, 288
Glottis, 846
inguinal, 919
rima of, 846
intestinal, 803
Goblet cells, 99
kidney, 867
Gomphosis, 289
labial, 764
Graafian vesicles, 90 fi
lachrymal, 746
membrana granulosa of, 102,
of larynx, 850
906
lingual, 725
ovicapsule of, 906
of Littr6, 884
structure of, 906
"liver, 811
Granules, seminal, 896
lumbar, 541, 604
Gray matter of cerebellum,
Xuschka's, 541
647
' lymphatic, 88, 596. See Lymof cerebrum, 624
phatic glands,
of fourth ventricle, 648
""mammary, 908
of medulla oblongata, 621
Meibomian, 745
of spinal cord, 73, 611, 614
.

,.
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Gray matter
of third ventricle, 643
Groin, 910
cribriform fascia of, 439, 920

cutaneous vessels and nerves
of, 910
landmarks of, 969
lympliatic glands of, 602,
603
region of, 910
superficial fascia of, 910
surgical anatomy of, 910
Groove,
auriculo-ventricular,
830
basilar, 163
bicipital, 233
cavernous, 175
dental, 770
secondary, 773
infraorbital, 185, 211
interventricular, 830
lachrymal, 189, 211
medullary, 106, 120
musculo-spiral, 233
mylo-hyoid, 197
nasal, 118, 184
occipital, 171
olfactory, 118, 203
optic, 175, 203
primitive, 106
sacral, 154
subclavian, 226
ventricular, 830
Growth of bone, 52
of body, 102
of embryo, 113
Gubernaculum testis, 897
Gums, 765
Gyri operti, 628, 632
Gyrus fornicatus, 629, 634
uncinate, 630

HAEMOGLOBIN, 34
Hair-cells of ear, 760
Hairs, 95
follicles of, 95

muscular

fibres of, 96

root of, 95
shaft of, 95
sheath of, 95
structure of, 95
Ham, region of, 559
Hamstring tendons,

anatomy

of,

surgical

452

Hand, arteries of, 523, 526
bones of, 244
development of, 252
fascia of, 427
landmarks of, 980
ligaments of, 322
muscles of, 427, 428
nerves of, from median, 689,
690

from
from
veins

radial,

693

ulnar, 691

of,

581

Harmonia, 289
valve of, 747
Havers, canals of, 50
glands of, 288
spaces of, 50
Ilasnei',

i

I

—

Head, lympliaties
muscles of. 350
veins of, 571
Hearina; cells, 79
Heart, 829

of,

of,

of,

917

external, 916

incomplete, 917

836

956

of,

836

component parts of, 829
development of, 125
endocardium, 836
fibres of auricles,

836

of ventricles, 837
fibrous rings of, 836

840
infundibulum of, 832
landmarks of, 955
left auricle, 834
ventricle, 835
looped fibres of auricles, 836
lymphatics of, 608, 838
muscular structui-e of, 836
nerves of, 671, 715, 838
openings into, 831, 832
outline of, on cliest-wall, 955
peculiarities of, in foetus, 839
position of, 829
right auricle, 830
ventricle, 832
septum ventriculorum, 832
sinus of, 830, 834
size and weight of, 829
spiral fibres of, 837
structure of, 836
subdivision into cavities, 830
valves of, 831, 835
landmarks of, 957
veins of, 594, 838
ventricles of, 829
vortex of, 837
Helicotrema of cochlea, 758
Hehx, 748
fossa of, 748
muscles of, 748
process of, 748
Hemispheres, cerebral, 121
embryonal, 121
Henle, fenestrated membrane
of, 81
looped tubes of, 871, 873
Hernia, congenital, 917
direct inguinal, 916
coverings of, 917
incomplete, 918
femoral, 918
complete, 927
coverings of, 927
cutaneous
vessels
and
nerves of. 919
descent of, 926
dissection of, 919
incomplete, 927
seat of stricture in, 927
surgical anatomy of, 918
varieties of, 927
infantile, 917
inguinal, 910, 916
foetal relics in,

Inferior maxillary bone, 195
articulation of, 198
attachment of muscles to.

direct,

830

circular fibres

910

dissection

arteries of, 476, 486, 838
auricles of, 829, 830
cav'ities of,

1003

Hernia

598

aniiiular fibres of auricles,

apex of, 829
landmarks

INDEX.

internal, 916

surgical
vessels

anatomy
and

of, 910
innerves

volved, 910
oblique inguinal, 914, 916
complete, 917
course of, 916
coverings of, 916
scrotal, 917
Hesselbach's triangle, 917
Hey's ligament, 922
Hiatus Fallopii, 172

Highmore, antrum

of,

Inguinal hernia.
See Hernia.
Inlet of pelvis, 260
Innominate bone, 253

184

Hilton's muscle, 847
Hilum of kidney, 867
of lymphatic glands, 88

of, 260
attachment of muscles
260
development of, 259
structure of, 259

articulations

pulmonis, 857
of spleen, 822
Hinge-joint, 290
Hip-joint, 330
arteries and veins of, 333
muscles of, 333, 437, 440
Hippocampus major, 638
minor, 636
Holoblastic ova. 103
Horny band, 636
Huguier, canal of, 170, 667, 751
Humerus, 232
articulations of, 237
attachment of muscles
237
development of, 236
fractures of, 233, 434
landmarks of, 976
neck of, 232
structure of, 236
tuberosities of. 233
Humors of eye, 730

198
changes produced by age in,
198
development of, 198
landmai-ks of, 948
ligaments of, 301
Infundibula of kidney, 867, 875
Infundibulum of brain, 120, 632
of cochlea, 758
of ethmoid, 168, 181
of heart, 832
Ingrassias, processes of, 177

to.

Interarticular fibro-cartilage, 46

jaw, 302
knee, 336
pubes, 311
radio-ulnar joint, 322
sacro-coccvgeal joint,
311
of scapulo-clavicular joint,
of
of
of
of
of

314
of sterno-clavicular joint,

313
to,

Intercalated

convoluted

tube,

872

passage of lung,
859
substance of cartilage, 44
Intercostal spaces, 220
Intermaxillary bone, 188
Intertubular tissue, 769
Intervertebral substance, 294
Hunter, canal of, 554
Intestine, development of, 130
Hyaloid membrane of eye, 741
large, 804
Hydatid of Morgagni, 135, 892
cellular coat of, 810
Hymen, 900
development of, 130
Hyoid bone, 215
follicles of, 811
attachment of muscles to, 216
ileo-ca3cal valve, 805
development of, 215
landmarks of, 965
landmarks of, 952
mucous membrane of, 810
Hypoblast, 104, 106
muscular coat of, 809
Hypophysis, 122
serous coat of, 809
cerebri, 632
small, 798
cellular coat of, 800
Ileum, 799
divisions of, 798
Hium, 254, 255
glands of, 803
landmarks of, 966
articulations of, 309
landmarks of, 962
lymphatics of, 607
mucous coat of, 800
Irapressio colica, 814
muscular coat of, 800
renalis, 814
Impression, deltoid, 233
serous coat, 800
rhomboid, 225
simple follicles of, 803
Incisive bone, 188
structure of, 800
Incisor teeth, 766, 767
valvulfe conniventes, 800
Incisura cerebelli, 646
vilh of, 801
intertragica, 748
Intumescentia gangliformis, 664
Santorini, 750
Investing mass, 118
Incus, 754
Iris, 735^
ligament of, 755
arteries and nerves of, 736
suspensory, 755
structure of, 736
Intercellular

,

.
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Ischium, 254, 257
Island of Reil, 627, 628, 632
Isthmus of fauces, 775
of thyroid gland, 853, 862
Iter ad int'imdibulura, 642
a tertio ad quartum ventriculum, 642
ohordfB anterius, 752
posterius, 751
Ivory of tooth, 769

Jacob's membrane, 740
Jacobson's nerve, 670, 756
canal for, 173
Jaw, lower. See Inferior maxillary bone.
upper. See Superior maxillary bone.
Jejunum, 799
Jelly, enamel, 771
of Wharton, 113
Joint.
See Articulations.

Keekeing, valves
Kidney, 867
apex of, 868
arteries of, 874
of,

of,

867, 875

965

tubuli contorti uriniferi, 871,

872

874
weight and dimensions of,
867
Knee-joint. 834
landmarks of, 971
vessels and nerves of, 337
Knuckles, landmarks of, 982
Krause, end-bulbs of, 77
of,

membrane of, 60
Kuhne on motor nerves,

79

Kurschner on valves of

heart,

833
Labia, cerebri, 634

majora, 898

veins

762
762

of,

of,

Lachrymal apparatus, 746

977

bones, 189
articulations of, 189
attachment of muscles to,
of,

189

digital arteries, 981

gland, 746
sac,

cricoid cartilage, 952
crural arch, 953, 958
cutaneous veins of arm, 978

diaphragm, 964

189

development
747

furrows, 981
982
dorsal artery of foot, 975
elbow, 978
cutaneous veins of, 978
epigastric artery, 963
eyehds, 948
joints,

Lacteals, 596, 607, 802

Lacuna magna, 884
Lacuna of bone, 50
Lacus lachrymalis, 744, 746
Lamella, articular, 287

50

eyes, 948
face,

947

facial artery,

ethmoid,

of

compression
968
fibula, 973
fingers, 981

membranacea, 759

foot,

761

Laminated tubercle of cerebellum, 646
of,

635

Landmarks, medical and

surgi-

945
abdomen, 960
cal,

970

975

bones
bursa

of,

joints

of,

of,

962

975
975
975

of,

foramina for

fifth

nerve, 948

forearm, 979
gall-bladder, 964
gluteal artery, 969
groin, 969

hand, 981
heart, 955

apex

bony prominences
hnes of, 960
manipulation

of,

ring,

arteries of, 975

spiralis of cochlea, 759
Laminae of cerebellum, 647
of cornea, elastic, 732
dorsales, 106
of vertebrae, 143

Lancisi, nerve

948

features, 951
femoral artery, 970

cinerea, 631
cribrosa of sclerotic, 731
denticulate of cochlea, 759
fusca of sclerotic, 731
reticulai',

lymphatics of, 606, 875
Malpighian bodies of, 825
capsule, 869, 870
tuft, 869
mammilla? of, 869
medullary substance of, 869
minute structure of, 869
nerves of, 875
papillfe of, 869
pelvis of, 867, 875
primordial, 132
pyramids of Ferrein, 871
of Malpighi, 869
relations of, 867
sinus of, 867
stroma of, 875
structure of, 868

veins

nerves

180

of,

of,

arteries of, 762

membranous, 761

Lamina

868

infundibula

976
region above, 953
below, 955
colotomy, 965
condyles of humerus, 978
coraco-acromial
ligament,
clavicle,

Labyrinth, 756

perpendicular,

869
869
substance of, 868
development of, 132
ducts of, 868, 875
hilum of, 867

landmarks

in the female, 954

vestibulare, 759

interstitial,

cortical arch of,

column

chest, 954

Labium tympanicum, 759

of bone, 50
horizontal, of ethmoid, 179

800

875

calices of, 869,

capsule

of,

Landmarks

Labia
minora, 899

of,

956

antrum, 950
anus, 967

valves of, 957
Hunter's canal, 960
hyoid bone, 952
ihum, 952, 969
prominences of, 962
inguinal canal, 963
glands, 969
interdigital folds, 981

aorta, division of. 962

internal

of,

963

rings of, 963
viscera of, 963
ankle, 973
anterior tibial artery, 974

arm, 976
cutaneous veins of, 978
axilla, 977
axillary artery, 977
back, 958
furrows of, 958
bladder, 966
brachial artery, 977
brain, levels of, 947
bursa, carpal, 980
digital, 982
of elbow, 979
of foot, 975
of patella, 972
buttocks, 970
carpus, 979
catheter, introduction of, 968

I

outlines of, 956

mammary

artery,

955
interosseous arteries of arm,

979
of hand, 982
intestines, large, 965

small, 966

kidney, 965
knee, '971

bony prominences

of,

synovial membrane
knuckles, 982

of,

lachrymal sac, 949
leg,. 973
ligamentum patellse, 972
linea alba, 961
linese semilunares,

transverse, 961

960

971
972

—
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Landmarks

Landmarks

964
lower jaw, 948
lung. 959
apex of, 953
outlines of, 957
malleoli, 973
mastoid process, 947
mediastinmn, anterior, 957
metacarpal joints, 981
middle meningeal artery, 947
mouth, 950
liver,

nares, 951

nasal cavities, 949
duct, 949

neck, veins of, 952
Nelaton's line, 969
nose, 949
occipital protuberance, 947
olecranon, 978
palm of hand, 981
palmar arches, 981
palpation by rectum, 982
pancreas, 965
parotid duct, 948
patella, 971
patellar bursa, 972

perineum, 966

bony framework

of,

966

raphe of, 966
peritoneum, 962
peroneal nerve, 973
the stomach, 961
plantar arteries, 976
fascia, 976
pit of

pleura, reflections of, 957

pomum

Adami, 952
pophteal artery, 972, 974
bursa, 972
tendons, 972
posterior tibial artery, 974
Poupart's ligament, 962, 963,

968
prostate gland, 967
pubes, bony ^jrominences

of,

962
pudic artery, 971
pulley for superior

oblique,

948
pulse at wrist, 980
puncta lachrymalia, 949
pylorus, 964
radial artery, 980
radius, 979
raphe of perineum, 966

rectum, 967
palpation by, 982
ribs, rales for

counting, 955

abdominal, 963
femoral, 968
saphenic veins, 977
saphenous opening, 968
sartorius, 970
scalp, 946
arteries of, 946
density of, 946
scapula, 960
sesamoid bones, 982
rings,

shoulder,' 9 76
sinuses, cerebral, 947
frontal, 946

973

1005
Larynxvocal cords

of, false, 846
846
thickness of, 947
superior, 846
spermatic cord, 963
true, 846
spinal meshes, origins of, 959 Lateral masses of ethmoid, 180
spine, movements of, 959
tract, 619, 620
of ilium, 962, 969
Lee, researches on sympathetic
of pubes, 962
nerve, 717
spines of vertebra, 958
Leg, arteries of, 553-564
spleen, 964
bones of, 269
sterno-clavicular joint, 953
fascige of, 452
stern o-mastoid muscle, 953
deep, 457
sternum, 954
landmarks of, 972
stomach, 964
ligaments of, 330-341
subclavian artery, 954
lymphatics of, 603
muscles of, 452
subcutaneous veins of hand,
982
nerves of, 700
veins of, 588
of neck, 952
supraclavicular fossa, 953
Lens, crystalline, 742
supracondyloid processes, 978
capsule of, 123, 742
changes produced in by age,
tabatiere anatomique, 980
temporal artery, 948
743
tendo Achilhs," 973
development of, 128
structure of, 742
tendons of ankle, 973, 974
suspensory ligament of, 742,
of wrist, 980
thigh, 968
743
Lieberkuhn, crvpts or follicles
bend of, 968
of, 803
throat, 950
thumb, 981
Ligament or Ligaments, 287
accessory, 317
thyroid cartilage, 952
acromio-clavicular, superior,
tibia, 973
814
tonsils, 951
inferior, 314
trachea, 953
division of, 958
alar of knee, 334
triangular ligament, 967
of ankle, anterior, 340
lateral, 340
trigonum vesicte, 966
annular of ankle, 460
trochanters, 969
anterior, 460
tuberosities of arm, 976
external, 461
ulna, 979
internal, 461
ulnar artery, 980
umbilicus, 961
of radius and ulna, 321
of stapes, 755
urethra, 967
in child, 968
of wrist, anterior, 427
posterior, 427
vagina, examinations of, 983
anterior of ankle, 460
vertebrae, spines of, 958
tabular plan of, 959
of carpus, 323
viscera, abdominal, 963
of elbow, 319
wrist, 979
of knee, 334
of wrist, 324
Lanugo, 125
arcuate, 402
Laryngo-tracheotomy, 852
aryteno-epiglottic, 845
Laryngotomy, 852
astragalo-scaphoid, 344
Larynx, 842
atlo-axoid, anterior, 297
apertures of, 845
posterior, 297
cartilages of, 842
cavity of, 846
of bladder, false, 880
true, 880
development of, 131
broad, of liver, 812
glands of, 850
of uterus, 788, 902
glottis, 846
Burns's, 922
interior of, 845
extei'calcaneo-astragaloid,
ligaments of, 844
nal. 342
lymphatics of, 850
interosseous, 342
mucous membrane of, 849
posterior, 842
muscles of, 847
calcaneo-cuboid, internal, 343
actions of, 849
long, 343
rima glottidis, 846
short, 343
sinus of, 846
superior, 343
structure of, 844
inferior.
calcaneo-scaphoid,
superior aperture of, 845
344
ventricle of, 846, 847
superior, 344
vessels and nerves of, 850

skin,

skullcap, 945

inferior,

—
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Ligament or Ligaments
See

capsular.
Joints,

individual

carpo-metacarpal, 327
of carpus, 32-4
central, of spinal cord, 612

check, 161, 300
ciliary of eye, 733, 735

common

vertebral, anterior,

Ligament or Ligaments

—

Ligament or Ligaments

lumbo-sacral, 308
of malleus, 755
metacarpal, 327, 329
metacarpo-phalangeal, 329
metatarsal, 346
metatarso-phalangeal, 346
oUique, 821
obturator, 312

external lateral, 319
internal latei-al, 319

299
300
posterior, 300
occipito-axoid, 300
odontoid, 300
orbicular, 321
of ossicula., 754
of ovary, 908
palmar, 324, 325, 328
palpebral, 745
of patella, 884
landmarks of, 972
of pelvis, 308
peritoneal, 791
of phalanges of hand, 880
of foot, 346
of pinna, 749
plantar, 343, 345
posterior of carpus, 325
of elbow, 811
of incus, 755
of knee, 885
of wrist, 324
Poupart's, 393, 912
pterygo-maxillary, 360
pubic, anterior, 311
posterior, 311
superior, 811

posterior, 319

pubo

occipito-atloid, anterior,

293
posterior, 298

lateral,

conoid, 314
coraco-acromial, 316

landmarks

of,

977

coraco-clavicular. 314

coraco-humeral, 317
coracoid, 316

coronary of knee, 387
of liver, 812
costo-clavicular, 313
costo-colic, 793
costo-sternal, anterior, 305
posterior, 306
costo-transverse, 304
costo-vertebral, 303
costo-siphoid, 307
cotyloid, 332
crico-arytenoid, 845
crico-thyroid, 845
crucial of knee, 335, 336

cruciform, 298
deltoid, 340
dorsal. See individual Joints,

of elbow, 318
anterior, 319

fiilciform of liver,

812

femoral, 921
gastro-phrenic, 792
Gimbernat's, 393, 912, 913,
922, 923
glenoid, 231, 317, 329
glosso-epiglottidean, 844
Hey's, 922
of hip, 330
hyo-epiglottic, 844, 845
ilio-femoral, 331
ilio-lumbar, 308
of incus, 755
interarticular of ribs, 304
interchondral, 307
interclavicular, 313
intercostal,

807

interosseous.
See individual
Joints,
interspinous, 295
intertransverse, 296
intervertebral, 294
of ]aw, 301
of knee, 334
of larynx, 844
individual
lateral.
See
Joints.
of bladder, 880
of liver, 812
of uterus, 902
of hver, 812
longitudinal of liver, 812
lumbo-iliac, 309

-

prostatic,

880,

885,

939
radio-carpal, 328, 324
radio-ulnar, anterior, 322

322
middle, 321
posterior, 322
recto-uterine, 902
rhomboid, 318
round, of hip, 331

309

309

803
sternal, 307
stellate,

posterior, 313

of sternum, 307
structure of, 287

thyro-hyoid, 845
tibio-fibular,
tibio-tarsal,

339
840

transverse of atlas, 297
of hip, 338
of knee, 387, 389
of scapula, 316
of tibio-fibular, 839
trapezoid, 314
triangular, 893, 918, 933

landmarks

of,

967

of tympanic bones, 755
ulno-carpal, 824
of urethra, 913
of uterus, 902
of vertebraa, 298
vesico-uterine, 902

of Winslow, 335
of wrist, 823

324

anterior,

also Ligamenta and
Ligamentum.
Ligamenta alaria, 837

subflava, 148, 295
suspensoria of mamtna, 406
See also Ligament.

Ligamentum arcuatum
num, 402

exter-

internum, 402
denticulatum, 612
latum pulmonis, 855

mucosum, 887

of sca,pula, 316
scapulo-clavicular, 814
of shoulder, 316
of spleen, 822
of stapes, 755

clavicular,

of eyelids, 745
tarso-metatarsal, 845
of thumb, 325
thyro-arytenoid, inferior, 847
superior, 846
thyro-epiglottic, 844, 845

See

posterior, 309
sacro-vertebral, 310

-

287
842

of Zinn, 354

oblique, 309
posterior, 309
sacro-sciatic, anterior, 809

818

tarsal,

Y, 831

posterior, 311

sterno

sutural,

latei'al,

of liver, 790, 812, 818
of radius and ulna, 321
of uterus, 902, 908
sacro-coccygeal, anterior, 310

lesser,

subpubic, 311
supraspinous, 296
suspensory, of incus, 755
of lens, 742, 748
of liver, 812
of malleus, 754
of mamma, 406
of penis, 887
of spleen, 822

external, 824
internal, 824
posterior, 324

inferior,

sacro-iliac, anterior,

stylo-hyoid, 302
stylo-maxillary, 301, 365
subflavous, 295

anterior,

nuchse, 382
patella, 884

pectinatum

iridis,

785

landmarks of, 972
posticum Winslowii, 385
759
suspensorium, 300
teres.
See Ligament, round.
See also Ligament.
Ligation of arteries.
See Opspirale,

.

eration.

Limbs, bones

of,

development

224

of,

125

I
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Liinbus lamina? spiralis, 759
luteiis,

Lobes
slender, 646

737

Line, curved, of ilium, 255
of occipital bone, 160

square, 646, 815

subpeduncular, 646
of cerebrum. See Cerebrum.
of kidney, 869
of liver, 813, 814
of lung, 857
optic, 643, 644
of prostate, 886

incremental, 769
intertrochanteric, 265

mylo-hyoidean, 197
ISTelaton's, 969
oblique, of clavicle, 225
of fibula, 274, 275
of lower jaw, 195, 197
of radius, 242

of

tibia,

272

pectineal, 258
Linea alba, 393, 399

landmarks

of,

961

aspera, 265
ileo-pectinea, 256
quadrati, 265
splendens, 612
Linete semilunares, 399

landmarks

of,

960

transversa of abdomen, 399
landmarks of, 961
of fourth ventricle, 648
Lingual bone, 215
Linguetta laminosa, 644
Lips,

764

486
Liquor amnii, 110
chyh, 38
Cotunnii, 761
Morgagni, 742
sanguinis, 33, 36
Scarpte, 762
serainis, 896
Lithotomy, parts avoided in,
937
parts concerned in, 932, 936
divided in, 937
Littre, glands of, 884
arteries of,

Liver, 811
arteries

534, 815, 817
816
changes of position in, 812
circulation in, 816
coats of, 815
development of, 130
distribution of vessels to, in
fcetus, 839
ducts of, 817, 819
fissures of, 813
landmarks of, 964
ligaments of, 812
of,

cells of,

lobes of, 813, 814
lobules of, 815

lymphatics of, 606, 815
nerves of, 815
situation,

size,

and weight,

811
structure of, 815
surfaces and borders of, 811
vessels of, 816
Lobes of cerebellum, 646
anterior, 646
digastric, 646

inferior posterior, 646

median, 646
pneumogastric, 646
posterior, 646
semilunar, 646

of testis, 892
of thymus, 864
of thyroid, 862
See Lobules, etc.
Lobule of ear, 748
Lobules, cuneate, 629
of kidney, 869
of lung, 859
parietal,

628

Lobulettes of lung, 861
Lobuli testis, 893
Lobulus caudatus, 815
centralis of cerebellum, 646
prascuneus, 629
quadratus, 629, 815
Spigelii, 815
Lobus. See Lobules and Lobes.
Locus casruleus, 648
niger, 633
perforatus anterior, 632
posterior, 633
Looped tubes of Henle, 871
Lower extremity, arteries of,
553
bones of, 253

1007
Lunulas of nails, 94
Luschka's gland, 541
Lymph, 37, 38
corpuscles, 37
path, 88, 89.
sinus, 88, 89

Lymphatic duct, right, 598
Lymphatic glands, 88, 596,
auricular, posterior, 598
axillary, 602, 608

brachial, 601
bronchial, 608
buccal, 598
cervical, 600
of elbow, 602
gluteal,

603

of groin, 602, 603, 969
of head, superficial, 599
hilum of, 88
iliac,

external, 604

internal,

604

inguinal, deep, 603

602
607

superficial,

intercostal,

internal

mammary, 608

ischiatic,

603

of large intestine, 607
of lower extremity, 602

lumbar, 604

mammary, 608
mediastinal, 608
mesenteric, 607
of neck, 600
occipital,

598

parotid, 598

fasciae of, 437
of pelvis, 604
ligaments of, 330
deep, 604
lymphatics of, 602
popliteal, 603
muscles of, 437
radial, 602
nerves of, 698
sacral, 604
veins of, 588
of small intestine, 607
Lower jaw. ^^ee Inferior maxilof spleen, 607
lary bone.
of stomach, 607
Lower, tubercle of, 831
structure of, 88
Lungs, 856
submaxillary, 598
air-cells of, 859
of thorax, 607
air-sacs of, 859
tibial, anterior, 603
alveoli of, 859, 861
ulnar, 602
apex of, 856
of upper extremity, 601
landmarks of, 953
zygomatic, 598
capillaries of, 859
Lymphatics, 86, 596
color of, 857
abdomen, 604
development of, 131
afferent, 597
fissures of, 857
arm, 601
auricular, 598
in fcetus, 131
bladder, 606
landmarks of, 957
bone, 49
lobes of, 857
bi'oad ligaments, 606
lobules of, 859
bronchial, 862
lobulettes of, 859, 861
buccal, 598
lymphatics of, 608, 862
cardiac, 608
nerves of, 862
cerebral, 599
outline of, on chest-wall, 957
cervical, 600
parenchyma of, 859
pulmonary artery, 569, 832,
chest, 607
clitoris, 605
861
coats of, 86
veins, 570, 595, 835
cranial, 599
root of, 857
diaphragm, 608
structure of, 859
efferent, 597
subdivision of bronchi in, 859
face, deep, 599
vessels of, 861
superficial, 599
weight, color, etc., 857
.

—
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Lymphatics

general anatomy of, 86
gluteal region, 605

landmarks
Malleus, 754

of,

273
973

suspensory ligament

of,

of, 869,

754
870

pyramids of, 869
869

head, 598
heart, 608

tuft of,

608

intercostal,

mammary, 608
607

kidneys, 606, 875
labia, '605

801
large intestine, 607
leg^ 603
liver, 606, 815
lower extremity, 603
lung, 608, 862
meningeal, 599
mesenteric, 607
mouth, 599
neck, 600
nose, 599
nymphffi, 605
lacteals, 607,

598
oesophagus, 609
ovaries, 606
pancreas, 822
parotid, 598
pelvis, 604
penis, 605
perineum, 604
pharynx, 601
plexus of, 88
prostate, 606
occipital,

.

internal, 272,

Malpighi, capsule

groin, 910

intestines,

Medullary

Malleoh;s

rallo]jian tubes, 606
gall-bladder, 606

internal

—

radial, 601

rectum, 606
scrotum, 605, 891
small intestine, 607
spleen, 607

stomach, 607
stomata of, 88
structure of, 86
submaxillary, 598
testicle, 606
thoracic duct, 598
thorax, 607
thymic, 609
thyroid, 609, 865
upper extremity, 601
uterus, 606
vagina, 606
valves of, 86
vessels of, 86, 597

Malpig'hian bodies

of kidney,

869, 870

corpuscles of spleen, 825
Bee Malpighi.
Mamma, 908. See Mammary
gland.
Mammary gland, 908
areola of, 909
ducts of, 909
lobules of, 909

mammilla

of,

nerves

909

of,

909

of,

of retina, 734
limitans, 738, 739
nictttans, 746
obturatrix, 120
pupillaris, 123,

736

sacciformis, 328

759
tympani, 753

909

secundaria, 759
or Membranes of
aqueous chamber, 741
arachnoid, cerebral, 616
spinal, 610, 611

Membrane

of kidney, 869
of malleus, 754
of sternum, 217
Marrow of bone, 48, 54

Manubrium

basement, 100

54

primitive, 54
spinal, 610, 612
Marshall, vestigial folds
Masseter, 360

734

granulosa of ovum, 102, 906

suprachoroidea, 734

vessels of, 909
Mammilla of breast, 909

fostal,

fusca,

tectoria,

nipple, 909

structure

substance of brain, 64
of kidney, 869
of suprarenal capsules, 876
velum, posterior, of cerebellum, 646
Medullated fibres, 64
Meibomian glands, 745
Membrana basilaris, 759
eboris, 772

of,

128

Mastoid

cells, openings of, 752
portion of temporal bone, 170
Matrix of nail, 94
Maxillary bone, inferior. 8e^
Inferior maxillary bone,
superior.
See Superior
maxillary bone.
Meatus auditorius externus, 172,

750
internus, 178
of nose, inferior, 214, 729
middle, 181, 186, 214, 729
superior, 181, 214, 729
urinarius, female, 900

male, 884, 887
Meckel's cartilage, 119
ganglion, 658
Mediastinum, 854
anterior, 855
middle, 855
posterior, 854, 855
landmarks of, 957
Lymphoid cellular tissue, 42
testis, 893
Lyra of fornix, 640
Medulla oblongata, 618
corpora pyramidalia of, 619
Macula cribrosa, 757
fasciculi graciles of, 620
germinativa, 102
fissures of, 619
kitea, 737, 741
gray matter of, 621
Magendie, foramen of, 611
lateral tract of, 619, 620
Magnum (os) of carpus, 249
olivary body, 619, 620
Malar bone, 189
pyramids of, 619, 620
articulations of, 191
restiform bodies, 620, 621
attachment of muscles to,
septum of, 621
191
structure of, 621
development of, 191
Medulla spinalis, 612.
See
Male organs of generation, 885
Spinal cord.
development of, 135
Medullary canal of bone, 48
Malleolus, external, 274
membrane of bone, 48

blastodermic, 104
of brain, 614
choroid, 733
of Oorti, 759
costo-coracoid, 408
crico-thyroid, 845

of Demours, 732
of Descemet, 732
fenestrated, 81
fibro-serous, 99
of Henle, 81
hyaloid, 742

I

hyoglossal, 726
interosseous, 321
Jacob's, 740
of Krause, 60

738
mucous, 99, 100
Nasmyth's, 771
obturator, 259, 449
pituitary, 728
limiting,

pupillary, 735
of Reissner, 760

Schneiderian, 728
serous, 99
of spinal coi'd, 610
synovial, 99, 287

thyro-hyoid, 216, 844
tubular, 62
of tympanum, 753
vitelline,

102

vitreous, 734
Membranous labyrinth, 761
portion of urethra, 883
semicircular canals, 761

zone, 760
Meninges, cerebral, 614
spinal, 610
Menisci, 46
Meroblastic ova, 103
Mesencephalon, 120
Mesentery. 788, 791, 792
Mesoblast.' 104, 106
Mesocfficum, 792, 809

\

—

—

5

INDEX.
Muscle or Muscles

Mesoeephale, 623
Mesocolon, ascending, 792
descending, 792
sigmoid, 793, 807

420

Mesorcliium, 897

Mesorectum, 788, 793, 809
Metacarpus, 250
development of, 252
peculiar bones of, 250
Metatarsus, 283
articulations of, 346
development of, 286
Metencephalon, 120
Milk teeth, 766, 768

cerato-glossus, 372
of cervical region, 364
cervicalis ascendens, 387

descendens, 387
chondro-glossus, 372
ciliaris,

Molar teeth, 767
Molecular layer of retina, 738

Monro, foramen of, 637, 640,
641, 643
Mons Veneris, 898
Monticulus cerebelli, 646
Morgagni, hydatid of, 135
liquor of, 743
Morsus diaboli, 904
Motorial end plates, 79
Mouth, 764
landmarks of, 950
muscles of, 357
Mucoid cellular tissue, 42
Mucous membranes, 100
duct of, 132
Multicuspidate teeth, 767
Muscle or Muscles, descriptive
anatomy of, 347
of abdomen, 392
abductor indicis, 431
minimi digiti of foot, 463
of hand, 430
pollicis of foot, 462
of hand, 428
accelerator uringe, 931
accessorius ad sacro-lumbalem, 387
orbicularis oris, 359
Miiller,

464

-

epigiottideus

849
superior, 849
arytsenoideus, 848, 849

attoUens aurem, 352
attrahens aurem, 352
of auricular region, 352
azygos uvulae, 377
of back, 380

357
asi, 857
sacculi laryngis, 847, 849
urethrse, 933

isthmi

faucium,

373, 377

pharyngis inferior, 374
medius, 374
superior, 374
urethrse, 933

minimi

digiti of foot,

465

of hand, 430
pollicis of foot,

464

of hand, 429
carpi radialis, 418
brevis,

419

profundus, 419
ulnaris, 419
digitorum profundus, 420
sublimis, 419
longus digitorum, 458
pollicis of foot,

457

of hand, 421

847, 849
posticus, 847, 849
orico-thyroid, 847, 849
crureus, 442, 443

genio-hyo-glossus, 371
genio-hyoid, 370
of gluteal region, 446
gluteus maximus, 446

dartos, 890
deltoid, 411

medius, 447
minimus, 448
gracilis, 444

supercilii,

353

depressor alaa nasi, 357
anguli oris, 359
epiglottidis, 849
labii inferioris, 358
diaphragm, 402

369

96

spinge,

of expiration, 397, 402
of external ear, 352
extensor brevis digitorum,

462
carpi radialis brevior, 423
longior, 422
ulnaris,

hamstring, 451
of hand, 427, 428
of head and face, 349
helicis major, 749

minor, 749
Hilton's,

424

coccygis, 391

communis digitorum, 423
426
longus digitorum, 454

biceps of arm, 415
of leg, 451
biventer cervicis, 389

minimi digiti, 424
ossis metacarpi pollicis, 425
primi internodii pollicis, 425

indicis,

847

of hip, 437
humeral region, anterior, 414
posterior, 416
hyo-glossus, 372
of hyoid bone, 367, 369
of iliac region, 437
iliacus,

386

basio-glossus, 372

64

femoral region, anterior, 439
internal, 444
posterior, 451
fibular region, 459

cranial region, 349, 350
cremaster, 890, 914
crico-arytsenoideus lateralis,

coraco-brachialis, 41
corrugator cutis ani, 929

pilse,

infe-

of eyelids, 353
of face, 349

ossis metacarpi pollicis, 428
profundus digitorum, 420
sublimis digitorum, 419
of foot, 461, 462
of forearm, 417
gastrocnemius, 455
gemellus inferior, 450
superior, 450
general anatomy of, 57

dilatator naris anterior, 857
posterior, 857
dilator of pupil, 736
ejaculator seminis, 931
of epicranial region, 350
erector chtoridis, 899, 933
penis, 932

adductor brevis, 445
longus, 445
magnus, 445
pollicis of hand, 430
of foot, 465
anconeus, 424
of animal life, 57
anomalus, 357
antitragicus, 749
rior,

ciliary of the eye, 736
circumflexus palati, 376
coccygeus, 935
cochlearis, 759
complexus, 389
compressor nariuni minor,

constrictor

extrinsic of larynx, 847
of eyeball, 356

flexor accessorius, 464
brevis digitorum, 463

353

digastric,

of acromial region, 411

proprius pollicis, 454
secundi internodii pollicis,

425

posterior, 423, 425
brachialis antious, 416
buccinator, 359

bulbo-cavernosus, 931

Mineral base of bone, 50
Mitral valve, 835
Modiolus of cochlea, 758

arytssno

Muscle or Muscles

of bladder, 881
brachial region, anterior, 418,

transverse, 788, 789, 798, 807

pedis,

1009

438

ilio-costalis,

387

infracostal, 401

of infrahyoid region, 367
infraspinatus, 412
of inspiration, 402, 406
intercostal, 400
external, 400
internal, 400
of intermaxillarj^ region, 359
interossei, dorsal, 431, 466

palmar, 432
plantar, 466
interspinales,

390

intertransversales. 391
intrinsic, of larynx, 847

—

—
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Muscle or Muscles

kerato-cricoideus, 847
kerato-glossus, 372
labial, 357,

358

of larynx, 359, 361, 847
latissimus dorsi, 382, 385
laxator tympani major, 755
minor, 755
of leg, 452
levator anguli oi'is, 358
scapulse, 384, 385
ani, 885, 934
glandulie thyroidefe, 862

358
357
alseque nasi, 357
proprius, 357
menti, 358
palati, 376
labii inferioris,

superioris,

palpebrge

superioris,
354, 744
prostatge, 885, 935
levatores costarum, 401
of lingual region, 371
lingual! s, 372
of lip, 357, 358
of little finger, 430

353,

longissimus dorsi, 387
longus colli, 378
of lower extremity, 436
lumbricales of foot, 464
of hand, 420, 431
masseter, 360
of maxillary region, 357, 358
of mouth, 358
multifidus spinte, 390
muscularis mucosaa, 60, 797
mylo-hyoid, 370
of nasal region, 356
naso-labialis, 359
of neck, 363
of nose, 356, 728
See Muscle, oblioblique.
quus.
obliquus ascendens, 387, 911
auris,

749

capitis inferior, 391

superior, 391
descendens, 394, 912
externus abdominis, 392,
911
interniis abdominis,
394,
913
oculi inferior, 355
superior, 355
obturator externus, 450
internus, 449
occipito-frontalis, 350

omo-hyoid, 368

opponens minimi
pollicis, 428

digiti,

431

orbicularis latus, 353
oris, 359
palpebrarum, 353, 744
of orbital region, 354
of palatal region, 375
of palate, 775
palato-glossus, 373, 377
palato-pharyngeus, 377
palmaris brevis, 430
longus, 419

of palpebral region, 353
pectineus, 444
pectoralis major, 406
minor, 408
of penis, 931, 932
of perineum, female, 933

930
peroneus brevis, 459
longus, 459
tertius, 454
of pharyngeal region, 373
of pharynx, 373
of pinna, 749
of plantar region, 462
plantaris, 456
platysma myoides, 364
popliteus, 457
prfevertebral, 379
pronator quadratus, 421
radii teres, 418
psoas magnus, 437
parvus, 438
pterygoid, external, 362
internal, 362
of pterygo-maxillary region,
362
pyramidalis abdominis, 398
nasi, 356
pyriformis, 448
quadratus femoris, 450
lumborum, 398
menti, 358
quadriceps extensor cruris,
442
radial region, 422, 428
rectus abdominis, 398
capitis anticus major, 378
minor, 378
posticus major, 391
minor, 391
femoris, 442
laterahs, 378
oculi externus, 354
inferior, 354
internus. 354
superior, 354
sternalis, 408
thoracis, 401
retrahens aurem, 352
rhomboideus, 357
major, 384
minor, 384
ring, 737
risorius of Santorini, 360
rotatores spinas, 390
sacro-lumbalis, 387
sartorius, 441
landmarks of, 970
scalenus anticus, 379
medius, 380
posticus, 380
scapular region, anterior, 411
posterior, 412
semimembranosus, 452
semispinalis colli, 390
dorsi, 390
semitendinosus, 451
serratus magnus, 409
posticus inferior, 385
superior, 385
m;ile,

Muscle or Muscles
sole of foot, 463
soleus, 456
sphincter ani, external, 929
internal, 809, 929
of pupil, 736

vaginge, 933
spinalis cervicis, 389

389
387
splenius, 386
capitis, 386
colli, 386
stapedius, 755
colli,

dorsi,

sterno-cleido-mastoid, 365

landmarks

953

of,

sterno-hyoid, 367
sterno-mastoid, 365
sterno-thyroid, 367
stylo-glossus, 373

stylo-hyoid, 370

stylo-pharyngeus, 375
subanconeus, 417
subclavius, 408

subcrureus, 443
subscapularis, 411
supinator brevis, 425
longus, 422
supracostal, 401
supraspinales, 390
supraspinatus, 412

temporal, 361
of temporo-maxillary region,

i

360
tensor palati, 376
tarsi, 353

tympani, 753, 755
vaginae femoris, 441
teres major, 413
minor, 413
of thigh, 439, 451
of thoracic region, anterior,

406
409

lateral,

of thorax, 400, 406
of thumb, 428
thyro-arytgenoideus, 848, 849
thyro-epiglottideus. 848, 849

thyro-hyoid, 368
tibialis anticus,

453

458

posticus,

tibio-fibular region, anterior,

453
posterior,

455

of tongue, 371, 726
trachealis,

852

trachelo-mastoid, 387
tragicus, 749
transversalis abdominis, 397,

914
colli,

387

transversus auriculae, 749
pedis, 465
perinei, 932
in female, 933
trapezius, 381
triangularis menti. 358
sterni,

401

triceps extensor cruris, 442
cubiti,

416
443

f emoralis,

i

—
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triticeo-glossus, 849

of trunk, 880
of tympanum, 755
of ulnar region, 430
of upper extremity, 405
of ureters, 881
of urethra, 931
vastus externus, 442
internus, 442, 443
anterior,
vertebral region,
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Nerve or Nerves

Nails
root of, 94
structure of, 94
Nares, anterior, 211

cervico-facial, 667
chorda tympani, 666, 756
ciliary, long, 655
short, 655
circumflex, 687
clavicular, 680
coccygeal, 703, 704
cochlear, 763

posterior, 211, 781

landmarks of, 951
septum of, 211, 728
Nasal bones, 183
articulations

of,

development

of,

cavities.

184
184

communicans

noni, 681
peronei, 709, 710

See Nares.

landmarks of, 949
fossje, 211, 729
379
zygomaticus major, 358
apertures of, 729
minor, 358
arteries of, 729
mucous membrane of, 728
Muscles, General Anatomy of,
nerves of, 730
57
veins of, 729
of animal life, 57
aponeuroses of. See Aponeu- Nasymth's membrane, 771
roses.
Nates of brain, 643, 650
arrangement of fibres of, 58 Navicular bone, 280
bipenniform, 347
Neck, fascise of, 364
blood-vessels of, 62
glands of, 600
capillaries of, 62
landmarks of, 952
cells, 60
lymphatics of, 600
development of, 125
muscles of, 363
fasciculi of, 57
surgical anatomy of, 367
fibres of, 57
triangles of, anterior, 366,
fibrilla3 of. 58, 59
369, 493
form of, 347
veins of, 574
insertion of, 347
landmarks of, 952
involuntary, 61
Nekton's line, 969
lymphatics of, 62
Nerve or Nerves, 62, 610, 649
mode of connection with
Descriptive Anatomy of
abducens, 663
bone, etc., 347
nerves of, 62
accessory, 673
obturator, 700
nomenclature of, 347
acromial, 680
of organic life, 60
origin of, 347
Arnold's, 671
penniform, 347
articular, 690, 700, 703, 708,
perimysium, 57
710
primitive fasciculi of, 57
auditory, 668, 762
fibrils of, 58
auricular, of auricularis magnus, 679
radiated, 347
sarcolemma, 58
of auriculo-temporal, 661
sarcous elements of, 59
posterior, from facial, 667
sheath of, 57
of second cervical, 681
size of, 347
of small occipital, 680
striped, 57
of vagus, 671
structure of, 57
auricularis magnus, 679
auriculo-temporal, 661
tendons of, 348
unstriped, 60, 61
of brachial plexus, 683
voluntary, 57
of bronchi, 862
Muscular tissue, 57
buccal, 660
Muscularis mucosae, 60, 100,
of facial, 668
810
cardiac, 716
Musculi papillares of left vencervical, 673
tricle, 836
inferior, 716
of right ventricle, 833
middle, 716
pectinati, in left auricle, 835
of pneumogastric, 671
in right auricle, 832
superior, 716
Musculus. See Muscle.
thoracic, 671, 673
Myeloplaques, 48
cardiacus magnus, 716
Myosin, 61
minor, 716
carotid, 659, 670
ISTaboth, ovula of, 904
cavernous, of penis, 722
:N'ails, 94
cervical, 677
chemical composition of, 95
anterior, 678
general anatomy of, 94
cardiac, 673
lunula of, 94
posterior, 682
matrix of, 94
superficial, 679
378

lateral,

—

of Ootunnius, 659
cranial,

649

classification of,

649

origin of, 649
crural,

698

700

anterior,

cutaneous, external, 687, 699
internal,

687

lesser internal, 689
of buttock and thigh, 708
of cervical plexus, 679
circumflex, 687

coccygeal, 704

700

crural, anterior,

dorsal of ulnar, 691
nerves, 693
dorsalis penis, 706
of frontal, 654

hemorrhoidal, inferior, 706
ilio-hypogastric, 698
ilio-inguinal, 698
of inguinal region, 910
intercostal, 694
intercosto-humeral, 694
internal, 689, 702
of ischio-rectal region, 928
lateral of dorsal, 696
of intercostal, 694
of liver, 815
lumbar, 696
median, 689
middle, 702

musculo

-

cutaneous,

687,

702, 711

musculo-spiral, 692
obturator, 699

palmar, 689, 691
of patella, 703
perineal, 706
peroneal, 710
plantar, 709
popliteal, external, 710
internal. 708
radial,
sacral,

692
703

sciatic, lesser,

705

small, 705
of thigh, external, 698
internal, 699

middle, 699
of thorax, anterior, 694
lateral,

694

tibial, anterior,

710

posterior, 709
ulnar, 691

dental, anterior, 657, 730
inferior, 661

of inferior dental, 662
posterior, 657

descendens noni, 675

—

—
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digastric, from

ulnar, 69()
dorsal, 693
peculiar, 696

of Meckel's ganglion, 659
of pneumogastric, 672
of sympathetic, 715
phrenic, 681
plantar, cutaneous, 709
external, 710

lumbo-sacral, 697
of the lung, 862

malar branch of

facial,

667

of orbital nerve, 656
masseteric, 660
mastoid, 679
maxillary, inferior, 660
superior, 656

internal, 709
pneumogastric, 670

median, 689
mental, 662
of motion, 649
motor oculi, 651

693
of penis, 706
dorsi-lumhar, 697
dorsi-spinal, 697
of dura mater, 615
eighth pair, 668
of eyeball, 744
facial, 664
roots

Nerve or Nerves

Nerve or Nerves

667
digital of foot, dorsal, 709
plantar, 709
of hand, dorsal, 690
palmar, median, 690
radial, 698
facial,

of,

popliteal, external,

internal,

musculo-cutaneous of abdomen, 698
inferior, 698
of arm, 687

from peroneal, 711

of auricularis magnus, 679
of femoral artery, 554

superior, 698
musculo-spiral, 692

653
649
fourth, 652
frontal, 654

mylo-hyoid, 662
nasal, from Meckel's ganglion, 659
of ophthalmic, 655, 730

tifth,
first,

ganglionic
655

branch of nasal,

657

branches

gastric

of

vagus,

673
genital,

698

genito-crural, 698

glosso-pharyngeal, 668
gluteal, inferior,

707

superior. 705
gustatory, 661
of heart, 672, 716, 838

hemorrhoidal, inferior, 706
hepatic, 719, 815
hypogastric, 698
hypoglossal, 674
iliac,

"698

incisor,

698

662

inframaxillary, of facial, 668
infraorbital of facial, 658, 667
infratrochlear, 655

694
loAver, 694
upper, 694

intercostal,

iutercosto-humeral. 694
interosseous, anterior, 689
posterior, 693
ischiatic, great. 708
small, 706
Jacobson's, 670, 756
of kidney, 875
labial,

658

of labyrinth, 756
lachrymal, 654
of Lancisi, 635
lai-yngeal. external.

672

672
internal, 672
recurrent, 672
superior, 672
inferior,

of sjTnpathetic, 715
lingual, 661,

from Vidian, 659
of nasal fosste, 728
naso-palatine, 659, 780
ninth, 674
obturator, 699
accessory, 700
occipital of facial, 667

726

of glosso-pharyngeal. 670
of liver, 815
lumbar, 696
roots of, 696

mollis, 668

pterygoid, 660
pterygo-palatine, 659

pudendal, inferior, 708
pudic, 706
pulmonary, from vagus. 673
radial, 692
recurrent laryngeal, 672
to tentorium, 663
renal splanchnic, 718
respiratory, external, of Bell,
685
internal, of Bell, 681
sacral, 703
roots of, 703
saphenous, external, or short,
709
internal, or long, 702
•

708

small, 706

second, 650

small, 679
of third cervical, 682
occipitalis major, 682

of sensation, 649

seventh, 664, 668

minor, 679
oesophageal, 678

sixth,

ophthalmic, 654
optic, 650
orbital, 656
relations of, 664
of superior maxillary, 656
palatine, 658
anterior or large, 658, 730
external, 659
middle, 659
posterior or small, 659
palmar cutaneous of median,
692
deep. 692
ulnar, 691
palpebral, 657
parotid, 661
par vagum, 670
pathetic, 652
perforans Oasserii, 687
pericranial, or frontal, 654
perineal, 706
superficial, 706
peroneal, 710
landmarks of, 973
peti'osal, great, 659
small, 663
superficial

portio dura, 664
inter duram et mollem, 664
intermedia, 664

sciatic, great,

great, 682

olfactory, 631, 649, 730

ilio-hypogastric, 698
ilio-inguinal,

from superior maxillary,

710

708

external,

or

large, 659, 715

pharyngeal, of external laryngeal, 672
of glosso-pharyngeal, 670

663

of special sense, 649
spermatic, 722
spheno-palatine, 657
spinal, 68, 676.
See Spinal
nerves.
accessory, 673
splanchnic, great, 718

718

lesser,

renal, or smallest,

718

splenic, 719
sternal,

680

stylo-hyoid of facial, 667
subclavian, 671
subcutaneous malar, 656, 667
suboccipital, 678, 682
subscapular, 686
superficialis colli, 679
cordis,

716

supraclavicular, 680

supramaxillary of

facial,

668

supraorbital, 654
suprascapular, 685
supratrochlear, 654

sympathetic, 75, 712
cephalic portion of, 713
cervical portion of, 713
ganglia of, 712
lumbar portion of, 720
pelvic portion of, 720
thoracic portion of, 717
tarsal, 710
temporal, of auriculo-temporal, 661

—

—
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Nervous system

Nerve or Xerves
deep, 660
of facial, 667
of orbital nerve, 656

Nucleus

ganglia, 63

teraporo-facial, 667

temporo-malar, 667
third, 651
thoracic, anterior, 685
cardiac, 673
long, 685
posterior, 685
thja-o-hyoid, 675
thyroid, 715, 864
tibial, anterior, 710
posterior, 709
of tongue, 661, 670, 726
tonsillar, 670
trifacial, 653
trigeminus, 653
trochlear, 652
tympanic of facial, 666

of, 62,

64

superficialis cordis, 716.

See

Nerve.

Neurilemma, 64
of cord, 610
Neuroglia, 42, 67, 69
Nidus hirundinis, 646
Nipple, 909

uterine, -722
vaginal, 722

landmarks

of,

954

Nodes of Ranvier. 74
Nodule of cerebellum, 646

671

vestibular, 763

Noduli Arantii, 833
Nodulus, 648
Nose, 726
arch of, 210
arteries of, 728
bones of, 183, 727
bridge of, 183
cartilages of, 727
of septum of, 728
columna of, 726
development of, 124
dorsum of, 726
fossaj of, 211, 728
landmarks of, 949
meatuses of, 181, 214, 729
mucous membrane of, 728
66
muscles of, 356, 728
nerves of, 728
septum of, 184
veins of, 728
vibrissee of, 726
Nostrils, 191, 211, 726
landmarks of, 949
Notch, cotyloid, 258
ethmoidal, 168

Vidian, 659, 730
of Wrisberg, 689
Nerve or Nerves, General Anat-

omy

74

of^

afferent, 76
cells,

63

centrifugal, 76
centripetal, 76

cerebro-spinal, 73

neurilemma of, 74
origin of, 74
plexus
sheath

of,

75

of,

74

structure of, 74
subdivision of, 75

termination of, 75
chemical composition of,
corpuscles, 63
efferent, 76
fasciculi,
fibres,

73

64

funiculus of, 74
motor, 76
sensory, 76

sheath

of,

74

676
sympathetic, 75, 712
terminations of, 76
Nerve end bulbs, 80
hillocks, 79
tufts, 79

interclavicular, 225

Nervous

sacro-sciatic, greater, 257, 262

spinal, roots of,

of,

centres,

lymphatics

605

of,

OooiPiTAL bone, 160
articulations of, 163, 299

attachment of muscles
163
borders

of,

to,

163

development

of,

163

tissue, 62.
See Nervous system.
vesicle, 123
Nervus cardiacus magnus, 716 Odontoblasts, 768, 772
minor, 716
(Esophagotomy, 782
cutaneus patellae, 703
(Esophagus, 781
petrosus superficialis major,
lymphatics of, 601
structure of, 782
659, 715

756
ulnar, 690

of,

NymphfB, 899

structure of, 163
Ocular cup, 123

Nervous

of glosso-pharyngeal, 670,

vagus, 670
ganglions

636

lenticularis,

gelatinous fibres of, 62
general anatomy of, 62
gray or cineritious substance,
62, 63
of organic life, 63
sympathetic, 63
tubular fibres of, 64
vesicular matter, 62, 63
white or medullary substance

development

120

Nervous substance, 62
chemical analysis of, 66
microscopic appearance of, 63
Nervous system, 62, 610
of animal life, 63
cerebro-spinal, 63, 610
cortical substance, 63
divisions of, 610
fibrous nervous matter, 62, 64

intercondyloid, 267
intervertebral, 43
nasal,

167

popliteal, 271

pterygoid, 178

262
sigmoid, 197, 198
spheno-palatine, 193
supi'aorbital, 167, 211
suprascapular, 230
Notochord, 106, 117
Nuek, canal of, 897, 908
Nucleus, 649
caudatus, 636
lesser, 257,

oenti-al gray, 71

surgical anatomy of, 782
Olecranon, 235, 237
landmarks of, 978
Olfactory bulb.
See Bulb,

ol-

factory,

79
See Nerve, olfactory.
Olivary bodies of medulla oblongata, 619, 620
Omenta, 787, 788, 792
Omentum, gastro-colic, 792
gasti-o-hepatic, 787, 792
gastro-splenic, 792, 822
great, 789, 792
cavity of, 789
lesser, 789, 792
sac of, 789
Opening, aortic, in diaphragm,
404, 783
in left ventricle, 835
auriculo-ventricular, 831, 835
caval in diaphragm, 404. 783
of coronary sinus, 831
of inferior cava, 831
oesophageal in diaphragm,
404, 783
of pulmonary artery, 832
veins, 834
saphenous, 441, 920, 922, 925
landmarks of, 968
of superior cava, 831
See also Orifice.
Operation for club-foot, 460
of laryngotomy, 852
of laryngo-tracheotomy, 852
cells,

nerve.

of ligation of arteries.
individual Arteries,
of lithotomy, 936

See

of oesophagotomy, 782
of staphylorraphy, 378
for strabismus, 356

tracheotomy, 852
for w^ryneck, 367
Opercula of dental grooves, 773
Opisthotonos, 960
Ora serrata, 737, 741
Orbicular bone, 754
Orbits, 211
arteries of,

muscles

of,

499
354

relation of nerves in, 664
Corti, 760, 973

Organ of

—
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Ovum

Organ
of Giraldes, 135
of Rosenmiiller, 185, y08
of sense, 723
Orifice,
anriculo - ventricular,
831, 832
cardiac, 793
oesophageal, of stomach, 798
pyloric of stomach, 793
of uterus, 903
of vagina, 901
See also Opening, Aperture,
Os, and Ostium.

Os

calcis,

277

hyoides, 215

innominatum, 253

magnum

of carpus, 249
orbiculare, 751
jilanum, 180
See also Bone.
uteri,

Ossa

—

908

triquetra, 182

unguis, 189
Ossicles of ear, 159, 753
Ossicula of tympanum, 159, 754
Ossification of bone, 53

centre

of, 58,

55

intracartilaginous, 53, 56

intramembranous,

53,

56

subperiosteal, 53, 56

of spine, progress in, 150
Osteoblasts, 48, 54, 56
Osteoclasts, 55
Osteo-dentine, 770

Osteogenic fibres, 56
Osteology, 47

Ostium abdominale of

Fallo-

pian tube, 904
internum, 903, 904
uterinum, 903
Otoliths, 762
Ovary, 905
corpus luteum of, 906

Patella

102, 103
icona pellucida, 102

yelk

of,

Pacchionian depressions, 168
Pacinian corpuscles, 77
of corpus callosum, 576,
635
Palate, 775
aponeurosis of, 775
arches of, 775
cleft, 378
development of, 119
hard, 191, 775
soft, 775
muscles of, 375, 775
surgical anatomy of, 378
bone, 191
articulations of, 193
attachment of muscles to,
193
development of, 193
Palm of hand, landmarks of,

Pad

981

Palmar

arch.
See Arch.
Palpation by rectum, 982
Palpebr^, 744
Pampiniform plexus of veins,
591, 891, 908
Pancreas, 820
development of, 131
duct of, 821
landmarks of, 965
lesser, 821
structure of, 821
vessels and nerves of, 822
Papilla lachry mails, 744, 747
spiralis, 760
Papilla, conjunctival, 732
of kidney, 869

of skin, 91
of tongue, 724
ciroumvallatsB, 724

724
724
fungiformes, 724
maxima, 724
medife, 724
minimfe, 724
structure of, 725
shape, position, and dimenof tooth, 771
sions of, 905
Par vaguin, 670
situation of, in foetus, 134
Parietal bones, 164
stroma of, 906
tunica albuginea of, 906
angles of, 165
articulations of, 166
vessels of, 908
Ovicapsules of Graafian vesicle,
attachment of muscles to,
906
166
Oviducts, 904
borders of, 165
development of, 165
Ovisacs of ovary, 906
Ovula of ISTaboth, 904
Parotid gland, 776
Ovum, 102
accessory portion of, 777
duct of, 777
changes in. 114
discharge of, 907
landmarks of, 948
discus proligerus, 102
lymphatics of, 598
fecundation of, 103
nerves and vessels of, 777
general anatomy of, 102
Parovarium, 135, 908
germinal spot, 103
Pars ciharis, 741
vesicle, 102, 103
intermedia, 900
holoblastic, 103
Passages, biliary, 818
meroblastic, 103
Patella, 269
vitelline membrane of, 102
articulations of, 269

development

of,

134

Graafian vesicles of, 906
ligament of, 908
lymphatics of, 606
nerves of, 908
ovisacs of, 906

coniciB,

filiformes,

attachment of muscles of,
269
development of, 269
fracture of, 468
landmarks of, 971
structure of, 269
Pecquet, cistern of, 597
reservoir of, 597
Pedicles of vertebra, 143
Peduncles of cerebellum, 647
of cerebrum, 632
of corpus callosum, 631, 635
of i^ineal gland, 641, 643
Pelvis, 260, 878
arteries of, 545
articulation of, 308
with spine. 308
axes of, 262
bones of, 253
boundaries of, 262, 878
brim of, 262
cavity of, 262, 878
contents of, 878
diameters of, 261
false, 260
foetal, 263
inlet of, 260
ligaments of, 308
lymphatics of, 604
male and female, differences of, 268
outlet of, 262
position of, 262
of viscera at outlet

of,

935
true, 260
of kidney, 867, 875
Penis, 887
arteries of, 889

corpora cavernosa, 888
corpus spongiosum. 888
development of, 137
dorsal artery of, 548
nerve of, 706
vein. 590
glans, 887
lymphatics of, 605, 890
muscles of, 931
nerves of, 706, 890
prepuce of, 887
suspensory ligament of, 887
Perforated space, anterior, 632
posterior, 633
Perforating fibres of bone, 50
Pericardium, 827
fibrous layer of, 828
relations of, 828
serous layer of, 828
vessels of, 829
vestigial fold of, 128
Perichondrium, 44
Perilymph, 761
Perimysium, 57
Perineal space, 928
Perineum, 928, 930
deep boundaries of, 930
fascia, deep, 983
superficial, 980
landmarks of, 966
lymphatics of, 605

I
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Plate-

Perineum
muscles

1015

of,

933

horizontal, 179, 191

in the female, 935
surgical anatomy of, 928

Perineurium, 41,
Periosteum, 48
Peritonemn, 785

7-4

cavity of, V86, 787, 789

786
landmarks of, 962
lesser cavity of, 786
ligaments of, 791
mesenteries, 788-792
omenta of, 787-792
reflections of, 785
folds of,

relations of, in hernia, 916
sacs of, 787
Pes accessorius, 638
anserinus, 6 05

orbital,

168

perpendicular,

of

ethmoid,

180
pterygoid, 178
vertical, of palate, 192

Platysma myoides, 364
Pleura, 854
cavity of, 854
costalis, 854
landmarks of, 957
parietal layer of, 854
pulmonalis, 854
reflections of, 854
vessels and nerves of, 855
visceral layer of, 854
Plexus, biliary, 816
choroid, 635, 637, 641, 648

hippocampi, 638
interiobular, 817, 818
743
intralobular, 816
Petrous portion of temporal
lobular, 816
bone, 171
Plexus of Nerves, 75
Peyer's glands, 804
aortic, 719
Phalanges of ear, 761
Auerbach's, 811
of foot, 284
brachial, 683
articulations of, 284, 846
cardiac, anterior, 716
development of, 286
deep, or great, 716
of hand, 252
superficial, 716, 717
carotid, 714
articulations of, 252, 330
external, 714
development of, 253
cavernous, 714
ungual, 252
Pharynx, 781
cerebral, 714
cervical. 679
aponeurosis of, 781
arteries of, 483
branches of, 679, 681
posterior, 683
development of, 118
coeliac, 718, 719
muscles of, 373
colic, left, 720
opening of, 781
Phleboliths, 590
middle, 719
right, 719
Pia mater of brain, 617
coronary, anterior, 717
of cord, 610, 612
posterior, 717
testis, 893
Pigment, 44, 94
cystic, 719
diaphragmatic, 718
cells of iris. 736
Pigmentary layer of choroid,
epigastric, 718
facial, 715
734
Piles, external, 928
gastric, 719
Pillars of external abdominal
gastro-duodenal, 719
ring, 393, 912
gastro-epiploic, 719
of diaphragm, 403
left, 719
gulfe, 671, 673
of fauces, 775
hemorrhoidal, inferior, 722
of fornix, 639
of palate, 775
superior, 722
Pineal gland, 641, 643
hepatic, 719
peduncles of, 641, 643
hvpogastric, 720, 722
Pinna of ear, 748
"inferior, 720, 722
cartilage of, 748
ileo-colic, 719
ligaments of, 749
infraorbital, 667
muscles of, 749
lumbar, 697
nerves of, 749
magnus profundus, 716
structure of, 748
Meissner's, 811
vessels of, 749
meningeal. 715
Pisiform bone, 248
mesenteric, inferior, 720
Pit of stomach, 961
superior, 719
Pituitary body, 175, 632
oesophageal, 673
ophthalmic, 715
development of, 121
Placenta, 112, 841
ovarian, 719
pancreatic, 719
formation of, 116
pancreatico-duodenal, 719
Plasma, 33, 36
Plate, cribriform or horizontal,
patellar, 703
pelvic, 720, 722
of ethmoid, 179
Petit, canal of,

Plexus of Nerves
pharyngeal, 670, 715
phrenic, 718
prostatic, 722
pulmonary, anterior, 673,
717
posterior, 673, 717
pyloric, 719
renal, 719
sacral, 704
sigmoid, 720
solar, 718
spermatic, 719
splenic, 719
suprarenal, 719
tonsillai', 670
tympanic, 667, 756
vaginal, 722
vertebral, 716
vesical, 722
of Veins, 570
choroid.
See Choroid,
hemorrhoidal, 590
interlobular, 817, 818
intralobular, 816
ovarian, 592, 908
pampiniform,
591,
891,
908
pharyngeal, 574
pterygoid, 573
spermatic, 591, 891
uterine, 590
vaginal, 590, 722, 817
vesico-prostatic, 590
Plica semilunaris, 746
Polar globules, 103
Pomum Adami, 842
landmarks of, 952
Pons hepatis, 814
Tarini, 633
Varolii, 618, 623
septum of, 624
structure of, 623
Popliteal

See

space.

Space,

popliteal.

Pores of

skin, 91
Portal system, 592
Portio dura of seventh nerve,

664
inter

duram

et

mollem, 665

intermedia, 664
mollis, 668

Porus opticus of sclerotic, 731
Pott's fracture, 468
Pouch of Douglas, 788
Pouches, Douglas's, 902
laryngeal, 847
recto-vaginal, 902
Poupart's Hgament, 393, 910,
912
landmarks of, 962-968
Prgeputium clitoridis, 899
Prepuce, 887
Primitive groove, 106
sheath. 64
trace, 106
Process or Processes, acromion,
230
alveolar, 184, 187
angular, external, 167
intei'nal, 167

—
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Process or Processes
auditory, 172, 174
basilar, 161
ciliary, 735
clinoid, anterior, 17S
middle, 175
posterior, 175
cochleariform, 174, 758
condyloid, 197
coracoid, 230, 231
coronoid, of lower jaw, 197
of ulna, 237, 238
ethmoidal, of inferior turbinated, 194
falciform, 921, 922
frontal, of malar, 189, 190
funicular, 897
greater of os calcis, 277
hamular, of lachrymal, 189
of sphenoid, 178
of helix, 748

Processus
clavatus, 620
cochleariformis, 174. 753
e cerebello ad testes, 644, 647
gracilis, of malleus, 754
vaginalis, of testis, 897

•

Promontory of sacrum, 153
of tympanum, 752

Ramus

of ischium, 258
of lower jaw, 195
of pubes, 258
Ranvier, nodes of, 74
Raphe of corpus callosum, 635
of palate, 775
of perineum, 930, 966
of scrotum, 890
of tongue, 724

Prosencephalon, 120
Rathke, lateral trabeculse of,
Prostate gland, 885, 935
landmarks of, 967
118
Receptaculum chyli, 597
ligaments of, 885
Rectum, 807
lobes of, 886
muscle of, 885, 935
coats of, 809
position of, 885, 935
development of, 130
folds of, 809
secretion from, 887
landmarks of, 967
structure of, 886
lymphatics of, 607
surgical anatomy of, 936
palpation by, 982
vessels and nerves of, 886
relations of, in female, 901
Protagon, 66
male, 812
Protoplasm, 38
structure of, 809
of incus, 754
Protovertebrte, 106, 117
of Ingrassias, 177
Region of abdomen, 392, 784
Protuberance, frontal, 118
jugular, 161
maxillary (fcetal), 119
acromial, muscles of, 411
lachrymal, of inferior turbiauricular, muscles of, 352
occipital, external, 160
nated bone, 194
internal, 161
of back, muscles of, 380
lesser, of calcaneum, 277
landmarks of, 947
brachial, anterior, muscles of,
malar, of superior maxillary, Pseudo-stomata of serous mem417, 418, 420
branes, 100
posteiior, 423, 425
184, 187
mastoid, 171
Pubes, 255, 258
cervical, superficial, muscles
landmarks of, 947
articulations of, 260, 311
of, 364
maxillary, of inferior turbiattachment of muscles to,
cranial, 350
nated, 194
260
diaphragmatic, 402
of malar bone, 189, 190
development of, 259
dorsal, of foot, muscles of,
landmarks of, 962
of palate bone, 192
462
mental, 195
structure of, 259
epicranial, muscles of, 350
symphysis of, 258, 311
nasal, 184, 187
epigastric, 784
odontoid, 145
Pudendum, 898
femoral, anterior, muscles of,
Pulley of superior oblique, 948
olecranon, 237
439
olivary, 175
Pulp cavity of spleen, 823
internal, 444
orbital, of malar, 189, 190
of tooth, 768
posterior, 451
Pulse at wrist, 980
fibular, 459
of palate, 192
Puncta lachrymalia, 744, 747
palate, 184, 185, 187
foot, dorsum of, 462
post-glenoid, 170
landmarks of, 949
sole of, 462
pterygoid, of palate bone, 192
vasculosa, 634
gluteal, muscles of, 446
of sphenoid, 174, 178
Pupil of eye, 735
groin, 784, 910
sphenoidal, of palate, 193
dilator muscle of, 736
of hand, muscles of, 427
spinous, of ilium, 256
membrane of, 736
humeral, anterior, 414
of sphenoid, 176
sphincter muscle of, 736
posterior, 416
Purkinje, axis cyhnder of, 64
of tibia, 270
hypochondriac, 784
Pylorus, 793, 794
of vertebrae, 143
hypogastric, 785
styloid, of fibula, 273
landmarks of, 964
iliac, 784, 785
Pyramid of cerebellum, 646
of radius, 243
muscles of, 437
of temporal, 173
of thyroid gland, 862
infrahyoid, muscles of, 367
of ulna, 240
of tympanum, 752
inguinal, 784, 785, 910
supracondyloid, 978
of vestibule, 756
intermaxillary, muscles of,
transverse, of occipital bone, Pyramidal bone, 246
359
161
Pyramids, anterior, 620
ischio-rectal, surgical anatof vertebrae. 143
of Ferrein, 871
omy of, 928
unciform, 249
of Malpighi, 869
laryngo - tracheal,
surgical
of ethmoid, 181
posterior, 620
anatomy of, 862
vaginal of sphenoid, 176
of spine, 157
lingual, muscles of, 371
of temporal, 170, 173
lumbar, 784
vermiform of cerebellum, QuADRiGEMiNAL bodics, 643
maxillary, inferior, muscles
of, 358
646, 647
zygomatic, 170, 189, 190
RADirrs, 242
superior, muscles of, 357
Processus ad medullam, 647
articulations of, 244
nasal, muscles of, 356
ad pontem, 647
development of, 244
orbital, muscles of, 354
landmarks of, 979
ad testes, 644
palatal, muscles of, 375
muscles attached to, 244
brevis, of malleus, 745
palmar, muscles of, 431
structure of, 244
caudatus, 748
palpebral, muscles of, 353
i
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Regiuu
pectoral, muscles of, 406

of perineum, 928
pharyngeal, muscles

of,

373

plantar, muscles of, 462
popliteal, 559

muscles

pterygo-maxillarj.

362

of,

pubic, 784
radial,

muscles

scapular,

of,

422, 428

muscles

anterior,

411

of,

posterior, 412
Scarpa's triangle, 554

of skull, anterior, 210
lateral.

208

suprahyoid, muscles of, 369
temporo-maxillary, muscles

360
muscles
anterior, 406
lateral, 409
of,

tlioracic,

of,

400

tibio-fibular, anterior,

453

posterior, 455

ulnar, muscles of, 430
umbilical, 784
vertebral, anterior, muscles

378
379
Reil, island of, 632
of,

lateral,

membrane of, 760
Reservoir of Pecquet, 597
Respii-ation, muscles of, 404,
Reissner,

408
organs

1017

of,

842

development of, 131
Restiform bodies of medulla
oblongata, 620, 621

Scapula

vertebro-costal, 220
vertebro-sternal, 220

articulations of, 232

Ridge, 142
crucial, 168
internal occipital, 161
interosseous, of fibula, 274

of tibia, 272
mylo-hyoidean, 197
pterygoid, 177
superciliary, 166, 168
supraorbital, 211
temporal; 164, 167, 170
Rigor mortis, 62
Rima glottidis, 846
Ring, abdominal, external, 393,
912
internal, 915
landmarks of, 963
crural, 925
femoral, 925
landmarks of, 958
fibrous, of heart, 836
Rod-granules of retina, 739
Rods of Corti, 760
of retina, 740
Rolando, arciform fibres of, 620,
621
fissure of, 626
tubercle of, 623
Rosenmliller, organ of, 135,
908
Rostrum of corpus callosum,
635
of sphenoid bone, 176
Rotation, 292
RugEB of stomach, 795
of vagina, 901

Rete Malpighii, 93

to.

Scarfskin, 92

Scarpa's triangle, 554
Schachowa, spiral tubule
871

of,

Schindylesis, 289
Schlemm, canal of, 735

Schneiderian membrane, 728
Schultze, cells of, 65, 650
Schwann, white substance of,
64
Sclerotic, 731
Scrotum, 890
dartos of, 890
lymphatics of, 605, 891
nerves of, 891
septum of, 890
vessels of, 891
Sebaceous glands, 96
Secreting glands, 100
Segmentation of cells, 102
Sella turcica, 175, 203
Semen, 896
Semicircular canals, 757
membranous, 761
Semilunar bone, 246
articulations, 246

Seminal ducts, 894
granules, 894
See Vesicute semivesicles.
nales.

mucosum, 92

Sac, dental, 771
lachrymal, 747

testis, 894
Retiform tissue, 42
Retina, 737

landmarks

ai'teria centi'alis of, 502,

connective-tissue

attachment of muscles
232
development of, 231
landmarks of, 960
ligaments of, 316
muscles of, 411
structure of, 231

741

framework

of, 740
fovea centralis of, 720
Jacob's membrane of, 740
layers of, 737-740
limbus luteus of, 737
membrana limitans of, 738
pigmentary layer of, 740
radiating fibres of, 740
structure of, 738
yellow spot of, 737
Retinacula of ileo-csecal valve,
805
Ribs, 220
attachment of muscles to,
222
common characters of, 220
development of, 222
false, 220
floating, 220
landmarks of, 955
ligaments of, 303-307
peculiar, 222
rules for counting, 955
true, 220
vertebral, 220
vertebro-chondral, 220

of,

949

of omentum, 789
Sacculus laryngis, 846, 847
of vestibule, 761
Sacrum, 142, 152
articulations of, 156, 309
attachment of muscles

to,

156

development

of,

156

peculiarities of, 155
sexual difterences in, 155

structure
Saliva,

of,

155

780

paralytic, 780

Salivary glands, 776
structure of, 779
Santorini, cartilages

of,

844

Sarcode, 38

Sarcolemma, 58
Sarcous elements of muscle, 59
Scala media, 760
tympani, 760
vestibuli, 760
Scalgj of cochlea, 757, 759
Scalp, arteries of, 946
density of, 946
muscles of, 350
Scaphoid bone of foot, 280
of hand, 245
Scapula, 227

Seminiferous tubes, 894
Senses, organs of, 723
Septum auricularum, 831
between bronchi, 850
crurale, 926
intermuscular, of arm, 414
lucidum, 633, 635, 638
of medulla oblongata, 621
of nose, 194, 214, 727
cartilage of, 728
pectiniforme, 888
of pons Varolii, 623
scroti, 890
subarachnoid, 617
of tongue, 726
ventriculorum, 832
Serous membranes, 99
Serum of blood, 33
Sesamoid bones, 286, 980
Sheath of arteries, 83
crural, 923
dental, 769
dentinal, 769
femoral, 923
of muscles, 58
of nerves, 74
synovial, 288
Shin. 271
Shoulder- joint, 316
bones of, 224
landmarks of, 976
muscles of, 317, 410
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Shoulder-joint
relation of biceps tendon

318
and nerves of, 317
Sight cells, 79
Sigmoid flexure, 807
Sinus or Sinuses
of aorta, 472, 834
of brain, 577
cavernous, 578
cerebral, 577
landmarks of, 947
circular, 519
circularis iridis, 735
confluence of, 577
coronary, 594, 831
of Cuvier, 129
of dura mater, 577
ethmoidal, 181
frontal, 166, 168
landmarks of, 946
of heart, 830, 834
of jugular vein, 574
of kidney, 868
of larynx, 846
lateral, 578
of left auricle, 834
longitudinal, inferior, 577
superior, 577
maxillary, 186
nasal, 168
occipital, 161, 578
petrosal, inferior, 579
superior, 580
placental, il3
pocularis, 883
prostatic, 135, 883
pulmonary, 834
of right auricle, 831
of skull, 166
sphenoidal, 175
straight, 577
terminal, 127
transverse, 580
uro-genital, 136
uterinus, 590, 904
of Valsalva, aortic, 472
pulmonary, 834
venous, 571, 574
vessels

Skeleton, 141
Skin, anatomy

appendages

of,
of,

90
94

color

corium

94

of,

cuticle of,

derma

of,

furrows

of, 92,

125

92
92

hairs, 94, 95

lymphatics of, 94
muscular fibres of, 90
nails, 94
nerves of, 94
papillary layer

pores

of,

118

of,

91

92

rete Malpighii, 93
rete mucosum of, 92

sebaceous glands

of,

96

Spheres, vitelline, 103
Sphincter ani, external, 929
internal, 929
of the pupil, 736
Spinal column, 142, 157.
See
also Vertebra.
Spinal cord, 69, 610, 612
arachnoid of, 610, 611
arrangement of gray and
white matter in, 69
central canal of, 73
ligament of, 612
columns of, 73, 618

fissures of, 183

commissures of, 614
development of, 117, 122
dura mater of, 610

fossa of, anterior. 203

filum terminale

of,

external surface of, 201, 205

middle, 203

204

posterior,

ossification of, 119

200

of,

tables of, 141

vertex

of,

201

Skull-cap, 946
thickness of, 947

Socia parotidis, 777
Soft palate, 775
aponeurosis of, 775
arches of, 775

muscles

pillars of,

arrangement into groups,

376, 775

of,

775

Soft parts, development of, 125
Sole of foot, muscles of, 462

Somatome, 108
Somatopleure, 108
Sommerring, foramen
yellow spot of, 737

737

of,

divisions

of,

677
677
ganglia of, 677
origin of, 72, 927
landmarks of, 959
of, anterior, 73, 676
posterior, 676

Spine, 142.
See Vertebra and
Process, spinous.

movements

512

corneal, 732
of Fontana, 735

Haversian, 50
intercostal,

676
branches

roots
of,

Space, anterior perforated, 632
axillary,

220

interglobular of dentine, 769
interpeduncular, 632, 633
medullary, 50
popliteal, 265, 559
posterior perforated, 633
subarachnoidean, 611, 616,

891
963
lymphatics of, 892
nerves of, 892
]'elation of to femoral ring,
925
in inguinal canal, 914
veins of, 891
Spermatoblasts, 894
Spermatozoa, 102, 103, 896
Sphenoid bone, 174
articulations of, 179
attachment of muscles to,
179
development of, 178
Sphenoidal spongy bones, 178
turbinated bones, 176
of,

pf,

612

foetal peculiarity of, 612
gray commissure of, 614
ligamentum denticulatum of,
612
membranes of, 610
neurilemma of, 610
origin of spinal nerves in, Tz
pia mater of, 610, 612
structure of, 69, 611, 614
white matter of, 69
Spinal nerves, 72, 676

208
mastoid portion of, 209
sutures

of,

fissures of, 613

lateral region of,

arteries

of,

of,

development

landmarks

90
92
90

development
epidermis

of,

617

92

of,

93
sudoriferous or sweat glands,
96
tactile corpuscles of, 77, 92
true, 90
vessels of, 94
Skull, 159, 201
anterior region of, 210
base of, 203
bones of, 159
cerebral or internal surface,
201, 203
strata

subdural, 611, 616
Spermatic cord, 891

areolae of, 90
cells of,

Skin
to,

959
117
ethmoidal, 175, 203
of ilium, 256
landmarks of, 962, 969
of ischium, 257
nasal, 167, 168
anterior, 188

development

of,

of,

posterior, 191
pharyngeal, 161
of pubes, 258, 962
of scapula, 229
of vertebras, 143, 958
landmarks of, 958
Splanchnopleure, 108

Spleen, 822

824
824
capillaries of, 824
colorless elements of, 824
development of, 131
arterioles

artery

of,

of,

fibrous elastic coat of, 823
fissure of, 822
hilum of, 822
landmarks of, 964
lymphatics of, 607, 826
Malpighian corpuscles of, 825
nerves of, 826
proper substance of, 823
serous coat of, 823
structure of, 823

—

—

—
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Spleen
suspensory ligament
trabeciil89 of, 823
veins of, 826
Splenium, 576, 635

of,

822

Substantia
71

1019

cinerea gelatinosa,

Spongy bones, sphenoidal, 78
Spot, germinal, 102

Sulcus

of Wagner, 102
yellow, 737, 741
Squamous portion of temporal
bone, 169

Superior maxillary bone, 184
ai'ticulations of, 188
attachment of muscles to,
189
development of, 188
Suprarenal bodies or capsules,
876
development of, 133

annular ligament of, 755
Staphylorraphy, 378
Steno's duct, 777
Sternum, 217
articulations of, 219
attachment of muscles to, 219
development of, 218

landmarks

cardia

of,

796
793

795
curvatures of, 793
development of, 130
follicles of, 796
fundus of, 793
glands of, 796
landmarks of, 964
ligaments of, 794
lymphatics of, 607, 798
mucous glands of, 796
cellular coat of,

mucous membrane

877

and nerves

vessels

of,

878

Surgical anatomy
of abdominal aorta, 532

of,

795,

512

Stratum corneum of epidermis,
93
lucidum, 93

635

longitudinales, 635
of muscles, 57

Stroma of ovary, 905
Subarachnoid fluid, 611, 617
septum, 611
space of brain, 616, 617
of cord, 611
Subdural space, 611, 616
Sublingual gland, 778
duct of, 778
Submaxillary gland, 778
duct of, 778
Subpeduncular lobe of cerebellum, 646
Subperitoneal areolar tissue,
785

551

eye, 356
facial artery, 487
femoral artery, 555
hernia, 918
region, 452

hamstring tendons, 452
inguinal hernia, 910
innominate artery, 477
internal carotid, 498
iliac, 545
ischio-rectal region, 928
laryngo
852
leg,

-

tracheal

region,

460

lingual artery,

484

of lower extremity, 467
oesophagus, 782

perineum, 930
popliteal artery, 560
posterior tibial, 566
prostate gland, 935
radial artery, 523
Scarpa's triangle, 554, 555
of soft palate, 378

sterno-mastoid muscle, 367
subclavian artery, 505
superior thyroid, 483

460
temporal artery, 490
thoracic aorta, 529
triangles of neck, 493
ulnar artery, 526
of upper extremity, 433
Sustentaculum tali, 277
Sutura, 289
dentata, 289
harmonia, 289
limbosa, 289
notha, 289
talipes,

fronto-malar, 211
fronto-maxillary, 211
fronto-parietal, 200

fronto-sphenoidal, 203
intermaxillary, 210
internasal, 211
interparietal, 200

lambdoid, 163, 200
malo-maxillary, 211
masto-occipital, 163, 201
masto-parietal, 200
naso-maxillary, 211

axillary artery, 515
base of bladder, 931
bend of elbow, 520
brachial artery, 520
common carotid artery, 481
iliac artery, 542
dorsalis pedis, 565
external carotid, 482
iliac,

796
muscular coat of, 795
orifices of, 793
peptic glands of, 796
pyloric end of, 793
pylorus, 793, 794
serous coat of, 794
splenic end of, 793
structure of, 794
surfaces of, 793
vessels and nerves of, 797
Stomata of lymphatics, 88
of serous membranes, 99
Strabismus, operation for, 356

Strife laterales,

759

structui-e of,

axilla,

alteration in position of, 794
alveoli of,

spiralis,

Supercilia, 744

air-passages, 852
anterior tibial, 562
arch of aorta, 475

954
ligaments of, 312
Stilting, canal of, 742
Stomach, 793
of,

289
squamous, 289
vera, 289
Suture, basilar, 200
coronal, 200, 209
cranial, 200
ethmo-sphenoidal, 203
ethmoido-frontal, 203
false, 289
frontal, 166, 200
serrata,

perforata, 632
Sudoriferous glands, 96
Sulci of cerebrum, 624, 625

Stapes, 754

Sutura

occipito-parietal, 200
petro-occipital, 163, 201

petro-sphenoidal,

201,

203,

207
sagittal, 164,

200

spheno-parietal, 200, 203, 209

spheno-temporal, 203
squamo-parietal. 200, 209
squamo-sphenoidal, 201, 209
squamous, 200, 203
temporal, 172
transverse, 201, 209
Swallow's nest of cerebellum,
646
Sweat-glands, 96
Sylvius, aqueduct of, 642
fissure of, 626, 631
Sympathetic nerve. See Nerve,
sympathetic.
Symphysis of jaw, 195
pubis, 258
Synarthrosis, 288
Synovia, 287, 288

Synovial membrane, 99, 287
articular, 288
bursal, 288
vaginal, 288.
See also individual Joints.
Syntonin, 61
System, Haversian, 48

Tabatiere anatomique, 980
Tables of skull, 141
Tactile corpuscles of Wagner,
77, 92
Taenia hippocampi, 637
semicircularis, 635, 636
violacea, 648
Talipes, varieties of, 460

Tarsus, 277
articulations

of,

development

of,

Taste-cells, 79

corpuscles, 725
goblets, 725

Teeth, 766
bicuspid, 767
canine, 767

277-283
285, 342

—
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Testes—

Teeth

cement

of,

770

classification of,

774

cortical substance of,

crown

766
crnsta petrosa

770

of,

of,

770

cuspidate, 767
cutting, 766

deciduous, 766
dentine of, 769

development of, 770
enamel of, 770
eruption of, 774
eye, 767
fang of, 767
growth of, 772
incisors, 766, 767
intertubular tissue of, 769
ivory of, 769
milk, 766, 768
molar, 767
multicuspidate, 767
nest of, 766
papillfe of, 771
permanent, 766, 774

Tonsils, 775

structure of, 893
tubuli seminiferi of, 894
tunics of, 892, 897
vas deferens of, 895

894
vasculum aberrans
vessels and nerves
recta,

of,

894

of,

891

Testes muliebres. 905
See Testes.

Testicles.

Thalamencephalon, 120
Thalami optici, 633, 635, 637,
641

Theca vertebrahs, 610
Thigh, bone of, 263
of, 437
landmarks of, 968
muscles of, 437-446
Thorax, 217, 827
base of, 827
bones of, 217
boundaries of, 827

fascia

cutaneous nerves of, 694
fascige of, 406
lymphatics of. 607
muscles of, 406
premolar, 767
openings of, 827
pulp cavity of, 773
parts passing through upper
roots of, 766
openings of, 827
structure of, 768
viscera contained in, 827
temporary, 766, 768, 774
Throat, landmarks of, 950
tubuli of, 769
Thumb, articulations of, 330
wisdom, 768
landmarks of, 981
Tegmentum, 633
muscles of, 431
Temporal bone, 169
Thymus gland, 864
articulations of, 174
chemical composition of, 866
attachment of muscles to,
lobes of, 864
174
structure of, 865
development of, 174
vessels and nerves of, 866
mastoid portion of, 170
Thyro-hyoid membrane, 844
petrous portion of, 171
Thyroid cartilage, 842
squamous portion of, 169
landmarks of, 952
structure of, 174
Thyroid gland, 853, 862
Tendo AchiUis, 456
chemical composition, 864
landmarks of, 973
isthmus of, 853, 862
ocuh, 353
lymphatics of, 609, 864
palpebrarum, 353
pyramid of, 862
Tendon, 348
structure of, 348
structure of, 862
vessels and nerves of, 864
central, of diaphragm, 403
conjoined, of internal oblique Tibia, 270
articulations of, 272
and transversalis, 395,
913
attachment of muscles to, 273
development of, 273
cordiforra, of diaphragm, 403
popliteal, landmarks of, 972
fracture of, 468
Tentorium cerebelli, 161, 616
landmarks of, 971, 973
Testes, 643, 890
structure of, 273
aberrant duct of, 894
Tomes's fibres, 772
coni vasculosi of, 894
Tongue, 723
coverings of, 890, 892
arteries of, 726
tunica albuginea, 893
development of, 130
vaginalis, 892
epithelium of, 725
vasculosa, 893
fibrous septum of, 726
descent of, 897
follicles of, 725
development of, 135
landmarks of, 950
gubernaculum, 897
lymphoid tissue of, 720
lobules of. 892
raucous glands of, 725
lymphatics of, 606, 891
membrane of, 724
mode of descent of, 897
muscles of, 371, 726
pia mater of, 893
nerves of, 726
rete of, 894
papillge of, 724. See Papillas.
size and weight of, 892
tip of, 724

development of, 130
landmarks of, 951
nerves and vessels of, 776
of cerebellum, 646
pharyngeal, 781
Tooth. See Teeth.
Toothbone, 769
Torcular Herophili, 161,

162,

577
Trabeculae of corpus caverno-

sum, 888
of foetal skull, 118
lateral, of Rathke, 118
of spleen, 823
of testis, 893
Trace, primitive, 106

Trachea, 850
cartilages

of,

development
glands

of,

851
of,

131

852

landmarks of, 953
muscles of, 852
relations of, 851
rings of, 851
structure of, 851
surgical anatomy of, 852
vessels and nerves of, 852

Tracheotomy, 852

Trachoma glands, 746
Tract, lateral, of medulla, 619
optic, 633, 650
Tractus intermedio -lateralis, 72
opticus, 633, 650
Tragus, 748
Trapezium bone, 248
Trapezoid bone, 248
Triangle of Hesselbach, 917
inferior carotid, 369, 494
of neck, anterior, 366, 493

posterior, 366, 493, 494
surgical anatomy of, 367,

493
occipital, 369,

496

Scarpa's, 554
subclavian, 396, 469
submaxillary, 369, 495
superior carotid, 369, 494
Trigone of bladder, 882

landmarks of, 966
Trigonum vesicae, 882
Trochanters, greater and

lesser,

264, 265

landmarks of, 969
Trochlea of humerus, 235
Trunk, articulations of, 293
Tube or Tubes, auditory, 750
Eustachian, 753, 781
Fallopian,

904.

See

Fallo-

pian tube.
of Henle, looped, 869
of kidney, 871
Tuber cinereum, 632
ischii, 257
Tubercle, anterior,
thalami, 641
of bone, 142
of clavicle, 225
conoid, 225
deltoid,

225

of femur, 265

of

optic

—

—

——
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Tympanum

Tubercle—
genial, 196

136
of hyoid bone, 215
incisive, 119
lachrymal, 187

120,

643

Tuberculo cinereo, 623
Tnberculnm Loweri, 831
Tuberosities of humerus, 233
of tibia, 271
Tuberosity of bone, 142
of femur, 267
of ischium, 257
maxillary, 184
of palate bouQ, 192
of radius, 242
of rib, 220
of tibia, 270
Tubes, bi-onchial, 850
structure of, in lung, 859
Tubular membrane of nerves,
64
Tubule, spiral, of kidney, 871
Tubuli contorti, 871, 872
dental, 769
of Ferrein, 871
galactophoi'i, 909
of kidney, 871
lactiferi, 909

894

894
871, 872

seminiferi,

of eye, 355
of ovai-y, 906
intima, 81

Ruysohiana, 734

730
propria, 893
reflexa, 893
vasculosa testes, 893
Turbinated bone, inferior, 193
middle, 181
sphenoidal, 177
superior, 181

Tutamina oculi, 744
Tympanic bone, 750

Tympanum, 751
arteries of, 756
of,

751

membrane of, 753
mucous membrane of 755
muscles of, 755
nerves of, 756
openings of, 751

attachment of muscles
242
development of, 240
landmarks of, 979
muscles attached to, 242
Umbilical cord, 113
Umbilicus, 113, 783
landmarks of, 961
Unciform bone, 249
Ungual bone, 189

to,

Upper extremity,

of,

arteries

Uvea, 736
of throat, 775

bones

of,
of,

224
405

anatomy

relations of, 901
structure of, 901
Vagus. See Par Vagum.
Valley of cerebellum, 646
Valsalva, sinuses of, 472, 834
Valve or Valves
.

of,

433

veins of 580

Urachus, 880
Ureters, 868, 875

development of, 133
muscles of, 881
nerves of, 876
relations of, 876
structure of, 876
vessels of, 876
Urethra, female, 900
male, 883
bulbous portion of, 884
caput gallinaginis of, 883
development of, 137
in the child, 968
landmarks of, 967
883
muscles

portion

of,

of,

883

of,

in,

of,

884

verumontanum

of,

vesicula prostatica
Urinary organs, 867

development

of,

883
883

of,

136

appendages

of,

vitas of,

904
903

902
902
of, 902
changes of form, etc., 904
during menstruation, 904
in old age, 904
after parturition, 904
during pregnancy, 904
at puberty, 904
development of, 135
in foetus, 904
fundus of, 902
of,

cavity
cervix

of,

mitral, 835

of right auricle, 831
semilunar, aortic, 835

tricuspid,

833

of veins, 86
of Vieussens, 644
Valvula Bauhini, 805
Valvules conniventes, 800
Vas aberrans, 894
deferens, 895
Vasa aberrantia of brachial artery, 519
afferentia of lymphatic glands,

597
brevia arteries, 536

Uterus, 902

body

835

of Bauhin, 805
coronary, 595, 831
of cystic duct, 819
Eustachian, 591, 831, 839
of gall-bladder, 819
of Hasner, 747
of heart, 831-836
ileo-ctecal, 805
of Kerkring, 800
of lymphatics, 86

pulmonic, 833

course taken by
938
sinus pocularis of, 883
spongy portion of, 884

arbor

aortic,

of Thebesius, 831

884, 933

of,

prostatic portion
sinus of, 883

rupture
urine

Vagina, 901
columns of, 901
development of, 135, 137
examination by, 983
lymphatics of, 606
orifice of, 901

ligaments of, 312
lymphatics of, 601
muscles of, 405
surgical

883

vesicas,

articulations of, 312
fascia

shape, position, etc., of, 902
structure of 903
vessels of 904
Uterus masculinus, 383
Utricle of vestibule, 761
Utriculus hominis, 135

Uvula of cerebellum, 648

502

structure

897

oculi,

cavity

lymphatics of, 606, 904
mouth of, 903
nerves of, 722. 904

articulations of 242

membranous

Tubulus centralis modioli, 758
Tuft, Malpighian, 869
vascular, of kidney, 869
Tunica adventitia, 81
albuginea, 893

vaginalis, 890, 892,

of,

Ulna, 237

Tubercula quadrigemina,

uriniferi,

ganglia of, 722
ligaments of, 902

756
Tyson, glands of, 887
veins

laminated, of cerebellum, 646
of Lower, 831
for odontoid ligaments, 161
of Rolando, 623
of scapboid, 246
of temporal bone, 170
of tibia, 271
of ulna, 238
of zygoma, 170

recti,

Uterus

ossicula of, 753

genital,

.

1021

veins, 593
efferentia of testis, 894
of lymphatic glands,
intestini tenuis, 536
recta,

597

894

vasorum of

arteries, 83
of veins, 86
Vascular system, changes in, at
birth, 841
general anatomy of, 81
pecuharities of, in foetus, 839
Vasculum aberrans, 894
Vein or Veins
Descriptive Anatomy of, 570

—

—

—
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Vein or Veins

Vein or Veins
of aho nasi, 571
angular, 571
articular, of knee, 588
of jaw, 593
auditory, 762

labial, inferior,

azygos, 585

582

landmarks
589

572

spinal,

574

lingual,

of bone, 48

of liver, 592, 817
longitudinal, inferior, 577
superior, 577
of lower extremity, 588
lumbar, 585, 591
mammary, internal, 584
masseteric, 572, 573

bracLio-cephalic, 583
bronchial, 586, 861
buccal. 573
cardiac, 594, 838
anterior, 594
great, 594
posterior, 594

mastoid, 573
maxillary, internal, 573

cava, inferior, 591
superior, 585
cephalic, 582
cerebellar, 577
cerebral, 576
cervical ascending, 575
deep, 575
superficial,

573

transverse, 574
choroid of brain, 577

circumflex

589
588

iliac,

superficial,

condyloid, posterior, 575
coronary, 594
of corpora cavernosa, 889
of corpus spongiosum, 889
striatum, 577, 636
cutaneous, 570
cystic,

594

deep, 570
dental, inferior, 573
digital of hand, 582
of diploe. 575

dorsal of penis, 590
dorsalis penis, 590
dorsi-spinal, 575, 586
epigastric, 589
superficial,

588

of eyeball, 744
facial, 571, 575
transverse, 573
femoral, 589, 925
frontal, 571, 576
of Galen, 576, 594, 641
gastric,

portal, 592, 594, 814, 815,

817
primitive, 128
profunda femoris, 589
pterygoid, 573
pudic, external, 588
internal, 589, 595
pulmonary, 570, 595, 835

593

gastro-epiploic, 593
gluteal, 589

hemorrhoidal, 590
of head, 571
hepatic, 592, 815
iliac,

common, 590

external, 589
internal, 589
ilio-lumbar, 590
innominate, 583, 595
intercostal, superior. 584
interlobular, 817, 875
interosseous, of forearm,

582

'

pyloric,

594

radial, 575,

581

ranine, 572
renal, 592,

874
590
middle, 590

sacral, lateral,

salvatella,

saphenous,
short,

581
external

588

975

or

586

longitudinal, 586
of spinal cord, 587
splenic, 593
stylo-mastoid, 573
subclavian. 583

817

sublobular,' 816,

submaxillary, 572
submental, 572
superficial,

570

supraorbital, 571
suprarenal, 592, 878
suprascapular, 574
sural,

median, 581
basilic, 581
cephalic, 581
cutaneous, 581
mediastinal, 585
medulli-spinal, 586
meningeal, 573
meningo-rachidian,575,586
mesenteric, 126
inferior, 592, 593
superior, 592
nasal, 571
of neck, 571, 573
oblique, 595
obturator, 589
occipital, 573, 575, 576
oesophageal, 585
omphalomesenteric, 126
ophthalmic, 579
ovarian, 592
palatine, 572, 573
palmar, deep, 582
palpebral, inferior, 572
pancreatic, 593
pancreatico-duodenal, 593
parotid, 573
pericardiac, 583
peroneal, 589
pharyngeal, 574
phrenic, 592
plantar, external, 588
internal, 588
popliteal, 589

cardinal, 128

of,

spermatic, 591, 891
spheno-palatine, 575

basi-vertebral, 586
brachial, 582

588,

sciatic,

590

lateral sacral.

long,

919

superior, 572
laryngeal, 574, 584

axillary, 583

or

internal

of kidney, 592, 874

anricular, anterior, 666, 573
posterior, 573

basilic,

Vein or Veins

intralobular, 816, 817
jugular, anterior, 574
external, 573
posterior, 574
internal, 574

589

systemic, 570

temporal, 572
anterior,

576

deep, 573
middle, 572
posterior, 576
temporo-maxillary, 573
of thorax, 583
thymic, 583
of thyroid gland, 864

thyroid, inferior, 575, 584
middle, 575
superior, 575
tibial, anterior,

589

posterior, 589
tracheal, 584

transverse cervical, 574
facial,

573

ulnar, anterior, 581

deep, 581
posterior, 581
umbilical, 841

of upper extremity, 580
vaginal, of liver, 817
vasa brevia, 593
ventricular, 576
of vertebrae, 586
vertebral, 575, 583, 585,

587
Vidian, 575

General

Anatomy

of^ 85
128
anastomoses of, 570
coats of, 85
development of, 128
efferent, 128
muscular tissue of, 86
plexus of, 570. See Plexus

afferent,

of veins,
sinuses of, 571.
structure of, 85
valves of, 86

See Sinus,

vasa vasorum of, 86
vessels and nerves of, 86
See also Vena and Vense.
Velum interpositum, 637, 641
medullary, 646
pendulum palati, 775
Vena cava, foetal, 128
inferior, 591, 831

—

—

—
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Vena cava
superior, 585, 831
corporis striati, 577, 630
innomiBata, 583, 595
portfB, 570, 592, 594, 814, 815
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Vomer

Vertebrse
primitive, 117

152
spines of, 143, 958
landmarks of, 958
structure of, 149
Vertebral column. See Vertesacral, 142,

development of, 195
Vortex of heart, 837
Vulva, 898

development of, 137
581
Wagnee, spot of, 102
See also Vein.
tactile corpuscles of, 77
brge.
Vente basis vertebrfe, 143, 294,
Vertex of skull, 201
Waters, on the lung, 859
586
Verumontanura, 883
Watney on villi, 803
comites, 570
Vesicle, allantois, 110
Wharton's duct, 778
cordis mininiEe, 831
auditorv, 124
jelly, 42, 113
corporis striati, 577, 636
cerebral, 120
White substance of brain, 62
Galeni, 576, 594, 641
germinal, 102, 103
of Schwann, 64
interlobulares, of kidney, 875
Graafian, 906
Wilhs, circle of, 509
minimge cordis, 838
ocular, 123
Wings of sphenoid, 176. See
rectfe, 875
of Purkinje, 102
Alfe.
proprifB renales, 875
seminal, 895
Winslow, foramen of, 786, 790
Thebesii, 594, 838
umbilical, 108
ligament of, 335
vorticoste, 734
Vesicula serosa, 110
Wirsung, canal of, 821
See also Vein.
prostatica, 883
Wisdom tooth, 768
Venter of ilium, 256
VesiculiB seminales, 894
Wolffian body, 129, 130, 132
of scapula, 227
Vestibule of ear, 756
duct, 132
Ventricle of Arantius, 620
aqueduct of, 173, 757
Womb. See Uterus.
of brain, tbird, 641
of vulva, 900
Wormian bones, 182
fourth, 648
Vestigial fold, 128, 584
fifth, 638
Wrisberg, cartilages of, 844
Vibrissfe, 726
ganglion of, 717
lateral, 634, 635
Vieussens, valve of, 644
nerve of, 689
of cerebellum, 648
ViUi, 801
Wrist-joint, 323
of corpus callosum, 634
landmarks of, 979
Vincula accessoria tendinum,
foetal, of eye, 124
Wry neck, 367
of heart, left, 835
420
right, 832
Viscera, abdominal, 784
landmarks of, 963
Xiphoid appendix, 217, 218
of larynx, 846, 847
Vernix caseosa, 125
pelvic, 935
Vitelline duct, 113
Y-SHAPED centre of acetabuVertebra dentata, 145
prominens, 146
membrane, 102
lum, 259
Vertebrse, 142
spheres, 103
Yellow spot of retina, 737, 741
articulations of, 293
Vitellus, 102
Yolk of ovum, 102, 103
attachment of muscles to, 151 Vitreous body, 741
cervical, 142, 143
humor of eye, 741
ZiNN, ligament of, 354
coccygeal, 142, 152
table of skull, 141
Zona fasciculata, 878
development of, 117, 150
Vocal cords, 846
glomerulosa, 878
inferior or true, 846
dorsal, 142, 147
pellucida, 102
general characters of, 142
superior or false, 846
reticulata, 878
Voice, organs of, 842
ligaments of, 293
vasculosa, 906
Vomer, 194
lumbar, 142, 149
Zone, membranous, 760
movements of, 959
alfB of, 195
osseous, 760
ossification of, 151
articulations of, 195
Zygoma, 189
salvatella,

.

THE END.
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FliINT on

&

its

;

BASH AM

on Renal Diseases: a Clinical Guide to their
In one roval 12mo. volume of

Diagnosis and Treatment.

304 pages,

with

illustrations.

Cloth,

$2.00.

:

sand Cases to Exemiilify

its

Duration.

In one octavo vol-

ume of 303 pages. Clotii, §2.50.
FULiIjER on Diseases of the Lungs and Air Passages;
Pathology, Physical Diagnosis,

Second
liA

edition.

In one

their

Symptoms and Treatment.

8vo. vol. of 475 pages.

Cloth,

$3.50.

ROCHE

In one octavo volume of 490
on Pneumonia
Cloth, §3.00.
Practical Treatise on Foreign Bodies in the AirPassages. In one octavo volume of 452 pages, with 59 illustrations. Cloth, $2.75.
SliADE on Diphtheria. In one 12mo. volume. Cloth, $1.25.
pages.

GROSS'

WAIiSHE

on the Diseases of the Heart and Great Vessels.
In one octavo volume of 416 pages. Cloth, $3.00.
Practical
Treatise on the Diagnosis, Pathology
FIjINT'S
and Treatment of Diseases of the Heart. Second and
revised edition. In one octavo vol. of 550 joages. Cloth, $4.00.

DISEASES OF THE STOMACH,

Insane, by C. F. Folsom, M. D. In one Svo. volume of 541
pages, with 8 plates. Cloth, §4.00. Dr. Folsom's Abstract of
Laws for sale separately, see below.
HAMILiTON on Nervous Diseases their Description and
Treatment. Second edition, thoroughly revised and rewritten.
In one handsome octavo volume of 598 pages,
:

with

72 illustrations.

PAW'S

$4.00.

on the Influence of the Mind Over the Body in
Health and Disease. Second edition. In one octavo volume of 598 pages, with 72 illustrations. Cloth, $3.00.
FOLSOM'S Abstract of Statutes of U. S. on Custody of
Insane. In one 8vo. volume of 108 images. Cloth, $1.50.
Also bound with Clouston on Insanity, above.
MITCHEIiLi'S Lectures on Diseases of the Nervous System, Especially in Women, Second edition. In one hand-

some 12mo. volume of 250 pages. {Shortly.)
on Nerve Prostration and Hysteria. In one
small octavo volume of 97 pages. Cloth, §1.00.

PLAYFAIR

Clinical Observations on Functional Nervous DisIn one 8vo. volume of 340 pages. Cloth, $3.25.

orders.

on Diseases of the Alimentary Canal.
Second American from the third and enlarged English edition. In one octavo volume of 554 pages. Cloth, $3.50.
CHAMBERS' Manual of Diet in Health and Disease. In
one handsome octavo volume. Cloth, §2.75.
Treatise on the Function of Digestion; its Disorders and their Treatment. From the second London edition. In one handsome volume, small octavo. Cloth, $2.00.

Cloth,

TUIiE

JONES'
etc.

HABERSHON

SAVAGE

on Insanity and Allied Neuroses. In one 12mo.
volume of 551 pages, with 18 typical illustrations. Cloth,
(Just ready.)

$2.00.

See Series

Clinical 3Xanuals, p.

'of

2.

GYN/ECOLOGY.
THOMAS'

Practical Treatise on the Diseases of Women.
Fifth edition rewritten and greatly enlarged. In one large
and handsome octavo volume ot 810 pages, with 266 illustrations.
Cloth, $5.00; leather, $6.00; half Russia, raised
bands, $6.50.
Principles and Practice of Gynaecology. For
Students and Practitioners. New (second) edition, revised
and enlarged. In one large octavo volume of 880 pages,
with 150 illustrations. Cloth, $5; leather, $6.00. (Just ready).

VENEREAL AND SKIN DISEASES.
EMMET'S
& TAYLiOR on the Pathology and Treat-

BUi>ISTEAD
ment

of Venereal Diseases, including the results of recent
investigations upon the subject. Fifth edition.
In one
octavo volume of 898 pages, with 1.39 illustrations and 13
chromo-lithographic figures.
Cloth, §4.75; leather, $5.75;
half Russia, $6.25.

CORNIIi

on Syphilis. Translated by J. HE^'EY C. Simes,
M. D., and J. William White, M. D. In one very handsome octavo volume of 461 pages, with 84 beautiful illustraCloth,

tions.

$3.75.

CTJIiliERIER'S

Atlas of Venereal Diseases.

Translated

and edited by Feeemax J. Bumstead, M. D., LL. D. In
one large imperial 4to. volume of 328 pages, double columns,
with

DISEASES OF THE NERVES AND MIND.
CliOUSTON on Insanity. With U. S. Laws on Custody of

26 iilates,

colored,

containing about 150 figures, beautifully
of life.
Strongly bound in

many of them the size

cloth, §17.00.

HUTCHINSON

on Syphilis. In one 12mo. volume. (PreSee Series of Clinical 3fanuals, page 2.
Lectures
on
Syphilis, and on Some Forms of Local
IjEE'S
Disease Affecting Principally the Organs of Generation.
In one handsome octavo volume of 246 pages. Cloth, §2.25.
HILiLi on Syphilis and Local Contagious Disorders. In one
handsome 8vo. volume. Cloth, §3.25.
on the Skin. In one very handsome octavo volume
of 570 pages, with 60 illustrations. Cloth, $4.2.5; leather, $.5.25.
on Skin Diseases. A Manual for Students and
Practitioners. In one 12mo. vol. of 316 pages. Cloth, $1.75.
FOX'S Epitome of Skin Diseases, with Formulae. For
Students and Practitioners. Third edition, revised bv T. C.
Fox, M. R. C. S. In one 12mo. volume of 238 pages. Cloth
paring.)

HYDE

on Diseases of Women. A Manual for Students and
In one handsome Svo. volume of 576 pages,

EDIS

Practitioners.

with

148 illustrations.

$1.2.5.

Student's Book of Cutaneous Medicine and
Diseases of the Skin. In one l2mo. volume of 535 pages.
Cloth,

HIIjIilER'S Handbook
Practitioners.

volume of

358

of Skin Diseases, for Students and
Second American edition. In one l2mo.
pages, with illustrations. Cloth, $2.25.

DISEASES OF THE URINARY ORGANS.
OROSS' Practical Treatise on the Diseases, Injuries and

Malformations of the Urinary Bladder, the Prostate Gland
and the Urethra. Third edition, thoroughly revised by
Samuel W. Gboss, A. M., M. D. In one handsome 8vo.
volume of 574 pages, with 170 illustrations. Cloth, §4.50.
THOMPSON'S Lectures on Diseases of the Urinary Organs.
Second American edition. In one octavo volume of 203
pages, with 25 woodcuts. Cloth, $2.25.
on the Pathology and Treatment of Stricture
of the Urethra and Urinary Fistulse. From the third English edition.
In one octavo volume of 359 pages, with 2

THOMPSON
and

woodcuts. Cloth, $3..50.
Diseases of the Urethra. In one 12mo. volume.
See Series of Clinical 3fanuals, page 2.
on Surgical Diseases of the Kidney. In one 12mo.
volume. (Preparing.) See Series of Clinical Illanitals, p. 2.
Practical Treatise on Urinary and Renal Diseases, including Urinary Deposits. Fourth American from
the fourth revised London edition. In one large octavo
plates

47

IiUCAS on

(Preparing.')

MORRIS

ROBERTS'

volume, fully

illustrated.

LEA BROTHERS &

CO.,

§4.00.

BARNES'

DUNCAN'S

WEST'S

;

HODGE

ASHWEIiL'S

DISEASES OF CHILDREN.

SMITH'S

Practical Treatise on the Diseases of Infancy
and Childhood. Fifth edition, thoroughly revised and rewritten. In one handsome octavo volume of 8-36 pages, with
Cloth, $4.50; leather, §5.50; half Russia, $6.00.
illustrations.

HEATING'S

Mother's Guide in the Management and
Feeding of Infants. In one handsome 12mo. volume of 118
Cloth,

$1.00.

on Surgical Diseases of Children. In one 12mo. volOWEN
ume. (Preparing.) See Series of Clinical Manuals, \iage1.

WEST'S

Lectures on the Diseases of Infancy and Childhood. Fifth American from the sixth English edition. In
one octavo volume of 678 pages. Cloth, §4.50; leather, §5.50.
WE.ST on Some Disorders of the Nervous System in Childhood. In one volume, small 12mo. Cloth, §1.00.
CONDIE'S Practical Treatise on Diseases of Children.
Sixth edition. In one octavo volume of 779 pages. Cloth,
$5.25; leather, §6.25.

OBSTETRICS.
Treatise on the Science and Practice of
Midwiferv. Third American edition. Specially revised by
the Author. Edited, with additions, by Robbet P. Haebis,
M. D. In one 8vo. volume of 659 pages, with 183 illustrations.
Cloth, §4.00; leather, §5.00; half Russia, $5.50.
liEISHBIAN'S System of Midwifery, including the Diseases of Pregnancy and the Puerperal State. Third American from the third and revised English edition, with additions, by J. S. Paeky, M.D. In one large and very handsome
Svo. volume of 740 pages, with 205 illustrations. Cloth, $4.50

PIjAYFAIR'S

leather,

§5..50:

half Russia,

§6.00.

Treatise on Midwiferj-. In one very handsome
octavo volume of about 550 pages, with numerous illustra-

PARVIN'S
tions.

(Inpress.^

leather,

In treatises by vari{In active preparatio7i.)
of
Medical
and Surgical
Clinical Exposition
the
Diseases of M'^omen. Third American from the third English edition.
In one handsome octavo volume of about 800
pages, with about 200 illustrations. (Preparing.)
Clinical Lectures on the Diseases of Women.
In one octavo volume of 175 pages. Cloth, $1..50.
Lectures on the Diseases of Women. Third
American from the third London edition. In one octavo
volume of 543 pages. Cloth, §3.75 leather, §4.75.
on Diseases Peculiar to Women; including Displacements of the Uterus. Second edition, revised and
enlarged. In one beautifiilly-printed octavo volume of 519
pages, with original illustrations. Cloth, $4.50.
Practical Treatise on the Diseases Peculiar
to Women. One volume, 8vo., 520 pages. Cloth, $3.-50.

pages.

$3..50.

;

ous authors.

MORRIS

WILSON'S

Cloth, $3.00

AMERICAN System of Gynsecology.

(In press.)

PUBLISHERS, PHILADELPHIA.

;

&

Condensed List of Lea Brothers

SURGERY— continued.

OBSTETRICS— continued.
KING'S

Manual of Obstetrics. Second edition. In one
liandsome l2mo. volume of 3^1 pages, with 59 illustrations.
Cloth,

$2.00.

BARNES'

System of Obstetric Medicine and Surgery.
one large octavo volume. (In press.)

TARNIER &

CHANTREIIITi'S

In

TransIn two handsome octavo volumes.
lated from the French
In
one
l'2mo.
volume
of
Manual
of
Midwifery.
BARNES'
2110 pages, with 50 illustrations.
Cloth, :?1. 2.5.
Obstetrics.

HODGE'S

In one
Principles and Practice of Obstetrics.
large quarto volume of 5-12 double-columned pages, illustrated with larae lithographic plates containing 159 tigures

from

(iiiuiiial

Strongly

111

pliotcinraphs,

lurid in olntli. si

and with numerous woodcuts.

1.00.

RA:VISIlOTIIA:>r"S I'rinciplos mid Practice of Obstetric
MecUchie and savgi-ry, in llil'ii .iici' in the Process of Parvcihnue of 640 pages,
with M beautiful plates, and A:\ woudruts. Leather, §7.00.
On the Signs and Diseases of Pregnancy. From
the second English edition. In oneSvo. volume of 490 pages,
with 4 colored plates and 10 woodcuts. Cloth, §4.25.
on the Pathology and Treatment of Childbed.
Treatise for Physicians and Students. From the second
Cierman editioli by Chadwick. with additions by the
Author. In one octavo volume of 484 xiages. Cloth, §4.00.
on the Nature, Signs and Treatment of Childbed
Fever. In one Svo. volume of 346 isages. Cloth, §2.00.
CHUROHIIiIi'S Essays on the Puerperal Fever, and other
Diseases Peculiar to Women. In one Svo. volume of 464
pages. Cloth, §2.50.
on Extra-Uterine Pregnancy; its Clinical History,
In one handsome
Diagnosis, Prognosis and Treatment.
octavo volume of 272 pages. Cloth, §2.50.

In

turition.

iiiH'

larlie iui|ii'\ial ^\i..

TANNER

WINCKELi
A

MEIGS

PARRY

OTOLOGY AND OPHTHALMOLOGY.
POL.ITZER

on the Ear. For Students and Practitioners.
In one octavo volume of 800 pages, with 257 original illustrations.

Cloth,

BURNETT

§5.50.

on the Ear;

its

Anatomy, Physiology and

Dis-

A practical Treatise for the use of Medical Students

eases.

New

(second) edition. In one handsome
octavo volume of 580 pages, with 107 illustrations. Cloth,
(Just ready.)
$4.00; leather, §5.00.
JULiER'S Ophthalmic Science and Practice. In one Svo.
volume of 460 pages, with 125 woodcuts and 25 colored
plates. Cloth, §4.50; leather, §5.50. (Just ready.)
WEIiLiS' Treatise on Diseases of the Eye. Fourth American from the third and revised London edition, with additions by C. S. Bull, M.D. In one large and very handsome
octavo volume of 822 pages, with 257 engravings on wood,
6 colored plates, and selections from the test-types of Jaeger
andSxELLEN. Cloth, §5.00; leather, §6.00; half Russia, §6.50.
NETTLiESHIP'S Students' Guide to Diseases of the Eye.
Second edition. In one 12mo. volume of 419 pages, with 138
illustrations. Cloth, §2.00.

and

Practitioners.

BROWNE'S How

to Use the Ophthalmoscope.
Being
Elementary Instructions in Ophthalmoscopy. In one royal
12mo. vohune of 116 pages, with 35 woodcuts. Cloth, §1.00.
liAURBNCE «fc MOON'S Handy-Book of Ophthalmic
Sui'gery.
For the use of Practitioners. Second edition,
revised and enlarged. In one octavo volume of 227 pages,
with 66 illustrations. Cloth, §2.75.
LiAWSON on Injuries to the Eye, Orbit and Eyelids; their
ImmecUate and Remote Effects. In one Svo. volume of 404
pages, with 92 illustrations. Cloth, §3.50.

SURGERY.
Sy.stem of Surgery; Pathological, Diagnostic,
Therapeutic and Operative. Sixth edition, thoroughly revised. In two beautifully-printed imperial octavo volumes of
2:382 pages, with 1623 engravings.
Strongly bound in leather,
with raised bands, §15.00; half Russia, raised bands, §16.00.
System of Surgery, Theoretical and Practical.
In Treatises by various Authors. First American from

HOLMES'

second English edition. Thoroughly revised, with numerous additions, by J. H. Packaed, M. D., assisted by a corps
of thirty-three of the most eminent American Surgeons.
Ill three large and very handsome imperial .octavo volumes
of 3137 pages, with 979 engravings and 13 colored plates. Per
bands,

in cloth, §H.OO; leather, §7.00; half Russia, raised
For sale by subscription only.

§7.50;

ERICHSEN'S

Science and Art of Surgery being a Treaon Surgical Injuries, Diseases and Operations. New
American from the eighth and enlarged English edition.
In two large and beautiful octavo volumes; containing
about 2S00 pages, with 984 engravings on wood. Cloth, §9.00
;

tise

leather, §11.00; half Russia, §12.00.

(.Tust

GROSS'

Practical Treatise on Impotence, Sterility and
Allied Disorders of the Male Sexual Organs. Second edition. In one handsome Svo. volume of 168 pages, with 1&
illustrations. Cloth, §l..50.

COLEMAN'S

Dental Surgery and Pathology. Revised by
D. D. S. In one handsome
with 331 illustrations. Cloth, §3.25.
STiaiSON'S Practical Treatise on Fractures. In one very
handsfinie octavo volume of 582 pages, with 360 illustrations.

Thomas

Stellwagen, M. D.,

C.

volume of

412 pages,

Clotli. ^1.7"i: leather, §5.75.

HAMIIiTON'S Practical Treatise on Fractures and Dislocations. New edition, thoroughly revised. In one large
and handsome octavo volume of
woodcuts.

Cloth, §5.50;
(Just ready.)

pages, with 379
half Russia, §7.00.

998

leather, $6.50;

ESMARCH'S

Early Aid in Injuries and Accidents. In
one 12mo. volume of 109 pages, with 24 illustrations. Cloth,

75 cents.

GIBNEY'S

OrthopEedic Surgery.

fusely illustrated.

In one Svo. volume, pro-

(Pi-eparing.)

BRYANT

on the Breast. In one 12mo. volume. {Preparing.) See Series of Clinical Manuals, page 2.
PlCIt on Fractures and Dislocations. In one 12mo. volume.
(Preparing.) See Series of Clin leal 3lanuals, page 2.
TREVES on Intestinal Obstruction. In one 12m.o. volume
of 522 pages, with 60 illustrations. Cloth, §2.00. {Just ready.)
See Series of Clinical Manuals, page 2.
BAIili on Diseases of the Rectum and Anus. In one r2mo,
volume. (Preparing.) See Series of Clinical Manuals, p. 2.
on Diseases of the Joints. In one 12mo. volume.
(Preparing.) See Series of Clinical Man uals, page 2.
BTJTIjIN on the Tongue. In one 12mo.volume. (Preparing.)
See Series of Clinical Manuals, page 2.
GOULD'S Surgical Diagnosis. In one 12mo. volume of 589
pages. Cloth, §2.00. (Just ready.) See Students' iSeries of
Manuals, page 1.
BELLAMY'S Operative Surgery. In one 12mo. volume.
(Preparing.) See Students' Series of Manuals, page 1.
STIMSON'S Manual of Operative Surgery. In one very
handsome roval 12mo. volume of 477 pages, with 332 illus-

MARSH

Cloth, §2.50.
Operative Surgery. In one octavo
pages, with 81 woodcuts. Cloth, §3.25.
trations.

SKEY'S

volume of

661

SARGENT
Surgery.

on Bandaging and Other Operations of Minor
In one 12mo. volume of 383 pages, with 187 illus-

trations.

Cloth,

§1.75.

COOPER'S

Lectures on the Principles and Practice of Surgery. In one octavo volume of 767 pages. Cloth, §2.00.
PIRRIE'S Principles and Practice of Surgery. In one
Svo. volume of 784 pages, with 316 illustrations. Cloth, §3.75.
GIBSON'S Institutfes and Practice of Surgery. Eighth
edition, improved. In two Svo. volumes of 965 pages, with
.34 plates.
Leather, raised bands, §6.50.
Principles of Surgery. In one large octavo
volume of 683 pages, with 240 illustrations. Cloth, .§3.75.
Practice of Surgery. In one large octavo vol-

MILLER'S
MILLER'S

ume of 682 pages, with 364 illustrations.

Cloth,

§3.75.

MEDICAL JURISPRUDENCE.
TIDY'S

Legal Medicine. Volumes I. and II. Imperial
octavos, containing 1193 pages. Price per volume, cloth,

§6.00; leather, §7.00.

TAYLOR'S

Medical Jurisprudence.
Eighth American
Edited by John J. Reese, M.D. In one large
octavo volume of 9.37 pages, with 70 Illustrations. Cloth,
§5.00; leather, §6.00; half Russia, §6.50.
Principles and Practice of Medical Jurisprudence. In two large octavo volumes, containing 1416 pages,
edition.

TAYLOR'S

GROSS'

volume

Medical Works.

Co.'s

ready.)

ASHHURST'S

with

Cloth, §10.00; leather,

188 illustrations.

§12.00.

TAYLOR

on Poisons in Relation to Medical Jurisprudence
Third American from the third revised
I'dition.
In one large octavo volume of 788 jjages,

and

:\Ii'(licinc.

Eniilisli
104 illustrations.

with

Cloth, §5.50; leather,

$6.50.

PEPPER'S

Forensic Medicine.
In one 12mo. volume.
(Preparing.) See Students' Series of Manuals, page 1.

PERIODICALS.
JOURNAL of the Medical Sciences.
THE AMERICAN
Quarterly. Per annum, in advance,
THE MEDICAL NEWS. Every Saturday. Per annum,
§5.00.

in advance,

$5.00.

The American Journal

of the Medical

Sciences,

~|

Per annum,
in

>

The Medical News,

)

advance,

§9.00.

New

Princii^les and Practice of Surgery.
and revised edition. In one large Svo volume of about 1100
pages, with about 575 illustrations. {Preparing.)

BRYANT'S

Practice of Surgery. Fourth American from
the fourth English edition. In one imperial Svo. volume of
1040 pages, with 727 engravings. Cloth, .§6.50; leather, §7.50;
half Russia, §8.00. (Just ready.)
Principles and Practice of Surgery. In one
handsome octavo volume. {Preparing.)
DRUITT'S Principles and Practice of Modern Surgery.
From the eighth London edition. In one handsome Svo.
volume of 687 pages,with 4.32 cuts. Cloth, §4.00; leather, §5.00.

ROBERTS'

LEA BROTHERS &

CO.,

MISCELLANEOUS.
A CENTURY of American
E. H.

and

Clakke, H.

J. S.

J.

Billings.

Medicine. 1776-1876.
S. D. Gross, T. G.

BiGELOw,

By Drs.

Thomas

In one very handsome 12mo. volume

of 370 pages. Cloth, §2.2.5.
Prize Essay on the Use and Abuse of
Alcoholic Liquors in Health and Disease. In one 12mo. volume of 178 pages. Cloth, 60 cents.

CARPENTER'S
HOLLAND'S

Medical Notes and Reflections.

octavo volume of 493 pages.

Cloth,

PUBLISHERS, PHILADELPHIA.

$3.50.

In one

•<".

