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PREFACE
FIRST EDITION

The object of this book is to teach, first, the elementary
principles of radiography; second, special dental radiography.

The first part of the book is written on the presumption that
the reader knows nothing about electricity, photography, or
the X-rays, and might therefore be used by anyone who wishes
to take up radiographic work, whether a dentist or a physician.
In dealing with the preliminary subjects mentioned, an earnest
effort has been made to avoid useless, impractical and confus-
ing elaboration.

The second part of the book is devoted to dental radiog-
raphy, and is consequently of interest mainly to dentists and
specialists in radiography who do work referred to them by
dentists. It gives in detail the special technic involved in the
practice of dental radiography, also a chapter with one hun-
dred and eighty-three halftone illustrations, demonstrating
sixty-four different uses to which the radiography may be put
in the practice of dentistry.

The use of the radiograph in the practice of modern dentistry
is not a mere fad; it is a necessity, if one wishes to render the
best dental service. Nothing but great good can come from its
more frequent use. To the end of bringing about a more
extensive use of the radiograph by dentists this work is pub-

-lished. At present it is the only work of its kind on the book
market.

So many people have helped me in the compilation of
this volume that I refrain from naming and thanking any
particular individual. A publication of this kind, of necessity,
represents the work of many.

H. R R



PREFACE

SECOND EDITION
(The beginner in radiographic work should read this.)

As stated in the preface of the first edition “ the object of this book is to teach,
first, the elementary principles of radiography, second, special dental radiography.”

When the beginner sees this book, for the first time, and notes its size I coan
readily understand the feeling of discouragement which would induce him to offer
o prayer for a smaller book—one which treats the subject in o less exhaustive
manner, more in the manner in which the average man wishes to take it up. The
prospect of having to “ wade through’ thousands upon thousands of words to gain
o comparatively few practical facts is certainly not an inviting one. So allow me to
direct the alarmed beginner's attention to these facts: The place to begin study
is at the beginning of the book—not the middle. The entire subject of Electricity
is covered in only 13 pages! The subject of Elementary Radiography, including the
I3 pages devoted to Electricity, and chapters on X-ray Machines, X-ray tubes and
the X-ravs, and the technic of Making Radiographs is covered in 84 pages. Only
52 pages cover a detailed consideration of dental radiographic technic. Thus the
entire subject of Elementary and Dental Radiography, as most men will wish to
take it up, is covered in only 145 consecutive pages. From page 145 om, com-
mencing with the chapter on “ The Uses of the Radiograph in Dentistry” the book
becomes a reference book, special attention having been given to the index in the
back of the book so the reader may locate the subject he wishes to “ look up™ with
ease.

Much of the first edition of this book, particularly the elementary part of it,
was written from old notes which I had made for my own benefit at the time I was
engaged in educating myself in radiography. It is owing to this fact more than any
other one thing, I belicve, that the book has proved of such definite value to be-'
ginners in this work; the tone of the text is not beyond the comprchension of the
man or woman who is just taking up the work. It is with this in mind that I have
refrained from altering the original text as far as possible, in this the second edi-
tion, and have written an appendix to cach chapter where necessary, giving thercin
such further consideration of the subject as changes, which have developed in the
past few years, scem to demand. In this way I hope to avoid the mistake, most com-
mon with writers on electro-dental and medical subjects, of overloading the reader’s
mind with details at the outset.

Though I have followed the plan of revision just outlined as far as possible,
I have nevertheless found it imperative to make a number of changes through the
book and to rewrite Chapters V and IX. These changes I hope, and believe, will
add to simplicity rather than detract from it, and the appendix may be read by those
who have prepared themselves for it and feel the need of further knowledge on the
subject.

I made the statement in the preface for the first edition that “ the use of the
radiograph in the practice of modern dentistry is not a mere fad, it is @ necessity,
if one wishes to render the best dental service” Let me concede that, as some men
use it to-day, the use of the radiograph in dentistry is only a fad.



New methods and things introduced into medicine and dentistry are often re-
ceived with over and irrational enthusiasm, followed with their equally irrational
abandonment. The extensive use of the radiograph is new. It is just about to pass
through the stage of reaction from over-enthusiasm. Its use will never be aban-
doned, however; so let those of us who know its limitations teach those who do not
know, lest in their discouragement and misunderstanding they fail, for a while, to
avail themselves of this necessity to service. Accordingly the Appendix to Chapter
VI has been written, which, to the very superficial thinker, will seem a tirade agasinst
the use of the dental radiograph, but which in reality is a most pertinent recognition
of the fact that we will always use dental radiographs.

The use of dental radiographs, coupled with the modern theories of metastatic
infection as a cause of so many different diseases, brings the old, old problem off
pulp canal work before the dental profession in a new light—the light of the X-
rays and holds it there demanding a solution. It is fitting that we should consider,
at some length, “ The Problem of Pulp Canal Surgery” in this volume and accord-
ingly a chapter on this subject will be found in the appendix. The X-rays have’
played a most important part in bringing this problem before us again and they will
play an equally important part in its solution. I direct particular attention to the
chapter on “ The Problem of Pulp Canal Surgery and Oral Infection,” believing ir
contains material of constderable smportance to the dental profession, the medical
profession and last, but far from least, the public.

By way of explanation in fairness to some of the men whose names appear
beneath the radiographs in Chapter V'Il, and in fairness to myself as well, I wish
it known that the radiographs illustrating this chapter were chosen primarily for
their clinical value, and not because they are examples of excellency in radiodontic
work. There are 183 radiographic illustrations; most of these are excellent, many
are ordinary, and a few are poor, but of such definite clinical value that it would be
a sacrifice not to use them.

The policy of not retouching radiographs has been adhered to wvery closely,
for retouching takes the “life” and “ personality” out of radiographs. Only a
very few radiographs have been retouched.

In this edition of the book, as in the first, I have not used the Roentgen words
because I do not like them. Take, for example, the word radiodontia: The equiva-
lent for radiodontia, using the Roentgen nomenclature would be Roentgenodontia.
The literal meaning of Roentgenodontia, as my good friend, Dr. Ottolengus, points
out, would be “Professor Roentgenw's teeth.”

In compiling material for this second edition I have been impressed again with
the fact that a volume of this kind represents as much the work of his friends as
the work of the author. I will, however, express my appreciation of the co-
operation of my publishers, whose liberal policy of allowing me to use illustrations
as freely as desired, regardless of expense, has added greatly to the teaching value
of the book. Also, I must; I cannot keep from thanking Dr. John Callahan and
Dr. Dave House, and my secretary, Miss Fannie Agnew, to whom I am greatly
indebted.

TO TEACHERS OF DENTAL RADIOGRAPHY

For years I lectured to dental students in an effort to teach Radiography. I
failed to get the results I knew I should get.
I then wrote my book on the subject, assigned lessons in it and quizzed over
the assignments. And, again, I failed to teach the subject as it should be taught.



Students simply floundered about in the assignments and were not able to answer
questions.

I wrote a compend on the subject, and d.scarded it, because, like all compends,
it fasled to cover the subject as well as it should be covered.

I then read my book (it is proof conclusive that a writer is desperate when
he reads his own book) and, as I rcad, prepared a list of questions covering the
most important points in the text, and had this list of questions published in the
form of a small ““ Assignment Booklet.” With this booklet and the text book in the
hands of the student I can now assign lessons by giving & certain number of ques-
tions. After each question in the booklet is the number of the page on which the
answer may be found. The questions are such as to cause the student to read all of
the text included in the assignment. Much longer assignments can be made in this
way. The student has something to “ hold to” as he tackles his assignment. He
reads the text with a feeling of security as to what is most important and to be re-
membered, instead of trying to remember everything in, say, a thirty-page assignment
and failing to remember anything, or becoming discouraged and “ chucking the
whole assignment.”

The results of this manner of teaching the subject have been gratifying beyond
my rather enthusiastic hopes for it. It does not prepare students to go forth and
straightway operate any X-ray machine with simmediate and full success any more
than a course of study of motors would enable a man to jump into an automobile
and drive it. But it gives students such a fundamental knowledge of the subject
that they may take up the work with a feeling of confidence in themselves.

This little Assignment Booklet will be found of value also to the man who is
educating himself.

H.R R

December, 1917.

o~
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Clementary and Dental Radiography.
CHAPTER 1.

Electricity.

Dental radiography is the science and art of making pictures of the
teeth and contiguous parts with the X-rays. Its place and value in the
practice of modern dentistry will be dealt with later.

Before we can produce X-rays we must have at our disposal that
something called electricity.

Electricity is a form of energy closely related

Electricity. to motion, light and_heat. We know it is closely

related to motion, light and heat because these forms
of energy can be made to produce electricity, and electricity conversely
can be made to produce them. Electricity is discernible to but one of the
special senses, namely, feeling. It cannot be seen, heard, smelled or
tasted. Victims of severe shocks have noted a peculiar taste, which they
call the taste of the electricity, but it is my opinion, neither proved nor
disproved as yet, that this taste is due to the presence of new chemical
bodies formed in the saliva by electrolysis. In other words, the passage
of the current of electricity through the saliva causes chemical changes
to occur, resulting in the formation of new chemical bodies, and it is
these new bodies, not the electricity, that produce a taste.
When electricity passes from one place to an-

Conductors. other the substance through which it passes is

said to be a COl’ldllCtQL A substance through which
electricity passes with great d:fﬁculty, when at all, is said to be a non-
conductor. Metals are the best conductors of electricity. Silver is the
best, then_copper. Copper wire is the most used of any conductor of
electricity German silver carries electricity very reluctantlv, and bis-
muth is the poorest conductor of the metals. It was formerly thought
that electricity traveled on the surface of a conductor, but if this were
true a round wire could be made to carry more current by simply flat-
tening it and so making the surface greater; while, as a matter of fact,
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the flattened wire would carry less, because of the condensation of the
metal incident to flattening. The human body is a conductor. Wood,
glass and vulcanite are examples of non-conductors. o

When electnc:ty passes Trom one place to another through a con-
ductor, what is known as the electric current is established.

There are four kinds of electric currents: (1)
ourrents. The continuous, constant, or direct current, commonly
designated D.C.; (2) the pulsating; (3) the inter-

rupted; (4) the alternating or oscillating, designated A.C.

The direct current is one in which the electricity is presumed to flow
through the conductor in one direction at a uniform rate of pressure.

The pulsat'ng_cu = =+ is one in which the electricty flows ; through
the conductor in oue direction, but at variable pressure.

The mterrggfd current is one in which the electricity flows through
the conductor in one direction while in motion, but which is completely
arrested in its flow at frequently recurrent _intervals,

The alternatmg current is one in which the ele electricity flows through
the conductor first in one direction, then in the other, When the current,
flowing in a given direction reverses, flows in the opposite direction, and

cycle. " The number of cycles occurring in a second determines the fre-
quency of the current. We thus have, for example, a 60- ycle frequency
current, making sixty complete alternations per second.
Electricity travels from one place to another be-
Potential, cause of a difference in potential. The term poten-
tial means Jlatent, inactive, or stored-up energy.
Take lightning as an example of traveling electnc:ty Why does it occur?
One cloud has a potential, figuratively speaking, of say 30, another of 20.
These clouds approach close enough to one another so that electricity
can jump the atmospheric gap between them, which it does, passing from
the one with a potential of 30 to the one with a potential of 20 and
equalizing the potential of each to 25. The light of lightning-is caused
by the resistance of the atmosphere to the passage of electricity. If such
a thing were possible and an electric conductor stretched from the one
cloud to the other, the potentials would be equalized as just described,
but without the occurrence of the phenomenon called lightning, because
the electricity would unostentatiously flow through the conductor instead
of through the highly resistive atmosphere.

All electricity-producing machines, then, simply create a compara-
tively high potential, so that when a path is afforded—i. e., when con-
ductors are attached to the machine—the electricity leaves, in its effort
to equalize potential.
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Electricity travels at an inconceivably rapid rate

Uelocity. of speed, instantaneous results being obtained hun-

dreds of miles distant on pressure of a button.

It is stated that the velocity of electricity is about the same as light, which

latter travels about 186,000 miles per second. To comprehend this great

speed compare it to the v velocnty of sound, which travels only 1,090 feet
per second.

In dentistry and medicine the terms used can often be translated
literally into their meaning. For example, “odontalgia” is a combination
of two Greek words meaning tooth and pain; “tonsilectomy” is a com-
bination of a Latin and a Greek word meaning tonsil and excision. Elec-
trical terms are, however, derived principally from proper names. For
example, volt, the unit of measurement of ele. .. pressr.te, has no literal
meaning at all, but is so called in honor of Alexander Volta, a great elec-
trician. And so with the terms ohm, watt and ampere.

When electricity leaves the electricity-produc-

Volt. ing, or, if you choose, potential-creating, machine, it

passes into the conductors at a given pressure.
Ihligressure is measured in volts, Lust as pressure in a water-pipe is
measured in pounds. Thg_mlt then, 1s the unit of measurement of
pressure of electricity. Just what is a “unit of measurement”? Take,
for example, the unit of linear measurement; it is called the “meter,” and
and is one-ten-millionth of the distance from the equator to one of the
earth’s poles. The unit of linear measurement, then, the meter, is a definite
name applied to a definite distance. So the volt is a definite name applied
to a definite degree of electric pressure, or, which means the same as
electric pressure, electromotive force, designated E.M.F. This force is
sufficient to maintain a current of electricity of one ampere (the unit of
measurement of volume of electricity) through a resistance of one ohm
(the unit of measurement of resistance to the flow of current offered by
an_electric conductor). Let us then fix this firmly in our minds. The
volt js the unit of measurement of electromative force, or pressure.
Though 1t is not commonly used, the writer much prefers the word

“pressure” to “force,” believing it to more clearly express the meaning.

No conductor carries electricity without offer-

o, ing a certain amount of resistance to its flow. This
resistance, which might be compared to the friction

offered by the sides of a pipe to the flow of water, is measured in ohms.
The ohm, then, is the unit_of measurement of resistance offered to the
flow of electricity by a conductor, and is equivalent of the resistance
afforded by a column of mercury having a cross-section of one square

millimeter and a length of 106.28 centimeters, at a temperature of 0° C.
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We have consxdered pressure and resistance.

A Rupere. Now we come to the energy itself, which may be

compared to the water in a water-pipe, and is meas-

ured in amperes. The ampere capacity of an electric conductor cor-

esponds to the cross-section of a water-pipe, which latter is measured in

“square inches. Thus the larger the pipe, which means, of course, more /
square inches in its cross-section, the more water it will carry; and §9

the larger the electric conductor of a given material the greater its am

capacity, and the rio_r_e_elg:_tgcxtx it will carry.

A 1 ) {
ﬂ/zm J €1 ,/// R — V14,7/»/,

The analogy between the water in the water-pipe and the electricity
in the conductor is not perfect, however. A given-sized pipe will carry a
column of water of a given cross-section and no more, because water is
practically non-compressive. When the flow of the water is opposed to
gravity, as when drawing water from a faucet, this complete cross-sec-
tion must be obtained, too—that is, the pipe must be full—before any
pressure will establish a current through the pipe. Not so with electricity
in a conductor. A wire which has a normal capacxty of say 30.amperes
wnll_carry a current of 10, and it can be made to car ATy 40 or 50 by in-
creasing the pressure, because electrxcntLls comm@le

Amperage, or the ‘volume of ‘electricity carried in a conductor, de-
pends on two things—the pressure of the current and the resistance of
the conductor. Hence Ohm’s law, which is that the volume of the current
can be obtained by dividing the pressure by the resistance. In other
words, the amperage can be obtained by dividing the volts by the ohms.

Problem: An electromotive pressure of 100 volts is acting against
a resistance of 50 ohms. What is the ampere strength of the current?

Solution: 100 volts divided by 50 ohms equals 2 amperes.

To give the exact amount of electricity represented by the ampere,
it is that amount which, when passed through a standard solution of sil-
ver nitrate in distilled water, will cause a deposition of metallic silver at
the rate of 1.118 milligrams per second.
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ELECTRICITY 5

Electromotive power (not electromotive pres-

Want. sure or force; note the word “power”), or the ability

of a current to do work, depends on two things—

the pressure measured in volts and the volume measured in amperes.
This is also true in hydraulics. The amount of work a stream of water
will do depends on pressure and volume. The watt is the unit of meas-

S
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Fig. 2. Fig. 8.

Fig. 3. Arrows A represent the direction of flow of electric current. Arrows B reptesént the
direction of flow of magnetic flux in the magnet.

Fig. 8. Bar magnet with polarity indicated.

urement of electromotive power, and the wattage of a current is obtained
by multiplying the volts by the amperes, Thus, if we had a current of one
ampere under a pressure of one volt, one watt would be operative.

When 1,000 watts are active for an hour—that is, when a current
1,000 watts strong has been in motion, the current turned on, for one
hour—the electrometer will register one kilowatt-hour. So bills for elec-
tricity are made out for so many kilowatt-hours.

Magnetism is a form of kinetic energy very

Magnetion, closely related in its nature to electnclty., Mag-

netism produccs electricity, and vice versa.
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The substance in which this energy, or property, magnetism, resides
is called a magnet.

If a bar of magnetized steel be dropped into iron filings, and then
raised, the fillings will adhere to the ends of the bar, but not to the center.
(Fig. 1.)

The ends of the bar represent, respectively, the north, or positive,
and the south, or negative, poles of the magnet. If, now, this bar be
broken at its exact center, instead of having a half magnet all north
pole and another half magnet all south pole, we have two magnets with
two poles each. If one of these magnets be broken at its center the same
thing occurs, namely, two magnets, each one-half as large as the first,

Fig. 4. When poles are arranged as in A repulsion exista between the magnets. When poles
are arranged as in B the magncts are attracted to one another with the magnetic flux of
each north pole flowing into the south pole of the other magnet.

are made. This redivision can be repeated down to the molecule, which
would have a north and a south pole: ‘

Magnets are of two kinds—the natural magnet, or -“loadstone,” and
the artificial magnet. :

The earth may be considered a large magnet, the poles of this mag-
net being near the north and south poles of the earth. The natural mag-
net is iron ore, found in nature with all the properties of the magnet, and
representing a portion of the great magnet, the earth,

Artificial magnets are of three kinds—the electro-magnet, the perma-

nent magnet and the induced magnet,
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ELECTRICITY 7

If a bar of soft iron be wrapped with insulated wire (wire covered
with a nonconductor) and a current of electricity be sent through the
wire, the iron bar becomes magnetized while the current passes through
the conductor, but loses its magnetism when the current ceases to flow.
Such a magnet is called an electro-magnet. (Fig. 2.) If the current be
sent through the conductor in the opposite direction to that shown in the
diagram, polarity of the magnet will be changed: the north pole will
become the south pole and the south pole the north pole,

 If hard stee], instead of soft iron, be used as the core and wrapped
with insulated wire and a current of electricity be sent through the wire
for a great length of time, then the current shut off and the wire removed,
it will be found that the steel retains its magnetism_ and will continue to
Tetain it over a number of vears. Such a magnet is called a_permanent
magnet (ﬁmr example), though it is not actually permanent
and will lose its magnetism in time. The permanent magnet in greatest
general use is the “horseshoe” magnet (Figs 4 and 5), which is simply
the bar magnet (Figs. 1 and 3) bent into horseshoe or staple shape.
Instead of using the electric current, a permanent magnet can be
made by rubbing hard steel with another magnet.
Fig. 3 shows a magnet holding three nails. As long as the magnet
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remains in contact with the first nail it will hold the second nail, and the
second will hold the third. But remove the magnet and no attraction
exists between the nails. While the magnet touches the first nail each
nail is an induced magnet, with a north and south pole, as shown in the
figure. :

While either the north or south pole of a magnet will attract a piece
of unmagnetized iron or steel, only unlike poles of two magnets will be
attracted to one another. Thus, if two north or two south poles of mag-
nets be brought in close proximity repulsion instead of attraction exists
between them. (Fig. 4.)

Fig. 7. Magneto-Dynamo. A, the magnets or field. B, casting surrounding revolving con-
ductor or armature. C, appliance for outlet of clectricity from armature. An alternating cur-
rent is generated by this machine.

In 1831 Faraday discovered that when an electric conductor is set
in motion so as to cut the lines of force of the magnet at right angles, an
electric current is induced in the conductor.

Fig. 5 shows the lines of force of a horseshoe magnet passing from
the north to the south pole. Imagine now a spool wrapped with copper
wire, not as thread is wound around a spool, but lengthwise of the spool,
the wire passing over its ends. DPlace this spool between the poles of the
magnet, revolve it on its axis, and the copper wire—that is, the electric
conductor—is made to cut the force of the magnet at right angles and an
alternating current of electricity will be produced in the wire (Fig. 6),
the current flowing in opposite directions as the different poles are passed.
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ELECTRICITY 9

Add to this arrangement a means for carrying the current away from the
apparatus and we have the magneto-dynamo, now very extensively used
in automobiles. (Fig. 7.)
Dynamos may be divided into two classes: the
Dynamos. magneto-dynamo, just described, and the electro-
dynamg,

Fig. 8. A Direct Current Generator or Electro-Dynamo.

All dyngmos consist of three cardinal parts, to \\%theji-%eld, or mag-
nets ; the ature, or revolving conductor, and_the rings, or appliance

carrying off the electricity. Lf the current sent out is direct instead
of alternating, a commutator instead of rings must be used. A commu-
tator is an appliance which changes the alternating current induced in
the armature into a direct current as it leaves the dynamo.

The electro-dynamo, an example of which is shown in Fig. 8, dif-
fers in principle from the magneto-dynamo only in the kind of magnets
used. Permanent magnets are used in the magneto-dynamo, whereas
electro-magnets are used in the electro-dynamo.

Immense electro-dynamos, or generators, as they are called, make

,/’jg/‘-r
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our commercial currents, steam power being used to revolve their arma-
tures. By commercial current is meant the electric current supplied to
us by the electric light and power companies.

Let us trace a current of electricity through what is known as the
electric circuit. When the armature is revolved the potential at C, of

Fig. 9. Six Pole Direct Current Generator, parts disassembled. E, clectro-magnets with poles

. of different denominations directly oppositc one another—the field. Large alternating current

generators have as many as 40 poles in the field which revolves, the armature remaining
stationary. A, armature. C, commutator.

Fig. 7, rises. The potential of the positive wire attached to binding post
—+ (which post is connected to C) is instantly raised to that of C, and
the current ceases to flow, potential being equalized between the arma-
ture and the positive wire. If now the positive wire of the high poten-
tial be brought in contact with the negative wire, which is of low poten-
tial, the current flows into the latter. The negative wire is attached to
the negative binding post, which is connected to the magnets themselves.
Thus the current passes through the negative wire into the magnets.
which have a low potential. The current will continue to flow, making
a circuit from C, out through the positive wire, back through the nega-
tive wire, into the magnets until their (the magnets’) potential is raised
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to that of C. If an incandescent light bulb be connected to the positive
and negative wires the current will pass from the positive wire, through
the bulb, and into the negative wire. As the electricity passes through
the bulb it heats the filament of carbon to incandescence, producing light
and some heat. Most of the electricity is used up in the production of
the light and heat—this is true if the circuit is what is called “well bal-
anced”—but what is not, travels in the negative wire toward the magnet,
equalizing potential until it dissipates itself in the effort.

Fig. 10. Diagram of a step-down transformer.

Commercial circuits supply either a D.C. (direct current) or an A.C.
(alternating current). The wiring from the D.C. dynamo to the consumer
is an intricate problem, difficult to understand. 1t is enough for us to
know that the D.C. is supplied, as a rule, only to downtown districts of
cities, by a circuit giving 110 volts pressure, or a special three-wire cir-
cuit, which supplies either 110 or 220 volts, according to the manner of
the connections made to the mains. The amperage depends on the size
of the wires; the more amperage desired the larger the wires connecting
to the mains must be.

The A.C. leaves the generator at a voltage of from 1,000 to 3,000. and
flows in the mains at this pressure. Such great pressure is both danger-
ous and uselessly high for ordinary uses, such as lighting, running motors,
operating X-ray machines and the like. So, by means of a transformer,
the voltage is reduced to any desired strength, usually from 100 to 125
volts. The commercial A.C. is either 25, 60 or 133-cycle, usually 60.

Since the principle involved in the transformer is quite similar to
the one met with in X-ray machines. a description of it would not be out
of place in this work. Fig. 10 shows the plan of construction of a
transformer. A represents an iron core, around which is wrapped insu-
lated wire. This is the primary winding through which passes the pri-
mary current at the high voltage of from 1,000 to 3,000. As always, the
amperage depends on the size of the wire. B represents another iron
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core, around which is also wrapped insulated wire. This is the secondary
winding, through which the secondary current passes. C shows soft
iron connections between the two cores.

When the electric current is established in the primary winding a
current is set up or induced in the secondary winding. Bear in mind
there is no electric connection between primary and secondary windings.

Fig. 11. A Transformer.

The primary current enters, and leaves unaltered except for a slight loss
in amperage, but in its passage it induces a current in the secondary.

If the wire used in the secondary winding be of the same length and
size as that used in the primary winding, the induced secondary current
will be of practically the same voltage and amperage as the primary cur-
rent. But if the wire in the secondary be shorter and larger, the induced
current will be lower in voltage and higher in amperage. Or if the
wire of the secondary winding be longer and smaller than the wire in
the primary winding, the induced secondary current will be higher in
voltage and lower in amperage than the primary current. The wattages
of the primary and secondary currents remain practically the same. For
example, suppose the voltage of the primary current is 1,000, the am-
perage 5, the wattage would be 5,000. Suppose now, by means of the
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transformer, the voltage is lowered to 100; there would be a raise in am-
perage to 50. Notice the wattage remains the same, 5,000. The figures
do not represent what actually happens, since they do not take into ac-
count the loss of current due to the internal or intrinsic resistance of the
transformer, but they do represent roughly the general principle of the
action of the transformer.

A transformer which lowers voltage—the kind used on A.C. cir-
cuits between mains and consumer—is known as step-down transformer;
one which raises voltage is a step-up transformer.

The transformer does not alter the nature of the current. That is,
the secondary is an alternating current, the same as the primary, the
change being only in voltage and amperage. Transformers cannot be
used on a direct current.

The foregoing is calculated to give the reader a speaking acquaint-
ance with electricity, the wonderful force which produces X-rays. Fur-
ther treatises of the subject will be made as necessity demands. It will
be noted that but one source of electricity has been considered, namely.
dvnamo electricity—that furnished by light and power companies. Be it
known, however, that electricity can be produced by means other than the
dynamo—by friction and chemical change, for examples. We have con-
sidered only the source of electricity which is used to operate the X-ray
coils.



CHAPTER II.
X-Ray Machines.

It was stated in Chapter I that an electric current is necessary to pro-
duce X-rays, but nothing was said concerning the strength of the current
required. It takes a current very high in voltage, varying from about 50,-
000 to 100,000 or more volts, and low in amperage, the amperage being
measured in milliamperes. Milliamperage ranges from 2 or 3 to over 100.
For dental radiographic work the milliamperage used ranges from about
5 to 60.

The ordinary commercial circuit for lighting purposes is almost in-
variably either D.C., 110 volts, or A.C,, Go-cycle, 100 to 125 volts. The
amperage varies according to the amount of electromotive power needed,
ranging from 4 to 5 to over 100 amperes. The commercial current, as
supplied, is therefore useless. However, it will operate a machine which
will give the desired current.

X-ray machines are of two classes: Those that

X-Ray generate their own electricity without any external

Machines. electric supply, and those that depend on a commer-

cial current or storage batteries to excite them.

There is but onc of the first class, namely, the static machine (Fig. 12),

and of the second class there are three—the Ruhmkorff coil (Fig. 13),

the high frequency or Tesla coil (Fig. 14), and the “interrupterless” coil

(Fig. 15). All of the latter class are literally induction coils, just as the

transformer, described in Chapter I, is an induction coil, but when the

term induction coil is used we may assume that it is the Ruhmkorff coil

that is referred to. We shall follow the precedent and call the Ruhm-

korff coil the induction coil, though it is no more an induction coil than
the high-frequency or “interrupterless” coils.

The static machine is so much inferior to the induction coil for pic-
ture work, and so large and difficult to operate, compared with any coil,
that the only reason for using it would be the lack of a commercial cur-
rent with which to operate a coil. Even in such an event—the lack of a
commercial current—I would advise the use of an induction coil operated
by storage batteries (Fig. 16) in preference to the static machine.

14
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The induction coil is a pooular apparatus for

Taduction giving the electric current necessary for X-ray pic-

goil. ture work. It is a step-up transformer to this ex-

tent, namely, its primary current is of comparatively

low voltage and high amperage, while the secondary is very high
in voltage and low in amperage. It differs from the transformer

in mechanical construction, and also in that the primary current
must be an interrupted current, and the secondary, induced current is

Fig. 12. A static machine.

practically a uni-directional one. It will be recalled that the primary and
secondary currents of the transformer are both alternating.

Let us trace a current of electricity from the

Tnstallation, mains through an induction coil and auxiliary appli-
ance leading to it. (Fig. 17.)

Wiring from the mains to the coil should always be done by a com-

petent electrician. A wire of a given size will carry only a certain am-

perage without heating. 1f this amperage be exceeded greatly the wire
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may become hot enough to set fire to surrounding building material of a
combustible nature. There are, therefore, laws governing the size of
wires to be used to carry different amperages. Coils are rated by their
manufacturers to consume a certain number of amperes, and wiring

rig. 1s. Induction or Ruhmkorft coil.

should be done according to this rating. The amount of amperage neces-
sary to operate a coil varies directly according to the size of the coil—
the larger the coil the more amperes it takes. Assuming the coil to be
of a medium large size, the lead wires used to connect it to the mains
should be capable of carrying at least 30 amperes without heating. By
“lead wires” I mean the wires leading to the machine—not lead (the
metal) wires. The wires are copper.
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Somewhere near where the wires enter the

Fuses. building, and also at the coil itself, will be found

fuses. (Fig. 18.) A fuse is a wire, an alloy of

lead, of a given size, and fusing point, capable of carrying only a limited
amperage without melting. Thus, if more than 30 amperes be sent
through a 3o-ampere fuse, the wire is heated to its fusing point, it melts,
the circuit is broken, and the flow of electricity is stopped. A fuse is a

Fig. 14. High-frequency coil.

sort of safety valve. About 30 ampere fuses should be used for a medium
large induction coil. This information, however, will always be given
by the manufacturers of the coil.

Somewhere near where the wires enter the build-

Switches. ing, and also at the coil, are placed switches. An

electric switch (Fig. 19) is an appliance for throw-

ing the electric current into, and out, of an extended or auxiliary circuit.

Assuming that the current at our disposal is D.C., it must first be
passed through an interrupter.

An interrupter is an electric apparatus by means

Tuterrupters. of which a constant current is converted into an in-

terrupted one. Interrupters are of three kinds: (1)

The electrolytic, Fig. 20; (2) the mercury turbine, Fig. 21, and (3) the
mechanical or vibrator, Fig. 22,

For picture work, in connection with the induction coil, the elec-

trolytic, or, as it is sometimes called in honor of the inventor, the Weh-

nelt interrupter, is quite the best. With it the constant current may be
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interrupted at the rate of from 60 to 30,000 interruptions per minute.
‘ihe mercury turbine gives from 200 to 3,600 interruptions per minute,
and the vibrator from 250 to 1,000 interruptions a minute,

Fig. 15. Interrupterless coil.

The electrolytic interrupter consists of a glass jar containing a solu-
tion of sulphuric acid in water, the electrolyte, in which is immersed a
platinum point electrode, A (Fig. 20), and a lead electrode, B. The
platinum is covered with a porcelain sheath, C, except for its point, which
projects into the electrolyte. Little or much of the point may be exposed
in the acid by the regulating arm, D.

We have two wires now leading from the mains to our apparatus.
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Of these one is the positive wire which brings the electric current, and
the other is the negative or return wire. The positive wire must be at-
tached to the binding post of the platinum electrode, marked 4. (Fig.

Fig. 16. Induction coil for use with storage cells.

20.) But how can we tell which is the positive wire? Cut some of the
insulation off the ends of the wires, immerse them in a glass of water,
and bubbles will be given off from the negative wire. When making
this test, care should be taken not to touch one wire to the other, so
making a short circuit. The term (short circuit) almost explains itself.
The desired circuit in this instance is from the positive wire, through the
water, which is highly resistive to the flow of electricity, into the negative
wire and back to the mains. Suppose that the wires come in contact
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(that portion of the wires from which the insulation has been removed),
the current no longer passes through the water, but takes the shorter
path of less resistance, passing directly from positive to negative wire.
All the amperage formerly used and choked back by the resistive water
flows through the wires, heating them rapidly,
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Fig. 17. The spark gap between the secondary tcrminals is the * parallel spark gap.”

The course of the electric current, through the electrolytic inter-
rupter, is from platinum through the acid electrolyte, and on through
the lead electrode. As the current flows through the acid solution, a
chemical change occurs and a gas is formed. This gas accumulates in
the form of a bubble around the exposed platinum point, and momentarily
stops the flow of the current. Then the bubble bursts and the current is
re-established only to be stopped again in the manner just described, and
so on. The more platinum exposed in the solution the slower the inter-
Tuptions and the more amperage will pass through the interrupter. In
order that the amperage may be increased without producing a corre-
sponding decrease in the number of interruptions per minute, interrupters
are made with several platinum points. (Fig. 23.) Thus with a multi-
point interrupter, when more amperage is desired, more points are thrown
into the circuit by means of small switches for the purpose. A 1 or 2-point
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interrupter will draw enough amperage, and give sufficiently rapid in-
terruptions, for dental radiographic work. :

The current is sometimes stopped altogether by the interrupter. This
may be due to the accumulation of a large bubble of gas, on the platinum
>oint, which will not burst. By moving the point—or points if the inter-

Fig. 18. Patent fuses or cutouts.

rupter is multipointed—up and down several times by means of lever D,
Fig. 20, the bubble will be broken and the current re-established.

On a D.C, 110-volt circuit the electrolyte should be 15 to 20 per
cent. acid; on a D.C, 220-volt circuit, from § to 8 per cent. is strong
enough. The jar should be one-half or three-quarters full. As the solu-
tion stands, some of the water evaporates, so raising the per cent. of acid
in the electrolyte. As this occurs, more water should be added. The
strength of the solution can be easily and accurately determined by means
of a hydrometer. (Fig. 24.) As the water evaporates, and the solution _
gets stronger, its specific gravity raises. The hydrometer is sensitive to ’
this change of specific gravity. '

As the current passes through the interrupter, heat is produced.
Hence the glass jar is placed in a metal-lined box, and the box filled with
water. (Fig. 23.) Even with this means for cooling, when used con-
tinuously for fifteen minutes or longer, the electrolyte becomes so heated
that the interrupter no longer works properly. In dental picture work,
though, the time of operation is a matter of seconds. It, therefore, will
be understood that no trouble ever occurs due to heating of the elec-
trolyte.
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Fig. 19. Diagrammatic illustration showing the action of an electric switch. The single

arrows mark the course of what we shall call (not knowing a better name) the original

circuit. The double arrows mark an extended circuit. The drawing shows the switch

—one of the double knife variety—closed. With the switch open the current could
not pass through the extended circuit.
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When the X-rays are used for their therapeutic value, long ex-
posures are made; so long that undue heating of the electrolytic inter-
rupter would be sure to occur. Hence, for this work the mercury turbine
interrupter (Fig. 21) is best. In principle the mercury turbine is a
mechanical interrupter, depending on no chemical change for its action,
being operated by means of aa electric motor. We shall not consider it

Fig. 20. Non-water cooled one-point electrolytic interrupter.

further, for it should not be used for picture work, except in the absence
of an electrolytic interrupter.

The mechanical interrupter, or vibrator (Fig. 22), is used only on
the smallest coils. The priaciple on which it operates is the one involved
in the construction of electric bells; Fig. 25 illustrates the principle. A is
a movable arm with fulcrum at B. When the current travels, the path
marked with arrows, the electro-magnet, C, draws the movable arm. A,
over to it, breaking the circuit at D. When the circuit is broken the
electro-magnet loses its magnetism and the spring, E, draws the movable
arm back, re-establishing the circuit. The rapidity of interruptions may
be regulated by altering the strength of the spring. A popular form of
vibrator is the ribbon vibrator illustrated in Fig. 26.

-
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In tracing the current directly from the supply

Rectifier. wire into the interrupter, we have assumed, as stated,

that we are receiving our supply from a D.C. circuit.

Suppose, however, that the only current at our disposal is A.C,, as is

often the case. Most manufacturers consider it necessary to pass the al-

ternating current through a rectifier (Fig. 27) before sending it into the
interrupter.

A rectifier is an electrical apparatus by means of which an alter-

nating current is converted into a uni-directional, pulsating current, and

Fig. 21. Mercury turbine interrupter.

consists of a glass jar containing an electrolyte, a solution of ammonium
phosphate usually, in which is immersed a steel electrode and an alumi-
num electrode. The jar, the electrolyte. and the two electrodes consti-
tute one cell. Fig. 27 shows a one-cell rectifier.

With the direct current, we are able to test and determine which
of the two lead wires is positive. This is impossible with the alternating
current, because polarity changes at each alternation. Either of the lead
wires may therefore be attached to the steel electrode, and a wire con-
nected from the aluminum electrode to the platinum of the interrupter.
As long as the aluminum remains the negative electrode of the rectifier,
the current flows from steel to aluminum and on, but when the current
reverses and starts to flow from aluminum to steel, a chemical change
occurs in the aluminum, making it a non-conductor and choking off the
flow. Thus a current of Go-cycle frequency, after passing through a one-
cell rectifier, becomes practically (there is a slight inverse current) a
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uni-directional current with 30 interruptions per second. If, after passing
through the rectifier, as just described, the current is an interrupted one,
the questions arise: Why send it through an interrupter? Why not
directly on to the coil? Because the interruptions are not sharp and
complete enough. The current is pulsating rather than interrupted.

By connecting three or four rectifier cells in a certain way (Fig. 28),
we are able to obtain practically a uni-directional, constant current.

If the supply current is 60-cycle, as is usually the case, the electrolyte
in the interrupter remains the same as for a D.C., 110-volt circuit, namely,

Fig. 22. Vibrator or mechanical interrupter.

about 20 per cent., but if the A.C. supply is 133-cycle, the solution should
be stronger—about 30 per cent.

From the interrupter the current passes into the rheostat, as per
Fig. 17.

A rheostat (Iig. 29) is an apparatus by the use
Rheostat. of which we are enabled to regulate the quantity of
electricity entering an electric machine. The rheostat

does not have much effect on voltage.

Fig. 30 illustrates the rheostat. A represents coils of wire, often
German silver, offering great resistance to the flow of electricity. When
the arm, B, is on button 1, the current must pass through all the re-
sistive wire on its way to the electric machine, induction coil, motor, or
what not. This resistive wire chokes back amperage. On button, 2,
there is less resistance; on button, 3 still less, until on the last button the
current passes directly into the machine. The rheostat illustrated acts
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also as a switch, completely breaking the current when the arm, B, is on
button, o.

From the rheostat the current passes into the coil proper, follows
the wire of the primary winding, and passes back through the negative
lead wire to the mains.

Fig. 23. Seven-point electrolytic interrupter, water-cooled.

A different method of wiring to that shown in Fig. 17 is illustrated
in Fig. 31. At first glance it seems that the primary current is not inter-
rupted, the interrupter being on the negative wire with the current pass-
ing through it after passing through the coil. But since the current can-
not enter the coil any faster than it leaves, the manner of its exit will
govern its entrance, and hence the current of the primary is interrupted
just the same, whether the interrupter be placed on the positive or nega-
tive lead wire,
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The coil consists of a soft iron, cylindrical core,

Qoil. around which is wrapped insulated copper wire, the

primary winding. (Fig. 32.) (The necessity for

good insulation will be appreciated if we stop to consider what would
*

Fig. 24. A Baume hydrometer. For 110 volts the electrolyte in the interrupter shou!ll
a reading between 20 and 25; for 220 volts, between 10 and 13.

happen if the core were wound with uninsulated wire. If this were done
the current would not follow the windings of the wire at all, but would
choose the shorter path of less resistance, passing along the iron core,
making a short circuit.) Over the primary winding is placed a heavy
insulation of mica or vulcanite, and around this is wound more insulated
wire. the secondary winding. (Figs. 32 and 33.)

There is positively no electric connection between the primary and
secondary windings. The primary current passes through the primary
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winding and into the negative lead wire. But in its passage it has in-
duced or created a secondary current in the secondary winding.

Coils are rated and designated according to the maximum num-
ber of inches of atmosphere the secondary current can be made to jump.
As the current jumps from one terminal to the other of the secondary
winding, a spark occurs, due to the resistance of the atmosphere to the
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Fig. 25. Fig. 26.

Fig. 26. A, movable arm with fulcrum at B. C, electro-magnet. D, break. E, spring.
Fig. 26. A, piece of ribbon steel. B, point where circuit is broken. C, electro-magnet.

flow of the current. When we speak of a coil as, say a 12-inch coil, we
mean that the spark gap of that coil is twelve inches long; that its sec-
ondary current can be made to jump twelve inches of atmosphere. Coils
with parallel spark gaps from as narrow as about 6 inches to as long as
about 40 inches have been manufactured.

The induction coils manufactured today usually have a spark gap
of from 8 to 12 inches. (See pages 43 and 44.)

The wire of the primary winding is from about 16- to 4-gauge; of
the secondary from about 34- to 29-gauge. The length of the wire in the
secondary is immensely greater than the length of the wire in the primary,



X-RAY MACHINES

Fig. 27. One-cell rectifier.

Fig. 28. Three-cell rectifier,
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At each “make” and “break” of the circuit of the primary current,
a current is induced in the secondary. The secondary current induced
at the break of the primary flows in the same direction as the current in
the primary, while the current induced at the make flows in the opposite
direction. Thus the secondary is an alternating current; but the current
of the make is so much weaker than the current of the break that, for
practical purpose, the secondary may be considered a uni-directional, pul-

Fig. 29. Twenty-nine button rhcostat.

sating current. The current of the make is what is known as the inverse
current, and it is the effort of all coil manufacturers to make a coil giving
as little inverse current as possible.

The voltage of the secondary current cannot be determined ac-
curately. Authorities differ very greatly in their estimate of the number
of volts required to jump one inch of atmosphere, giving the figure as
low as 10000, and as high as 60,000. What voltage is required to jump
each succeeding inch after the first, is also a question shrouded in very
great uncertainty.

Estimating each inch of atmosphere at 10,000 volts, which perhaps
is getting as near the truth as possible at the present time, the voltage
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furnished by any size coil can easily be determined. Figuring on this
basis, an 8-inch coil in full operation supplies a current with a potential
of 80,000 volts; a 20-inch coil, 200,000 volts.

The amperage, or, to be more exact, the milliamperage of the ‘sec-
ondary current of an induction coil varies according to the resistance
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Fig. 30. Diagram of rheostat.

through which the current is forced. Thus, allowing the rheostat to re-
main on the same button, the milliamperage is increased or decreased
accordingly as the spark gap (Fig. 17) is shortened or lengthened. With
the spark gap at its maximum length, the milliamperage is least. As the
sliding rods are pushed closer to one another, so lessening the length of
the spark gap, milliamperage increases. Different coils are capable of
forcing different milliamperages through their maximum length of spark
gap. Thus one 10-inch coil may be able to force twenty milliamperes
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through ten inches of atmosphere, while another could send only two
milliamperes through such a resistance. All coils give a high milliam-
perage on a short spark gap, the amount running into hundreds of mil-
liamperes. Instead of the sliding rods, some coils have an arrangement,
as per Fig. 34, for regulating the length of spark gap.

The milliamperage strength can be estimated roughly by the ap-
pearance of the spark. A thin, blue spark indicates low amperage. A
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Fig. 31.
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fat, fuzzy spark, the caterpillar spark, indicates high milliamperage. To

- do rapid dental radiographic work a coil should give at least six inches
of the fat, fuzzy spark.

Amperemeters and milliamperemeters are used on the primary and

secondary currents, respectively, to measure their volume. (Fig. 13.)

While these meters may be considered luxuries rather than necessities,

they are certainly very useful luxuries.
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Fig. 82.

A, iron core. B, iron core with primary winding. C, iron core, primary winding and insulation.
D, iron core, primary winding, insulation and secondary winding.

Now let us consider the high-frequency coil.

Bigd-Srequency  (Figs. 14 and 35.) In mechanical construction the
goll. high-frequency coil may be considered a kind of

double coil with the secondary of the first coil act-

ing as the primary of the second coil. The primary current of the first

coil should be A.C,
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From the supply wire the current passes through the primary wind-
ing of a step-up transformer (first coil) at the usual commercial 100 to
125 volts, Go-cycle. (Fig. 35.) An alternating current of the same
frequency as the primary, but higher in voltage and lower in amperage.
is generated in the secondary of the transformer, and passes into the
condenser, which acts as a reservoir. As the current leaves the condenser
and jumps the regulating spark gap, it is oscillating at a frequency of

Fig. 33

Cross-section diagram of induction coil. A, iron core. B, primary winding. C, insulation.
D, secondary winding.

from 10,000 to more than a million. 1t passes through the primary wind-
ing of the Tesla coil, inducing a secondary current of the same high
frequency. This Tesla coil is the same as an induction coil (Figs. 32 and
33), except that some inert substance, instead of soft iron, is used for
the core.

The secondary current of the second coil is the one supplied by the
machine, the one to be used to generate X-rays. Like the current of the
Ruhmkorff, or induction coil, this current is high in voltage and low in
amperage. The current of the induction coil is, however, practically a
uni-directional one, while the current supplied by the high-frequency coil
is alternating at the inconceivably high frequency of tens of thousands
or millions., Hence the term “high frequency.” which is applied to the
current and the coil producing it.

The frequency is governed by the size of the condenser; the smaller
the condenser the higher the frequency. Thus most “high-frequency and
X-ray machines” are equipped with a switch, by means of which all, or
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a part, of the condenser may be used. When using the coil for X-ray
work, this switch should be turned to “low frequency,” so that all of the
condenser is used. When using the coil for “high-frequency” treatments
—using the current as a therapeutic agent—the switch should be on “high
frequency,” so that only a part of the condenser is used.

By means of the regulating spark gap, we can control to an extent
the secondary current of the second coil—the current supplied by the

Fig. 34.

machine for use. Widening the gap increases voltage at the expense of
the amperage; narrowing the gap increases amperage at the expense of
the voltage. The wattage remains the same. For X-ray work the gap
should be as short as possible, without reducing the voltage to a point
where the current will not pass through the X-ray tube.

High-frequency or Tesla coils are often spoken of as “ suitcase coils ”
and “ portable coils,” because they are frequently built in the shape of a
suitcase and are transportable.

Some coils of this type are mere toys, incapable of doing good dental
work, while others compare favorably, on the A.C. circuit, with small and
medium size induction coils. One should be cautious, therefore, when
purchasing a coil of this type.
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As stated, the primary, or supply, current of a coil, built on the high-
frequency plan illustrated, should be A.C. When attaching the portable
coil (Fig. 14) on an A.C. circuit, therefore, all that needs to be done is
to screw the attachment into a lamp socket.

Terminal Spark Gap
(Mol regalating spark gap)

ond (ol
Tesla Coil
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Spark Gap

Condenser
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12 Coil
Jtz;v -dp
Transformer Beimary

Fig. 385.

When the supply current is D.C., a rotary con-

Rotary verter should be used. A rotary converter (Fig. 36)
Converter. consists of an electric motor set in motion by the
supply current, which motor in turn revolves the

armature of an A.C. dynamo, which generates the electricity that is sent
into the coil. Instead of having the D.C. motor and the A.C. generator
as separate machines connected by a common shaft, so that movement of
the armature of one machine revolves the armature of the other, the
rotary converter can be made so as to be enclosed in one casing. (Fig. 15.)
Tracing the current, as per Fig. 37, coming through the fuse and
switch, the current passes through the positive wire to the starting box
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or rheostat. It leaves the starting box through two wires, passing
through one to the field of the motor marked S.F., through the other to
the armature of the motor, marked ARM, and out of the motor through
the negative lead wire. A new circuit is formed from the generator side
of the converter marked A.C., passing through the coil.

It may be well to state just here that an electric motor is, in con-
struction, practically the same as a dynamo or generator. In fact, taking

Fig. 36. Rotary converter, or motor-dynamo.

a given machine, it may be used as either a dynamo or a motor. If its
armature is revolved by some power, it will generate electricity, and it
is then a dynamo; if a current of electricity is sent into its field and
armature, the armature revolves; and it is then an electric motor. Motors
are made to be operated by both D.C. and A.C. circuits; that is, we have
D.C. motors which can be run only by a direct current, and A.C. motors
which can be excited only by an alternating current.

Instead of a rotary converter, some machines are equipped with a
mechanical vibrator (Fig. 22), which interrupts the current as it enters
the coil. This is not so efficacious as the converter. Machines with the
mechanical interrupter are advertised to operate on either A.C. or D.C.
circuits.

The length of the spark gaps of portable machines varies from four
to ten inches. They are seldom able to give a fat, fuzzy spark longer
than half the length of the spark gap. The full-length spark is almost
always thin and blue.
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The interrupterless coil, or transformer, as it is

'"m’::“’ usually designated now, is the newest, the easiest to
Cransformers operate and the most powerful X-ray machine thus

far made. Comparatively little space is needed to ex-
plain the principle of its construction, since it will not be necessary now
for me to define and explain such common electrical apparatus as fuses,
switches and the like, as it was in the description of the induction and
high-frequency coils.
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Fig. 87.

The transformer X-ray machine consists of a rotary converter, or
synchronous motor, a step-up transformer, and a rectifier switch. (Fig.
38.) The step-up transformer may be of the closed magnetic circuit
core type (Fig. 38B), or the open core type (Fig. 38A). These machines
are of two kinds: those built to be operated on a D.C. circuit, and those
designed for the A.C. circuit.

Let us consider the former first: The converter is set in motion by
the commercial direct current. It generates an alternating current which
is sent through the primary of the transformer. The induced current in
the secondary is of the proper voltage and amperage for X-ray work,
but it is alternating. It should be direct. It is made so by means of the
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rectifying switch, and is then an ideal current for X-ray work. The rec-
tifying switch is a revolving mechanical device similar to a commutator
in principle.

Instead of a rotary converter the A.C. machine has an A.C. motor,
on the shaft of which is the rectifier switch. From the mains, four wires
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Fig. 38. Didactic drawing of the transformer or interrupterless X-ray machine. *“ A” the D.C.
machine. ‘B ” the A.C. machine. To trace the current, follow the arrows by number.

lead to the A.C. machine; two for the motor, two for the transformer.
First the motor is set in motion. Then the current may be turned into
the primary of the transformer and an alternating current is immediately
generated in the secondary winding. This secondary, alternating current
is of the proper voltage and amperage for X-ray work, and is made uni-
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directional by passing it through the rectifier switch. In order for the
rectifier switch to change the alternating current into a direct one it must
revolve at a definite rate of speed, in perfect synchronism, or step, with
the rapidity of alterations of the alternating current. Because of this,
the motor is spoken of as a synchronous motor.

The first interrupterless coils to be made for the alternating current
had an A.C. motor connected with an A.C. generator. But two main
wires lead to this type of machine. The motor is set in motion with the
supply current. The shaft of the motor extends to the generator, revolv-
ing its armature. The current produced by the generator passes into
the primary winding of the coil, and the secondary, induced, alternating
current is made direct by passing through the rectifier switch which is
attached to the shaft of the generator and therefore moves in synchron-
ism with it. It was necessary to build interrupterless coils for the A.C.
circuit in this manner until motors were produced which revolve the rec-
tifier switch in synchronism with the line or supply current.

The greatest shortcoming of the transformer type of coil has been
the difficulty in making one with sufficiently high voltage to do certain
kinds of X-ray work as well as the induction coil. This shortcoming,
however, has been quite satisfactorily overcome.

The interrupterless coils are rated according to the amount of “en-
ergy ” they create, not according to their spark gap length. The spark
gap is usually ten or twelve inches long. The machines are rated to have
a capacity of so many kilowatts. Take a “ 4 kilowatt ” machine, for ex-
ample. Its primary current, we will say, is 100 volts, 40 amperes (4,000
watts), the secondary current something like 100,000 volts, 40 milli-
amperes (4,000 watts).

This system of rating is being adopted by manufacturers of induction
coils also. (See pages 43 and 44.)
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CHAPTER II1.
X-Ray Cubes and the X-Rays.

Thus far we have considered only the electric phase of the subject.
We shall now describe the apparatus through which the electricity is
passed, and which generates the X-rays, namely the X-ray tube.

An X-ray tube is a bulbular glass tube, from which the atmosphere
has been exhausted to quite a high degree of vacuum—about 1/1,000,000
part of an atmosphere. It should be remembered that there is a some-
thing which occupies all space, even vacuua, and that something is known
as ether. There is, of course, ether in the X-ray tube. X-ray tubes are
often called Crooke’s tubes, but they resemble the tube made by Pro-
fessor Crooke only in having a high degree of vacuum. In mechanical
construction they are quite different. '

Tubes may be divided, according to the machines

Classitication on which they are used, into the static machine tube,

of X-Ray Cubes.  the induction coil tube, the high-frequency coil tube
and the transformer tube.

Since we have eliminated the static machine from consideration be-
cause it is obsolete we will likewise eliminate the static machine X-ray
tube and describe first the induction coil tube. For a description of the
Coolidge tube see index.

In describing the tube used with induction coils
Tnduction we, of necessity, consider the fundamentals of all X-
©oll Tubes, . ray tube construction and X-ray production.

Sealed in the X-ray tube are the anode, Fig. 39, A (also called anti-
cathode and target), and the cathode, B. The anode is usually flat,
placed at an angle of 45 degrees to the long axis of the tube, and made
of some high-fusing metal, such as tungsten, platinum, iridio-platinum
or tantalum. The cathode is concave, saucer shape, and usually made
of aluminum. '

Since, in connecting the tube to the coil, it is necessary to attach the
connecting terminal tape or wire from the positive side of the coil to the
target end of the tube, we must be able to determine which is the positive
terminal of the coil. This may be done on an induction coil, as follows:
Cut out the resistance of the rheostat, adjust the sliding rods to about
one-half the distance of the maximum spark gap, and throw on the
switch. The spark will jump the gap so quickly that it is impossible to
learn by simple observation in which direction it is traveling. By watch-

41
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ing the large disc terminal, liowever, this can be determined. If on
throwing the switch on and off the spark is noticed to cling to the edge
of the disc always, then the current is passing from the disc. If, how-
ever, the spark occurs from the surface of the disc just as the current is
turned on (it may then seek the edges), the current is traveling from the
small bulb to the disc. (Fig. 40.)

With the tube properly connected to the coil as per Fig. 41, the
current is shunted (Fig. 42) through the tube, instead of jumping the

Fig. 89. A, anode. B, cathode. C, point at which the atmosphere was pumped from the tube.

spark gap, passing from anode to cathode. Whether the current will
choose the path through the tube or jump the spark gap depends on
which offers the less resistance. A current of electricity always travels
the path of least resistance.

lassification of Tubes are designated according to the degree of

X-Ray Cubes their vacuum. Thus we have the high or hard tube,
HAccording to Degree in which the vacuum is well-nigh complete ; the me-
of Uacuum dium tube in which the vacuum is less complete, and

the soft or low tube, in which the vacuum is least complete. High tubes
offer the greatest resistance to the passage of the electric current through
them, then comes the medium, while the low vacuum tube offers the least
resistance. For dental picture work a medium tube yields excellent results,

The operator may determine whether a tube is hard, medium or
soft, as follows: Connect the tube to the coil. (Fig. 41.) Separate the
sliding rods to give a spark gap of two or three inches and turn on the
current. Unless the tube is very low indeed, the current will jump the
spark gap instead of passing through the tube. Let us suppose the cur-

-
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rent does jump the spark gap. Now widen the gap a little; turn on the
current, and it passes through the'tube. The tube will, therefore, be
rated as one of low vacuum, offering a resistance slightly greater than
two or three inches of atmosphere. When the current jumps the spark
gap instead of passing through the tube, the tube is said to have “backed
up” so many inches—the number of inches of the gap—of ‘“parallel
spark.” Thus a low tube will back up two or three inches of parallel
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spark; a medium tube will back up four or five inches of spark; a high
tube will back up six or seven inches of spark, and a very high tube will
back up eight or nine inches of spark. Very high tubes offer so much
resistance that only the largest coils are able to force sufficient milliam-
perage through them to generate a sufficient number of X-rays for picture
work. A tube that will back up more than nine inches of spark is too
high to be useful; it is impossible to force enough milliamperage
through it. The best back up for dental work is about § inches.

From the foregoing it will be seen that any coil smaller than one
with a 7 or 8-inch spark gap could not well excite a high tube, and that
at least a ten-inch coil is necessary to light a very high tube. It seems,
too, that any coil with a spark gap wider than eight or ten inches is need-
lessly large. The coils with the long spark gaps are, however, seldom
able to throw a fat, fuzzy spark farther than eight or ten inches. The
throwing of a thin, blue spark a greater distance is simply incidental and
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without practical usefulness. Thus an eight or ten-inch coil may be as
powerful as one with an eighteen or thirty-inch spark gap; that is,
capable of forcing as high a milliampérage through a high tube. If,
however, a coil can force any kind of a spark at all through from eighteen
to thirty inches of atmosphere, we may be sure it will send a high milliam-
perage through a good radiographic tube, or, what is the tube’s equivalent

Fl
me

Fig. 41. The X-ray tube connected with the induction coil.

in resistance, six or eight inches of atmosphere. It is so well understood
to-day that the coil with the very wide spark gap is not necessarily more
powerful, that manufacturers are making practically all of their coils
with from an eight to a twelve-inch spark gap, then rating them ac-
cording to the milliamperage they can force through this resistance.

To light a tube well a coil should be capable of giving a fat, fuzzy
spark, the distance of the parallel spark which the tube backs up.

The tube thus far described is the simplest form of X-ray tube, and
no longer in general use. Next in simplicity is the bi-anodal tube. (Fig.
43.)

When the two anodes are connected, as in Fig.

Bl-anodal 43, the positive terminal may be attached to either
Cubes. anode or assistant anode, preferably the anode. The
advantage of the assistant anode is a matter on which

authorities have widely different opinions, One manufacturer, a man
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who is making one of the very best tubes on the market, tells me that he
puts the assistant anode in his tubes because some of his customers de-
mand it, and he is able to do so without impairing their efficiency; that
his tubes would be just as good with but one anode. Remember the
vacuum of an X-ray tube is not perfect; there are some gases in the tube.
The function of the assistant anode is to draw these gases back of it
away from between anode and cathode. Thus, if the removable wire
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Fig. 42. The arrows show the current flowing through the shunt.

connecting the anode and assistant anode (Fig. 43) be removed and the
tube hitched to the coil, the positive terminal being attached to the anode,
the tube will work with a slightly lower vacuum, because the assistant
anode does not draw gases back of it. Tubes with assistant anodes are
supposed to be capable of transmitting a greater milliamperage.

In the past tubes were classified as tubes with a means of regulating
vacuum (Fig. 44) and tubes without a means of regulating their vacuum
(Figs. 39 and 43).

Tubes without regulators are no longer in general use, because, with
use, they soon become too hard, and must be sent back to the manufac-
turers to be opened and repumped. This is expensive and annoying. A
tube too high for use will sometimes drop in vacuum and regain its
former usefulness if allowed to rest—remain unused—for a month or so.

There are different methods of regulating the

Methods of vacuum of X-ray tubes. The most popular is the

Regulating one we shall now consider.

Uacwwm, The vacuum is governed by means of a movable
arm, which increases or decreases the distance be-
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tween A and B, Fig. 44. This distance we shall call the tube-regulating
spark gap. The shorter the gap the lower the vacuum can be made ; that
is, the shorter the gap the less perfect the vacuum can be made.

The current enters the tube and, let us imagine, tries to pass from
anode to cathode. The vacuum in the center of the tube is more perfect

REMOVABLE

WIRE ASSISTANT
' ---=-""ANODE

c CATHODE
ANODE

Fig. 43. A Bi-Anodal X-ray tube.

REGULATING CHAMBER
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Fig. 44. X-.ray tube with vacuum regulator.

than around the walls. Hence the path of least resistance is through the
regulating chamber, through the movable arm, through the tube-regu-
lating spark gap, into the negative terminal tape; unless, of course, the
tube-regulating spark gap is very wide,
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Fig. 46. Showing the manner of connecting the third terminal on the coil with the
regulating chamber.

The regulating chamber contains asbestos impregnated with some
chemical, sodium or potassium hydrate, for examples. When the current
passes through the regulating chamber, heat is created, which causes the
chemical to give off gases. These gases lower the vacuum of the tube,
so that the current may pass directly from anode to cathode. When the
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tube cools thoroughly—in the course of fifteen to thirty minutes—these
gases are taken up again by the chemicals in the regulating chamber,
and the vacuum rises again. Thus the vacuum of the tube may be too
high when the tube is not in use, but can be lowered to the desired
degree. Ordinarily the tube-regulating spark gap should be three

......

Fig. 46. Showing the direct X-ray and the cathode stream.

to five inches. As the tube gets old the tube-regulating spark gap must
be made shorter to obtain the same condition of tube.

When the tube is properly hitched to the coil, and the movable arm
set for a high vacuum—to give a regulating spark gap of about four
inches—and the current turned on, practically all the current may at first
pass through the regulating chamber and jump the tube-regulating spark
gap. As explained, this lowers the vacuum, and in a few seconds the
current is passing from anode to cathode. All of the current may pass
directly through the tube now for a few seconds, but the passage of the
current from anode to cathode raises the vacuum and presently some
current will be seen to jump the gap for a while. And so on, just as the
vacuum raises a little, it is immediately lowered by some of the current
passing through the regulating chamber.
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Instead of the movable arm, a terminal tape and a third terminal
on the coil may be used. (Fig. 45.) Thus the tube-regulating spark is
transferred from the tube to the coil. The hitching of a tube to a coil
with a third terminal is very simple. Hitch the positive terminal to the
anode, or assistant anode if desired, and the negative terminal to the
cathode, as usual; and the third terminal to the regulating chamber. The
advantages of the third terminal over the movable arm are that the spark-
ing is taken away from the tube and so away from the patient (in radio-
graphic work the tube is always near the patient), and, on some coils,
Fig. 13 for example, the gap may be regulated from the end of the coil
where the rheostat and switches are located, so making it unnecessary
for the operator to move from his position to change the tube-regulating
spark gap.

When the current passes from anode to cathode, the cathode
stream (Fig. 46) is given off from the cathode. The cathode stream
is a form of vibratory motion of the ether. Leaving the concave surface
of the cathode, the cathode stream is focused to strike the anode or target
at a point. X-rays are given off from this point (Fig. 46). The cathode
stream can be seen in a tube of very low vacuum, appearing blue.

Great heat is generated at the point on the target where the
cathode stream strikes it. Hence the necessity of making the target of
some very high fusing metal. A small hole may be burned superficially
into the target without spoiling the tube. The tube in Fig. 47 has a
long sheath of metal connected with the target to take up the heat. Tubes
are made with a means for cooling with water. These are intended for
treatment rather than picture work, though they may be used for the
latter.

X-rays were discovered by William Conrad Roentgen, professor of
physics at the Royal University of Wurzburg, Germany, in the summer
of 1895. Roentgen applied the name X-rays because he did not know
just what he had discovered; X, the algebraic symbol for the unknown,
being adopted to signify this ignorance. They were not called X-rays
because the rays cross, forming an X, as is popularly supposed.

The Roentgen Congress, in Berlin, 1905, adopted a uniform set of
technical terms in which the word Roentgen always occurred. Thus we
have the phrase Roentgen ray for X-ray and such words as Roentgen-
ology, Roentgenologists, Roentgenogram, etc., etc. While approving of
a move for a uniform nomenclature, many of the new words are long
and unwieldy and the writer shall, in this work, use many of the old and
better-known terms,

X-rays are invisible, vibratory waves of or in the ether. The most
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popular theory is that they are light waves with an inconceivably rapid
rate of vibration. Red light rays vibrate at the rate of four hundred
billion per second; violet rays vibrate at the rate of seven hundred and

IFig. 47. X-ray tube properly lit up.

Fig. 48, X-ray tube with the current passing through it in the wrong direction.

fifty billion per second. The intermediate colors—blue, green, yellow and
orange—vibrate at intermediate degrees of rapidity.

Though human vision is limited to about three hundred and fifty
billion variance, the difference between four hundred billion and seven
hundred and fifty billion, may we not fairly assume that there are light
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rays of a higher and lower vibration invisible to us? Ultra-violet rays
have a more rapid vibration than violet rays, and have no action on the
retina, and are therefore invisible. X-rays vibrate more rapidly than
ultra-violet rays. The rapidity of their vibration is estimated at 288,-
224,000,000,000,000% (two hundred and eighty-eight quadrillions, two
hundred and twenty-four trillions—French notation) per second.

Fig. 49. The inverse spark gap on the left is open, on the right is closed.

As just mentioned X-rays are invisible ; in fact, they are not discerni-
ble to any of the special senses. They pass from the focal point on the
target in regular, diverging lines (Fig. 46). When they strike an object
they are absorbed by it or pass through it. Broadly speaking, it may be
said they penetrate objects inversely, according to the density of the ob-
ject. They cannot be refracted or condensed, and the fact that they can
be reflected is of academic interest only since they are not reflected except
under what I should call experimental conditions.

The passing of the X-rays through the glass of the tube gives rise
to a green fluorescence (green light) in the active hemisphere—the hemi-
sphere in front of the target—of the tube. Whether a tube is working
well or not can be determined by this fluorescence. There should be a
definite line of demarcation between the active and inactive hemispheres
of the tube. A tube working properly should light up as per Fig. 47.
The light is never quite steady; it wavers a little. High, medium and
fow tubes give slightly different fluorescences when in operation. The
fluorescence from a high tube is a very light yellowish green; from a low

*Custer’s “Dental Electricity,”
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tube a bluish green and from a medium tube an intermediate shade of
green. :
Just here let it be said that an exact colored picture of an X-ray
tube in operation has never been made. I obtained the services of an
artist and spent a great many hours on the work, but was unable to make
a picture worthy of reproduction. The light from an X-ray tube in

Fig. 50. Patent series or inverse spark gap for positive terminal.

operation is of a peculiar brilliancy that cannot be reproduced in crayons,
water-colors, or ink.

When the vacuum of a tube is so low as to render it useless for radio-
graphic purposes, a definite blue color can be seen here and there in the
tube, the cathode stream can sometimes be seen appearing blue, and the
line of demarcation between the active and inactive hemispheres of the
tube is not well defined.

When a tube is punctured the vacuum gets very low, of course, and
its appearance in operation may be as just described, or, as sometimes
occurs, it gives rise to a fluorescence as variegated as a rainbow, or it may
not light at all. A punctured tube can sometimes be repaired by the
manufacturer.

When the vacuum of a tube is too high, the tube lights up reluctantly
a very yellowish green, and the line of demarcation is not at all distinct.

) Fig. 48 illustrates fairly well the appearance of a tube with the

current passing through it in the wrong direction. When this condition
is seen the current must be turned off quickly, or the tube will be ruined.
Sometimes, when the tube is properly hitched to the coil, light rings back
of the target, similar to those shown in Fig. 48, may be seen. This
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signifies that the coil is generating considerable inverse current. Recall
that, while the current generated by the induction coil is practically a
unidirectional one, there is an inverse current which is sometimes strong
enough to manifest itself as just mentioned, especially when the vacuum
of the tube is low.

JU .

I i

Fig. 61. A triple valve tube.

It is not at all desirable to allow inverse current
Cutting Out to pass through a tube, for it gives rise to a scattering
Taverse generation of X-rays which interfere with the making
gurreat, of a clear X-ray picture. There are four moderately
satisfactory means of preventing the passage of in-

verse current through the tube.

The first and simplest means of eliminating inverse current is to make
what we shall call an inverse spark gap. (This gap is usually referred to
as the “ series ” spark gap because it is in series with the X-ray tube.)
The word series, so used, is a technical, electrical term, and fails to ex-
plain the function of the gap as well as inverse spark gap. -The gap can
be seen between the positive terminal of the coil and the standard holding
the positive terminal tape reel (Fig. 49). A similar gap may be made
on the negative side. This gap cuts inverse current out of a tube by in-
creasing resistance to the point where the voltage of the inverse current
is not sufficient to jump the gap. Unless it is needed to cut out “ inverse ”
from the tube there 'should be no inverse spark gap; the gap should be
closed as on the right, the negative, side of Fig. 49.

The second means of eliminating “ inverse” is by the use of the
patent spark gap. (Fig. 50.) The current passes easily from point to
disc, but reluctantly from disc to point. Thus this series spark gap may be
used to cut out inverse current from a tube, with the points toward the
positive terminal tape and the points away from the negative terminal
tape. Fig. 50 shows the point toward the positive terminal tape. They
should be turned in the opposite direction at the negative terminal—away
from the tape.
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The third means of cutting the inverse current out of an X-ray tube
is by means of a valve tube. (Fig. 51.) The valve, or Villard tube, is a
tube of low, or, as it is often called, Geissler vacuum—1/1,000 to 3/1,000
of an atmosphere—with a disc electrode and a spiral electrode, both made
of aluminum. The exact reason for its action is not known, but the elec-
tric current cannot travel through it well except in one direction—from
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Fig. 563. An oscillimeter.

disc to spiral. Thus, to cut out inverse current the disc end of the valve
may be attached to the positive terminal tape of the coil, and, by means
of a piece of conducting tape, or wire, the spiral end connected with the
target side of the tube. Or the disc end of the valve may be attached, with
a piece of conducting tape, to the cathode side of the tube and the spiral
end of the valve to the negative terminal tape of the coil. (Fig. 52.) Fig.
83 shows a valve tube built into—i. e., as a part of—an X-ray tube.

Tt is claimed by some that the valve tube acts only as an additional
resistance to the flow of the inverse current, cutting it out of the X-ray
tube in the same manner that the inverse spark gaps do.

The fourth means of eliminating “ inverse ” from tubes is by what is
called a multiple inductance control on the induction coil. By means of
this control, which is found only on the more expensive coils, the output
current of the coil may be raised or lowered in voltage. If “inverse” is
seen in the tube the voltage should be lowered.
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oscillimeter The oscillimeter or oscilloscope (Fig. 53) is a
Geissler vacuum tube by means of which inverse cur-
rent may be detected when the X-ray tube is covered with an opaque

Fig. 54. The Meyer penetrometer.

Fig. 65. A fluoroscope.

shield. (Fig. 64.) I have never felt the need of it, though I have used
an opaque shield over my tube.
As has been stated, the X-rays are not discernible
Demonstration to any of the special senses. Their existence, how-
of X-Rays. ever, can be demonstrated as follows:
Place an X-ray tube in a wooden box so that
when the current is sent through it no fluorescence can be seen. Excite
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the tube in a dark room and approach it with some object coated with
calcium tungstate or platino-barium cyanide, and the object will be seen
to fluoresce or glow something like phosphorus. This fluorescence is
due to the action of the X-rays (which penetrate the wood of the box
easily) on the calcium tungstate or platino-barium cyanide. Hence the
closer the object to the tube the more and stronger the X-rays which
strike it, and the brighter the fluorescence.

Power of X-rays from different tubes differ in power of
Penctration penetration. A low tube gives the least penetrating
of X-Rays. X-rays; then comes the medium tube, while the X-

rays from a high tube are the most penetrating.

The degree of penetration may be determined by means of a pene-
trometer. (Fig. 54.) This particular kind of a penetrometer consists of
two small flat pieces of wood fastened together, with a sheet of lead be-
tween them. Holes are made through both wood and lead. Into these
holes are placed thin metal discs which just fit the holes. The different
holes receive different numbers of discs.

To use this style of penetrometer we must have a fluoroscope. A
fluoroscope (Fig. 55) consists of a light proof box, tapered and made to
fit over the eyes at one end, and covered at the other end with pasteboard
coated with calcium tungstate or platino-barium cyanide. If one should
look into the fluoroscope holding it toward ordinary light nothing could
be seen—one would look into perfect darkness. But if the fluoroscope
should be held so that the X-ray struck its screen—i. e., the pastboard
covered with calcium tungstate or platino-barium cyanide—it would be
seen to fluoresce, or glow, or light up.

If now the penetrometer is held between the fluoroscope and the
source of the X-rays a shadow will be seen on the screen, because the
lead in the penetrometer is opaque to X-rays. Whether the X-rays will
penetrate the metal in the holes depends on how much metal there is to
penetrate and how penetrating the X-rays are, Thus the more penetrat-
ing the rays the more holes can be seen.

There are a great many different kinds of penetrometers. I shall
not describe them here, but will give the scale of the two most popular,
the Benoist and the Walter, together with that of the Meyer (Fig. 54).

Benoist. Walter. Meyer.
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While the penetrometer is a very valuable appliance, it is far from
being a necessity in the practice of dental radiography.

As X-rays pass through the glass of the tube

Secondary more X-rays are generated. These are known as

Rays. “secondary rays.” They are short and feeble and do

not travel parallel with the direct X-rays, but pass

==

Fig. 66. High-frequency X-ray tube.

N
\_/

Fig. 67. High-frequency X-ray tube.

out from the tube in every direction intersecting the direct rays. Second-
ary rays are also given off from any object which X-rays strike. Thus,
direct rays will strike a wall; secondary rays are given off from the wall
and strike the other walls, the floor, and the ceiling, whereupon a new
set of X-rays, tertiary rays, are produced. When the tertiary rays strike
an object still another set of X-rays are generated,and so on, each new
set of rays being much shorter and weaker than the former. So a room
in which an X-ray tube is excited is filled with X-rays—not with the
direct rays, but with the comparatively feeble and inconsequential sec-
ondary, tertiary and other subordinate rays.
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Classitication of X-ray tubes are of different sizes. The bulb
X-Ray Cubes varies in diameter from five to eight inches. Thus
Rccording to $ize. e have the five-inch tube, six-inch tube, and so on.
The six-inch tube is about right for dental work.
With use the glass of the active hemisphere of the tube discolors to
a purplish color. This does not materially affect the tube.
The fatal injury to most tubes is a puncture. One means of guard-
ing against punctures is to keep the tube clean. “A fruitful cause of

Fig. 58. Tube rack for tubes when not in use,

puncture is the discharging of the current from the tube into the rack on
which the tube is kept when not in use. The tube may have been dis-
charged by the operator touching the terminals before putting the tube
away, but if the tubes are stored in the same room where high-frequency
and other coil discharges are taking place, they will recharge themselves
from the atmosphere and discharge onto the rack, no matter of what
material the rack may be made. A safe way of putting away tubes is to
connect the anode and cathode terminals together by a wire during the
time the tube is at rest.”
The general principle of construction of the
High-Frequency high-frequency X-ray tube (Figs. 56 and 57) are
X-Ray CTube. those already given in the description of the tubes
built to be operated by a unidirectional current. The
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chief difference between the high-frequency tubes and those already de-
scribed lies in the different means resorted to in the former to dispose of
one direction or wave of the alternating current, or, to speak more def-
initely, one cathode stream.

Fig. 59. Fig. 60.
Fig. 69. Plain X-ray tube stand.

Fig. 60. Tube stand, with a lead glass protection shield and a compression cone.

Either end of a high-frequency X-ray tube may be connected with
either terminal tape of a high-frequency coil. While this is theoretically
true, it will sometimes be found in practice that the tube works better
hitched up one way than the other.

When the tube is hitched up the current oscillates through it and
two cathode streams are generated. One of the streams is focussed
against the target and X-rays are given off from the focal point, while
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the other is focused into a funnel in the back of the target. (Fig. 56.)
X-rays cannot be given off from this funnel; hence the tube lights up in
the active hemisphere as illustrated in Fig. 47. This funnel scheme is

Tig. 61. A pedestal, with a lead glass protection shield, compression cone and plate holder.

one way of taking care of one cathode stream while the other is being
used for X-ray production. Another scheme is to move one cathode back
so far that the cathode stream focuses before reaching the back of the
target. (Fig. 57.) o
The high-frequency tube may be used to advantage on an induction
coil which is generating a great deal of inverse current.
The transformer tube is almost identical in con-
Cransformer struction with the induction coil tube. It is, however,
X-Ray Cubes made to take a current higher in milliamperage and
lower in voltage; that is, the target is thicker and
the meta. sheath leading from it heavier to take up the heat due to the use
of the high milliamperage, and the vacuum is normally a little lower,
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To avoid “straining ” a tube, it should not be used again, after hav-
ing been used till hot, until it has cooled thoroughly. Overheating the
tube will destroy the gases in it, and so raise the vacuum to such a degree
as to make it impossible to force a sufficient milliamperage through it to
produce a sufficient number of X-rays, Sending a very strong current

Fig. 62. Table, with a8 lead glass protection shield and compression cylinder.

through a tube of low vacuum will also destroy the gases of the tube and
spoil—strain—it.

Fig. 58 is a tube rack for holding the tube when not in use.

It is obvious that theie must be some kind of a device for holding
the tube when in use. Th's may be either a plain tube stand (Fig. 59),
or a tube stand with a lea glass, protection shield and a compression
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cone (Fig. 60), or a pedestal with a lead glass protection shield, compres-
sion cone, and plate holder (Fig. 61), or a table with a lead glass, protec-
tion shield and compression cylinder. (Fig. 62.)

Dr. Blum, of New York, uses a wall bracket fixture to support a
lead glass, protection shield and compression cylinder. The tube, one
of the water-cooled type, is secn fitting into the lead glass shield.

Fig. 64. A Protection Shield.

(Fig. 63.) This would be, I imagine, a very adaptable and satisfactory
apparatus.

A tube stand should be heavy enough to be firm and not allow any
vibration of the tube while in use. The parts coming in contact with the
tube must be made of an electric non-conducting material ; otherwise the
current would pass from the tube into them, so puncturing the tube.

The uses of the compression cone or cylinder are: (1) To cut out sec-
ondary and inverse current rays (Fig. 65). (2) To aid the operator in
directing the X-rays at the correct angle. (3) In general radiography. to
hold the patient immovable and compress the soft parts as when making
a picture of the kidney, for example.

A protection shield, often called a Friedlander's shield (Fig. 64),
which is opaque to X-rays except for the window or opening in it, and
which is used to cover X-ray tubes, also cuts out some, but not all, second-
ary rays given off from the glass of the tube. Thus if the X-rays from an
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X-ray tube are directed on a part through a diaphragm and cone or cylin-
der, only the direct rays strike the part, as in the diagram study shown in
Fig. 65. While, with the Friedlander shield, some of the secondary rays

Fig. 66. D D D, direct ray. S S, secondary ray. P P, part.

D

|
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Fig. 66. D D D, direct rays. S S, secondary rays. P P, part.

might strike the part also. (Fig. 66.) The diaphragm is a piece of lead
with a hole in it, situated, as a removable part of the tube stand, between
the X-ray tube and the cone, cylinder, or square. (Fig. 328.)

)
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CHAPTER 1V.

Making Radiographs,

The X-ray picture is variously called radiograph, skiagraph, Roent-
genograph, radiogram, skiagram and Roentgenogram. The word radi-
ograph is a combination of a Latin and Greek word meaning ray and
write or record. The word skiagraph (spelled also sciagraph) is a com-
bination of two Greek words meaning shade or shadow and wwrite or re-
cord. The word Roentgenograph is a combination of a proper name,
Roentgen, and the Greek word meaning write or record. The terminal
gram occurring in the words radiogram, skiagram and Roentgenogram
—as well as the more common words such as telegram, program, epi-
gram, and others—is of Greek origin and denotes that which is written
or marked.

The use of the X-rays for radiographic work depends on two prop-
erties of the rays. First, they penetrate substances in direct proportion
to the density of the substance, and second, they affect the photographlc
plate or film the same as white light does.

A photographic plate is a piece of transparent

Photographic plate glass about an eighth of an inch thick, one

Plates, side of which is coated with an emulsion of
a silver salt, usually silver bromide, and gela-
tine, albumen, or collodion. The use of the gelatine, albumen or
collodion is simply to stick the salt to the glass. When a thin
coating of this emulsion has dried on the glass we have what is
called the photographic “dry plate.” In appearance it is similar to trans-
lucent greenish-white glass, but on close inspection one is able to de-
tect that one side is a little less glossy than the other. The less glossy
is the coated side, also called the sensitive, the film, or the emulsion side
of the plate. The term “dry plate” is to-day an almost superfluous one,
practically all the plates used being dry plates. There is, however, a
photographic plate known as the “wet plate,” but, since it is never used
in radiography, I shall not describe it.

65
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The dry plate is made in the absence of white light, put up in light-
proof packages, and so supplied to consumers. These packages must not
be opened except in a dark room, for the slightest exposure to a white
light will spoil them.

The difference between the photographic dry plate and the photo-
graphic film is only that the plate is a piece of glass coated with a
silver salt, while the film is a thin sheet of transparent celluloid coated
with a silver salt. As with the plate, the sensitive side of the film is a
little less glossy than the uncoated side. The film curls slightly toward
the coated side, unless it is of the “non-curling” variety, when it is
straight, or may even curl slightly away from the coated side. One
method of making non-curling films is to coat the non-sensitive side with
gelatin without any silver incorporated in it.

X-ray pictures may be made on ordinary plates

Special and films made to be used in cameras. While this
X-ray Plates may be done, the results obtained are usually not
and Films nearly so good as when special X-ray plates and

films are used. Special X-ray plates and films are
extremely sensitive—that is, easily acted upon by light—for, though the
X-rays have a wonderful power of penetration, their action on the silver
emulsion of the photographic plate is feeble compared to the white light
of day. To make them especially susceptible to the action of the X-rays
some X-ray plates contain some fluorescent substance in the silver emul-
sion. Multi-coated plates are plates which have been coated with more
than one coating of emulsion, one coat on another.

Special X-ray plates and films can be obtained from many photo-
graphic supply houses and from any X-ray equipment company. The
following is a list of the manufacturers who make special X-ray plates:
George W. Brady & Co., Chicago, Ill.; the Eastman Kodak Co. and the
Forbes Dry Plate Co., Rochester, N. Y.; Cramer Dry Plate Co., St. Louis,
Mo.; the Hammer Dry Plate Co., St. Louis, Mo.; the Lumiere N. A.
Co., New York City, and the Ilford Mfg. Co., London, England. So far
as I am able to learn only two manufacturers make X-ray films: The
Eastman Kodak Co. and the Ilford Mfg. Co. Since the war it has been
difficult to obtain the Ilford film. A German film, the Schleussner film,
can no longer be obtained at all on account of the war.

I wish here to advise against huying large quantities of either plates
or films at a time. They deteriorate in a few months.

The making of a radiograph of the hand is one

Technic of of the simplest operations in radiography, and for

Making that reason it will be described to teach elementary
Radiographs principles. The following technic of making a radio-
graph will, of necessity, be much broken into by

descriptions of materials and appliances used.

A 5 x 7-inch plate is about the right size to make a radiograph of
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the hand. Plates are supplied by the manufacturer packed in light-proof
boxes, holding usually one dozen plates, with the warning on the box.
“Open only in a dark room.” The “dark room” is simply what the name
states—a room from which light is excluded. A closet without a window
makes a good dark room, except that there is seldom running water in it.
It is not absolutely necessary to have running water in the dark room,
but it is very convenient. If a closet cannot be utilized a room, light-
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Fig. 67. To left, window ready for frame. When frame is in position the metal catches are
turned to hold it. The frame fits inside of the strip on the sill. Figure to right shows
frame in position.

proof except for one window, may be made dark by covering the window
with a frame on which is tacked some material such as the leather or
rubber used for side and storm curtains in buggies. If this material does
not completely turn the light, it should be painted with thick black paint.
The frame should be made to fit over, not into, the window casing. (Fig.
67.) With the frame so placed, if a little light comes in around it, it
does not come directly into the room, but is reflected to the side. The
more perfect the darkness of the room the better, but the very little light
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which can enter through a window with the blind drawn down, and with
a well-made frame over it will not cause any trouble. 1f the door to the
room permits light to leak in around it, such light should also be shut out.

It would be impossible, of course, to work to any advantage in a
perfectly dark room, for we could not see what we were doing. Hence
the necessity of having a dark room lantern (Fig. 68), which will give
sufficient light to guide us in our work, without being of such nature as
to have any action on plates or films, The term “developing light”—the

Fig. 68. Dark room lantern.

light given by the dark room lantern—may mislead one to believe that
the light in some way aids in developing a plate by its action on it. But
such is not the case. The light is of value only because it enables the
worker to see. The light may be a candle, a coal oil lamp, or an incan-
descent electric light shining through red glass. While such a lantern
can easily be made, the writer warns against it, for, though the light of a
home-made lantern may appear the same to the eye as the light of the
lanterns manufactured by photographic supply manufacturers, its action
on a plate or film may be disastrously different. The lantern shown in
Fig. 68 consists of a 16-candle power incandescent light with a frosted
glass bulb, in a light-proof tin box, the front of which is of removable
glass. The light shines first through the frosted glass of the bulb, then
an orange-colored glass, then a ruby glass.

In the dark room, with only the light of the dark room lantern we
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open our box of plates,* take out one, carefully close the box, and place
the plate in an envelope of black, light-proof paper just large enough to
receive it. Now place plate, black envelope, et al, in another envelope
of black or orange-colored paper, putting the open end of the first en-
velope in first. We may now expose this package to ordinary daylight
and artificial light with impunity, and the plate is ready for use in the
making of a radiograph. These envelopes are obtained from the plate
manufacturers.

Fig. 69. Showing how to handle a plate by its edges.

While in the dark room, before putting the plate in the envelope, we
must note which is the sensitive side, and bear this in mind until the
outside envelope is marked properly to designate it. As formerly stated,
the sensitive side is a little less glossy. Another way to determine which
is the coated side is to look through the plate just at the edge. When
the glass side is up. one is able to look through the glass and see the film
beneath. The sensitive side of the plate should present toward the
smooth side of the envelope—away from the seam side.

The plate should be handled by the edges. (Fig. 69.) This applies
to the handling of the plate at all times, and to the handling of the film
as well. Unless the fingers are wet or greasy, touching the sensitive side

*Experienced photographers prefer to handle sensitive plates in absolute dark-
ness, and soon learn to detect the film side of the plate by feeling lightly with the
fingers, thus obviating the need of the dark room light when “loading” plates.—Ep,



70 ELEMENTARY RADIOGRAPHY

of the plate is not likely to result in spotting the picture, but it is always
well to eliminate as many chances of failure as possible.

We are now ready to arrange tube, hand, and plate in their proper
relative positions to take the picture. In all radiographic work it must

Fig. 70. Showing relative positions of tube, hand, and plate for making a radiograph of the hand.

constantly be borne in mind that we are making a shadow picture; that
we are simply throwing a shadow on the plate, using X-rays as the
source of light.

Lay the plate on a stand, sensitive side up. Place the hand on the
plate. Adjust the tube at a variable distance directly above the hand.
(Fig. 70.)
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The_distance from the tube to the plate may vary from about 10tq
30 inches, measurements being taken from the target, not from the glass

of the tube. It is not necessary to have the target and the plate parallel
to one another (in the same plane) as some writers direct. On the con-
trary, the position as in Fig. 70 is a better arrangement.

Assuming now that the tube is properly hitched to the coil and work-
ing properly, we are ready to make the exposure—to take the picture.

In giving demonstrations, I find that at this point someone invariably
volunteers to “turn out the light.” This is not necessary. The only
reason for having the rooms even slightly darkened is to enable the ope-
rator to observe how his tube is working. The picture could be taken in
bright daylight; the envelopes will protect the plate against all light ex-
cept the X-rays. (See Chapter V for technic of lighting X-ray tube.)

When the switch is turned on and the X-rays produced, they, the
rays, shine down on the plate penetrating the paper of the envelopes as
though the plate were not covered at all. The rays penetrate the hand
also and act upon the plate beneath. They penectrate the bones of the
hand less readily- than the flesh, and hence there is less action on the
plate directly beneath the bones. In other words, there is a shadow of
the hand thrown on the plate, the shadow of the bones being denser than
the shadow of the flesh. The shadow of the flesh, in fact, may be so
light that it is scarcely discernible, or even entirely blotted out. This is
the case when a very high tube is used and a long exposure made.

The length of time of the exposure of the plate

Duration of to ihe action of the X-rays when making a radio-
€Exposure, graph depends on several things. (1) The milliam-
perage sent through the tube. Other factors re-

maining the same, the more milliamperage sent through the tube the
shorter the exposure necessary, because the higher the milliamperage
sent through the tube the greater the number of X-rays produced.
A coil equipped with a milliamperemeter enables the operator to
observe the exact number of milliamperes passing through the tube.
(2) The nature of the X-rays. Other factors remaining the same,
the more penetrating the X-rays the shorter the exposure necessary.
The higher the vacuum of the tube up to a given point, the more
penetrating the rays from it. A low tube is useless for radiographic
work. (3) The distance of the plate from the tube. Other factors
remaining the same, the shorter the distance between the plate and
the tube the shorter the exposure necessary. (4) The thickness of the
part to be radiographed. Other factors remaining the same, the thicker
the part the longer the exposure necessary. (5) The density of the part
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to be radiographed. Other factors remaining the same, the denser the
part the longer the exposure necessary. (6) The sensitiveness of the
plate. Other factors remaining the same, the more sensitive the plate
the shorter the exposure necessary. The product of some manufacturers
is more sensitive than others. As a plate or fiim grows old it becomes
less sensitive, finally becoming entirely useless.

Fig. 71. Radiograph of the hand, made from a pose similar to Fig. 70. (Reduced one-half.)

It will be seen from the foregoing that so many things enter in for
consideration that the exact time of exposure cannot be stated with any
degree of clearness. Elaborate systems of calculation have been worked
out so that if the distance of the tube from the plate, the penetration of
the X-rays measured with a penetrometer, the milliamperage sent through
the tube, and the thickness of the part be known, reference can be made
to a printed table and the exact time of exposure necessary learned.
While commending such work as efforts along the right line, I consider
them failures so far as practical application in dental work is concerned.
Notice that in the calculation the density of the part and sensitiveness of,
the plate are not taken into account at all.
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Each man must learn to properly time his exposure by personal ex-
perimentation. This statement is likely to be contradicted by those who
construe it to mean that no idea at all of the time of the exposure can
be learned except by experiment. That is not what I am saying, however.
The idea I wish to convey is that these tables of calculation, on the time
of exposure, give only the approximate length of time necessary, and that
a very little experience and the use of judgment render them useless.
They are always useless except when a penetrometer is used and the coil
is equipped with a milliammeter. .-

Fig. 72. Trays for developing and fixing solution

To make a negative (the picture on the glass of the plate) like the
radiograph shown in Fig. 71, the factors may be as follows:

I. Machine used: A large induction coil, with a two-point elec-
trolytic interrupter, operating on 110-volt, D.C. circuit. Three-fourths of
the resistance of rheostat cut out.

2. Strength of current: Machine not equipped with ammeter or
milliammeter. Approximate amperage of the primary current, 20. Sec-
ondary current sufficiently powerful to obtain a fat, fuzzy spark 10 inches
long—an estimate, about 10 milliamperes.

3. Penetration of X-rays: Tube backs up § inches of parallel spark.
Distance of tube regulating spark gap 5 inches. Therefore, the tube is
medium high and the rays from it rather penetrating when it is properly
lighted. Benoist penetrometer 5.

4. Distance of target from plate: Twenty (20) inches.

5. Thickness of part: That of hand, about 1 inches at thickest

6. Density of part: That of hand.

7- Plate used: Paragon special X-ray plate. (An ordinary camera
photographic plate might have been used to take such a picture. Had this
been done, however, the time of exposure necessary would have been
about twice as long.)

8. Time of exppsure of plate to action of rays: Two (2) secongds.
9. Time plate remained in developer: Five minutgs.



74 ELEMENTARY RADIOGRAPHY

During exposure, the patient, tube and plate must be perfectly immo-
bile. After the exposure we are ready to'“ develop the negative.”

Remove the plate from the envelope in the dark
Method of room, exposing it only to the ruby light. It has not
Development. changed in appearance at all. It still looks like a
piece of translucent, white glass. But the picture is

there. It needs only to be developed.

This is done by immersing the plate, sensitive side up, in an aqueous
solution of chemicals, the developer. This developer causes that part of
the plate which has been acted upon by the X-rays to turn dark, but does
not cause that part of the plate which has not been acted upon by the X-
rays to turn dark. The degree of darkness produced by the developer
in the plate varies directly according to the extent of the action of the X-
rays on the plate.

Place the plate in the tray (Fig. 72) containing the developer with
the coatedside up,quickly covering the plate with the solution. A conveni-
ent way to make certain that the developing solution covers all of the
surface of the plate immediately is to place the plate in the empty tray
(sensitive side up of course) and pour the developer, out of a tumbler,
over it. Expose the plate to even the light of the dark room lantern as
little as possible until development is well under way. Trays can be pur-
chased from any photographic supply house. Always use a tray suffi-
ciently large to easily receive the plate. The action of the developer will
be hastened and made more uniformly perfect by slightly raising, then
lowering, one end of the tray, and so moving the developer over the sur-
face of the plate.

The length of time it takes the image or * picture ” to *“ come up ” or
show varies according to the length of exposure. If the exposure has
been well timed and the developer used acts as the average developer
acts, neither very rapidly or very slowly, the image will appear in about
30 seconds; if the exposure has been a little overtimed, the image may
appear in about 10 or 15 seconds; if it has been a little undertimed, it may
take I or 2 minutes for the image to appear.

Developing is not completed as soon as the image shows. Sometimes
the image can be seen better by removing the plate from the developer
and holding it up to the ruby light. If the exposure has been well timed
the “high lights” will commence to appear (i. e., the plate will begin
to turn dark in places) in about 15 seconds, and, as just stated, the image
can be seen tolerably well in 30 seconds. If this is the case the plate
should be left in the developer about 5 minutes. From the foregoing we
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may make the following rule: Leave the plate in the developer about 20
times as long as it takes for the high lights to appear, or 10 times as long
as it takes for the image to appear. This is not an inflexible rule. Indeed,
no inflexible general rule can be made, because of the difference in the
action of different developers. Another rule is to leave the plate in the
developer until the image can be seen on the glass side of the plate.

The actual time of developing will vary: 2 or 3 minutes for over-
timed exposures; about 5 minutes for plates which have been well ex-
posed; 10 to 15 minutes for undertimed exposures. This applies to most
developing solutions. However, developers known as “ slow ” developers
require about 20 minutes for well-exposed plates, and the Brady, Paragon
developer, known as the “ four-minute developer,” requires only 4 min-
utes.

There are a very great many different developing formulas, ary of
which may be used. In making up developers, chemicals should invariably
be dissolved in the order as named. The following are some of the most
popular developer formulas:

M—Q DevELOPER *
Avoirdupois Metric System

Water ..........c.... et tante i e iaaean 10 ounces = 300 C.C.
etol L. 7 grains ‘= 1% grammes
Hydrochinon ........ S eteree it tetaa e, 30 grains = 2 grammes
Sulphite of Soda (desiccated)...................... 110 grains = 7 grammes
Carbonate of Soda (desiccated).................... 200 grains = I3 grammes
10 per cent. solution Bromide Potassium........... 40 drops = 40 drops
HybprocHINON DEVELOPER
No. 1
Avoirdupois Metric System
Hydrochinon ..........ccooviiiiiiienna.n 300 grains............ 20 grammes
Sulphite of Soda.............cooiiit, 6 ounces............ 180 grammes
Water .oiviiiiiiiiiiieriireoiiniiiieaanes 48 ounces............ 1,440 c.C.
Carbonate of Potassium 4 ounces........... . 120 grammes
Water covviiiniiiniiiiiirneennnnns .... 32 ounces......... ... 960 c.c.

To Deveroe, take

No. 1, 6 ounces (180 c.c.); No. 2, 4 ounces (120 c.c.); 10 per cent. solution
Bromide of Potassium, 3 to 10 drops. Mix.

*M—Q stands for “metal—quinol.” In photography the word ‘“‘quinol” is used
as an abbreviation for “hydroquinol.” This is unfortunate, because quinol and
hydroquinol are different substances. There are several words and different spell-
ings of the same word used to designate the substance—hydroquinol. They are:
hydroquinon (spelled also hydroquinone) ; hydrochinol (spelled also hydrokinol) ;
hydrochinon (spelled also hydrochinone, hydrokinon, and hydrokinone).
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Pyro DeveroriNGg FormuULA
Pyrogallic Acid Solution

i “AY Avoirdupois Metric System
Pyrogallic Acid .......... ..o, I OUNCe .«..ovn.. 30 grammes
Sulphuric Acid ... 20 Minims.......... 1cc
Water ..o 28 ounces ........ 840 c.c.

Soba SoLuTioN
B Avoirdupois Metric System
*Carbonate of Soda (Anhydrous)........ e 2 OUnNceS...vv.... 60 grammes
*Sulphite of Soda (Anhydrous)................ 3 OUNCES...nn.... Q0 grammes
Water ..oiiiiii i e 28 ounces.... .... 840 c.c.

To DeveLop, take

“A,” 1 ounce (30 c.c.); “B,” 1 ounce (30 c.c.); Water, 8 ounces (240 c.c.). This
developer will then contain 1.56 grains Pyro per ounce.

The developer may be made and kept in stock solutions as above, if
desired. A better plan is to buy the prepared developing powders. They
may be purchased at any photographic supply store. The chemicals come
in glass tubes or packages mixed in the proper proportions, and all that
is necessary to make the solution is to dissolve them in the quantity of
water (distilled or tap water either) suggested on the package. The
package or tube usually contains a sufficient quantity to make 4 to 8
ounces of developing solution. The advantages of this over mixing the
chemicals yourself are: First, the convenience and saving of time, and
second, only small quantities being made at one time, the developer is
used immediately, and is therefore always fresh when used.

A developing bath does not keep well in stock solution unless the
bottles are full and well corked. Even then discoloration and disintegra-
tion occur in the course of a month or so. It is always advisable to use
as fresh a solution as possible. Packed in the box with the plates will
always be found a formula for a developer recommended by the manu-
facturer of the plates. It is not at all necessary to use the particular
developer recommended.

During the hot sumnier months it is necessary

Temperature, to use ice in the developer, ice water to make the

solution, or place the tray containing the developer
in another larger tray with ice water in it. If the developer is too warm
it will soften the emulsion, cause frilling at the edges, blistering and
fogging of the negative. The developer should be between 65 and 7o
degrees F. If too cold, development takes place slowly, and the negative,
when finished, is pale and thin. I use tap water in the winter and have
no trouble due to improper temperature. In the summer, though, even
using ice water and ice, the work is often discouraging. If possible dur-
ing the hottest weather defer development until the cool of the evening.

*If crystals are used, double the quantity.
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When development is complete, remove the

Fixing. plate, dip it in clear water, then immerse it in the

fixing bath. The fixing bath is a solution of chem-

icals which dissolves out the unaffected silver. Leave the plate in the

fixer for two or three minutes after the milky appearance of the glass

side of the plate has disappeared. A plate must be removed promptly

from the developer as soon as development is complete, or the negative

will be overdeveloped, spoiled, but it may be left in the fixing bath for
hours longer than necessary without danger of spoiling the negative.

Fig. 78. Titubator.

It will not injure the plate to remove and replace it in the baths at
any time during developing or fixing.

The actual time required for fixing varies from 5 to 20 or 30 min-
utes. The thicker the emulsion the longer time it requires for fixing.
Movement of the fixing solution over the surface of the plate will hasten
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fixing. A titubator (Fig. 73) is a machine on which the fixing bath tray
may be set, and the bath kept in constant movement over the plate.

When several negatives are being made at the same time, it is well
to use a fixing box (Fig. 74) instead of a tray. If the plates were piled
one on another in the tray, they would probably stick to one another and,
when pulled apart, the emulsion would be scarred. The plates stand on
end in the fixing box, fitting into grooves.

Hyposulphite of soda is the standard fixer. There are not a great
number of fixers, as there are of developers, to choose from. Hypo-
sulphite of soda and water alone will fix plates, but is not so efficacious
as when other chemicals are added to harden the emulsion.

Acip-FixiNe Batu

Avoirdupois Metric System
Water . .ivniiineiineinneerennnneasoncosnacenes 64 ounces 2 liters
Hyposulphite of Soda..........ccovvvvvnenne... 16 ounces 450 grammes
Sulphite of Soda (Anhydrous)................ 34 ounce 20 grammes
When fully dissolved, add the following hardener:
Powdered Alum ........c.coiiiiiiiininniannnn 14 ounce 15 grammes
Citric Acid ....vviiiiniiiiiiii it iiiei e %3 ounce 15 grammes

A stock solution may be made as given in the foregoing formula, or
the prepared fixing powder purchased, and the fixing bath made by sim-
ply dissolving the powder in a stated quantity of water. There is nothing
secret about the formulas of the prepared fixing powders. They are all
practically the same as the formula given. The advantage in using them
lies in the saving of time and energy that would otherwise be spent
weighing chemicals. If prepared developing and fixing powders are used,
it will not be necessary to have a pair of scales for this work. A grad-
uated glass for measuring liquids will be all that is needed. During the
hot months, it is expedient—not necessary—to use a freshly mixed fixer.
If this is done the negative is less likely to frill or blister. Unlike the
developing bath, however, the fixing bath will keep without disintegra-
tion for months. If scum or sediment appears after standing for some
time, this may be removed by filtering the solution through filter paper
or cotton.

The temperature of the fixer should be at least as low as that of the
developer, and better lower, say abput 50 degrees F.

When fixed, if the plate is held up to the light (any light, for the
plate is no longer sensitive to light), the shadow of the bones of the hand
will appear as transparencies; the flesh shows a little less transparent
than the bone, and the balance of the plate will be opaque and black.
Thus the shadows show light, and where no shadow was thrown the plate
is dark. Hence the name negative which is applied to this picture on
the plate. The making of the positive picture on paper, the print, as it
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is usually called, from the negative will be described presently. The
plate is no longer sensitive to white light, and may therefore be exposed
to it any time after having been in the fixer a minute or so.

Great care must be exercised not to get any of the fixing bath into
the developer. A very little “hypo” will spoil the developer. It is well
to label the trays so that the tray used to hold the fixer one time will not
be used for the developer another. Or, instead of labeling the trays, a
black one may be used for the developer and a white tray for the fixer.

Fig. 74. TFixing box. Fig. 75. Plate, or negative, rack.

When fixing is completed the negative must be

Washing. washed in clear water to remove all “hypo” from it.

If the negative be placed in a tray, the tray in a

basin or sink and the tap turned on, or, in other word:, if the negative

be washed in running water it requires 15 to 30 minutes to thoroughly

wash it. Where running water cannot be had,* and sometimes during

hot weather when tap water is too warm, the negative may be placed in

a larger vessel of water and left for about an hour, changing water sev-

eral times. A tray of water used on a titubator is efficient. The water

must be changed often, and the time required is about three-quarters of

an hour or longer. When several negatives are being made, it is ad-
visable to use a washing box similar to the fixing box. (Fig. 74.)

* “Running water” is much to be preferred, as the friction or movement of
the water is a great factor in cleansing the plate. After a few months. if plates
show cloudiness, or a metallic luster is observed, this means that the plates were
not thoroughly washed. It is even advisable, after washing, to rub the surface of
the film side with clean, wet cotton, holding the plate under a faucet during the act.
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The next, and the last step in the making of the

Drying. negative, is to dry it. The plate should be set on

edge. Drying should take place in a clean atmos-

phere, so that no dust or soot will fall on and stick to the coated surface
of the negative. Plate racks (I“ig. 75) may be used, but are not a neces-
sity. The plate may be set on edge at an angle of about g5 degrees by
simply leaning it up against some perpendicular wall. (Fig. 76.) Dry-

Fig. 76. Negatives lcaning against perpendicular wall, drying.

ing requires several hours. It may be hastened by placing the negative
in a breeze. By immersing the negative in a mixture of formalin and
alcohol, then placing it in the brecze of an electric fan, drving will be
very materially hastened. . The use of the formalin and alcohol some-
times causes spotting and blurring of the negative. If all the salts of
the fixer are not well washed out of the emulsion, it will not dry prompt-
ly, but will become rough and sticky, and, when finally dry, it will be full
of little holes.

Summarizing the making of the negative, it consists of exposing,
developing (washing—mere dipping in water), fixing, washing, and dry-
ing.

If the negative when finished is very dark, so dark that parts of the
image are lost, the plate was either overexposed, or overdeveloped, or
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both. I prefer usually to say that it was overdeveloped, for even if it had
been exposed unnecessarily long. this mistake might have been corrected
by leaving it in the developer a shorter length of time. If the negative
is almost entirely transparent and the image can hardly be seen, it is due
to underexposure, or underdevelopment, or hoth.
The mistake of overexposure or overdevelop-
Reducers. ment can be corrected to an extent by the use of a
“reducer.”
The following solution is a reducer:

R U L T 16 ounces (480 c.c.)
Hyposulphite of Soda............................. 1 ounce (30 grammes)

B. Water .............. e et 16 ounces (480 c.c.)
Potassium Ferricyanide ........................... 1 ounce (30 grammes)

l1Mix 8 parts of solution “A” and one part of solution “B,” and use in subdued
light.

The negative can be placed in this solution directly after fixing,
without washing. Or it may be washed—it makes little or no difference.
If a dry negative is to be reduced, it must be soaked in water for at least
half an hour before placing it in the reducer. When sufficiently reduced,
wash thoroughly for about three-quarters of an hour, then dry. The
work of reducing may be done in any light.

When not in use keep solution “B” protected from the action of
light. Remember that this solution is one of the most powerful poisons
known. Handle it with extreme caution.

The mistake of underexposure cannot be cor-

Tutensifier, rected to an appreciable extent by any means.

The mistake of an underdevelopment can be
corrected to an extent by the use of an “intensifier.”

After having fixed the negative, wash it well in running water for
about thirty minutes or longer, then place in the following solution:

Mercuric Bichloride 200 grains (13.3 grammes)
Potassium Bromide 120 grains (8.0 grammes)
Water it i i e e 6% ounces (195 c.c.)

Keep the plate in this solution a short time, when it will be observed
to be bleached uniformly white (the longer the negative is bleached the
deaser it will ultimately become). Remove from the bleaching solution,
wash in running water for a few minutes, then blacken in the following
solution:

Sodium Sulphite .......ooiiiiiiiii i 1 ounce (30 grammes)

¥ 23 Y 1 ounces (120 grammes)
Or

AMMOMIA .+ oitittiieeneeeneneaenneeneereneaneneennns 20 minims (1 c.c.)

Water .......ccoviiiennn.. e 1 ounce

* “Electro-Therapeutics and Roentgen Rays,” Kassaban.
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When sufficiently blackened, the negative is again washed, then dried.
Intensifying should be done in a subdued light—not in bright daylight.

An old negative, one which has been made for some time, may be
intensified by first soaking in water, then following the technic given.

Prepared reducers and intensifiers, with directions for their use, may
be purchased at any photographic supply house.

Fig. 77. Showing how the printing frame is held up to the light to expose the photographic
paper. Also showing the back of the printing frame, the frame half open, and the photographic
paper in position.

While reducers and intensifiers have their place in dental radiog-
raphy, they are used only to correct mistakes, and they do not entirely
correct the mistakes. It is usually expedient to make a new negative
rather than to attempt to reduce or intensify a faulty one.

Round transparent spots on the negative are caused by air bubbles,
or air “bells,” as they are called, attaching themselves to the emulsion
side of the plate while in the developer.

Spots of irregular size and character appearing on a negative are
due often to the use of an old developer. In radiographic work, where
the appearance of a spot may determine a diagnosis, it is to be hoped that
fresh developer will always be used. By fresh developer I mean de-
veloper not, at most, over a month or so old, having been kept while in
stock in a filled, tightly stoppered bottle, and free from all scum and
sediment. A developer containing pyrogallic acid disintegrates so rap-
idly that it must be used immediately after mixing—it will not keep at
all. “Pyro” developers stain the hands badly.
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When the negative is dry we are ready to make

Positive the positive pictures. The pictures are made on

Prints. sensitized paper, a very fine grade of white paper,

one side of which is coated with a silver salt some-

what as plates and films are coated. These papers sell under such vari-

ous names as Velox, Cyko, Artura, and Azo, and may be purchased in

any size, put up in light-proof packages. Papers are not as sensitive as

plates and films, and an orange instead of a ruby light may be used in
the dark room.

Place the negative, emulsion side up, in the printing frame (Fig. 77).
Place a sheet of paper, sensitive side down, over the negative, and close
printing frame. The sensitive side of the paper may be determined by
observing that the paper curls slightly toward it; or by biting a corner
of the paper, when the sensitive side will stick slightly to the teeth.

To make the exposure now, either artificial or daylight may be util-
ized. Before making the exposure be sure that the balance of the paper
in the package is well protected against the light. Hold the printing frame
so the light will shine through the negative and strike the paper. (Fig.
77.) -It is not necessary to hold the printing frame immovable during
exposure. The time of exposure varies greatly according to the density
of the negative; the denser the negative the longer the exposure must be.
Some idea of the time of exposure necessary may be learned from the
directions enclosed with the paper. To make the print for Fig. 71, a
16 c.p. electric light was used, holding the printing frame about 8 inches
from the light and exposing the paper—Azo—3 minutes.

With the 16 c.p. light turned off, in the orange

Development light, the paper is now removed from the frame. As

of Prints. with the plate there is not the slightest change in the

appearance of the paper after exposure, but the
image is there, it is latent, it needs only to be developed.

The developing formule for papers are, broadly speaking, the same
as for plates. It is very important that the developer for paper be freshly
mixed, for the slightest discoloration of the bath will soil the paper. It
is not desirable to save the developer used to make the negative and use
it again for the paper. It is too liable to cause discoloration of the print.
“Pyro” is a very poor developer for paper.

Immerse the paper quickly, sensitive side up, gently passing the tips
of the fingers over the surface, to hasten development by agitating the
developer, and to keep the paper submerged. As soon as the image ap-
pears as desired, transfer it to clean water, then quickly into the fixer.
(It is kept in the water but a moment or so.) If, when placed in the
developer, the image comes up so quickly that it gets too dark before it
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can be transferred to water and fixer, it has probably bezn overexposed.
Shorten the time of exposure, and if the image still comes up too quickly,
dilute the developer. If the image appears very slowly and the whites
of the print are gray, increase the time of exposure; if the whites still
come gray, add a few drops of a 10 per cent. solution of bromide of potas-
sium to the developer.

The fixing bath for prints is the same as for plates, but the bath
used to make the negative should not be saved and used again for prints.
It might discolor them.

Allow prints to remain in the fixer 15 to 20 minutes. This dissolves

out the unaffected silver.

Next wash print in running water for about thirty minutes. No visiblc
change occurs in the print from the time it leaves the developer. Fixing
and washing are done to make it permanent. The temperature of the de-
veloper, fixer, and water should be the same as for plates, to obtain the
best results.

When thoroughly washed remove the prints from the wash water
and place on a piece of clean glass face down one on the other, and
press out the water. Then lay them out separately on a frame, covered
with cheese cloth. The cheese cloth being very thin, allows the prints
to dry on the side next the cloth as well as the upper side.

When dry the prints may be mounted on cardbeard.

s we - had
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. Dental Radiography or Radiodontia,*®
CHAPTER V.

Making Dental Radiographs.

In the foregoing chapter we dealt with the general elementary prin-
ciples of radiography. We shall now take up a more concrete considera-
tion of dental radiography.

The first radiograph of the teeth was exhibited by Prof. Koenig to
the Society of Physics at Frankfort-on-Main, Germany, in February,
1896—only a few months after the discovery of the X-ray. Five months
later an article appeared in "Dental Cosmos by Morton, entitled “ X-rays
in Dentistry.” Since then there have been many articles written on the
subject and published in various dental, medical, and Roentgenographic
journals.

For convenience in describing the technic involved in the practice of
dental radiography the subject will be considered under the following
heads: (1) Manipulation of the X-ray machine and lighting of the X-ray
tube. (2) Posing the patient and adjusting the X-ray tube and film or
plate. (3) Exposure. (4) Making the negative.

Che Manipulation of the X-Ray Machine and Lighting of the
X-Ray Cue.

Since the X-ray machine of each manufacturer has characteristics of
control peculiar to itself I can give here only the general principle of
manipulation.

As the reader already knows, there are three types of X-ray machines
in general use: (1) The induction coil. (2) The high-frequency coil.

* Radiodontia is a new word coined by the writer. Radiodontia is the science
and art of making and interpreting radiographs of the teeth and contiguous parts.

A radiodontist is one engaged in the practice of radiodontia.

These words will be found quite useful and have been promptly adopted by
all interested in the subject except advocates of Roentgen words, who believe all
X-ray words should contain the proper name Roentgen, no difference how un-
wieldy or senseless they may be.

85
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(3) The transformer. We shall consider the manipulation of the induc-
tion coil first,

Different induction coils have a different number

mm‘::.é:“ of controls of various sorts. Selecting a coil with

* all the different controls I shall name them. (See

VAGCUM -REDUGING LEVER
MAIN SPARK TERMINAL SERIES SPARK GAP

SWITCH

RHEOSTAT LEVER
RESISTANGE ALL IN

RESISTANCE ALL QUT -

SWITCH LEVERS TO_
PLATINUM POINTS

FIG78

Fig. 78. Induction coil, showing the various controls.

Fig. 78.) First, the “on and off switch”; second, the “pole changer”;
third, “the rheostat lever”; fourth, interrupter switches, levers and
screws “ to platinum points ”’; fifth, the parallel or *“ main spark ” gap;
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sixth, the “ vacuum reducing lever ”; seventh, the “ series spark gap ” or
inverse current spark gap; eighth, the “ variable inductance switch.”

The “ on and off switch ” is the one by means of which the current is
turned into the machine. This control is on all coils.

The “ pole changer ” (Fig. 78) is a double-throw knife switch by
means of which the secondary current, or output current produced by the
coil, can be made to flow in either direction—when this switch is down
on one side the current flows in one direction, when it is down, or closed,
on the other side it flows in the opposite direction. If, after the tube is
connected to the coil, it is found, by the manner in which the tube lights,
that the current is traveling through it in the wrong direction (Fig. 48 and
bottom of page 52) the tube need not be detached and re-attached to the
coil ; instead, change the pole changer switch. This pole changer control
is found on comparatively few induction coils.

The rheostat controls the quantity of electricity entering the machine
and so the quantity produced by the machine to be sent through the tube.
(Fig. 30.) On very large induction coils it is often inexpedient to cut out
all of the resistance of the rheostat, while on the smaller ones, and the
special dental X-ray coils of the induction coil type, it is usually necessary.
Always, when the current is turned into the tube for the first time, the
rheostat lever should be on a low button. The rheostat control is found
on all induction coils.

Multiple point electrolytic interrupters are equipped with switches by
means of the manipulation of which only one, only a part, or all of the
platinum points may be used. Screws or levers, or both, control the length
of the platinum exposed in the electrolyte. For the beginner at least it
is best that the interrupter adjustment be made or set and its further
manipulation avoided as much as possible. If more than three points are
used in the interrupter, set the platinum exposed to the electrolyte at from
18 to 2/8 inches. If one to three points only are used, set the exposure
of the platinum to the electrolyte between 2/8 and 34 inches.

Interrupters are made which adjust themselves automatically. The
end of the platinum rests against a piece of porcelain. It is weighted
down to place, and thus the amount of platinum exposed remains the same
always. In this style of interrupter base metal is sometimes used instead
of platinum. The exposed metal disintegrates and wears away but the
weight keeps the end of the point resting against the porcelain and so
the amount of the point exposed remains the same. (Fig. 79.)

The parallel spark gap may be manipulated to determine the number
of inches of spark the tube will back up and so determine the degree of
vacuum. (Pages 42 and 43.) As the operator becomes familiar with his
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tubes and machine he will manipulate this gap less. It is the practice of
some men to set this gap at about 7 inches and leave it there, resorting to
the regulation of the vacuum of the tube only when sparking occurs at the
parallel spark gap. The parallel spark gap control is found on all induc-
tion coils.

The “ vacuum reducing lever ” is the lever by means of which the
tube-regulating spark gap (Pages 46 and 47) is made wide or narrow.
If the tube will light properly, and no sparking occurs at a 6 to 8-inch
parallel spark gap, the tube requires no vacuum regulation. If sparking
occurs across 6 to 8 inches of parallel spark, reduce the distance of the

Fig. 79. Self-adjusting electrolytic interrupter.

tube-regulating spark gap to an inch or two and, with the rheostat on a
low button, turn on the current for 2 or 3 seconds. This may be repeated
if necessary and will lower the vacuum of the tube. As tubes get old,
the vacuum gets high, and they become “cranky.” To handle an old
tube it is often necessary to open the parallel spark gap as wide as pos-
sible, and set the tube-regulating spark—5 inches for a slightly “ cranky ”
tube, as short as 2 inches for a very high “ cranky ” tube—allowing the
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tube-regulating spark gap to remain set all the time the current is turned
on. The object of the operator should be to avoid regulation of the
vacuum of the tube as much as possible.

The ““ vacuum reducing lever ” control is not found on all induction
coils. When the machine does not afford this control, the width of the
tube-regulating spark gap is controlled by means of a movable arm at
the tube. (Fig. 44.)

The “ series spark gap” or inverse spark gap, should be used only
when necessary to cut inverse current out of the tube, otherwise the gap
should be closed. If a valve tube (Figs. 51 and 52) is used it is seldom
necessary to make a series spark gap.

By means of the “ variable inductance switch ” the output current of
the induction coil can be raised or lowered in voltage. The voltage re-
quired for a new tube is not as great as the voltage required for an old
tube with a higher vacuum. When a great deal of inverse current is seen
in a tube it may mean that the induction coil is generating a current too
high in voltage. When a new, unknown tube is used for the first time on
an induction coil with an inductance switch, start with the lowest voltage,
and the rheostat on a low button. Flash the current through the tube,
advance the rheostat, flash again and so on until all of the resistance of
the rheostat is cut out. If no inverse current has been observed in the
tube, advance the inductance switch to a higher Voltage, start with the
rheostat on a low button again, flash the current as before and so on, ad-
vancing to a higher voltage in this way, until the tube shows inverse cur-
rent passing through it. The tube should be operated just this side of the
point where inverse current appeared in it—say for example on inductance
button 3, rheostat button 15. If the tube is labelled, inductance 3, rheostat 15,
it may be used with the machine set according to the label for some time.
Comparatively few induction coils have the * variable inductance ” control.

s--ar‘ e The technic for lighting an X-ray tube with an
Jor i mf R‘v induction coil (without a variable inductance con-
goil. trol) may be summarized as follows: (1) Test the

coil by means of the on and off switch, starting with the rheostat on a low
button and advancing the rheostat between test flashes. You should be
able to obtain at least 5 or 6 inches of fat, fuzzy, parallel spark. This step
is unnecessary save for the beginner using a new coil for the first few
times. It shows such a beginner how much of the resistance of the rheo-
stat must be cut out to obtain a fat, fuzzy spark. It shows that the
machine is operating properly, that the interrupter is properly set. On
some machines with terminals of the right shapc it enables the operator
to determine the polarity of the parallel spark gap terminals. (Page 42,
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Fig. 40.) (2) Connect the tube to the coil. (3) Set the parallel spark
gap at about 6 or 8 inches.* (4) With the rheostat on a low button flash
the current on. Advance the rheostat between flashes. If the current is
passing through the tube in the wrong direction change the pole changer
switch or reverse the attachment of the tube to the coil. Once the polarity
of the terminals has been determined the operator may depend on this
polarity remaining the same, unless the pole changer switch is changed,
and he may always connect the tube to the coil accordingly. If sparking
occurs at the parallel spark gap, lower the vacuum of the tube. If in-
verse current is seen in the tube, make a series spark gap or place the
rheostat lever on a lower button. A little inverse current in a tube will
not materially interfere with the making of a good radiograph, especially
if a diaphragm and cone or cylinder are used. (Fig. 65.) The great dif-

Fig. 80. Drawing of a high-frequency X-ray machine showing various controls.

ficulty in the technic of operating an induction coil is the problem of not
allowing inverse current to pass through the tube.

Manipuiation of the The cqntrols.show.n in Fig. 8o, for a high-fre-

Bigb-Freqwency Goil. 4Uency coil are: First, the frequency control,

labelled “ high-frequency ” and “ X-ray”; second,

the on and off switch, labelled “ switch ”’; third, the “ rheostat ”’; fourth,

the “ regulating spark gap ”; fifth, the “ terminal spark gap " or parallel
spark gap.

By means of the “high-frequency” and “X-ray” control switch
either all or part of the condenser of the machine is used. When on the
“ X-ray ” button all of the condenser is used and the frequency is lower.
This button is sometimes labelled “low frequency ” instead of “ X-ray.”

* Sec page 349 for Soft Tubec Technic.
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This control is found only on machines built for electro-therapeutic work
as well as X-ray work.

The on and off “ switch ” turns the electricity into the machine.

The “rheostat ”’ controls the quantity of electricity entering machine.

The “ regulating spark gap” controls, within limits, the nature of
the output current delivered by the machine. Widening the gap increases
voltage at the expense of milliamperage, narrowing it increases milli-
amperage at the expense of the voltage. The gap should be as narrow as
possible with the voltage high enough to jump the maximum parallel spark
gap. (As the machines of this type are now built, the maximum spark
gap is usually about 6 inches.) This gives the greatest milliamperage
obtainable with sufficient voltage, or pressure, to force the current through
a medium or medium-high vacuum, X-ray tube. The metal studs at the
“ regulating spark gap” should be cleaned occasionally: Place a piece
of emery cloth or sandpaper between the studs, screw them together until
they hold the cloth or paper loosely, and draw the cloth or paper back and
forth over the surface of the stud. )

On machines of this type, the parallel spark gap is practically always
kept at its maximum width for X-ray work. If sparking occurs across it
the vacuum of the tube must be lowered. When the tube is old and the
vacuum of the tube cannot be lowered sufficiently to stop sparking be-
tween the terminals (remember the terminals are only about 6 inches
apart on this type of machine) the writer has resorted to placing a piece
of glass between them. This is a strain on the insulation of the coil.

Sum of Cechuic The technic for lighting an X-ray tube with a
“{n ““ x'm' high-frequency coil may be summarized as follows:
mqmcv Zon. (1) Open the parallel spark gap to its maximum
width, i.e. 6 or 7 inches. (2) Cut out all resistance of the rheostat.
(3) Turn on the on and off switch and adjust regulating spark gap to get
as fuzzy a spark as possible. - (This should be done as quickly as possible
so the current, with all of the resistance of the rheostat cut out, will not
be turned into the coil needlessly long.) (4) Turn current off and con-
nect tube to coil. (Since the current produced by this machine is alternat-
ing either terminal may be attached to the anode end of the tube.)
(5) With the rheostat on a low button, flash the current through the tube.
Advance rheostat, flash again, advance rheostat and so on until all the
resistance of the rheostat is cut out. (6) If sparking occurs at the parallel
spark gap, reduce the vacuum. The most convenient way to do this on a
machine not equipped with a vacuum reducing lever, where the vacuum
is controlled by a movable arm at the tube (Fig. 44), is to set the arm to
give a certain width to tube-regulating spark gap and leave it there. For
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new tubes the tube-regulating spark gap should be § or 6 inches, for old
tubes 2 or 3 inches, this to be governed by sparking at the parallel spark
gap. If sparking occurs at the parallel spark gap the width of the tube-
regulating spark gap should be reduced until this ceases.

In case the high-frequency coil is operating on a direct current circuit
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Fig. 81. Drawing of a transformer or interrupterless X-ray machine showing various controls.

the first step in the technic of manipulating the coil is to set the rotary
converter in motion. This is accomplished by means of a switch and
rheostat. (Fig. 37.)

The controls on a transformer built for an A.C,

m‘w‘wx’r'z’ circuit are: First (Fig. 81), the *“ main switch”;
second, the synchronous motor switch, a two-pole,

double throw, knife switch labelled “ starting switch ” in Fig. 81; third,
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the “on and off switch” which controls the output current of the ma-
chine; fourth, the “ pole changer switch ”’; fifth, the “ rheostat” which
controls the quantity of output current; sixth, the “ vacuum reducing ”
lever.

The “ main switch ” simply brings the current up to the machine.

By means of the “ starting switch ” the motor is set in motion. This
revolves the “ rectifier switch.” The switch is thrown one way to start
the motor, then, quickly while the motor is in motion, to the other side.

When the “ on and off switch ” is closed, the current is sent into the
primary of the transformer and immediately the secondary current, or
output current of the coil, jumps the parallel spark gap, or, if an X-ray
tube is connected, passes through it, providing, of course, the vacuum of
the tube is not too high.

The “pole changer” double throw switch, works on exactly the same
principle as the pole changing switch on an induction coil. Unless the
A.C. transformer is equipped with an indicator one never knows, before
testing the current through the tube, which is the positive and which the
negative terminal. Which way the current will flow depends on how the
rectifying switch happens to pick it up. Some machines do not use the
“on and off switch ” shown in Fig. 81, but eliminate it entirely, and use
the double-throw pole changer switch, trying it first on one side, then on
the other, if necessary, to send the current through the tube in the right
direction.

The “ rheostat ” controls the amount of current entering the primary
winding of the transformer and so controls the strength of the output
current.

The lever, or sliding rod, for reducing the vacuum on a transformer
is practically the same as the lever, or sliding rod, for the same purpose
on an induction coil. (Figs. 78 and 45.)

Summary of Technic The technic for lighting an X-ray tube with an
'w";,".b“',.“" A.C. transformer may be summarized as follows:

Cransformer, (1) Connect the X-ray tube to the coil. Either ter-
minal may be attached to the anode. (2) Have the parallel spark gap
about 6 or 7 inches wide.* (3) With the rheostat on button 1 flash the
current through the tube. (4) If the current is not passing through the
tube in the right direction reverse the pole changer switch. (5) Advance
the rheostat, with intermittent flashes, until the desired amount of current
passes through the tube. According to the machine used and to the length
of time the operator wishes to give for exposure, the current sent through
the tube may be anywhere from 10 to 20 milliamperes to as much as 40
or 50 milliamperes. (Practically all machines of this type are equipped

* See page 349 for Soft Tube Technic.
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with milliammeters.) If the machine used is a very small one (one of
the special dental machines) all of the resistance of the rheostat is usually
cut out, if the machine is a large one, from a half to three-fourths of the
resistance of the rheostat is cut out.

If, when the current is first flashed through the tube, some sparking
occurs at the parallel spark gap, lower the vacuum of the tube by reducing
the tube regulating spark gap to an inch or so and, with the rheostat on a
very low button, turn the current on for about 2 or 3 seconds. If the
rheostat is advanced too far when the vacuum of the tube is lowered, too
much current will pass through the regulating chamber and the vacuum
of the tube will be made too low. Transformer tubes require very little
vacuum regulation and the less done the longer the tube will give good
service.

When lighting a tube with a transformer no manipulation is neces-
sary to eliminate inverse current from the tube, for the machine produces
no inverse current. This simplifies the manipulation for tube lighting
tremendously. :

Summa “ot Technic The technic for lighting an X-ray tube with a
7°a§:‘m‘.|f ]}g" D.C. transformer is so much like the operation of an
CTranstormer. A.C. transformer that a summary of it would be sim-

ply a repetition of technic already given. There are, however, two points
of difference to which I direct your attention.

The first step in operating a D.C. transformer is to start a rotary con-
verter and this is done by means of a switch and rheostat.

Because the current from the rotary converter, and not the line cur-
rent, enters the primary of the transformer in a D.C. transformer, polarity
of the terminals always remains the same, unless the pole changing switch
is changed. Thus it is not necessary to test the current through the tube
or observe an indicator each time to learn which way the current is flowing
when using a D.C. transformer as it is when using an A.C. transformer.
Once the operator learns which terminal is positive he may depend on it
this terminal will remain positive always, unless the pole changing switch
is changed and he may connect his tube to the coil accordingly.

Posing the Patient and Adjusting the X-Ray Cube and Film or Plate.

Dental radiographs, or odontoradiographs, have been divided into twog
classgs: (1) The intra-ora] and (2) the extra-oral, Intra-oral radio-
graphs are made by holding films in the mouth; extra-oral radiographs
are made on plates, or films, usually plates, placed outside of the mouth
for exposure.
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It makes no difference what sort of a radiograph
is to be made, it should always be borne in mind,
while posing the patient and adjusting the tube and
plate, or film, that you are using your X-rays as a source of light to cast a
shadow of some object—i.e., the object being radiographed—on a screen—
i.e., the film or plate.

To impress this idea more firmly in your mind observe Fig. 82. The
source of light, the candle, casts a distorted—an elongated—shadow of

Tntra-Oral
Radiographs

Fig. 82.

the object, a plaster of Paris tooth, on a white screen. As you observe this
illustration contemplate what would have to be done to overcome the ex-
treme distortion of the shadow and make it approximately the same length
as the tooth. Is it not true that either the light must be moved upward or
the screen must be placed more nearly parallel with the tooth, or perhaps
a little of both? If you follow this reasoning you are on the way to mak-
ing proper poses for radiographs, for the principle involved is the same.

The ideal pose for making a radiograph is to have the focal ray, or
central ray, indicated by the pointer at the end of the cylinder in Fig. 83,
directed to strike the object being radiographed, and the plate or film,
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at right angles. (See Fig. 70.) This is impossible much of the time in
the practice of radiodontia.
Distance Between . A§ the 'beginner 'ﬁrst attempts po§ing patient and
X-Ray Cube and  adjusting his tube his first question is, “ How close
o should I place the tube to the patient?” If the tube
stand used is one with a cone or cylinder, the length of the cone or cylinder
will govern this. The cone or cylinder will almost touch the patient.
If a shield like the one shown in Fig. 64 is used let the distance between
the glass of the tube and the patient’s face be anywhere from 6 to about
12 inches.

Fig. 83.
Proper posing can be taught best by observation of illustrations, but
before proceeding further with the subject of posing we should stop and
consider the films used for dental X-ray work.

The Eastman Kodak Co. supplies films espe-

M;a“l:‘:lhv cially prepared for intra-oral dental X-ray work, in

three sizes: No. 1 film 14 by 154 inches, No. 1A

film 125 by 214 inches and No. 2 film 224 by 3 inches. These films are

supplied in packets, two films to a packet, wrapped in black paper to pro-

tect them from ordinary light, over which is wrapped oil paper to protect

them against moisture when placed in the mouth. The most popular size
is the No. 1.*

* A new size film, 1% by 2 inches, suggested by the writer for the posterior
teeth, has just been placed on the market.
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There are two kinds of Eastman X-ray films: ° Positive ” films and
“negative ” films. The names “ positive ” and “ negative ” are mislead-
ing. They give one the idea that there is some difference in the films
without suggesting at all what the difference is. The differences between
the “ positive ” and “ negative ” Eastman X-ray films are: The “ posi-
tive ” is less sensitive than the “ negative ” film; it therefore requires a
longer exposure than the “ negative ” film and need not be handled with
the same care in the dark room. Radiographs made on the “ positive ”
film are more “ contrasty ” than those made on the  negative ” film.

It is a matter of interest to know how the names * positive ” and
“ negative ”’ happen to be applied to the Eastman films. The first films
supplied to the dental profession for X-ray purposes by the Eastman Co.
were cinematograph—i.e., motion picture films—cut to the proper size and
covered with black paper. There are two kinds of cinematograph films,
the negative and the positive. The negative is the one used in the motion
picture cameras to obtain the original negatives of the scenes and action

Fig. 84. A, rubber dam stretched out and fastened to a board with pins. B, the rubber covered
with cement and the film packet on it. C, pins removed from one end and the rubber lapped
over packet. D, all pins removed. E, excess rubber trimmed off.

pictured. The positive film is the one used to make the “ reels ” used in
the projection lanterns at the motion picture theaters. The “ reels ” made
on the positive film, for the projection lanterns are made from the original
negative made on the negative film. It is not unlikely that the words
positive and negative will soon be displaced by the words slow and fast:
The positive films will L2 known as the slow films, the negative as the
fast films. ’

Besides the films preparcd especially for dental X-ray purposes, the
Eastman Co. also makes films of all standard sizes—i.e., 4 by 5 inches,
5 by 7 inches, 614 by 814 inches—put up in light-proof packages of 1 or 2
doz. films.

If he desires to do so the operator may, in his dark room, cut these
larger films to any desired size or shape and cover them witli black paper
himself. For protection again<t moisture he may cever the black paper
with rubber dam—Fig. 84. Or he may take a piece of mending tissue,
such as is used by tailors to mend clothing, of such size that when folded
over the film packet (Fig. 84C and D) it will extend beyond the packet
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on the three open sides, about one-half inch. Warm the edges of the
tissue slightly by passing it over the flame of an alcohol lamp, or Bunsen
burner, and pinch them together. Then warm them (the edges) to stick-
iness again and turn them back and stick them to the tissue covering the
back—i.e., the non-sensitive side—of the film packet.

There is no particular advantage derived from preparing one’s own
film packet, and the practice is rapidly being discontinued. When the
X-ray machine used is small and the time of exposure is long, it may be
found expedient sometimes to give more protection against moisture than
is afforded by the oil paper of the prepared film packet.

For the time being, owing to the war in Europe, the Eastman is the
only available X-ray film so far as I am able to learn. The Ilford and the
Schleussner are X-ray films manufactured abroad.

Fig. 85. Position of film in mouth for making radiographs of the upper cuspid, bicuspid and first
molar region. :

The smooth side of the Eastman film packet, the opposite side to the
one on which the ends of the covering paper lap, represents the sensitive
side of the enclosed films. When placing thc film packet in the mouth
have the sensitive side of the films—i.e., the smooth side of the packet—
present toward the teeth. Except when intensifying screens are used (see
index: intensifying screen) the sensitive side of films and plates always
present toward the object to be radiographed and the X-ray tube.

Poses Tot & With the film placed in the mouth as per Fig. 85

oses Tor UPPEFr  11e pose should be as in Fig. 86. Figure 87 is a dia-
Posterior Teeth. _ . A

grammatic illustration of the pose shown in Fig. 86.

With the film placed in the mouth as per Fig. 85, Fig. 88 represents

an incorrect pose. The angle at which the X-rays are directed at the
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Fig. 86. The correct posc for making radiographs 01 th: UPpPer VICUSHIU 4NU wuial 1CEIVE me
a radiograph made from the pose.

l“": /

Fig. 87. Diagrammatic illustration of pose seen in Fig. 86, showing the X-rays striking the tooth
and film at such an angle as to avoid cither lengthening or shortening of the shadow cast
on the film., (Schematic drawirg after Dr. Price.)
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Fig. 88. Incorrect pose for radiographing the upper bicuspids and molars, and a radiograph
made from the pose. :

Fig. 89. Diagrammatic illustration of the pose seen in Fig. 88, showing the X-rays striking the
tooth and film at such an angle as to vause elongation of the shadow cast on the film.
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Fig. 90. Incorrect pose for radiographing upper bicuspids and molars, and a radiograph made
from the pose.

Fig. 91. Diagrammatic illustration of the pose seen in Fig. 90, showing the X-rays striking the
tooth and film at such an angle as to cause shortening of the shadow cast on the film.
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teeth and film is not right. This position of the tube would be correct, if
the film were parallel with the teeth; but it is impossible to place the film
in this relation to the upper teeth. Fig. 89 is a diagrammatic illustration
of the pose shown in Fig. 88.

With the film placed in the mouth as per Fig. 85, Fig. go illustrates
another incorrect pose. The X-rays do not strike the teeth and film at
the correct angle and the teeth in the resulting radiograph are too short.
Fig. 91 is a diagrammatic illustration of the pose shown in Fig. go.

A study of Figs. 87, 89 and g1 will show that in order to make a
radiograph which will not picture the teeth too long nor too short the

Fig. 92.

X-rays should strike the film almost, but not quite, at right angles to its
surface. This same idea has been expressed thus: “ The X-rays should
be directed at right angles to a neutral line drawn between the film and
the tooth.” Another writer expresses the same idea so: “ Bisect the
angle made by the plane of the teeth, and the plane of the film, and direct
the rays so they will fall perpendicularly to this bisecting plane.”

The angle of the film in Figs. 87, 8 and 91 is what it would be in the
average mouth. Suppose, however, the vault is very flat. In such an
event the angle of the X-rays as illustrated in Fig. 87 to be correct, would
cause a marked lengthening of the shadow, as illustrated by the dotted
iines and drawing in Fig. 92. The angle of the X-rays should be as in
Fig. 91 to avoid, as nearly as possible, any distortion. (Notice in Fig. g2
that the bending of the film would cause a lengthening of the shadow.)
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Just in proportion as the vault becomes more flat the film departs
from the vertical and the tube must be at a different and higher angle.
And so, inversely, as the vault is higher the film may be placed more
nearly parallel with the teeth and the tube may be lowered.

From the foregoing it will be understood why we can never be sure
that our radiograph gives the cxact length of upper teeth.

By making slight changes in the positions of the film as illustrated

Fig. 93. Position of film in the mouth for radiographing upper anterior tecth. See pose Fig. 94.

in Fig. 85 and the tube as illustrated in Fig. 86, all of the teeth from the
third molars forward to the cuspids (and in some mouths the laterals)
can be radiographed.

Figure 93 illustrates the position of the film for

P?I:“::o:b;‘?&’" . making radiographs of the upper anterior teeth.
*  While bending of the films is to be avoided as far

as possible, because it causes distortion of the radiographic image, when
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Fig. 94. Correct pose for radiographing upper anterior teeth with film in the mouth as in Fig.
93. Radiograph made from this pose. (1t took the writer a long time to learn that, when
radiographing upper anterior teeth, it is best to try to radiograph. only two teeth at a time,
to bend a part of the film deliberately in order to avoid bensing all of it (Fig. 101) and to
have the patient hold it with the thumb, not the fingers or finger.)
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* the film is placed in this position it is sometimes unavoidable, especially
in a mouth with a V-shaped dental arch. A small ball of cotton under the
film, in the palate, will sometimes assist in preventing too much bending,
without at the same time holding the film too far away from the teeth.

With the film placed in the mouth as in Fig. 93, the pose for making
radiographs of the upper anterior teeth is illustrated in Fig. 94.

Another position for the film when making radiographs of the upper
teeth is illustrated in Fig. 95. The sensitive side of the film presents
toward the teeth. The film is held in position by having the patient close
the mouth. Fig. o6 illustrates the pose with the film in the position shown 4

Fig. 95. Position of the film in the mouth for pose and radiograph seen in Fig. 86.

in Fig. 95. A radiograph made in this way is liable to considerable dis-
tortion. The radiograph in Fig. 96 was made when radiographers pre-
pared their own film packets, cutting a film of the desired size from a
large film and wrapping it in black paper. I quote from the first edition
of this book: “ After making a radiograph as shown in Fig. g6, it may
be trimmed to a more symmetrical form. In other words, the film, as
wrapped up in a film packet may be left an indefinite, unsymmetrical
form and trimmed to a more pleasing outline after the radiograph is
made.”

With the film placed in the mouth as shown in

Pm:::“‘b;‘:“o':“ Fig. 97, the correct pose for making radiographs of
the lower molar region is illustrated in Fig. 98.

Note that the rays are directed at the teeth and film at right angles. If
the radiograph resulting from this pose does not show the apices of the
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Fig. 96. The pose with the film in the mouth as in Fig. 95 and the radiograph made from this
pose.

teeth, press the film down farther if possible. If this cannot be done the
tube must be tipped, slanting the rays upward, something like the rays are
slanted downward for the upper teeth, or the head may be tipped side-
ways from the tube which accomplishes the same thing.

With the film placed in the mouth as shown in Fig. 99 the pose for
making radiographs of the lower cuspids and bicuspids is illustrated in
Fig. 100. Note that the rays are directed disto-lingually and slightly up-
ward.
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Figure 101 shows the film packet placed in posi-
P“lf:‘:go:bém tion for radiographing the lower anterior teeth.
°  Note that about ten millimeters of the packet is bent
abruptly backward. This is done because the packet is too wide for the
dental arch and it is better to bend back a part of the film abruptly, and
so allow the film to go to place, than to bend the entire film in an effort
to get it into a space too narrow for it. A little cotton between the film
and inner surface of the dental arch sometimes helps in preventing undue
bending of the film.
Figure 102 is the correct pose for making radiographs of the lower
anterior teeth with the film in the mouth as per Fig. 101. Owing to the

Fig. 97. Position of the film in the mouth for radiographing the lower molars, See pose Fig. 98.

difficulty in placing the film parallel with the teeth, without bending the
surface of the film too much, it is usually necessary to tip the head back-
ward and direct the rays upward and lingually in order to make the apices
of the roots show in the radiograph.

With the film placed in the mouth as shown in Fig. 95, except that
the sensitive side presents toward the lower teeth, a radiograph may be
made from the pose shown in Fig. 103. Such a radiograph is liable to
great distortion.

A study of Fig. 104 will assist the operator materially in directing the
rays through the parts at the proper angle. From this illustration one
can promptly see why the shadow of the mesiobuccal root of upper molars
is usually thrown to the mesial of the lingual root, while the shadow of
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Fig. 98. Pose for radiographing the lower molars with the film in the mouth as in Fig. 97.
Radiograph made from this pose. The film holder in use is illustrated in Figs. 331, 332
and 333. .

the disto-buccal is superimposed on the lingual root. (Fig. 105.) The
shadow of the disto-buccal root can sometimes be thrown to the distal of
the lingual root by directing the X-rays through the part in a disto-lingual
direction.

When radiographing lower molars it is often necessary to direct the
rays through the part in a disto-lingual direction to obtain a clear outline
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of the roots. This sometimes superimposes the two mesial canals one over
the other. Observe the roots of the second molar on the reader’s left in
Fig. 104 and note that directing the rays straight through—i.e., at right
angles to the long axis of the tongue—would cast the mesio-buccal canal
on the film to the mesial of the mesio-lingual canal.

dle There are various methods of holding the film
;‘;‘.ﬂ‘”l:";: ::“"" in the mouth during its exposure to the X-rays. The
*  different poses, already illustrated, show the methods

L

Fig. 99. Position of film in the mouth for radlographmg lower cuspid and bicuspid region.
See pose Fig. 1

now in use by the writer. For the upper teeth, the patient holds the film,
with the thumb usually. For the lower posterior teeth the film holder
illustrated in Fig. 333 is used. For the lower anterior teeth the patient
holds the film with the finger or with the Leach film holder. The set of
Leach film holders, designed by Dr. Floyd Leach of Chicago, illustrated
in Fig. 106, have been in the hands of the writer only a few days now—
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Fig. 100. Pose for radiographing the lower cuspid and bicuspid region with the position of the
film as in Fig. 99. Radiograph made from this pose. Tipping the tube is not necessary
and not advisable if the film can be placed down far c¢nough.

an insufficient length of time to give them a fair trial. Tt mé‘y, neverthe-
less, be stated that the Leach film holders will be found very useful,
especially to the beginner.

Dr. Tousey, of New York City, and Dr. Ketcham, of Denver, have
also designed special dental film holders.

I am not inclined to consider the question of the operator or assistant
holding the film, further than to warn you against the practice. (See
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chapter VIIL.) Do not do it ; the repeated exposure is dangerous. Have
the patient hold the film.

Some difficulty due to gagging is sometimes experienced when the
film is held in position for upper second and third molars. To patients
who will not tolerate the film in this location, I sometimes say this: “1I
know you cannot keep from gagging when something tickles your palate.
But, did you know this? you can keep from gagging as long as you can
hold your breath.” Unless the X-ray machine used is a small one the

Fig. 101. Position of film for radiographing lower anterior tceth. See pose Fig. 102. The
principle, here illustrated, of dcliberately bending a part of the film in order to avoid bend-
ing all of it, is, perhaps, the most important and fundamental singlc thing to be learned
about the application of films to the mouth. This principle is aprlicable not only to the
lower anterior region, but to other parts of the mouth as well, particularly the upper ante-
rior part. To make the radiograph illustrated in Fig. 102 the film was bent abruptly back-
ward a little on both sides instead of on one side only as illustrated here.

exposure can be made while the patient “holds the breath.” (The
psycho-therapist may analyze this treatment for gagging to his heart’s
content.) -

Plates are usually used in preference to films for

€xtra-Oral . .
extra-oral radiographs because they are easier to

Radiographs. N

handle and cheaper. If the negative is to be sent
through the mail it is best to make it on a film. If films are used, two
films may be exposed simultaneously and so two negatives made from one
exposure. This is always an advantage in that if one film is not developed
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Fig. 102. Pose for radiographing the lower anterior teeth with the position of the film as in
Fig. 101. Radiograph made from this pose. (Note the rubber matting covering the patient
where one of the terminals of the tube is brought close to the body. The rubber matting
acts as an insulation preventing sparking of the current into the patient.)
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flm flat against the occlusal

Fig. 103. Pose for radiographing the lower anterior tecth with the
(Note rubber matting insula-

surfaces and incisal cdges. Radiograph made from this pose.
tion again.)
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properly or becomes spotted or mutilated in some way the mistake or
accident may be corrected when the other film is developed. Also, if the
case is a referred one, one negative may be kept on file, and the other

Fig. 104. Horizontal section of the upper and lower jaws cut a little beyond the free margin
of the alveolar process, showing the forms and positions of the roots of the various teeth,
(From Cryer’s * Internal Anatomy of the Face.”)

sent to the dentist or physician who referred the patient. The Eastman
dental films, No. 3, 4 x 6 inches, and No. 4, 8 x 10 inches are prepared
in packets containing “ a pair ”’ of films, for extra-oral work.

A number of manufacturers supply special X-ray plates. (See chap-
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ter IV, page 66.) The Brady product is particularly worthy of consid-
eration because, when it was first placed on the market it was the
“ fastest ” X-ray plate thus far made, and so it enabled men with small
X-ray machines to do extra-oral dental radiographic work, who had
hitherto found this work impossible, owing to the limited power of their
machines and the insufficient sensitivity of X-ray plates to the action of
the X-rays.

The size of the plate used for extra-oral work may be 4 x 5, 5 x 7,
614 x 814 or 8 x 10 inches. As the operator learns to pose his patient and
adjust his plate and tube with accuracy he will use a smaller plate. The
beginner had perhaps better start by using the 8 x 10-inch plate. The
size of the plate sclected will, of course, depend primarily on the size of
the field the operator wishes to place under radiographic observation.

Fig. 105. Radiograph showing three roots gf the upper first molar; the mesio-buccal root is to
the mesial, the disto-buccal root and the lingual root are supcrimposed one upon the other.

For the technic of handling the plate preparatory to making the radio-
graph see Chapter IV, pages 68, 69 and 7o.

The best possible advice I can give the man who

Pose tor the contemplates doing any amount of extra-oral dental

Posterior Teeth.
radiographic work is that he obtain a skull and refer
to it often to assist him in posing his patient and adjusting the plate and
X-ray tube. He should also make many experimental, test radiographs
of the skull.

Extra-oral radiographs are made by having the patient lay the head
against the plate—which rests on a flat surface—and directing the rays
through the parts from above. (Figs. 107 and 108.) The side next to
the plate—i.e., the side farthest from the X-ray tube—is the one being
radiographed in such a position. The big problem in posing for radio-
graphs of this kind is to so arrange the plate, the patient’s head and the
tube as to prevent superimposition of the two sides of the mouth.
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Superimposition of parts may be avoided, to variable-extents, in three
‘ways. (1) By tipping the tube in such a way as to direct the rays through
the parts diagonally. (Fig. 107.) (2) By the use of an incline plane—
wooden pillow or wedge—23 degrees. (Fig. 108.) (3) By directing the
patient, who will first naturally assume the position shown in Fig. 107,
.5 *“turn the head until the nose touches, or almost touches, the plate.”
(By having the patient turn the head farther, until the nose is flattened
to one side against the plate, satisfactory radiographs of the lower anterior
teeth may be made.)

Fig. 106. Leach film holders. The holder in the middle is seen in use in Fig. 102.

The tube should not be tipped as in Fig. 107 when the incline plane
is used: When the incline plane is used direct the rays straight down-
ward.

Figure 109 is the radiograph made from the pose shown in Fig. 108.

As has been indicated in Figs. 107 and 108, extra-oral dental radio-
graphs may be made with the patient lying on a table or seated on a chair
or stool with the head placed on a stand or table. Figure 110 illustrates
a special tube stand attachment on which the head may be placed. Figure

19
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110 also illustrates a device for holding the head immovable. The writer
prefers the reclining position, however, when sufficient office space will
permit the use of a table.
While satisfactory radiographs of the lower
Pose for the anterior teeth (see above) may be made on plates,
Rnterior Teeth. placed extra-orally, sufficiently clear radiographs of
the upper teeth cannot be obtained by any means thus far devised, on
plates so placed.

Fig. 107.

There is such similarity in the symptoms caused
Poses for the Grasial by dental lesions and those produced by diseases of
Sinuses and Cells. s . o

the cranial sinuses and cells that the radiodontist is

not infrequently called upon to make a differential diagnosis. The cranial

sinuses and cells are (1) the maxillary sinuses, or antra, (2) the frontal

sinuses, (3) the ethmoid cells, (4) the sphenoid cells and (5) the mastoid
cells.

With the patient’s face placed against the sensitive side of the plate,

Fig. 111 illustrates a standard pose for making radiographs to give an
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Fig. 108. Pose for making the radiograph seen in Fig. 109. The raﬁent is lying on a table.
(Note the little stick which holds apart the wires attached to the regulating chamber and
thecht;wde end of the tube. This very simple *‘ wire spreader ”’ will often be found quite
useful.
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Fig. 109. Radiograph ma'e ‘rom pose illustrated in Fig. 108,
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anteroposterior view of the frontal sinuses, the ethmoid cells and the
antra. (A better pose is illustrated and diagramed in Appendix Chap.
V.) Observe Figs. 112 and 113 made from this pose. (Figure 111
shows one end of a small chain attached to the metal of the tube-manipu-
lating apparatus. The other end of the chain is attached to a gas jet or
water pipe. This is called “ grounding the current ” to keep it from jump-
ing a small air gap into the patient. The tube is, of course, insulated
from the metal of the tube-manipulating apparatus and cylinder, but, be-
cause the electric current in use is of such high poteatial or pressure,

Fig. 110, Tube stand with attachment for makmg) extra-oral radiographs. (Photograph by Dr
Eisen

some current may, nevertheless, get into the metal parts, and from there
to the patient. With a small chain, or any electric conductor, attached
to the metal of the tube-manipulating apparatus and the other end at-
tached to a gas jet or water pipe the current will not jump an air gap
into the patient but will pass into the chain and through it to the gas or
water pipe, eventually reaching the earth possibly—hence the name
grounding. If the current jumps a small air gap into a patient a spark
occurs, due to the atmospheric resistance, and the sensation experienced
by the patient is very definitely unpleasant )

Figure 114 is, in results obtained, the same as the pose illustrated in
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Fig. 111. In Fig. 114 an incline plane is used and the rays are directed
straight downward.

A studied observation of Fig. 112 will reveal to the reader a hori-
zontal shadow across the antra. If you will remove the skull cap from a
skull and look at the floor of the cranial cavity you will see that this
shadow represents the petrous portion of the temporal bone. The tube is

Fig. 111. Pose for making radiographs of the Antra of Highmore.

tipped (Fig. 111) or an incline plane is used (Fig. 114) in order to throw
this shadow as far downward toward the teeth as possible.

A straight-through lateral view of the antra may be made to locate
foreign bodies in it.  (Figs. 277 and 278.)

ntra-oral radiography of the antra is not a success. {See Fig. 275.
Text on page 235 and 236.)

Figure 276 was made from a pose similar to Fig. 108. One antrum,



122 DENTAL RADIOGRAPHY

the one closer to the plate, is outlined with the dotted lines, the other
may be seen as the light area, to the reader’s left and a little above the
outlined antrum.

Fig. 112. Radiograph made from the pose illustrated in Fig. 111. A, B, frontal sinuses.
C, D, orbits. E. F, ethmoid cells. does not show as well as E because the cells of this
side are full of pus. G, H, Antra of Highmore. I, J, nasal cavity. As an aid in reading
the radiograph observe i’lg. 113.

The sphenoid cells are situated back of, and a little below, the
ethmoid cells. Radiography of these cells is very difficult and in the hands
of most operators attended with little success. (See Appendix, Chap. V.)
on F c{; a consideration of the radiography of the mastoids see Appendix,

ap. V.
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o Exposure
When the patient and tube are properly posed, before placing the
film or plate in position, flash the current through the tube once or twice
so that the patient may become acquainted with the light and noise pro-

Fig. 118. Same as Fig. 112. A, frontal sinuses. B, orbits. C, ethmoid cells. D, antra.
£. nasal cavity.

duced. Otherwise the patient might be startled when the current is first
sent through the tube, move, and so spoil the radiograph.

All films, plates and photographic paper should be kept in a lead.
X-ray-proof box, except just at the time of exposure. Fig. 115.

When making radiographs of the lower teeth with the ﬁlm in the
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mouth the patient should be warned not to swallow during the exposure.
Movement of the tongue in swallowing would move the film.

As stated in Chapter IV (see on page 71) a num-

Time of Exposure, ber of things influence the time of exposure neces-

sary. For example, if the exposure necessary when

using the slow Eastman film is 4 seconds, all other factors may remain

the same, and the exposure necessary for a fast Eastman film will be

only about 1 second.

Fig. 114. Pose for frontal sinuses, antra ana etamoia ceils using incline plane.

Distance Between The distance between the target of the tube and
m‘“ﬁ:‘t‘ Filmor  the emulsion of the plate, or film, exerts a great in-
e fluence on the time of exposure necessary. This
distance varies from about 10 to 20 inches. The time of exposure neces-
sary varies directly with the square of the distance. The square of 10 is
100, the square of 20 is 400. Thus the exposure at 20 inches should be
four times as long as at 10 inches. It has been suggested that the distance
between the target and the film be standardized at about 20 inches. This
is all right for men with large machines but the men who use the smaller
machines will find it expedient to have the distance less.

Age increases the density of osseous tissue and so the time of ex-
posure necessary to make dental radiographs varies slightly directly
according to the age of the patient.

The time of exposure for the molars, intra-orally is a little longe:
than for the other teeth because the rays must penetrate the malar bone
for the upper molars, and the oblique ridges for the lower molars.

¢ With the Since the type and size of X-ray machine used

ﬂcrg.‘ Types of governs the mxlhamperage sent through the X-ray
X-Ray Machines. tube, obviously this governs to a great extent the
time of exposure necessary. Taking into account the machines of all
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sizes which are in general use the time of exposure necessary with IN-
DUCTION COILS, for intra-oral dental radiographs, varies from a frac-
tion of a second to about 15 or 20 seconds, for extra-oral dental radio-
graphs, from about 1 or 2 seconds to about 45 seconds; with HIGH-
FREQUENCY COILS, for intra-oral dental radiographs, from about
3 to 30 seconds, for extra-oral dental radiographs, from about 12 seconds
to about 1 minute ; with TRANSFORMERS, for intra-oral dental radio-
graphs, from a fraction of a second to about 5 seconds, for extra-oral
dental radiographs, from a fraction of a second to about 10 seconds.
INDUCTION COILS, of various sizes operating at their full
capacity, are capable of forcing from 4 or 5 to about 18 + milliamperes
through a tube backing up 5 or 6 inches of parallel spark; HIGH-

Fig. 115. Lead-lined, X-ray-proof box for photographic supplies.

FREQUENCY COILS from about 3 to about 8 milliamperes; TRANS-
FORMERS from about 12 to about 60 4 milliamperes. (The plus mark
placed after milliamperage 18 for induction coils and 60 for transformers
is put there in recognition of exceptional X-ray machines of these types
which are capable of delivering a higher milliamperage. As I say, how-
ever, these largest machines are exceptional, 7.c., not the type of machine
commonly met with.) Ordinary X-ray tubes, gas tubes, as they are called
since the advent of the new Coolidge tube, could not take a current of
60 milliamperes for much longer than about 1 second continuously with-
out injury to the tube from overheating.

When the time of exposure is over 5 seconds it is best to make the
exposure intermittently : turn the current on for 5 seconds then off for 5
seconds, then on for § seconds and so on until the desired time of exposure
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is given. This avoids overheating the tube, and so lowering of the vacuum
by heating the regulating chamber.

When the time of exposure is I or 2 seconds, or less, an automatic
time-switch may be used to advantage. Fig. 116.

X-ray tubes should not be used until they become so hot the hand can
not be placed on them. Heating takes place particularly in the region of
the cathode. If used until hot a tube should be allowed to cool before it
is used again. If much radiographic work is being done it is economy to

Fig. 116. Automatic time switch or * timer,” by means of which seconds may be split.

have at least three tubes. (The new Coolidge is an exception to this rule
as it is to almost all rules regarding X-ray tubes.)

With the milliamperage, the condition of the tube, and the emulsion
on the plate remaining the same, it requires an exposure about four times
as long for an extra-oral dental radiograph as for an intra-oral one. This
increase in the length of time necessary for the extra-oral dental radio-
graph is due to increased distance between the target and film, increased
thickness of tissue to be penetrated by the rays and increased distance
between the object being radiographed and the plate.
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The exposure necessary for frontal sinus and antrum radiographs
with the pose as in Figs. 111 and 114, is longer than for radiographs of
any other part of the body. To avoid straining tubes for radiographs of
this kind it is often expedient, and with small machines necessary, to use
an intensifying screen.

An intensifying screen is a piece of paper or
Tntensitying Screens  card board covered with some such material as cal-
cium tungstate or platino-barium cyanide. By its

use exposure may be shortened from 14 to 4/5.

The coated side of an intensifying screen is placed against the coated
side of the film, or plate, and both screen and film are placed in the light-
proof packet as usual. Thus we get a double action on the film when
it is exposed, the action of the X-rays themselves and the action due to
the fluorescence of the intensifying screen.

When using an intensifying screen the uncoated side of the film
should present toward the object being radiographed. This is contrary
to the rule that to obtain the best results the coated side of the plate or
film should present toward the object to be radiographed.

The advantages of the intensifying screen are: (1) Just in propor-
tion as it reduces the time of exposure it protects both patient and op-
erator against any ill-effects of the X-rays. (2) By shortening the time
of exposure the life of the tube is lengthened. (3) By using an intensi-
fying screen one is able to do tolerably rapid work even with a small coil.

The disadvantages of the intensifying screen are: (1) It causes a
granular appearance of the negative, blotting out detail. (2) It is liable
to spot the negative, due to unequal fluorescence of its surface. (3) It
fluoresces for a minute or so after exposure, and if the plate and screen
do not maintain their exact relation to one another blurring of the nega-
tive results. (4) For intra-oral dental work unless one owns several
screens, so that a number of film packets may be made at a time, their
use necessitates the making of a film packet before each exposure, which
is discommoding.

Such grosser lesions as an impacted tooth, for example, can be
radiographed satisfactorily with the intensifying screen, but when we
wish to obtain detail, such as is necessary to observe pulp stones or a
necrotic condition, for example, the use of the intensifying screen is
contraindicated. An intensifying screen disintegrates with use.

Because, as I have said, the intensifying screen fluoresces for some
time after the exposure has been made it has been the practice of radiog-
raphers to lay the plate and screen aside for some time before disturbing
their relation to one another. Dr. Sidney Lange, however, believing that
the continued fluorescence will cause blurring of the negative even
though the relation of the screen to the plate be not disturbed, removes the
plate from the screen immediately after exposure. His results from this
practice are excellent.

Figure 117 is a dental radiograph made with an intensifying screen.

Intensifying screens should be cleaned often by brushing the sensitive
side with a very soft brush.
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Unless the reader desires to master the method

Pertinent Advice, of determining the time of exposure by the milli-
ampere-second method (see Appendix to Chap. V,

Page 355) the most practical advice I can give is: Learn from the
manufacturer of the coil where to set the rheostat and the time
he considers right for dental radiographs. Make an exposure, giv-
ing the time of exposure advised. Develop the film in Eastman
M. Q. tube developer, 6 fluid ounces of water to the tube of devel-
oper, for 5 minutes; or use the Brady “ four-minute” developer for 4
minutes, or the Brady “6-minute” developer for 6 minutes. Remove
from the developer, dip in water and fix in the fixing solution. Now then
if the film is too pale, as it probably will be—for most manufacturers
seem to think their coils will make dental radiographs in shorter ex-
posures than is really necessary or best—increase the time of exposure, or
advance the rheostat, or shorten the distance between the target and film

Fig. 117. Dental radiograph made with an intensifying screen.

and try again. If the negative is too dark, and it has been left in the
Eastman developer only 5 minutes or the Brady developer only 4 or 6
minutes, the exposure has been overtimed.

Making the Negative,

The subject of making negatives has already been covered fairly
well in Chapter IV.

What developer shall we use? I obtained the

@hoice of Developer, formulas for the developers used by twelve different

radiographers, and they were all different! From

this we may conclude that any clean, properly mixed developer will do

the work.

However, I would advise the beginner to use one of the developers

just referred to in the foregoing, i. e., a developer which will have the

desired action in a known length of time. When making the developing
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Fig. 118. Dark box for use where a dark room is not available.

solution, dissolve the light powder first, then the heavier, white powder.
As the operator becomes acquainted with the technic of development he
can correct slight mistakes in exposure by leaving the plate, or film, in the
developer, say, for example, only 4 minutes in the 5-minute developer
for overtimed films, or 7 minutes for undertimed films. It is unnecessary
to leave any plate or film in the §5-minute developer longer than 10
minutes. If the image does not appear as it should in 10 minutes it
never will ; a longer exposure must be made.

If at all possible it is desirable to have a dark room, but if such a
. room is not available, a dark box may be used. Fig. 118,

Figure 119 illustrates a satisfactory method of hanging film negatives
up to dry.
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To expedite handling it, when the film negative is dry it may be
mounted between 2 pieces of clear glass using passe-partout strips to bind
the pieces of glass together or it may be placed in a special radiomount.
Figure 120. .

if several radiographs are made of the same patient it is best to
mount them all between two pieces of glass of suitable size, (Fig. 121)
or in a mount of celluloid and card board. (Fig. 121A.)

Film 119, Films hung up to dry.

Summary of Steps in (1) Pose the patient. (2) Test the current
Technic for Makiug through the X-ray tube. (3) Place the film or plate

Radiographs. in position. (4) Make the exposure. (5) Make the
negative. (6) Prepare the negative for observation and study.

* * * <« * * *

In appearance and size the Van Woert develop-
ing tank for dental X-ray films is not unlike the
metal box in which we buy Colgate’s *“ shaving
stick.” In principle it is a light-proof metal box into which a #iquid may
be poured without opening the box and admitting light.

Uan Woert Daylight
Deveioping Tank.

Both hands are placed in a light-proof “ muff ”

Technic. in which “ muff ” the film packet is unwrapped, the

little tank opened, the films placed in it, and the

tank closed. The tank can now be removed from the “ muff ” and the
films inside are protected from light. Pour developing solution in the
tank, leave for about § minutes, pour out the developing solution. Adjust
a screw and water can be washed through the tank. Next pour in the
fixing solution and leave 5 or 10 minutes. Pour out the fixer and wash
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with water again, when the tank may be opened and the developed film,
the negative, observed.

The Van Woert tank is a very practical device for the general
practitioner of dentistry who does a limited amount of radiodontic work,

Fig. 120. Radiomount to hold dental X.ray negatives.

on films only; and in offices where there is not sufficient space available
for a dark room and where even a daylight developing box (Fig. 118)
would be in the way, the little tank will be most welcome. (See Fig. E.)
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Fig. 121. Negatives mounted between glass for study and convenience in handling.

Preparation of eg- - A hardening solution is made by dissolving 2
aﬂa‘;? gs;:sgﬁdw' oz. of potassium carbonate in 2 oz. og water. This

Dr. Uan Woert. should be filtered and kept in a tightly corked bottle.
After removal of the negative from the fixing solution it should be
washed in water 5 or 10 minutes before being placed in the hardener.

Put enough of the hardening solution in a small beaker or saucer to
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Fig. E. Van Woert technic illustrated. Cut No. 1 shows the hands placed in the muff. Cut No.
2 shows the hands inside of the muff. Cut No. 3 shows the films unwrapped and being
placed in the tank. Cut No. 4 shows the tank closed after the films have becn placed in it;
the tank, with the films in it, may now be removed from the muff.
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cover the negative. Leave the negative in the hardener three minutes,
when it may be removed and the surplus moisture absorbed by blotting it
between pieces of blotting paper. Wipe the emulsion side with a lintless
napkin such as the Johnson and Johnson mouth napkin. This process of
hardening and immediate drying may be used where the radiograph is
required immediately. For such negatives as are to be preserved, they
should be washed and dried in the usual way.

* * * * * * *

The advantages of the small dental radiographs
Rd:::;mo:’:“m made on films held in the mouth over the large plate
radiographs are: (1) There is no superimposition
of shadows, and therefore a clearer, better radiograph can be made on
the small film. (2) The patient may be seated in the dental chair while
the exposure is made when small films are used. (3) The time of
exposure is shorter for the small film. (4) Small machines with which
it is necessary to make an exposure of one minute or longer for large
plate radiographs will make a good dental radiograph on a film held in
the mouth in from about 10 to 30 seconds. (5) A compression diaphragm,
though always a valuable appliance, is not so essential when small films
are used as it is when large plates are used. (6) The negative on
celluloid cannot be broken.

%* X, * % * * *
Advantage of Plate The great advantage of the large plates over
ograp the small films is that a larger field can be pic-

Radi bs. tured.
Scratching As the small dental films lay in the bottom of

the trays, during the process of development and
Film Negatives. fixing 1t becomes necessary to pick them up re-
peatedly. As this is done, the finger nail sometimes slips off the =dge,
across the coated surface of the film, so spoiling the negative or at least
mutilating it in a very undesirable manner. With practice one may
acquire the knack of picking up film negatives when they lay flat on the
bottom of the tray without scratching them, but my assistant has
developed a very simple and satisfactory way to pick them up which
entirely eliminates the probability of scratching them.

Wash the emulsion off an old negative, or better, take a piece of
celluloid thicker than that used to make films and fasten a hook clip,
such as is illustrated in Fig. 119 to hang up negatives, to it. This little
device my assistant calls a “scooter,” which seems to me a very fitting
name, for, holding to the metal clip the piece of cclluloid may be
“scooted” under films, and so they may be lifted from the bottom of
trays with great ease. The hooked part of the clip may be placed over
the edge of the tray so the “scooter” is not misplaced but is always in
position ready for use when needed.



CHAPTER VI
Reading Radiographs,

Seeing things is truly a mental effort. Though an object or shadow
be reflected on the retina of the eye, it is not “seen” unless it has an effect
upon the brain. When we say, “train the eye” to see such and such a
thing, we mean really, train the mind—the brain.

To correctly read a radiograph, to see all there is in it to be seen,
and to understand it to mean what it stands for, requires experience and
an intimate knowledge of the anatomy and pathology of the parts under
observation. Experience is an important factor. Upon looking over old
negatives, I see many things of interest in them now which I did not
observe a year ago.

It is always advisable to study the negative in

Tiiuminating preference to the print. Some of the finest details

Boxes. are lost in the print. The negative may be held up
to a window or an artificial light, or-it may be placed
in an illuminating box (Fig. 122) for observation.

While the illuminating boxes on the market are suitable for studying
large plate or film negatives, they are needlessly large and poorly adapted
for studying the small, dental, film negatives. A small illuminating box
can easily be made. A light-proof box, with a window of frosted glass
and a light inside, may constitute the illuminating box. It is well to paint
the inside of the box white, so increasing the power and uniformity of il-
lumination. With the negative held against the frosted glass of the window
on the outside and the light lit inside, one is able to study the negative to
great advantage. Little spring steel clips, similar to the ones used to hol<
a slide or a microscope, may be used to hold the negative against the
frosted glass window.

The use of a reading glass in connection with an illuminating box
will enable one to observe the negative to the best possible advantage.

The denser the part, the deeper will be the

The Relative shadow thrown on the film, and, consequently, the

Ualues of Dense more transparent the negative in that region. Thus
RAreas in Negatives. in the negative, metal fillings, posts and metal crowns
appear as transparent areas; gutta-percha, cement,

136
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enamel and porcelain a little less transparent; then in the order of their
respective densities, dentin, bone, gum tissue, and, last, the cheek appears
—when it is shown in the negative at all—as the least transparent part,
except that part of the.negative on which the X-Rays have fallen directly
without anything intervening except the black paper of the packet. The
contrast between tooth and bone tissue is very marked. Unfilled canals
and pulp chambers appear as dark streaks and areas in the teeth. Filled
canals and pulp chambers appear light. Pulp stones appear as lighter

Fig. 122. An Illuminating Box.

spots in the dark of the pulp canal or chamber. Abscess cavities appear
as dark areas. It is easy to distinguish enamel from dentin, and the peri-
dental membrane can clearly be seen as a dark streak following the out-
line of roots. A bit of calculus in the peridental membrane will appear
as a light spot. This calculus must be on either the mesial or distal side
of a root to be seen. It could not be radiographed if it occurred on the
buccal, or labial, or lingual.
All the foregoing may be seen in good negatives,
Negatives, Prists  Dut all this cannot be seen in prints and half-tones.
and Balf-tone I recall distinctly having read an article on Dental
Reproductions. Radiography in which the writer printed a half-tone
and told his readers to “observe the enamel, the den-
tin and the peridental membrane.” The writer of this article wrote his
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paper with either a negative or a good print before him, and assumed
that all he saw there would be reproduced in the half-tone. It was not.
The half-tone was so dark that all detail of the picture was lost, and the
best that could be done was to distinguish between bone and tooth struc-
ture. Let us stop to consider the steps in the making of a half-tone pic-
ture and the chance for the loss of detail is apparent. From the negative
a new picture is made on photograph paper, the print. From this another
picture is made on a half-tone plate, and from this the half-tone picture
is printed on paper with ink.

The finest details of a negative cannot be shown in a half-tone, and,
though I have seen many prints that seemed to have fully as much detail
as the negative, there is usually at least a slight loss of minute detail even
in well made prints.

I have stated, that in order to make a half-tone picture it is neces-
sary first to make a photographic print or picture from the negative, then,
from this, to make the half-tone picture. Thanks to the efforts of Dr. Ot-
tolengui and his co-workers, I am able to print a half-tone made directly
from the negative. The difference in the appearance of a half-tone made
from a negative and one made from a photographic print is shown in
Fig. 123 (made directly from the negative) and Fig. 124 (made from
the photographic print, but reversed in the process for easier comparison).

Densities—deep shadows—we have seen appear

Relative Ualues as transparencies in the negative. The print, or posi-

of Shadows in tive, is the opposite of the negative. Hence, in

Prints. prints, and half-tones made from them, we see the

deep shadows of metal fillings, crowns and posts ap-

pearing very dark, gutta-percha, cement, enamel and porcelain a little

less dark, and so on. On the print, filled canals appear dark, unfilled

ones light, abscesses appear as light areas, and so on, always the opposite
of the negative.

In order to avoid confusion of the right and left sides when studying
a negative, bear the following in mind: When looking at the negative
from its film side it is as though you observed the part radiographed
from the position occupied by the tube during the exposure. When look-
ing at the negative with the film side presenting towards the light, away
from the eye, it is as though you observed the part from the position of
the film during exposure. This is the case, granting that the sensitive
side of the film presented toward the object radiographed at the time of
exposure, a condition that should always obtain except when an intensify-
ing screen is used.

If the technic previously given is followed, and the sensitive side of
the film or plate be placed so as to present toward the part to be radio-
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graphed, and then the negative placed in the printing frame with the
sensitive side up (this must be done, or there will be a loss of detail)
when observing prints, it is as though one looked at the part from the
position of the film or plate during exposure.

When observing half-tones made from photographic prints it is the
same as when observing the prints themselves, unless special steps have
been taken in the process of making the half-tones to reverse the sides,
as was done in Fig. 124. When observing half-tones made from nega-
tives it is the same as observing negatives from the film side.

When looking at radiographs made directly on paper, it is as though
you observed the part from the position of the tube during exposure.

How to mark negatives is a subject that has

Marking caused the use of a great deal of perfectly good paper

Negatives. and ink. After trying several methods, I no longer

attempt to mark my negatives, but place them in

envelopes and mark the envelopes as desired. The Lumiere Dry Plate
Co. print the following outline on the backs of their envelopes:

Address ...
Date ...........

CaS€ . .itiiiiiiii i
Tube used .....oovvnineiiiiiial,
EXposure ......oooveiniiiiiiennanenns

Distance of Tube from Plate.......... '
Developer ......ccoiiiiiiiiiiiiiiians
Referred by Doctor..................
Remarks ........ccoviiiiiiiinnnnnnns

I have lately heard of an “X-Ray ink” for marking negatives, but
have been unable to procure any. The desired markings are placed on
the envelopes or black paper covering the plate or film, the marking being
done on the side of the envelope or black paper presenting toward the
sensitive side of the plate or film, so that when the exposure is made the
ink markings are between the source of the rays and the sensitive side of
the plate or film. This ink must, I think, contain some salt of lead or
bismuth, for the X-Rays penetrate it very poorly, and consequently there
is a shadow cast on the negative.

My objection to marking small dental films in this manner is that
occasionally the shadow of the markings will occur in such a place in the
radiograph as to spoil the picture. The older methods of placing wires
bent to form the figures or letters for marking, or a stencil of sheet metal,
between the source of rays and the plate, is highly unsatisfactory, so far
as their application to the marking of small dental radiographs is con-
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cerned. After the negative is made, markings may be scratched in the

film. But, as I said before, no system of marking the negative itself is
as satisfactory as marking the envelope in which it is kept.

One of the most unfortunate limitations of the

Perspective. radiograph is that it lacks perspective. For example,

though we are able to observe the exact mesio-distal

Fig. 1256. (Reduced one-half.)

position of an impacted tooth, we are unable to determine its bucco- or
labio-lingual position, with any degree of accuracy.

The closer the object, which is being radiographed, is to the film
during exposure, the clearer the resulting shadow will be. Thus, for
example, if an impacted cuspid lay lingually to the other teeth, and the
film were held inside the mouth as usual, the detail in the picture of the
cuspid would be a little greater than the detail in the other teeth. If the
cuspid lay to the labial,—farther away from the film,—detail in it would
be less than in the other teeth. But, on the whole, this method of deter-
mining bucco- or labio-lingual location is unreliable.
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While I agree with Dr. C. H. Abbot, of Berlin, who has done some
writing and experimental work to prove that radiographs are not totally
lacking in perspective, yet I do declare, from the standpoint of their prac-
tical application to dentistry, that they are simply shadow pictures. And
let me here warn you that like all shadows, X-Ray pictures are often ex-
tremely misleading; one might say, for the word seems to fit so well,
treacherous. To eliminate the chance of misreading, because of distor-
tion of the radiograph, it is often expedient to make several pictures of
the same part or field, changing the pose. Even this, however, does not

Fig. 126. A dental fluoroscope.  Fig. 127. Shadows of teeth cast on the fluoroscope.

preclude the possibility of misinterpretation. To correctly read radio-
graphs, a man must be, not only a student of radiography, anatomy, his-
tology and pathology, but he must have and use that gift of the gods—
common sense. He must not jump at conclusions, and he should ever
regard the radiograph as a shadow picture, liable to all the apparent mis-
representations of shadows.

A study of Fig. 125 will convince anyone of the lack of perspec-
tive in at least some radiographs. One is unable to determine, from
observing this radiograph, whether the coin pictured is in the flesh of
the hand, on the back of the hand, or in the palm of the hand. Likewise,
from simple observation, it is impossible to tell whether the needle is in,
on, or under the hand. By deduction, we may come to this conclusion:
The coin was nearer the plate, during its exposure, than the needle, be-
cause the outline of the coin is much clearer than that of the needle, and
other things remaining equal, the closer the object being radiographed is
to the plate, the clearer its shadow will be. Still we cannot determine
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the exact location of either needle or coin. We know only that the coin
was somewhat closer to the plate, during its exposure, than the needle.
That is all.

The coin lay under the hand on the envelope holding the plate, the
needle on the back of the hand, when the exposure for Fig. 125 was made.

To overcome the fault of the lack of perspective
Stereoscopic and, to some extent, the distortion in radiographs,
Radiography. one must resort to stereoscopic radiography.
Stereoscopic radiography is the science and art
of making radiographs, which, when-observed through a stereoscope, have
perspective. The technic of making stereoscopic radiographs, together
with a discussion of their value and efficiency, will be dealt with at some
length in a subsequent chapter.

A work of this kind would be incomplete with-
Dental out some mention of the dental fluoroscope. The
Fluoroscope. simplest and most efficient dental fluoroscope has
been designed by Dr. Tousey (Fig. 126). Like
all fluoroscopes, this one depends on calcium tungstate, or platino-barium
cyanide, for its action. A disc of cardboard, coated on both sides with
either of the above named chemicals, is placed between two discs of
transparent glass, and the glasses and cardboard (or fluorescent screen,
for the cardboard becomes a fluorescent screen when it is coated with
calcium tungstate or platino-barium cyanide) held togethet by means of
a circular band of metal. A handle now, and we have a dental fluoro-
scope, the screen protected against moisture, and either side of it may
be used.

To use the fluoroscope, the operating room should be dark. It is
best that the operator remain in this darkened room for some time until
his eyes become accustomed to the darkness before making the exposure.
Hold the fluoroscope inside of the mouth, and have the tube placed so
that the X-rays will pass through the part to be observed, and strike the
fluoroscope. Fig. 127 shows the fluoroscope and a shadow of the teeth
thrown on it.

The disadvantages of the fluoroscope are:

1. The operator must expose himself to the actions of the X-rays.

2. Either the time for observation must be made very short, or both
operator and patient must be exposed to the rays unnecessarily and
dangerously long.

The picture on the fluoroscope lacks detail.

4. No record of the case, other than a mental picture, can be kept",

@
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while a negative may be referred to as often as expediency or neces-
sity demands.
5. From an educational standpoint, the fact that prints, lantern slides
and half-tones can be made from negatives is a great advantage.
To learn to eat olives, one must eat them, so I am told. To learn
to read radiographs, one must read them, and so we pass to the next
chapter, wherein we shall study, in a practical way, the reading of radio-
graphs.,

For further consideration of reading, or interpreting radiographs, see Appen-
dix, Chapter VI.



CHAPTER VII.
CThe Uses of the Radiograph in Dentistry.

The use of the radiograph in the practice of modern dentistry is
almost limitless. Some of the cases hereinafter mentioned are such as
the general practitioner of dentistry might not be called upon to diagnose
or treat oftener than once or twice in a lifetime, if at all. But by far
the greater number of them are such as are met repeatedly in the prac-
tice of dentistry.

The radiograph may be used in the following cases: (1) In cases
of delayed eruption, to determine the presence or absence of the un-
erupted teeth. (2) In cases where deciduous teeth are retained long
after the time when they should have been shed, to learn if the succe-
daneous teeth be present. (3) To learn if the roots of children’s teeth
be fully formed. (4) To determine whether a tooth be one of the pri-
mary or secondary set. (5) To determine when to extract temporary
teeth. (6) To show the orthodontist when he may move the coming
permanent teeth by moving the deciduous teeth. (7) To observe moving
teeth. (8) In cases of supernumerary teeth. (9) In cases of impacted
teeth as an aid in extraction. (10) To determine the number of canals
in some tceth. (11) As an aid in filling the canals of teeth with large
apical foramina. (12) To learn if canals are open and enlarged to the
apex before filling and to observe the canal filling after the operation.
(13) To determine whether an opening leading from a pulp chamber
be a canal or a perforation. (14) In cases of pulp stones. (15) In
cases of secondary dentine being deposited and pinching the pulp.
(16) To learn if the filling in the crown encroaches on the pulp.
(17) In cases of teeth with large metal fillings or shell crowns which
do not respond to the cold test, to learn if the canals are filled. (18)
To learn if apical sensitiveness is due to a large apical foramen or an
unremoved, undevitalized remnant of pulp. (19) In cases of chronic
pericementitis (“lame tooth”). (20) In cases of alveolar abscess to de-
termine which tooth is responsible for the abscess. (21) In cases of
alveolar abscess to determine the extent of the destruction of tissue—
bony and tooth. (22) In cases of alveolar abscess to learn how many
teeth are involved. (23) In cases of abscess of multi-rooted teeth to
learn at the apex of which root the abscess exists. (24) In cases of

146
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abscesses of crowned teeth to learn whether the canals are properly filled.
(25) As an aid in differential diagnosis between chronic alveolar abscess
and pyorrhea alveolaris. (26) To observe destruction of tissue due to
pyorrhea alveolaris. (27) In cases of pericemental abscess. (28) In
cases of persistent suppuration which does not yield to the usual treat-
ment. (In fact in all cases that do not yield promptly to the usual
course of treatment.) (29) To observe the course of a fistulous tract.
(30) To observe the field of operation before and after apicoectomy.
(31) To locate foreign bodies, such as a broach in the pulp canal or
tissues at the apex of a tooth; a piece of wooden toothpick in the peri-
dental membrane, etc. (32) To determine the presence or absence of
a bit of root imbedded in the gum tissue. (33) To diagnose fracture
of a root. (34) To observe the size and shape of the roots of teeth to
be used in crown and bridgework. (35) As an aid and safeguard when
enlarging canals for posts. (36) To examine bridges about which there
is an inflammation. (37) To observe the field before constructing a
bridge. (38) To observe planted teeth. (39) In cases of cementoma.
(40) In cases of bone “whorls.” (41) To locate stones (calculi) in the
salivary ducts or glands. (42) In cases of bone cysts. (43) In cases
of dentigerous cysts. (44) In cases of tumor, benign or malignant. (45)
To observe anomalous conditions, such as the fusion of the roots of two
tecth for example. (46) To observe the location and extent of a necrotic
or carious condition of bone. (47) To diagnose antral empyema. (48)
To observe size, shape and location of the antrum as an aid in opening
into it. (49) To locate foreign bodies, such as tooth roots or broaches,
in the antrum. (50) To observe cases of luxation. (51) In cases of
fracture of the jaw before and after reduction. (52) In cases of anky-
losis of the temporo-mandibular articulation or the joint formed by the
tooth in the jaw. (53) To observe the field of operation before and after
resection of the mandible. (54) In all cases of facial neuralgia with
an obscure etiology. (55) To observe the inferior dental canal. (56) In
cases of Ludwig’s angina. (57) In cases of insomnia, neurasthenia,
insanity* and kindred nervous disorders. (58) In cases of periodic
headaches. (59) In cases of facial gesticulatory tic (spasmodic twitch-
ing of a set of the facial muscles). (60) To allay the fears of a
hypochondriac. (61) In cases where the patient cannot open the mouth
wide enough for an ocular examination. (62) In research work to
study osteology, the development of teeth, action of bismuth paste, bone
production and destruction, changes occurring in the temporo-mandibular
articulation when jumping the bite, blood supply to parts, resorption of

*Dr. Upson—Cleveland.
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teeth and the causes for it, etc. (63) As a record of werk done. (64) In
cases of hidden dental caries.

It is with a mingled feeling of enthusiasm and misgiving that I
now attempt to illustrate the above named uses of the radiograph. It
is not reasonable to hope that half-tones will show all that can be seen
in negatives. As a result, things may be mentioned in the text that
cannot be observed in the half-tones; but, be assured, all clinical factors
mentioned in the text were observable in the original radiographs.

Thanks to the help rendered by many radiographers, whose
names appear beneath the half-tones, and the practitioners, whose names
are mentioned in the text, I will be able to illustrate almost all of the
above enumerated uses.

In describing cases which have not come under direct personal
observation there is, of course, considerable liability to mistakes. I ask
my readers to bear this in mind. ’

It shall be my policy to print as few radiographs as possible to fully
demonstrate the different uses. For example, I could print hundreds
of different radiographs illustrating the use “ in cases of delayed eruption
to determine the presence or absence of the unerupted teeth.” But only
a few will be used, because that is all that is necessary to demonstrate
the value of the radiograph in such cases, and to use more would be
superfluous in a work of this kind.

1. Tn Gases of Delayed Eruption to Determine the Presence or Absence of the
Unerupted Teeth

Upper, permanent laterals missing in the meuth

Fig. 128 of a girl, eighteen years of age. Spaces between the

centrals, and the centrals and cuspids. In this case

the deformity seemed particularly distressing because, save for the spaces
between her teeth, the young lady was positively beautiful.

A radiograph (Fig. 128) was made and shows that the laterals are
not impacted in the upper maxilla. It therefore became necessary to
move the centrals together and construct a bridge. Had the laterals
been present in the maxilla, and space made for them by moving the
centrals together, they would probably have erupted into their places.
Had they not erupted after space had been made for them the tissues
covering them could have been dissected away, holes drilled into the
teeth, little hooks cemented into these holes and the teeth elevated
orthodontically.
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When there seems to be a congenital absence of

Fig. 129. a tooth from the jaw it is expedient—which is éx-
pressing it mildly—to use the radiograph before

constructing and setting a bridge. Failure to do this might result in what

Fig. 128. Congenital absence of the upper lateral incisors. Age of patient, eighteen years.

Fig. 129. Fig. 180.

Fig. 129. Bridge from central to first bicuspid. Unerupted cuspid. The arrow points to a bit
of tooth root. (Radiograph by Ream of Chicago.)

Fig. 130. An upper cuspid in the place of the lateral. A temporary cuspid in the place which
should be occupied by permanent cuspid. The lateral missing from the jaw. -

is shown in Fig. 129—an unerupted cuspid covered with a bridge. Such
a condition as this may or may not cause local inflammation, neuralgia,
or any of a series of inflammatory and nerve disorders. In this case the
bridge covers not only an unerupted cuspid, but also a bit of tooth root.
In a case presented to me an upper permanent

Fig. 130, cuspid was seen occupying the place of the lateral

: incisor, and a temporary cuspid was in the space
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Fig. 1381. Fig. 132.
Fig. 131. Congenital absence of the upper second bicuspid.  Observe the orthodontiz appliance
in position. (Radiograph by Lewis of  hicago.)

Fig. 132. Delayed eruption of an upper second bicuspid. The orthodontia appliance in position
is being used to make space in the arch for the dclayed tooth. (Radiograph by Lewis of Chicago.)

Fig. 183. A badly impacted lower second bicuspid, with no space at all for it in the dental arch.
(Radiograph by Pancoast of Philadelphia.)
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which should have been occupied by the permanent cuspid. A radio-
graph was made (Fig. 130) to locate the missing lateral. It was not
present in the jaw. Though I am not absolutely sure of this, I never-
theless feel quite certain that the permanent lateral was mistaken for a
temporary tooth and extracted when the patient was about seven or
eight years old—a mistake which could not have happened had the dentist
used radiographs.

Fig. 131 proves the absence of a second bicus-

Figs. 131and 132.  pid and shows that bridgework must be resorted to,

to fill the space. Fig. 132 discloses the presence

of a second bicuspid and shows that it will not be necessary to make a

bridge. As they appeared before radiographs were taken the cases, from
which Figs. 131 and 132 were made, were similar.

Fig. 133, a case of Dr. Cryer’s, shows a
Fig. 133. badly impacted lower second bicuspid with no space
at all for it in the dental arch.

With the exception of the third molars no teeth

Fig. 134, are so liable to be delayed in their eruption as the

upper cuspids.  For this reason, when making a

radiograph to detcrmine the presence or absence of an unerupted upper

cuspid or an upper or lower third molar, I feel tolerably sure, before I

make the picture, that the tooth will be found somewhere in the jaw.

When the missing tooth is a central, lateral, bicuspid, or lower cuspid, I

am in doubt as to what to expect. My experience teaches me that when

these teeth are missing they are just as likely to be entirely absent from

the jaw as present in it, and simply unerupted. So far, I have never seen

either long delayed eruption or congenital absence of the first or second
molars.*

*Since the first publication of the above, Dr. Ottolengui has reported two in-
teresting cases (ITEMs oF INTEREsT, February 19, 1913), from which record I quote

in part, as follows:

“Very shortly after Dr. Raper had published the fore-

going statement, that up to that time he had not seen a case

Wiissing wherein first or second molars were congenitally absent, a

First Molar little girl patient of mine came in for her periodical exami-
nation, and I noted that since her previous visit she had

erupted three first permanent molars, but the fourth had not appeared. I imme-
diately began to wonder whether or not I was about to discover an authentic case
of congenital absence of a first molar. I say authentic, because in records of this
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kind it is not always that one may be sure that the history is authentic. But in
this particular case there can be no doubt. The child was the sister of another girl
in my care and had been under my observation since she was four years of age.
I have casts of her mouth at the age of five, which show the primary denture
complete. I may add also that there never had nor has been any caries, and con-
sequently there was no possibility that a molar had been extracted, a suspicion
always warranted when we find a first molar absent from the mouth of an adult.
An ordinary small mouth radiograph was made, and while it did not disclose the
shadow of a molar, neither did it satisfactorily show what really existed. I there-
fore determined to have a large radiograph made, so that we might have a picture
of the entire bone.

Fig. A.

Odontoma in region which suould normally be occupied by lower first molar. Patient 8 years
old. Malposed lower second molar. (Radiograph by Schamberg, of New York City.)

“The patient was sent to Dr. M. I. Schamberg, who made radiographs of both
sides of the mandible, that we might compare them. The radiographs are repro-
duced in Figs. A and B. My surprise may be imagined when I found that in the
region which should have been occupied by the second bicuspid and the first molar,
there was a well-defined composite odontoma. And perhaps even more astonishing
is the position of the molar lying distally of the tumor. Whether this tooth, which
is seen lying horizontally in the bone, is the first molar or the second molar, is a
question that has been raised by an orthodontist of national reputation, a man of
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keen judgment and well informed as to tooth forms. While I am willing to admit
that this looks more like a first than a second molar, especially when we compare
with the normal side (Fig. B), still I very much doubt that it is the first molar.
The odontoma is more apt to be a composite of the bicuspid and first molar. But
in any event, interesting as this case is, it cannot be entered in the literature as a
record of congenital absence of a first permanent molar, because that tooth is
either in the hone or else is included in the odontoma, whereas by “ congenital
absence” I understand to be meant complete non-existence.

Fig. B.

Same patient as for Fig. A, opposite side, conditions normal. (Radiograph by Schamberg, of
New York City.)

“The second case which I am permitted to report is

Misssing from the practice of Dr. Thaddeus P. Hyat, and is in the
Second Molars, hands also of Dr. George B. Palmer for orthodontic treat-
ment. The patient is a boy of fourteen, and we are assured

that no permanent teeth have been extracted, yet no less than thirteen permanent
teeth are missing. In the upper jaw the absent teeth are: both lateral incisors,
three bicuspids, both second molars and both third molars, a total of nine teeth
(note that both upper laterals are absent, while both upper cuspids are present).
In the lower jaw the following teeth are ahsent: the first bicuspid and the third
molar on the right side and the second bicuspid and the third molar on the left side.
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“TFigs. C and D are radiographs of the two sides of the head. In the upper
the first molars are easily distinguished, but there are no evidences of the second
and third molars. In the mandible the third molars are absent, but the other four
molars are present, though in one case the crown has been lost by caries. Con-
sidering the boy’s age, this scems to he an authentic record of congenital ahsence
of two second upper molars, and of all four third molars, as the extraction of any
of these teeth could not have been forgotten.

Fig. C.

Patient’s age 13. Right side. Missing teeth: Upper bicuspids, second and third molars. Lower
first bicuspid and third molar.

“Dr. Hyat has kindly asked another patient of his to

Missing First, call at my office that I might examine a very similar case.
Second and In this instance the patient is a woman about thirty-five
Third Molars. years of age. She is a highly cultured person engaged in

the editorial department of one of our leading magazines.
She is quite positive that the only tooth she ever had extracted was one lower first
molar. If this be true she has fourtecen teeth congenitally absent as follows: In
the upper jaw the missing teeth are the two lateral incisors, the first, second
and third molars on the left side, and the second and third molars on the right
side, In the lower jaw the missing tecth are the second bicuspid and all three
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Fig. 134 is representative of a class of delayed eruption that is most
common. I could print hundreds of radiographs of such cases. Fig.
123 was a beautiful example. The age of the patient in this particular
case (Fig. 134) was some months over fourteen. The radiograph was
made for an orthodontist who was just beginning treatment of the case.
There was no evidence of the presence of the cuspid and no room for
it to erupt. \When the arch was broadened and space made for it the

Fig. D.

Same patient as for Fig. C, left side. Missing teeth: Upper second bicuspid, second and third
molars, Lower second bicuspid and third molar. The roots only of the lower first molar
remain.

cuspid erupted. It required some mechanical guidance to make it come
into its exactly proper position.

molars on the right side, and both bicuspids and the third molar on the left side
Again we have the upper laterals missing, and the upper cuspids present.

“In this mouth we have the strange anomaly of three molars missing from
the upper jaw on the right side, and three molars missing from the lower jaw on
the left side. Enumerated in full the absent molars were all four of the third
molars, three of the second molars and two of the first molars.”
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The mere making of space for them in the arch will usually result
in the eruption of unerupted teeth, unless thxj are malposed. If, after
space is made, the tooth does not move, the gum and process over it
should be slit surgically. If this does not suffice to induce eruption,
the soft parts and process must be cut away, and sometimes it may be
necessary to resort to the use of orthodontia appliances to assist erup-
tion, as formerly suggested.

In handling cases of unerupted teeth it should constantly be borne

Fig. 134. Age of patient, fourteen. An unerupted malposed cuspid. No room for it in the
dental arch. Observe the tipping of the lateral, which is probably due to the pressure of the
cuspid against the apex of its root.

in mind that it is an almost invariable rule that unerupted teeth move
only in the direction in which they point; i. e., “ In a line with their long
axis.” Thus an unerupted tooth must be headed right, or pointed right,
to induce it to erupt.

When radiographing cases of delayed eruption we may expect to
find (1) the tooth present in the jaw—Fig. 134; (2) the tooth missing
from the jaw—Fig. 131; (3) an odontoma in the place of the tooth—
Fig. A; (4) an odontoma or supernumerary tooth preventing eruption
—Figs. 263 and 264.
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3. 1o Bases Where Deciduons CTeeth are Retained Long After the Tlme When
CThey Shonld Bave Been Shed, to Learn if the Succedaneons
CTeeth be Present,

Case—Girl, age seventeen, large cavity in

¥ig. 135, upper, second, deciduous molar. Whether to fill this
tooth or extract it depended on whether there was

a second bicuspid to take its place in case of extraction. It was not at
all loosened and there was no visible evidence of the presence of the suc-

Fig. 185. Fig. 136.

Fig. 186. Age of patient, seventeen. Retained upper, second, temporary molar. The radiograph
shows that the second bicuspid is present in the jaw.

Fig. 186. Age of patient, twenty-one. Retained lower, second, temporary molar with a large
cavity in the crown of the tooth and the roots almost entirely resorbed, despite the fact that
. .y

there is no g d bicusp

ceeding bicuspid. Fig. 135, however, shows the bicuspid to be present.
The half-tone may not do so, but the negative now before me has per-
spective enough for me to see that the bicuspid is being deflected toward
the lingual. The deciduous tooth was extracted and the bicuspid erupted
promptly.
Case—young man, age twenty-one, lower, sec-
¥ig. 136, ond, deciduous molar with pulp exposed. Question:
Should the tooth be treated, filled and retained in
the mouth, or extracted to make room for the second bicuspid? Fig.
136 demonstrates the futility of attempting to treat the tooth—its roots
are almost entirely resorbed despite the fact that there is no succedaneous
tooth in the jaw—and shows also that there is no bicuspid to take its
place. Extraction and bridgework are indicated.
Fig. 137 shows two retained temporary up-
¥ig. 137. per cuspids with the permanent cuspids impacted and
malposed.
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Fig. 138 shows two retained, primary, lower

Fig. 138, central incisors with no sign of the permanent cen-
trals. Age of patient, seventeen.

Case—a young man, age twenty-two; with a

Figs. 139 and 140, retained, temporary, lower, second molar. The tem-

porary tooth was too short to reach its antagonists

in occlusion. For this reason the patient, a dental student, wished to

have it crowned. Before making the crown, a radiograph was taken (Fig.

Fig. 187. Fig. 188.

Fig. 137. Two retained temporary cuspids, with the permanent cuspids impacted and malposed.
(Radiograph hy Lewis, of Chicago.)
Fig. 138. Two retained temporary, lower, cecatral incisors. No permanent centrals present.
Age of patient, seventeen. (Radiograph by Blum, of New<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>