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demonstrated that the X-rays have a definite rate of speed, possessing a 

velocity comparable to the Hertzian waves. Believing that the rate of | CHAPTER I | | | 

propagation of the latter through wire is equal to the velocity of light, A | | 

Blondlot asserts that the velocity of X-rays, Hertzian waves, and - EN THE RONTGEN RAY APPARATUS AND ITS MANIPULATION. 
ordinary light waves is equal. | Ne | ry 

the influence of the rays than when the latter are not present. He also 7 j | 
| 

| 
| 

Velocity of the Rontgen Rays. A. LAWS OF FARADAY, OR THE ELEMENTARY LAws oF INDUCTION. 
E. Marx’ has succeeded in measuring the velocity of the xX- -rays, i 

a method very similar to that of Fizeau’s toothed wheels, as used for 

determining the velocity of light; but in Marx’s method the intermit- 

I. The Induction Coil. | | 

THE induction or Ruhmkorff coil is an instrument for converting | 
low voltage into high E. M. F., thus necessarily involving the principles | 
of electro-magnetic induction. I 

AS 

mn 

tence is inherent in the source and the receiver themselves. Rontgen 

rays are generated by Hertzian waves, and, as the Rontgen rays are the 

parent rays of the cathode rays, the latter are only emitted during the 

negative phase of the Hertzian oscillation, 7. e. during the intermission. 
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In 1831 Faraday discovered that currents may be induced in a closed 
circuit by moving magnets near it, or by moving the circuit across the 
magnetic field. Further investigation showed that a current whose 
strength is changing may induce a secondary current in a closed circuit 

| 

| 

| 
| 

| The receiver is an electrode, connected with the same exciting agent and E E near it. | 
| producing secondary cathode rays, under the influence of the incident In 1832 Faraday observed that a similar induction of a secondary 

Rontgen rays, but only when found by them in the negative phase. 

Now, as the X-rays produce peculiar oscillations in the leads, Marx has 

overcome this difficulty by employing a method in which the source EN 

and receiver are both fed from the same Hertzian oscillating wires, 

minimizing infinitesimally the oscillations by shifting the bridge. | 

current occurred when interrupting an existing primary current, and the | 
current produced in the secondary circuit on interruption o in the | 
same direction as the former. When closing the primary circuit, the 
secondary current travels in the opposite direction. By rapidly 
“making” (closing) and ‘‘breaking’’ ( interrupting) the primary cir- 
cuit, there is produced an alternating current in the secondary circuit, Mt 
which is constantly changing in direction. | | 

The current strength produced by induction in the secondary circuit | 
is dependent upon the following principles : 
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| Charging Action of the Röntgen Rays. 

i That the X-rays are capable of charging bodies has been maintained E- i, 

| by Righi but denied by others. Hahn’s? views are fully in accord with A 
|| those of Righi. The discord that exists is solely due to the masking 

action of the secondary rays. All bodies acted upon by the X-rays wo 
acquire a positive charge ; hard rays are most effective in charging, as is |. = 

| also a high atomic weight. | : | | By induction, the greater the E. M. F. in the primary circuit, the 
| | AS ] A greater the increase of current strength in the secondary circuit. 

| 

| 

Y The greater the ratio in the induction coil between the primary sec- 
tion and the secondary coil, the greater will be the resulting E. M. F. of 
the induced current in the a circuit. 

a ae T T 9, 1905. The strength of the induced current will vary with the rapidity nnalen der Physik, No. 11, . with which the iron core is alternately magnetized and demagnetized. 
The working capacity of an induction coil depends upon the circum- 

stances that : 
ii The core must be of soft iron that can readily be magnetized or de- ij 

magnetized by an interrupter in the primary circuit. | 
The secondary circuit must consist of a great many turns of fine . | 

wire, so as not to increase the bulk. | 
The primary coils carry the current from battery, accumulator, or 

main, which magnetizes the core of soft iron, thus creating a oneal 
| E = FE etic field around and through the secondary windings. The inter- | 

| l 4 rupter causes the current in the primary circuit to vary rapidly, and the 
169 
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resulting variations in the intensity of the magnetic field react upon the 

secondary coil, inducing an electro-motive force in each and every turn of 

the wire. The “making?” of the magnetic field is much more slowly 

accomplished than its destruction when the current is ‘“‘broken,’’ thus, 

the induced electro-motive force in the secondary at “breaking?” is by 

far the greater. The induced secondary current when “making?” is 

greatly below that when “ breaking,” so that the former is found insuff- 

cient in exciting a vacuum tube. Advantage is gained from this phenom- 

enon because the induced current 

at ‘‘make’’ travels in the wrong. 

WW | direction and could not cause 

SS the tube to be excited, as it is 

in the case with the “ break?? 

induced current. 

The induction of currents 

in the secondary coil by means 

of the currents in the primary 

coil may be more readily under- 

stood from a consideration of 

Fig. 68. ] 

a current to flow through the 

primary coil ““P?” when the cir- 

cuit is closed by the interrupter 

«TI; but the current does not 

instantly assume its maximum 

value. It takes an appreciable . 

time to rise to the current value - 

4- E == set by the resistance of the cir- 

' cuit. This gradual rise of the 

. 68.—Diagram illustrati inci in- : 
i 

FIG lagr illustrating the principles of in current is due to the presence 

duction. (After Donath. ) . 3 A 

of the self induction of the cir- 

cuit, the largest percentage of which exists in the primary coil. During 

the time that this self-induction current is rising in the primary 

circuit, a magnetic field is being established about the primary wind- 

ing. The strength of this magnetic field is at all times directly pro- 

portional to the primary current. It is, therefore, zero at the time that 

no current flows, and a maximum when the current has stopped rising. 

This magnetic field embraces the secondary coil as well as the primary. 

While the primary current is rising and the magnetic field is growing, a 

voltage is produced in the secondary coil by the expansive lines of mag- 

netic force, which voltage tends to produce a current in the secondary 

coil opposite in direction to that flowing in the primary. 

The battery “B”” will cause 4 
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This current, induced at this time, is of low voltage and is not the 

current desired in the X-ray tube. It is the ““inverse”” discharge which 

tends to blacken the tubes and lower the | | ) vacuum at t 

yunning of the tube. oe 

When the interrupter opens the primary circuit, the primary cur- 

rent suddenly stops, and at the same time the magnetic field collapses, 

ee a very high voltage in the secondary coil. This tends to He: 

duce a current in the secondary coil in the same directio1 | a cl tio: ; Me in the primary irection as the current 

B. THE CONSTRUCTION OF THE INDUCTION COIL. 

JE The Primary Co .—The first requirement in the construction of 

an X-ray induction coil consists in arranging into a cylindrical bundl 

many equal lengths of finely annealed charcoal iron wire, and in windi : 

around this core, several layers in thickness, a due insulated ( iy 

mary) wire so arranged as to have terminals at one end for future sbi 

“ae Surrounding this cylinder is another cylinder made of sane 

TA N substance, as ebonite, hard rubber, shellac, or resin, to 

T2, The secondary coil is composed of a great number of windings of 

very fine wire, to effect the principle that a high E. M. F. is in a ee t 

degree dependent upon the number of turns in the secondary coil “Th. 

secondary coil is found on the market made up in sections Th all a 

of the easy replacement of any one section; a source of e as 

| The ends of the secondary coil are connected with brass lerminala 

mounted upon the flanges, an ebonite cover or separate stands. The 

whole finished coil is suitably supported upon a stage of wood with the 

other necessary appliances. 

3. Condenser.—The purpose of the condenser is for the sudden and 

complete demagnetization of the soft iron core—the length of the spark 

depending upon the abruptness with which the je ee i 

accomplished. Another use of the condenser is to A the O 

A the extra current passing between the contact studs of the o 

| e more recent condensers are made in sections and are provided with 

an indicating dial, designating how much to increase or decrease th 

oT of the condenser, as determined by the size of the primary a 

e e made up of many sheets of tin-foil separated Rom 

eo I 8 a of paraffin paper, or paper impregnated with resin 

eoe ica. The foil is arranged thus: The first, third, and fifth 

a aa z connected as to overlap the paper sheets on one side ; the 

ae O SS applied to the union of the even numbered sheets of the 

ee S eee ayers are connected with those parts of the interrupter 

e the ‘‘make’’ and ‘‘break’’ occur. The unit of capacity is the 
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«“miero-farad.?? The capacity of condensers used in induction coils 

varies from one-half M. F. to 12 or 15 M. F., depending upon the size, 

make of the coil, and the voltage upon which its primary circuit is used. 

The commutator is an appliance mounted on the base for the support 

of the coil, and placed at the side of the interrupter. It is a double 

reversible switeh capable of changing the direction of the current in the — | 

primary and consequently in the secondary circuit. E | 

©. INTERRUPTERS. 

The interrupter (rheotome) is a device employed by electricians for 

the purpose of effecting rapidly succeeding induced currents in the 

secondary coil, by a corresponding rapidity in the opening (‘‘ break- 

ing”) and closing (‘‘making’’) of the primary coil. Interrupters are 

divided into the mechanical and the electrolytic, with the following 

subdivisions : 
| 

1. Mechanical. 
| 

Platinum. 
: | 

Vibrating hammer. 

Independent. 

Self-starting. 

Vril. 

Mercury. 

Dipper. 

Rotary. 

Disk. 

Johnston. 

Jet. 

2. Electrolytic. 

Wehnelt. 

Caldwell and Simon. 

Platinum. —The vibrating hammer which vibrates in response to the 

magnetism exerted by the primary coil is little used at present. 

The independent vibrating hammer is so constructed that a magnet 

placed in a shunt circuit can vibrate the hammer independently of the 

The diameter of the contacts should be as large as possible, and 

to carry all the current required. coil. 

the faces absolutely parallel, in order 

The number of interruptions in this hammer is dependent upon the 

number of weights attached to the vibrating hammer. The greater the 

number of weights employed, the fewer will be the resulting vibrations. 

The self-starting (Figs. 69, 7 0) mechanical interrupter requires little 

attention from the operator, as he is not called upon to effect the vibra- 

tions. This ingenious invention is the work of H. C. Snook and Edwin 

W. Kelly, of Philadelphia, who aptly say : 

«¿This interrupter is a form of platinum break which is actuated not i E w | | 7 — 2 foes : ey a 
me a F = eee ar eee | | g ma ic sectional view of the self-starting interrupter. 

| (Róntgen Manufacturing Co.) 
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magnet (9), which is in series with a small spring (11) and a set of plati- 

num contacts of its own, and is shunted directly across the supply wires. 

“The magnetic circuit is so arranged that a very powerful pull is ex- : 

erted on the armature at the instant of starting from rest. This provides 

the self-starting feature which has given to the interrupter its name. 

The break is quite efficient and gives very little trouble. 

«This has been accomplished by making the magnetic circuit with 

a minimum amount of reluctance, and providing a properly shaped arma- 

ture and pole piece. The magnetic circuit is completed from the arma- 

ture to the base of the magnet coil through the interrupter spring itself. 

By this arrangement the only air gap in the path of the magnetic lines of 

force is that between the pole piece and the armature itself, making the 

tractive force exerted on the armature a maximum for the magnetizing 

current employed.’’ 
The ‘‘vril’’ interrupter is an old type of the spring platinum vari- 

ety. Itis rapidly passing into disuse, but it possesses the great advan- 

tage of being capable of generating a high E. M. F. in the secondary 

coil. Sparking is unavoidable, and its occurrence constantly menaces the 

integrity of the platinum stud. 

To obviate this difficulty the elasticity of the spring is no longer taken 

advantage of, but in its place a light piece of flat metal, balanced on its 

edge, is substituted for the movable contact. 
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Fie. 71.—Mercury interrupter. 

Mercury.—Mercury interrupters are of two kinds—the dipper and the 
rotary. In the dipper variety an electro-motor (Fig. 71) is employed to 

effect the ““dip,”? and likewise the withdrawal of a platinum-tipped rod 

from contact with the mercury for the greater part of each cycle; it is out 

of the mercury for a relatively short period, because the current is not 
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generated at the moment of contact. In this form of interrupter the sur- 

face of the mercury is covered with a layer of alcohol, water, or petroleum, 

in order to decrease the oxidation resulting from ‘‘sparking.’’? This form. 

of “break” is cumbersome, being mounted on a separate base. Instead. 

of being worked by the core of the coil, this interrupter may be brought 

into action by employing a small motor. One precaution, however, with 

the latter method is necessary. If the breaks are not started prior to the 

turning on of the current into the coil, the coil may suffer serious dam- 

age by the heavy influx of current upon closing the circuit, should the 

dipper be immersed in the mercury. _ 

Davidson's Rotary Contact Breaker.—Dr. Mackenzie Davidson’s inter- 

rupter! (Fig. 72) consists of a vane mounted at the end of a spindle 

driven by a small motor. As the latter rotates, the vane makes and 

breaks contact with the mercury contained in a trough or box, on the 

cover of which the motor is mounted. The motor and spindle are placed 

at an angle of about 30° so that the spindle passes down through a hole 

in the lid. The mercury is thus closed in, and splashing is prevented. 

The break is found to work well with electro-motive force up to 100 volts. 

The disk interrupter, a subdivision of the rotary, is included in that 

class of “breaks?” in which the contacts are separated by the revolutions 

of a disk effected through the agency of an electro-motor. The contacts 

and disks are immersed in alcohol or petroleum, to prevent the likelihood 

of sparking. 

The Johnston Mercury Interrupter.—Dr. Geo. C. Johnston, of Pitts- 

burg, exhibited before the American Róntgen Ray Society in Baltimore, 

1905, a new form of mercury interrupter (Fig. 73) for which he claims 

special features. There is no oxidation of mercury, no sticking, uniform- 

ity of discharge, absolute control of speed and current, it will not ex- 

plode, it occupies little space, makes little noise, and will run for months 

with little attention. He describes the Johnston mercury interrupter as 

follows: ‘‘The interrupter consists of an inclined shaft at the lower end of 

which is a peculiar shaped blade, alternately dipping into a pool of mer- 

cury. This shaft is rotated by means of a motor to which a speed con- 

trol is attached. The containing case is of heavy cast iron, and the top is 

screwed down and insulated from the case with a thick rubber gasket and 

insulated bushings. One end of the box is inclined toward the mercury 

pool and arranged with grooves, so that when the mercury is thrown to 

the top of this incline by the action of the blade, in running back into the | 

pool, it travels slowly over a considerable section of the cast iron and 

leaves any impurities that it might have contained in them. ban 

«¿The box is arranged to be air-tight, and the pet cock is fastened 

in the lid, by means of which the mercury or any other liquid can be 

1 Archives of the Röntgen Ray, Jan., 1901. 

| 

FIG. 72.—Davidson's interrupter. 

Fie. 73.—Johnston’s mercury interrupter. 
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poured into the interior. It has been found that when the proper amount 
of mercury is placed in the pool and a few drops of wood alcohol added, 

after the first slight explosion takes place, the interrupter will run along 

without any sparking, and consequent oxidation of the mercury, and | 

break currents of considerable magnitude, as much as 40 or 50 amperes. — 
| The quality of the spark obtained from the secondary of an induction 

coil with this amount of current flowing through its primary, is surpris- 
ingly thick and heavy, and the discharge is of exactly the right quality 

to produce the results in radiography. When the alcohol explodes in 
the box, there is a slight pressure produced, which is retained, owing to 

the air-tight quality of the box, and the interrupter will run along indefi- 

nitely with absolutely no attention. If any irregularity of the secondary 

sparking is noticed, all that 

is necessary to do is to open 
the pet cock, pour in an ounce 
or so of mercury and a dozen 

or fifteen drops of wood alco- 

hol, close the pet cock, and 

the interrupter is ready for 

use again. This interrupter 

will run fora long time with- 

out interior cleaning, which 

can be readily accomplished 
without taking apart, by un- 

- screwing a plug in the bottom 

of the box, letting the mer- 

cury drain out, and filling the 

box with water and giving 16 

two or three vigorous shak- 

ings. After draining the 

water out, the plug is re- 

_ placed tightly, and some fresh 

mercury added, when it is ready for another three or four months’ use.’’ 
A In the jet interrupter, a jet of mercury impinges upon a rotating 

_ metallic surface. The jet carries the current, and the length of contact 
can be regulated according to the operator’s demands by elevating or low- 
_ ering the contact plate relatively to the jet. The break is instantaneous 
- and complete. | 

a The electrolytic interrupters are Subdivided as follows: Wehnelt and 
3 the Caldwell and Simon. l 

; This type of interrupter depends upon the formation of gas bubbles 
at the poles of an electrolytic cell. 
> The electrolytic “break”? of Wehnelt (Fig. 7 4), the most rapid of all 

FIG. 74.—Wehnelt interrupter. 
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interrupters, consists of a jar holding the electrolyte (dilute sulphuric 

acid s. g. 1016 to 1020), a plate of lead (the cathode), and a piece of 

platinum insulated except at its extremity (the anode).* | 

The greater the quantity of sulphuric acid employed, the greater the 

current and the better the conductor. A steady electro-motive force of at 

least 24 volts is applied to the interrupter, arranged in series with the 

primary circuit of the coil. Should the platinum not constitute the 

anode, the interruptions will not be sharp and regular. Under these con- 

ditions the platinum is very rapidly consumed. 

One of the advantages of this interrupter is that either a continuous 

or alternating current can be employed. It likewise obviates the use of 

the condenser, and in many 

instances the rheostat. An- 

other advantage is, that it 

allows tremendous amounts of 

amperage to pass to the pri- 

mary coil, averaging any- 

where from fifteen to forty 

amperes. 

The number of interrup- 

tions in this break varies from 

1000 to 40,000 per minute, 

and is dependent upon the 

size of the exposed portion of 

the platinum point. This can 

be regulated by presenting a 

larger surface either by means 

of a screwing device, or by 

several thicknesses of these 

points in the same electrolyte. 

The rate of interruption can 

be gauged by the tuning- 

fork; or as the result of ex- 

musical note. 

Fig. 75.—Simon interrupter. 

perience, the operator recognizing a peculiar humming, 

A recent device, added to this instrument, is a spiral leaden tube, 

which acts as the cathode, and as the sulphuric acid (electrolyte ) becomes 

warm the interruptions cease to be regular, and water from a faucet is 

passed through the tubing in order to cool the electrolyte. | 

In the film variety of the Wehnelt interrupter, the interruptions are 

brought about by the production of a non-conducting film of vaporor gas 

around the anode. The effects produced are, in a measure, proportionate 

1In 1899 Wehnelt, of Charlottenburg, first applied the above principles to the 

satisfactory working of the X-ray coil. 
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to the thickness of the wire, so that the employment of three or more wir 

of different gauges is often expedient. Most advantage is gained with a q 

E. M. F. of 50 to 120 volts. The voltage is regulated by riba of a ee 

stat. For short runs a voltage of 40 to 100 volts is all that is required 

but its employment must be for a brief interval only. To continue for a 

half hour or an hour would cause the generation of great heat in the acid 
2 

Fie. 76.—Fri spite 
«ane ae lena electrolytic interrupter. The electrolyte is composed of a 10 per cent. solu- 

Pe or the ee cata Hoe Page ismade of German-silver wire. The operator can control 
sim i 

Beers ine currents. y simply turning the thumb-screw. It operates by either the direct 

HN A stoppage of the mechanism. To avoid this drawback, many devices 
a D employed. Among the most important are the use of the sul- 

or magnesia and potash-alum in place of the acidulated solution 
? 

3 E me — container, larger, and through it maintaining a flow 

1 ee oe is type of interrupter is easily managed ; its most pro- 

A antage is its constant humming sound, while its very high 
: - has a tendency to disturb the vacuum of the Crookes tube. 

UD 
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There are very many varieties of the electrolytic interrupter, 

numerous modifications of the Wehnelt, bearing various names. 

Caldwell and Simon.—In 1899 Mr. E. W. Caldwell, of New York, and 

Dr. H. T. Simon, of Berlin, simultaneously and independently of each 

other, had published the description of a new type of electrolytic inter- 

rupter, the principle involved being the production of interruptions by 

the vaporization of the electrolyte at the aperture connecting the two 

chambers. The apparatus consists of a glass jar containing dilute sulphu- 

ric acid, with two plates of lead, one for the anode and the other for the 

cathode. A partition of glass or porcelain, containing a hole, separates 

these two plates and at the same time allows the communication of 

the liquids in the two portions of the cell. The frequency of the inter- 

ruptions is dependent upon the strength of the current, the size of the 

aperture, the resistance offered by the electrolyte, and to some extent 

upon the inductance of the circuit. A pointed rod, non-conducting in 

nature, regulates the number of interruptions by increasing or decreas- 

ing the calibre of the aperture. The electrolytic action results in the 

generation of bubbles of gas (steam), which break the circuit ; these 

bubbles are almost instantaneously dissipated and then renewed, their 

frequency being somewhat dependent upon the size of the aperture. 

More recently the septum between the two containers has been made of 

perforated porcelain disks, in order to prevent the damage incident to 

the inner tube, from the unequal expansion of the glass of which it was 

formerly made. ye 

Dr. Simon claims that the advantage of his interrupter (Fig. 75) 

over the Wehnelt is to be found in its being independent of the current 

direction, working equally as well with the alternating as with the contin- 

uous current; because in the Caldwell-Simon interrupter, the watery 

vapor is periodically evolved and followed each time by condensation, 

and thus the current is alternately made and broken. 

_ A useful electrolytic interrupter is shown in Fig. 76. 

D. VARIETIES OF INDUCTION COIL. 

(a) Variable Primary Induction Coils.—Walter, of Hamburg, con- 

structed induction coils with a variable number of sections for the pri- 

mary, in order to obtain the proper quality in the secondary discharge. 

This he effected by arranging the windings of the primary coil in a num- 

ber of sections, and passing the current through a greater or lesser number 

of these divisions as he required more or less current. Hach of the coil 

windings can be connected in series, in two groups, or in parallel. These 

windings end in wires to form contacts at one side of the primary coil. 

Upon these contacts are placed pins which support plugs, and so arranged 

as to effect the desired connection between the terminals of the coil 
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endings. By connecting the windings in series (for soft tubes), the self 
induction of the primary coil is much augmented. By oo in 
parallel (for hard tubes), or in two groups (for tubes of medium density) 
self induction is materially decreased. | 

The primary coil is covered with an insulator of glass, ebonite, par- 
affin, etc. This coil is frequently manufactured in a varying nines 
of sections or divisions, so that it can be replaced at pleasure within 
the secondary coil, and be renewed, at any time, thus obviating the 
unnecessary expense of providing for the cost of the entire coil. 

The secondary circuit must be perfectly insulated ; lack of this most 
important provision will result in discharges within the apparatus fusing 
the wire and destroying the coil. The insulating material used may be 
paraffin, varnish, wax, or silk. Whatever substance be used, the several 
layers of wires which are already of themselves well insulated must be 
likewise insulated from one another. 

A wise expedient in this connection has been the device of employ- 
ing several short secondary coils in place of a single secondary coil. This 
artifice insures better insulation, easy repair in the event of short- 
circuiting, and the lessened cost incident to replacement. 

The Jumbo Coil.—This coil, owing to its mechanical arrangement, does 
not throw more than a 9-inch spark (23 em.), thus making it necessary to 

$ 

6 

a 

insulate only for the voltage equivalent for that spark length. This saves 
much valuable space, and it is therefore possible to use more iron in the 
primary core, as well as heavier wire on both primary and secondary 
which are also brought into closer proximity to each other. In this ay 
the efficiency is so increased that when running on 110 volts direct current 
it will push 50 per cent. more energy through a tube backing up tres 
to four inches parallel spark-gap than any standard 20-inch (50-cm. ) 
coil. - (See Fig. 101.) | 

: By means of the variable inductance of the primary, the value of 
which is changed by moving a switch, it is easy to adjust the voltage 
delivered by the coil to suit the resistance of the tube being used, so as to 
force the greatest amount of X-ray producing energy through it. | 

The switch-board is provided with a voltmeter and ammeter, a 
Switch for making connection for use of either the mechanical or cea 
lytic interrupter, a condenser-switch used in connection with the mechan- 
ical interrupter, a reversing-switch to change the polarity of the dis- 
charge, and a regulating rheostat. 4 

The usual method of operation is to connect the tube to the coil, set 
3 E inductance switch at point number 6, maximum inductance, connect ‘ pe interrupter desired, close the reversing-switch so as to allow the 

- Current to pass into the primary, and adjust the current by means of the 
regulating rheostat. 
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If the tube does not light up properly, the current is thrown off, the 

inductance switch changed, and the tube excited again. This adjustment 

is very simple, and the proper inductance for any tube for skiagraphy or 

for X-ray therapy is readily obtained. | 

(b) Tesla Coil.—The Tesla coil became universally known when 

Roéntgen’s discovery was first verified throughout the civilized world. 

The alternating currents resulting from the action of this device are of 

exceedingly high frequency (10 to 20 millions per second) as compared 

with the Ruhmkorff coil with mechanical contact breakers ; whilst the 

induced secondary electro-motive force of the Tesla coil is hundreds of 

thousands of volts. Comparable to the rapidity of oscillations thus pro- 

duced, is the discharge of a condenser or Leyden jar. These discharge 

R 

Fic. 77.—The Tesla oscillator. -FiG. 78.—Outer view of the same. 

currents are made to pass through the primary of an induction coil, devoid 

of the usual iron core. The primary is made up of a very few turns of 

thick wire; the secondary has comparatively only a few turns of wire. 

So great is the electro-motive force that the average non-conductor | 

would fail to effect insulation ; hence the necessity of immersing the whole 

coil in an oil bath from which only the primary and secondary wires 

protrude. 

For charging the condenser, it becomes necessary to pass the alter- 

nating current through a transformer, which raises its pressure to about 

6000 volts. The existence of a bright, snappy spark, in the adjustable 

spark-gap, indicates the discharge of the condenser. 

The employment of the Leyden jar is fraught with much danger, if 

care is not taken to make the primary circuit inaccessible. On the other 

hand, sparks taken from the secondary of a Tesla coil are innocuous; but 

the intense and continuous crackling produced by the primary spark-gap 

is frequently terrifying to nervous patients and children. 

Tesla Oscillator. (Figs. 77, 78.)—This device consists of three parts : 

A vertical electro-magnet, well wound very many times with stout wire, 
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possessing much self-induction. A condenser, which is charged by the 

self-induction of the electro-magnet on breaking the circuit which dis- 

charges into the primary of the horizontal transformer. The latter is 

composed of a single turn of copper ribbon, about six inches wide, and 

its secondary consists of one layer of thick wire. 

The working of the oscillator is as follows: The current from the 

terminal, T,, magnetizes the electro-magnet, M, which, in attracting its 

armature, breaks the circuit at B, and the high electro-motive force, due 
to the magnet’s self-induction, charges the condenser C. The discharge 

peing extremely rapid and oscillatory and flowing through the primary, - 

P, has its voltage increased in the secondary, S. The rate of vibration 

should be tuned below one hundred per second. The oscillator is, for 

some unknown reason, not put upon the market. In the laboratory it is 

found to be inexpensive, compact, and very durable; the absence of any 

delicate wire and the general construction of the device afford almost 

indefinite immunity against any disturbance of its insulation; but for 

skiagraphic work, special tubes are demanded, because of the alternating 

current generated by the oscillator. 

(c) Kinraide Coil.—The Kinraide coil, the ingenious invention of 

Mr. T. B. Kinraide, of Boston, is a special modification of the Tesla coil 

and possesses many features of merit." Among other things Mr. Kin- 

raide remarks: “The coil I have succeeded in making was the result of 

the repeated breaking down of the Ruhmkorff coils, ranging from six 

to eighteen or twenty inches. I have succeeded very well in removing 
from the apparatus the danger of destruction so common to the ordinary 

Ruhmkorff coils, etc. My object was to remove the high-potential 

region of the coil as far as possible from the primary. In my coil this 

has been done, the low potential region of the single coil being the only 

part it could come in contact with * * * * the moment the current. 

is broken, the lines of force collapse and fall inward in the direction of 

the arrows. (Fig. 79.) In this way the highest potential is produced. 

3 in the outer terminal of a thin flat spiral secondary, if located in the 

a plane of the arrows, and the low potential at the centre. By that method 

3 of winding, as the turns grow longer, the resistance per turn increases 

_ and the tendency of the discharge to pass from one turn to the other ine 

creases. If a suitable primary were placed on the outside of this second- 

q ary, the reverse would be the case, and hence the tendency to break down 

E gould be entirely removed in the section of the secondary. In my coil 
pis is the arrangement adopted, and the lines of force fall away from the 

g oire towards the primary in the direction of the arrows in Fig. 80, pro- 

Eoucing a very high potential at the centre, and practically very little or 

a 1 American E A j iati ber 22A Tg lectro Therapeutic Association, held at Buffalo, New York, Septem- 
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no potential at the outer turns, so that the centre discharges in the 

proportion of about six inches towards the earth wire whilst the outer 

terminal discharges about three-fourths of an inch only. To remove all 

tendency of discharge towards the primary, two of these coils were placed 

Frc. 79.—Lines of force fall in the arrows in the older form of coil. 

side by side (see Fig. 81). The two primaries are so arranged that a 

high-potential positive and negative is obtained from the centre terminals 

of the secondaries. There is practically no tendency whatever in this 

form of coil to break down.’’ 

FG. 80.—Shows the arrangement by which the lines of force fall away from the 

centre towards the primary, as indicated by the arrows. 

In order to present in a clear and terse manner the peculiarities and 

advantages possessed by this recent invention, it is thought wise to 

append the following abridged description. 

The coil consists of two separate secondaries with their primaries 

connected in series. Each secondary has a high- and low-potential 

y 

| 

á 

i | 
| 
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terminal, due to the position and the method of winding the primary. 

The primary is located outside the secondary winding. The secondaries 

are wound in single flat disks and lie in the same plane as the primaries; 

with this method of construction the discharge from the two terminals is 

vastly different. The potential at the central terminal of the secondary 

is extremely high, while that of the outer turns near the primary is very 

low. By connecting the outer terminals of two such secondaries in series, 

the potential of the outer turns entirely disappears, hence there is no 

tendency to discharge into the primary. 

There is absolutely no heating in the primary of the Kinraide coil, 

as is the case with the Ruhmkorff, so that the insulation cannot be 

melted, nor is there heat generated where it can in any way affect this 

delicate part of the apparatus. 

A valuable feature is the water-cooled spark-gap. The heat ordina- 

rily developed in various parts of other coils is localized here, where it 

can be cared for without trouble or risk. In other coils there is a single 

Fig. 81.—Shows the arrangement of two coils side by side: A, A, secondary; B, B, primary. 

discharge from every interruption of the primary circuit. With this 

spark-gap we have a high-frequency apparatus giving many hundred dis- 

charges, or surgings, in the secondary for every break or reversal in 

the primary. This diminishes the time of exposure and increases the 

steadiness of the illumination of the screen. | 

The interrupter is solid and durable, and with the spark-gap 

embodies an entirely new principle, running at constant speed till the 

motor is stopped. The alternating coil requires no interrupter, but the 

spark-gap is essential. The use of so little wire in the coil makes the 

apparatus compact, strong, and portable. The current consumed is about 

two hundred watts. It may be attached to any incandescent lamp socket, 

either direct or alternating current. : 
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(d) Transformer with Closed Magnetic Circuit, for X-rays and High- 

Frequency Currents.—Belot, in his admirable work on Radiotherapy, thug 

describes the above apparatus by Gaiffe & Co., of Paris : 

“This new apparatus makes it possible to utilize an ordinary alter- ̀  

nating current, without an interrupter, either for the production of 

X-rays or for high-frequency currents. It consists of an ordinary trans- 

former, with a closed magnetic circuit, receiving an alternating current 

of 110 volts, which it converts into one of 60,000 volts. 

‘The current should pass in one direction only. As the alternating 

current produced by this transformer changes its polarity with each 

oscillation, one series of waves must be absorbed before reaching the 

tube. For this purpose two Villard valves are inserted in parallel with 

the tube in a manner indicated by Villard himself. 

“CA commutator converts the continuous into an alternating current. 

This installation is equally adapted for high-frequency work. It is only 

necessary to remove the Villard valves and insert the spark-gap in order 

to adjust it for this purpose.’’ 

I have seen Drs. Béclére in the St. Antoine and Chas. Infroit in the 

Salpétriére Hospitals employing this apparatus with satisfactory results. 

(e) Coil without Interrupter.—Max Levy read a paper before the 

Rontgen Congress in Berlin on a new form of apparatus in which a high- 

tension alternating current is utilized without the interposition of any 

interrupter or condenser. The current is made unidirectional by means 

of a ‘‘strom-spalter,’’ or current-sifter,—4. e., a pair of spark-gaps, by 

means of which one phase of the alternating current is conducted to the 

earth while the other is used for driving the focus-tube. The author 

expressed the opinion that within the next few years we shall see the 

total abolition of interrupters for high-tension currents. I have seen 

the Crookes tube well lighted up in his laboratory in Berlin. 
Transformers.—Koch and Sterzel, of Dresden, exhibited before the 

Berlin Rontgen Congress, a transformer, by means of which a constant 

current is transformed into an alternating current through the agency of 

a dynamo, which drives the secondary current-rectifier on the same 

spindle, thus insuring synchronism. A step-up transformer with closed 

magnetic circuit is used. 

The Grisson Resonator.'—This is a device for dispensing with the use 

of an interrupter, and thus doing away with the ““make?” current, which 

is so destructive to the focus-tubes. A condenser of large capacity is 

fitted with a commutator, and so arranged that it is charged alternately 

to a positive and negative potential. This is connected to the primary 

of an induction coil, whose self-induction is so adjusted to the capacity of 

the condenser that resonance is obtained. When this is connected to a 

1 Archives of the Rontgen Ray, April, 1906, p. 308. 
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source of constant current, unidirectional impulses pass through the pri- 
mary, and these are transformed in the secondary to the necessary tension 
required for working the focus-tube. 

Since at the end of each discharge the potential of the condenser falls 

to zero, there will be no spark when the commutator is reversed. We 

are therefore able to use a simple mechanical commutator, consisting of 
a massive copper collector, with two rotating rings connecting its plates. 

The current is conducted to these rings by means of contact brushes. 

This commutator is rapidly rotated by an electro-motor. The primary of 

the induction coil is introduced between the electric source and this com- 

mutator. When the circuit is first closed there is a sudden rush of elec- 

tricity through the coil, the current instantaneously attaining a maximum 

value. As the condenser becomes charged, the intensity of the current 

gradually decreases to zero. When this has occurred the commutator 

will break the circuit without any sparking (since there is no current). 
As the commutator makes contact again with the opposite plate of the 

condenser, there will be another sudden rise to the maximum current, 

followed by a gradual fall to zero, as this plate now becomes charged to 

the potential of the source. The contact is again broken after the cur- 

rent has fallen to zero. The primary of the induction coil is thus trav- 

ersed by a series of undirectional impulses, each of which rapidly attains 

a maximum value, and then very gradually falls to zero—the ideal form 

of current for obtaining a practically unidirectional current in the sec- 

ondary. A point of interest is that it is the ‘‘make’’ current which is 

utilized in this apparatus, whilst the ‘‘ break ’’ is suppressed ; whereas 

in the ordinary coil our efforts have been directed to suppressing the 

‘‘make,’’ and utilizing the ‘‘ break’’ current. 

II. Electrical Discharges in Partial Vacua and the Crookes 
Vacuum Tube. 

Before taking up a consideration of the Crookes vacuum tube, it is 
well to observe that in a low-vacuum tube (Fig. 82) there is a column of 
luminescence at the positive pole and extending toward the cathode 
which is separated by a dark space (an interval in the illustration) desig- 
nated the dark space of Faraday. In Fig. 83 the magnet, AB, shows 
the deflection of the rays. As the pressure decreases, the luminosity in- 
creases in volume, and as the pressure becomes still smaller, the lumin- 
osity entirely epee on the other hand, as the vacuum increases, 
there is a marked production of the ene rays as shown in Fig. 84. 
The deflection of the cathode rays is represented in Fig. 85. In Fig. 86, 
the employment of one concave cathode in the presence of a number of 

_ anodes is shown. As the vacuum is gradually increased, the base of the 
cathodic cone becomes successively narrower as tented in 2 and 3. 
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Fig. 84.—Cathode rays. The upper row are concave cathodes ; the lower rows are flat. Viewing 

from left to right, is shown the progressive increase in the production of the cathode rays as the 

pressure is gradually decreased. (Bouchard.) 

Frc. 85.—Deflection of the cathode rays. (Bouchard.) 
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The rectilinear propagation of the cathode rays is represented in 

Fig. 87, where the cathode C throws the shadow of the mica cross A 
on the wall of the tube A’. Around the shadow A’ the tube shows a 

pronounced phosphorescence. 
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Fig. 86.—Illustrating the effect of one cathode and several anodes under different degrees of 

vacuum. (Bouchard.) 
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A Crookes vacuum tube is an apparatus wherein electrical energy is 

transformed into X-rays. These tubes present various shapes and modi- - 
fications, according to the requirements demanded. The essential in 

FIG. 87.—Illustrating one of the phenomena in high vacua,—the rectilinear propagation of 

the cathode rays. (Bouchard. y 

the design of an X-ray tube includes a cathode of such shape as to focus 
the cathode rays on a plate of dense metal, such as platinum, which either 
is the anode or is placed near to it. 

Fig. 88 is the illustration of such a tube. The cathode rays repre- 
sented by the shaded area focus at a point on the anode, and at this point 
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the X-rays originate, and from it radiate in every direction in straight 

lines as light rays do from a source of light. They are represented by 

broken lines. As platinum is not transparent to them, they are found 

only on one side on the plane of the platinum and are practically of equal 

intensity throughout that zone. If the platinum plate were absolutely 

true and polished such would be strictly the case. As it is, in practice, 

the rays are of equal intensity down to about ten degrees from the plane 

of the platinum. In the majority of cases they are made of German soda- 

flint glass, which presents an apple-green color, due to the fluorescence 

produced by the X-rays under vacuum, this glass being extremely 

transparent to the X-rays. Tubes 
made of soft lead-glass give a pale 

blue fluorescence, the lead acting as 

a barrier to the passage of the rays, 

hence this kind of glass is not so 

desirable. Other varieties of glass 

fluoresce in different colors. 

containing a single platinum-faced 

target and one or more aluminium- 

faced cathodes. | 

The anodes and cathodes are 

connected to outside terminals by 

means of platinum wires which are 

encased by the extended glass stems, 

the latter being fused during the pro- 

cess of blowing. Outen tubes are pro- 

vided with an auxiliary anode, which 

is invariably made of aluminium. 

In order that the shadow-picture 

may be sharply defined, the cathode 

rays must converge or be focused to 

a point, and to meet this requirement the aluminium cathode must pre- 

sent a concave surface, varying in diameter from 4 to 1 inch (.5-2.5 cm. ). 

The anode (anti-cathode) is made of platinum, and may have a varying 

diameter, but it is usual to have its plane so adjusted as to form an 

angle of 45 degrees to the cathode. Placed in this position the anode 

behaves like a reflector, receiving and throwing off the rays emitted from 

the cathode. Platinum has a high fusing point, and it is superior in 

this respect to all ordinary metals; its use as the target for the cathode 

bombardment is because of its infusibility. Very few other metals may 

be used in its place. The most important of these substitutes is irid- 

ium, which is another member of the platinum group and has a higher 

FIG. 88.—Essential features of an X-ray tube. 

The tube consists of a glass bulb- 
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fusion point than platinum itself. Osmium, which is also an infusible 

metal of the same group, might be used. 

Alloys of these metals, having varying percentages, are also used. 

These infusible metals are to be backed up by ordinary metals such 

as copper and iron, because the latter are less expensive and readily pro- 

vide a large radiating surface and thermal capacity for the dissipation of 

the heat produced at the focus-point. 

The cathode is made of aluminium, because this metal disintegrates 

least and causes the least discoloration on the walls of the tube. The 

Crookes tube contains a very high vacuum,—one millionth degree of 

atmospheric pressure. In order to exhaust nes tubes approximately 

they are subjected to the action of mercury pumps. When a sufficient 

vacuum has been obtained, the small glass tube that projects from, and 

forms part of, the Crookes tube is removed from the pump receiver, by 
melting it off and sealing it with the aid of the Bunsen burner. 

A. THE VARIETIES OR TYPES OF VACUUM TUBES. 

(a) Stationary Vacuum. 

(b) Self-Regulating and Regenerative. 

(a) Stationary Vacuum.—A tube with a stationary vacuum is one 

whose vacuum cannot be altered during its period of usefulness. This 

marks the earliest type. The Crookes tube was originally pyriform 

or cylindrical, and contained an aluminium cathode within a glass bulb. 

The cathodal streams were projected on the extreme opposite side of the 

tube, producing a peculiar fluorescence. In order to focus and subse- 

quently reflect these rays Prof. Herbert Jackson, of King’s College, Lon- 

don, introduced the anode (anti-cathode) so as to reflect the cathode 

rays.* To this improved tube he applied the name “*focus”” tube.? 

The priority of this modification is also claimed by-Shallenberger.? As 

the degree of vacuum in this type of tube is liable to vary either from use 

or disuse, there is a constant danger of its permanent impairment. If 
the tube be too hard (high vacuum), there is danger of puncture, and 
impossibility of X-ray production. If the tube be too soft (low vacuum), 
the rays will lack the required penetrability. 

(b) Self-Regulating and Regenerative.—In this type of tube the degree 
of vacuum is changed either automatically or by the operator, thus allow- 

E ing various modifications in the penetrability of the rays. This can þe 
effected by the action of gases derived from absorbent substances ; founded 
on the principle that certain chemicals, —caustic potash, palladium, 

o ackson was the first experimenter to employ a curved cathode. 
Elect. Review, London, March 13, 1896 ; the Scientific American, April 4, 1896. 

* Elect. World, New York, March 7, 1896. 
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permanganate of potassium, etc.,—when placed in an auxiliary bulb 

(low vacuum), liberate gases upon the application of heat and reabsorb 

them upon cooling. | | 

In 1896, Mr. L. T. Sayen, of Philadelphia, devised a self-regulating 

tube which has been placed on the market by Queen & Co. Its principles 

are as follows: A small bulb, containing a chemical giving off vapor when 

heated and reabsorbing 1t when cool, is directly connected to the main 

tube, and surrounded by an auxiliary tube, which is. exhausted to a vacuum 

of low resistance. In the auxiliary tube the cathode is opposite the above 

mentioned bulb, so that any discharge through it will heat the bulb by 

the bombardment of the cathode rays. The cathode is connected to an 
adjustable spark point, the end of which may be swung to any desired 

distance from the cathode (main) tube. The coil is connected as usual 

to the main tube, which has been exhausted to a very high vacuum, and 

consequently has a resistance equal to ten inches or more of air. When 

it is put in operation the high vacuum of the main tube, and the conse- 

quent high resistance, causes the current to take the path of least resist- 

ance by the spark point and the auxiliary tube, and to heat the chemical 

in the small bulb, thereby driving off the vapor which it contains into 

the main tube. This will continue for a few seconds until a sufficient 

amount of vapor has been driven into the main tube to permit the cur- 

rent to go through it, which occurs when the vacuum has been reduced, 

until the resistance of the main tube is equal to that of the spark-gap 

plus the small resistance of the auxiliary bulb. After this only an 

occasional spark will jump across the gap to counteract the tendency 

of the chemical to reabsorb vapor and raise the resistance of the main 

tube. The tube is thus maintained at a constant vacuum while running. 

When the current is stopped, the tube returns to its starting condition of 

high vacuum. 

The construction of the tube should be understood before used, and . 

is as follows (Fig. 89): The large bulb **B”” contains the main cathode 

and platinum reflecting plate. The regulating bulb “D”” is connected 
with the main bulb ‘‘B.’’ The cathode ““C”” in the main bulb is com- 

posed of hammered aluminium, moulded to an exact curve of such ra- 

dius that it focuses the cathode stream on the anode ‘‘ A,” which is 

composed of platinum, and is the point of emission of the X-rays. 

Bulb ‘‘B”’ is exhausted to a high vacuum, so that initially no elec- 
trical discharge will pass through it. Bulb ““D”” is exhausted to a low 

Crookes vacuum. | | da 
Within bulb ‘‘D”’ is a small pear-shaped bulb **X,?” in communica- 

tion with bulb ‘‘B’’ and containing a chemical capable of giving off 

vapor when heated and reabsorbing it when cooled. A small cathode in 

bulb ‘‘D” is arranged so that the discharge will heat this bulb “X.” 
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Attached to this cathode is an adjusting spark-point ‘P,’ the end of 

which may be swung to any desired distance from the terminal of the 
cathode 66a? 

When put in operation the high-potential secondary current will not 

initially pass through the bulb **B”” on account of its high vacuum, but 

chooses a path from ““K?”” to “P,” through the bulb “D,” heating the 

chemical in the small bulb “X,” causing vapor to be given off and re- 

ducing the vacuum in the main bulb “*B”” until finally it becomes suff- 
ciently lowered so that the discharge passes through the bulb “B” 
entirely, producing X-rays from the plate “A.” 

Let the spark-point ““P”” be separated about three (3) inches from 

terminal “K.” Start coil with small current flowing through primary 
until sparks begin to jump vigorously between “P” and “K.” Then 

+ Positive 
Terminal 

-P mæ 7 
(ad 

K---" 
Negative Terminal / 

B : 7 

FIG. 89.—Queen’s self-regulating tube. 

open the primary circuit without changing its adjustment. Immediately 
close again for a second or so, the spark passing from ‘‘P’’ to “K” 
through and lighting up the small regulating bulb “D.” Continue, alter- 
nately, opening and closing the primary circuit, allowing the regulating 
bulb “X” to heat slowly until a green light begins to show in the main 
bulb ““B.” Hold primary circuit open for a second or two, close, and 

_ the bulb “B” will then automatically maintain its vacuum at the set 
point, the primary current may be increased to the full capacity of the 
tube, while only an occasional spark will pass between “P” and “K.” 
If the bones appear in fluoroscope too black, make the gap between “P” 
and “K”? greater. If not enough distinction between bones and flesh, 
make less. i 

When tube is running properly, the main bulb will be filled with a 
brilliant green light, with a sharp-cut zone through the plane of the 
platinum plate, the upper section being more brilliant than the lower. 
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Miller, of Homburg, and E. Ducretet, of Paris, have brought forward q 

a tube, resembling in many respects the Sayen tube, but differing from it E 

in that the regulating discharge passes directly into the auxiliary tube ; 

ware “E” -from “K” for hard rays (diagrams of the pelvis) is 10-11 cm., | 

for soft rays (diagrams of the hand) 5-7 cm., for treatment even less. 1] 
The working of the ‘‘ Muller regulation’’ may be observed by the sparks Ñ 

the latter containing caustic potash. (Fig. 90.) When the vacuum in the 

main tube becomes too high, and consequently the resistance too great, 

the current passes into the auxiliary chamber, whereby the potash be- 

comes heated and emits vapor ; this vapor diffuses itself through the main 

tube, thus lessening the too great resistance. Attached to the auxiliary 

circuit is a lever that regulates the interval of the spark-gap; the more 

distant the lever from the cathode of the main tube, the higher the vac- 

uum in that tube ; the nearer the cathode, the lower the vacuum. 

Should the resistance in the main tube be in excess of that of the 

spark-gap, the current takes the path of lesser resistance and passes 

Jae Ba C 

G + Si - i y E : a 

Fig. 90.—Miiller’s regulation tube. 

through the side tube. The presence of sparks in the spark-gap shows 

that the process is proceeding. Should the vacuum in the main tube be- 

come too low (soft), disconnect the wire from the anode of the main tube 

and attach it to the terminal of the electrode in the auxiliary chamber. 

The discharge that passes under this adjustment causes metallic particles 

to be driven against the sides of the tube and the generation of more gas 

to be occluded on the electrode (auxiliary). Thus the vacuum of the 

tube may be materially raised. 
In order to clarify the above statements, it may be stated that the 

auxiliary tube ‘‘B’’ contains an electrode, “0,” of a substance which will 

give off a certain quantity of gas by the electric discharge passing through - 

it, and will thus lower the vacuum. ‘This is effected by approaching the 

wire ““E?”” to the cathode “K” and thus permitting the spark to pass. 

In case an even degree of hardness is to be maintained, the distance of the 

passing between “E” and 

(K.?? As soon as this 

stops, the tube has the de- 

sired degree of vacuum and 

will maintain the same au- 

tomatically by an occasional 

spark jumping over and 

reducing the vacuum, as 

soon as the latter shows a 

tendency to rise. In case 

the automatic way of lower- 

ing the vacuum should re- 

quire too much time, it can 

be hastened by either ap- 

proaching the wire. “E” 

even closer to “*K,” or 
finally connecting the nega- 
tive pole to the loop ‘‘C.”’ 

In this latter event special 

caution is recommended, as 

tubes easily become too 

soft and a hardening is 

more difficult. 

Hardening a tube is 

effected by changing the 

positive pole from ‘‘G’’ to 

£J? and removing the 
wire “E” far off from 

“K.” When the current 

is now turned on, it will 

scatter atoms of the metal 

of the electrode ‘‘J,’’ thus 
reabsorbing part of the gas 

of the tube. This process 
requires up to 5 minutes, 
according to the vacuum, 

_ and may have to be repeated. 
3 of a tube too often. For different purposes different tubes should be em- 
| Ployed. Tubes of varying construction have recently been brought forth? 

S 

WA PIRSOIMANN * BERLIN -N - 

FIG. 91.—Monopol tube. The vacuum may be altered 

during the process by the generation of air through the 

disconnection of the movable conductor “*Z,” or by the ab- 

sorption of air through the disconnection of the movable 

conductor “H.” The flexible wire ‘‘Z’’ is raised for some 

seconds by means of an isolated rod until a spark leaps over 

to the auxiliary cathode at “B,” by means of which air is 

generated and the resistance of the tube lowered. Tubes in 

which the degree of generation has become excessive are 

modified by raising the movable conductor ‘‘ H” as shown in 

the sketch. Air is generated by the disconnection of the 

flexible conductor “Z” and the leaping over of sparks to 

“B,” and accordingly the degree of the vacuum in the tube 

is lowered. Air is absorbed by disconnecting the flexible 

conductor **H,” and the resistance of the tube is increased. 

It is not advisable to change the vacuum 

* Archives of Physiological Therapy, September and October, 1905. 
18 
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that are worthy of brief mention. The Monopol tube made by Hirsch- 

mann of Berlin is especially devised for easy regulation of the vacuum 

without interruption of the X-rays. (Fig 91.) Using a spintermeter 

with ball terminals, he finds that each centimeter of spark equivalent 

practically corresponds, with this tube, to the same number of the Benoist 

scale of penetration. It is a bianodal tube, with a separate bulk at the, 

cathode end for lowering, and another at the anode end for raising the 

vacuum, and either of these may be caused to operate by simply pulling 

its movable arm with an insulated hook. This may be done while the 

tube is in operation. | 

Heinz Bauer has made X-ray tubes in which the rapid raising of 

the vacuum, dueto the pulverization of the platinum anti-cathode is pre- 

vented by causing the current to pass mostly to the anode. To this end, 

the anode is pointed and contains quite a mass of metal; besides this, a 

regular small self-induction coil is placed between the external connec- 

tion of the anode and that of the anti-cathode. Another of Bauer” s tubes 

has a heavy corrugated copper stem for the anti-cathode, dissipating heat 

inside the tube, and also externally, through a reéntrant glass tube which 

forms a part of it. | 

Method by Osmosis. (Fig. 92.)—This method depends upon the prin- 

ciple that heated platinum possesses the property of being penetrable 

by hydrogen. A closed tube of platinum is sealed into the bulb of the 

Fre. 92.—Osmosis regulating tube of Gundelach. 

X-ray tube. When it is desired to lower the vacuum in the tube, the pro- 

jecting platinum tip is heated to redness in a Bunsen flame. The heated 

platinum permits the passage of gas through its pores into the tube, thus 

lowering the vacuum. This process may be resorted to without inter- 

fering with the working of the tube ; the degree of vacuum can thus be 

gauged by the color of the fluorescence. A low vacuum is manifested 

by a bluish tint, indicating that the heating of the platinum should 

Cease. 

penetration value, by adjusting the distance between anode and cathode. 

Its employment, however, is inapplicable, as it entails the sacrifice of - 

many tubes and requires an adept in manual dexterity. 

Mechanical Regeneration.—This method allows of a variance in the. 
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PLATE I. 

SELF-REGULATING X-RAY TUBE. OPERATING PROPERLY. 
(FIG. 93.) 
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Hlectro-static Regeneration is founded on the principle that the dis- 

charge passing through a focus tube is influenced by the charge generated 

by electro-static induction on the outer surface of the tube. To accom- 
plish this, the neck of the tube in the plane of the cathode edge is 
covered with strips of tin-foil, and by connecting it by an adjustable 
spark-gap with the ground or wees leading to the cathode. The method 
gives some promise of usefulness, but the serious drawback is, the con- 
stant danger of perforation of the tube. 

Water-cooling tubes are those in which a stream of running water 
passes around the anode, maintaining it in a cool condition, thus not 
interfering with the degree of vacuum in the tube. In other tubes there 
may be two anodes and two cathodes, which are adapted for the use of 
the alternating current. 

B. THE QUALITY OF THE X-RAYS. 

The qualities of the X-rays depend largely upon the apparatus and 
the degree of vacuum of the Crookes tube. Thus, while the quantity of © 
the electrical energy influences the intensity of the rays produced, the 
condition of the tube is the predominating factor when a constant and 
powerful supply of X-rays is required. Tubes are thus said to be 
“soft,” “hard,” or *“medium.?? 

A tube is said to be ‘‘soft’’ when the degree of vacuum is low, thus 
offering less resistance and allowing the current to pass easily, but with a 
diminution in the intensity and likewise in the penetrability of the rays. 

In a ‘‘hard’’ tube the degree of vacuum is high, resistance is there- 
fore increased, and a greater obstacle is presented to the passage of the 
discharge. The radiation gains thereby in intensity, as also does the 
penetrative power. 

The “medium” tube occupies a place intermediate between the’ 
. “hard” and the ‘‘ soft.” 

J. M. Eder and E. Valenta! observed that the effectiveness of a tube 
varied with its degree of vacuum. 

Porter” thus classifies the rays: 

X -rays penetrate the soft parts easily, but the bones with difficulty. 
X-rays, those absorbed by the soft tissues. 

X-rays, those readily penetrating both soft tissues and bone. 

Albers-Schonberg’ considers four degrees of vacuum: 

1, hard (gray). 3, soft (deep-black). 
2, medium soft (gray-black). 4, very soft. 

* Vers. u. d. Photo. mittelst der Róntgenstr., Wien und Halle, 1896, p. 5, Anm. 
* Quoted by. Valenta, Oest. Chemikerztg., I. Nr. I. 1898. 
* Fortschr. a. d. Geb. d. Róntgenstr., Bd. iii., H. 4, p. 143. 
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The intensity of the shadows of the metacarpal bones on the fluor- 

escent sereen is taken as an index. l 

Kienböck recognizes a fifth grade, the ““over-hard ”” tube.’ 

The success in skiagraphy most largely depends upon the quality of 

the rays and the behavior of the focus-tube. 

Until the present time, although the form, size, etc., of the tube | 

have steadily improved, the majority of operators will sustain me when I 

assert that in order to make a good skiagram the knowledge of the degree 

of the penetration of the rays is most essential. 

I have enumerated the various methods for ascertaining the approxi- 

mate penetrability (quality and quantity) of the rays, but those methods 

are as yet quite crude. This subject is fully treated of under Rontgen 

Ray Therapy. | 

The degree of the vacuum of the tube changes during or after 

active work, so that the operator cannot predict exactly the degree of 

penetrability of the rays; hence the time of exposure still remains 

uncertain. 

Testing the rays with the fluoroscope by the shadow of the bones 

of the hand is most dangerous, and is virtually not employed to-day 

except by some of the inexperienced and most careless. ‘The osteoscope 

of Carl Beck substitutes the skeleton hand for the human hand, but this 

is injurious to the eye, no matter how well the latter is protected with 

lead (flint) glasses. 

Fluorescence of the tube is an inexact measure, and the degree of 

redness of the anode is unreliable. Each tube behaves differently with 

different types of interrupters, currents, and coils. 

Spintermeter or Parallel Spark-gap. —'The length of the spark-gap va- 

ries with different voltages of current, the shape of the spark-gap, the 

winding of the coil; the degree of the vacuum of the tube or its resistance 

cannot be ascertained because of the distance of the anode from cathode, 

and the varying sizes of the latter may cause more or less resistance. 

I have tubes that back up 4 to 5 inches (10 to 12.5 cm.) parallel 

spark-gap, and yet produce cathode rays bluish in color and conical in 

shape, which are useless for penetration ; therefore the resistance of the 

tube does not always indicate the penetrability of the rays.’ 

C. CARE OF THE TUBE. 

Before using the tube see that it is absolutely free from dust particles 

by employing some soft fabric as a wiper, exerting as little pressure on 

main bulb as possible. The tube should always be perfectly dried by 

allowing the heat from a gas Jet to pass around it. 

1 Wiener klin. Woch., 1900, No. 50. 

2 See Part III., Chapter IV. 

PLATE II. 

SELF-REGULATING X-RAY TUBE. CURRENT RUNNING IN WRONG 
DIRECTION. 

(Fre. 94.) 
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The leads from the terminals of the secondary coil should be per- . 

fectly insulated and sufficiently separated from one another through- 

out their entire length to prevent any sparking between them. These 

wires must not come in contact with any conducting material, which 

would naturally permit of leakage of the current. The conducting wires 

should be sufficiently distant from the surface of the tube to prevent 

puncturing. Such a puncture is usually from a spark jumping through 

the glass wall from the conducting wire to the electrode within the tube 
of opposite polarity. Puncture of the tube renders it useless, in some 

cases presenting an immediate change of color. Sparking occurs between 

the anode and cathode from the inrush of air; in other cases the injured 
tubes may be worked for two or three hours after the accident. If the 

auxiliary bulb lights blue or red, the vacuum is low and a puncture or 

leak may be suspected. (Fig. 97.) 

In operating a tube see that the current is sent into it in the proper 

direction, or blackening will soon occur on the inside, manifesting itself 

by disintegrating platinum particles. Should the current conductors be 

connected to the tube in reverse order, the error will be recognized by a 

brilliant jumping fluorescence around and behind the platinum target. 

With proper connections there is a steady fluorescence of the hemisphere 

in front of the anode. As the X-ray apparatus is provided with a com- 

mutator, the current can conveniently be reversed without altering the 

connections and position of the tube. Figs. 93 and 94 illustrate the 

proper and the wrong connection of the tube. 
Blackening of the Tube.—As already mentioned, blackening of the 

tube often results from the ‘‘inverse’’ current, but this can be avoided by 

placing the spark-gaps in “series?” of intervals of two or three inches 

either in one or both ends of the terminals. | 

Lately I have seen the whole inner surface of the tube darkened by 

an impure alkaline substance thrown off from the auxiliary bulb. The 

tube was opened, and, by the aid of an acidulated solution, the substance 

causing the discoloration was dissolved, showing that the blackening was 

not due to disintegrated platinum particles, but to the impurities of the 

potash in the auxiliary bulb. Had this blackening been caused by the 

disintegration of the anode, the discoloration would have been manifested 

only at the active hemisphere. 

In place of the spark-gap in ‘‘series,’’ Villard urges the employ- 

ment of a ventril tube with a proper degree of vacuum for the current, 

instead of its passage through the air. (Fig. 95.) By employing the 

ventril tube the current becomes unidirectional, the rays have a 

greater penetrative power, blackening is minimized, and the ‘‘life’’ of the 

tube is prolonged. I find the self-regulating ventril tube to be eminently 

Satisfactory. 
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Puncture of the Anti-cathode.—This accident occurs only in tubes 

with very thin and non-supported anodes ; especially did puncture of 

the anti-cathode happen when the Wehnelt interrupter first came into 

use. This difficulty has been overcome by increasing the thickness of 

the anode, and also by reinforcing it in back by means of copper ; like- 

wise by making the converging cathode rays fall at a point a little in 

advance of the anode. 7 

Explosion of the Tube. —When a tube is accidentally broken, the 

sudden inrush of air produces a report resembling that accompanying 

the explosion of a firecracker. I believe the term ‘‘explosion’’ “is a 

misnomer; the substitution of the term “collapse?” would appear to me 

Ja 

Mee 
Fig. 95.—Villard’s ventril tube. 

to be more correct, for the general breaking up is more likely the result 

of external atmospheric pressure than due to any force created inter- 

nally. In the experience of years I have never suffered the explosion of 

a tube. 

The “life” of the tube depends largely on the amount of its use, 

and the care in manipulation bestowed upon it. The metallization of 

the tube interferes in no manner with its working. : 

In regard to the consumption of tubes by the use of small and large 

inductors the conclusions reached by Albers-Schónberg are of the greatest 

practical importance. He has kept a complete record of the use of each 

tube and the conditions under which it was used, and concludes that the 

life of a tube used with an 80 em. coil is more than three times as long 

as when used with a 40 em. coil. The small coil used in this instance * 

was the Dessauer instrument. At the same time he found that the work 

done by the tube in connection with the large coil was more satisfactory. 

In order to get the desired results with the small coil it was necessary to 

use a ventril tube in series with the Rontgen tube, while with a large 

coil none was used. 

When the vacuum becomes so high or so low (Fig. 96) that it is 

unsuited for the operator’s purpose, and his efforts to restore a proper 

vacuum are unavailing, the only remedy is a repumping of the tube by 

the manufacturer. | 
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SELF-REGULATING X-RAY TUBE. LOW VACUUM. 
(FIG. 96.) 
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III. The Fluoroscope and Accessories. 

A. CONSTRUCTION OF THE FLUOROSCOPE. 

The fluoroscope, also called cryptoscope and iristoscope, was devised 

and first described by Professor Salvini, of Rome.’ It consists of a dark- 

ened chamber, having the shape of a photographic camera. At the 

larger end is fixed the fluorescent screen; at the smaller end is an opening 

(fitting the examiner’s forehead) through which the shadows on the 

screen may be observed. With a fluoroscope a darkened room is unnec- 

essary. The majority of fluoroscopes are provided with a handle for 

¿holding the apparatus. More recent ones are so constructed as to permit 

of the easy removal of the screen. (See Fig. 104.) 

The fluorescent screen mentioned above consists of a coating of 

platino-cyanide of barium, spread evenly upon a supporting sheet. A 
layer of varnish is carefully applied, so as to prevent this fluorescing 

- material from falling off, and likewise to keep it dry. As the fluores- 

cence of the screen is not very brilliant, a dark room must be employed, 

otherwise rays of ordinary light will interfere. The screen being adjusted 

in the frame, the chemical surface further protected by isinglass, and 

the light excluded from the tube by means of black paper, beautiful 

shadows are portrayed by placing the object between the tube and the 

screen. When not in use the screen should be kept free from dust and 

moisture. 

_ There are other chemical agents besides those mentioned which pos- 

sess fluorescent properties and are adapted for screens. Thus Edison, who 

examined 1800 chemicals,’ found that tungstate of calcium fluoresced with 

six times more intensity than platino-cyanide of barium; next in bril- 

liancy was tungstate of strontium. Salicylate of ammonium (crystals) 
fluoresces aS much as double cyanide of potassium and barium; the 

former’s fluorescence, however, increases with the increase of the thick- 

ness of the crystal layer. Other substances that fluoresce under the ac- 

tion of the rays are mercurous chloride, cadmic iodide, calcium sulphide, 

potassium iodide, potassium bromide, etc. 

The only two of the many fluorescent salts employed in the manufac- 

ture of screens are platino-cyanide of barium and calcium tungstate. The 

former affords a brilliant yellowish-green fluorescence, the latter a less 

Intense bluish-white. This bluish white fluorescence offers a greater 

photo-chemical activity, and is therefore employed as an intensifying 
Screen in radiographic work. Under the name of “the collapsible 

eryptoscope,’’ H. W. Cox & Co., Ltd., of London, have placed upon the 

* Proceedings of the Accademia Medico-Chirurgica di Perugia, vol. iii., No. 1-2; 
also the Scientific American, March 28, 1896. 

* Elect. Review, New York, April 19, 1896. 
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market a fluoroscope, which apparatus is fitted with accordion folds, | 
that readily permit of easy adjustment. This eryptoscope has given J SERLE TVE 

O satisfaction, but its exorbitant price makes iis general employment E - 
WT prohibitory. 

B. SKIAGRAPHIC TABLE. 

A skiagraphic table consists of a strong rectangular frame of wood 

over which is stretched some fabric, or thin leather, which is radio- 

| i Scopically transparent. The frame, which is supported by four uprights 

| I | | (one at each corner) 18 to 20 inches high, may be covered by a piece 

HHI of thin, strong board, in order to make it more steady. In making : 
Wi LI screen examination, the patient is placed upon the couch with the tube- 
| if ig under it, the rays penetrating from below upward. In taking askiagram, 

WA the sensitive plate is placed under the patient and the tube above, the 
| HI rays passing from above downward. Do not move the screen or the pa- : 

TO tient if a skiagram is to be taken after making a screen examination; 

| i | hence an adjustable plate-holder should be fitted to the couch. The tube 

WT may be shifted and clamped in any position. 

i 1 | C. HOFFMAN’S MEASURING STAND AND EXAMINING FRAME. 

AI This consists of two uprights firmly secured to a platform, and sup- 

LAN | porting the square or rectangular shaped measuring frame which can be 

WN Shifted up and down or to the right or left, by turning a few thumb-screws. 

The adjustable frame is subdivided into smaller squares. The dividing 

"UA cross-bars are so constructed as to permit of their being shifted into any 

"UI | position and their exact location noted by reading the metric scales at 
UI the sides. Accessory frames are placed at the outside of the uprights ; 

Hil Hh) | one of these acting as a plate-receiver for a skiagram, another supports 

WTO the fluoroscopic screen for a visual examination. 
MITO Lately I devised a table that meets the requirements for skiagraphy, 

il | |I | stereo-skiagraphy, and X-ray treatment. (See Figs. 183 and 184.) It is 

| UN | made of wood, and upon the two parallel horizontal metallic tubes, two 

Í | vertical metallic rods move to and fro, the latter supporting a horizontal 

EU | sliding bar of wood, from which is suspended the tube-holder. For skia- 

I | Hh | | graphy the tube can be placed under the table, over the table, or in any 

WE position in relation to the patient's body. The table is provided with | 
MO an adjustable plate-holder. The device can be regulated so as to be 3 
NEO adapted to any sized plate ; it is attached to the vertical rods. This plate- E S | , | 
A ig holder with the plate is placed over the part, with the tube beneath the E y 7 > | 

UT table, or in the sitting posture the plate is placed against the part, and p S E E eae N oc 
UT the tube behind the patient. In stereo-skiagraphy the plates can be | (Fic. 97.) 

iii | changed without employing the usual drawer. For treatment, the tube 

is placed in a leaden lined wooden box, having an adjustable diaphragm 
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with any required sized opening, which is regulated by sliding the mov- 

able pieces of wood composing it. The bars and tubings are scaled in 

inches and centimeters to facilitate the ease of measurements required of 
the operator. 

D. TUBE-HOLDERS. 

4 These are of various kinds. For clinical purposes it is essential to 
a have a stand, in order that the tube may be adjusted to any desired height 

from the floor, at the same time allowing it to project far enough to en- 
able to operator to shift it at ease over the examining table or couch. 
3 The base must be heavily weighted, to insure steadiness, and the project- 

ing arm must be firmly clamped. The latter is made of wood or ebonite 

to prevent any spark from the terminals passing into the metal and thus 

perforating the tube. Loose clamping must be studiously guarded 
~ against; lack of this precaution will produce a blurred photograph, as 

the swinging tube is made readily tremulous by the amplification of any 

motion communicated to the stand and arm. 
The majority of tube-holders slide on a horizontal bar, the latter 

being supported by two vertical ones, or it may have independent sup- 

port from a heavy iron tripod on the floor. The disadvantage of these 
constructions is that the tube may move or shake if attached to the table, 

it is clumsy to handle, occupies too much space, and stands in the way of 

the operator. In offices a couch can be used as a table. It is soft and 
convenient, and is useful for therapy and examinations. Above the 

couch, attached to the wall, are two wooden rods grooved on their inner 
f surfaces. A square block of wood slides between the grooves of these two 

_ rods, the whole being supported on brackets. Attached to this square of 
Í wood, and at right angles to it, is screwed a movable rod, which by tight- 

ening or loosening the screw can be adjusted to any angle. This last rod 
has a small sliding transverse block of wood through which passes the 
vertical metallic rod, holding the clamp. A similar metallic rod is 
attached toa sliding rod for supporting a leaden screen, which protects 
the operator. 

Lately I devised a tube-holder in my office made up as follows: A 
shelf, made of two horizontal bars grooved in their interior, is bracketed 
upon the wall. Along these grooves slides a block of wood (the carriage ). 
To this carriage is attached a projecting bar of wood, whose angle may 
be varied at pleasure by adjusting the thumb-screw maintaining its rela- 
tion with the carriage. By means of an adjustable screw, a second block 
of wood (transverse to the long axis of the projecting bar) is made to slide 
t to and fro at the will of the operator. Through this latter bar runs the 
Metallic rod, supporting the tube-holder. By means of this holder, free- 
com of Movement is so obtained that the principles of the Sail joint 
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are faithfully portrayed. With this tube-holder the table is dispensed 

with, and a couch or sofa is substituted upon which a board is placed if 

necessary, for supporting the sensitive plate. (See Fig. 200.) SEA \ 

E. Box-COVER FOR X-RAY TUBE. 

This consists of a wooden box covered on its. inner surface by a thick 

coating of lead oxide. On one side of this box is a hole (4 to 5 cm. in 

diameter) for the transmission of the rays. This circular aperture is 

shielded by a wooden diaphragm of heavy sheet lead, having three differ- 

ent sized apertures, and by adjustment the desired opening can be brought 

in direct line with any part of the body. Luminous effects are excluded, 

. 

and the dangers of burning by the rays are reduced to a minimum. It | 

must be remembered that the diameter of the rays (cone-shaped) 

increases as the distance the tube is placed from the patient. 

In some tube boxes, instead of the lead foil, several layers of lead 

paint are used for coating the interior of the box. The size of the box 

varies in different models. In some instances they are made so large as 

to be an inconvenience, while in other cases they are too small to secure 

perfect insulation. 

F. DIAPHRAGM. 

The diaphragm was formerly used for sharpening shadows on sensi- 

tive plates. It may be made of metal or glass, with an aperture in the 

centre for the transmission of the rays. In the glass variety, the excess 

of lead acts as an obstacle to their passage, the rays being almost wholly 

transmitted through the aperttre. If the diaphragm is metal, it should 

preferably be grounded, to obviate the danger of puncturing the tube by 

sparks jumping from it. The object of the diaphragm is to prevent the | i 

passage of the rays to other parts than those examined. | | 

Compression Diaphragm.—This appliance, devised by Albers-Schon- 

berg, consists of a metallic tube, having one end applied against the part 

to be skiagraphed, and the other end so adjusted as to receive the rays 

emanating from the Crookes tube. By its use we secure immobility of 

the part, mechanically lessen the thickness of the structures under exami- 

nation, and totally exclude all the secondary rays. (Fig. 99.) In Fig. 

98 is illustrated the ordinary diaphragm, wherein is depicted the passage 

of the indirect rays, b b, affecting that portion of the plate indicated by 

the slanting parallel lines; this is entirely obviated in the compression 

diaphragm, where a a are the direct rays from the anode. (See also Figs. — 

192 and 193.) 3 

= Dr. Henry Hulst’ states that the use of this diaphragm is most valu- 

able in the skiagraphy of renal, spinal, and pelvic conditions. Thus, in 

1 Transactions of the American Röntgen Ray Society, September, 1905. 
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cases of suspected renal calculi, the employment of the compression dia- 

phragm materially lessens the number of diaphragmatic movements of 

the patient, and as the kidney moves with each movement of the patien? s 

diaphragm, the steadiness of the kidney is markedly increased, in conse- 

quence of which, a skiagram of a renal calculus will not be blurred. 

The serious disadvantage of the compression diaphragm is the fact 

that only a very small area can be skiagraphed at one time, while the 
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Fig. 99.—Tubular or compression 
diaphragm. (Donath.) 

FIG. 98.—Ordinary diaphragm. 

stone searched for may be located outside the part covered by the cylin- 

der. This method prevents a negative being taken of both sides for the 

sake of comparison ; a most necessary and invaluable guide. 
Although largely used in Europe and America, I do not advocate 

_ the employment of a compression diaphragm, as, with greater refinements 

In the technic, the time of exposure has been so materially lessened that 
there is a marked decrease of the secondary rays, and without the 

Í diaphragm a large area is exposed for examination on the plate. 

q IV. The Selection and Installation of X-ray Apparatus. 

7 A. SELECTION OR CHOICE. 

- In equipping an X-ray laboratory several factors must be considered. 

q The scope of the work, the portability of the instrument, the necessary 
q expenditure that will be incurred, the requirements of the apparatus for 

3 the office, the city or country hospital, and the fact whether the purchaser 

San X-ray specialist or a general practitioner. 3 
By the scope of work to be accomplished we mean the extent of use- 

fulness of an X-ray outfit. A small coil will suffice for the work that a 
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beginner may be required to do, but the purchase in the beginning of a 

large coil, which will prove more lasting, is wisest because Increase of. 

work will early demand this improvement in the apparatus. 

Hospital (City or Country).—In the majority of city hospitals a 110- K 

volt current is supplied for working a coil. The coil that is installed Ne 

in the laboratory of a large city hospital should have a spark length of 

from 12 to 20 inches (30 to 50 em.). It should be so constructed as to be 

capable of conveyance to the various parts of the hospital. The coil 

can be worked by attaching a connecting head to one of the electric light 

sockets from which leads extend to the coil. If the hospital is not lighted 

by electricity (110-volt current), it becomes necessary to prepare a place 

on the main shelf of the carriage, or on the second shelf, for placing a stor- 

age battery, by which means the coil then must be worked. When patients 

can be conveyed from the bed to the laboratory, much labor is saved. 

In country hospitals and sanitaria, where there is difficulty in obtain- 

ing either continuous or alternating current, static machines are recom- 

mended for exciting the Crookes tube, and also for therapeutic purposes. | 

For exciting a tube the use of a water motor or a small gasoline or gas 

engine must be resorted to. If expense be a matter of moment, I then 

recommend a coil worked by a secondary battery. The physician's or 

surgeon’s outfit should be portable. He should employ an 8- to 10-inch 

(20-25 cm.) spark, worked by a storage battery. For examinations in 

a private office the use of a static machine (run by an electric motor), in- 

stead of a coil, is recommended. The expert should have in his posses- 

sion an outfit capable of meeting all emergencies. It should consist of 

two coils and a static machine. In his private office he should have a 

stationary coil with a spark-producing power of from 18 to 22 inches 

(45 to 55 em.), and a second coil so constructed and arranged as to allow 

of its ready transportation, the latter to be capable of giving a spark 

from 8 to 10 inches (20-25 cm.) long. This pee coil should be 

worked with a storage battery. | 
Portable Outfits.—The necessity of moving an X-ray apparatus re- 

quires the outfit to be as compact and light as possible. In the latest . 

forms of apparatus the coil and accessories are carefully fitted into a case 

which makes it readily transportable. The cumbersome storage battery 

must be conveyed separately with the coil, etc. The latter should be 8 

to 10 inches (20 to 25 em.). The more recent accumulators are very light 

and compact. 

B. INSTALLATION. 

It remains to give a brief résumé of the arrangement and manage- 

ment of the different parts concerned in the production of a skiagraph. 

The first essential is to determine the nature of the current available. 
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The coil can be energized by an accumulator or by the continuous or 

alternating current from the street supply. In the latter instance the 

transformer is necessary to reduce the enormous voltage. Some place the 

coil upon the table; my own preference is to rest it upon a shelf attached 

to the wall, thus space is saved and the operator is kept away from the 
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FIG. 100.—AUTHOR’S TABLE AND TUBE-HOLDER.—The pulley moves the tube-holder to and fro. 

The ventril tube is connected in series with the Crookes tube and lessens the “reverse current,” whose 
vacuum can be lowered, at pleasure, by the operator compressing, at a distance from the tube, a bulb, 
jaien drives a blast of air into a gas flame, thus allowing the heating of the platinum in the ventril 
ube. 

L 

magnetic field. The latter method is prevalent in Germany. The con- 
trolling apparatus (the interrupter, rheostat, switch-board, etc.) should 
be within easy reach. After installing the coil, the source of current can 
be connected with it by the use of the switch-board. The switch-board 
18 provided with several binding posts, the latter being connected with 
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Fig. 101.—Diagrammatic view of the installation of the “jumbo” coil and its connections with the variable primary coils, . 

as used by me in the Philadelphia Hospital. 
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3 the accumulator and likewise with the direct current. A double switch- 

thrower connects the current with either the accumulator or the direct 

- current. Another switch can be made to connect the current with either 

the mechanical interrupter or the Wehnelt break. For charging the 

Switchboard: 

Secondary Coil 

Ftheostat 

00) S 

Electrolytic 

Fic. 102,—Author’s office outfit. 

accumulator a bank of lamps is provided ; the remainder of the switch- 

board is made up of the fuses, the ammeter and the voltmeter. The 

author’s table and tube-holder ad method of installation are illustrated 

in Figs. 100, 101, and 102. 

©. POLARITY AND CONNECTION oF TUBE. 

Next to be considered is the connection of the terminals of the sec- 

ondary coil to the tube. To do this properly it is necessary to ascertain 

the polarity. The following methods may be applied : 

(1) Dip the ends of the two wires into dilute sulphuric acid or 

water. The negative wire shows a free development of gas; this does not 

occur with the anode, which is colored black from the deposition of 

copper oxide. 

(2) Moisten the paper with potassium iodide, bring the poles in 

contact with it; the presence of a black stain indicates the anode. | 

- (3) By means of a small tube filled with a liquid into which plat- 
_ inum wires project; the application of a negative pole is followed by the 
liquid being dyed a red color. 

(4) The polarity can also be determined by the peculiar color of 
y the spark on the terminal electrodes of the secondary coil ; the cathode 
_ Shows the presence of a thick, whitish spark, while the anode shows 
_ Several wiry lines of spark of a pink color. (Fig. 103.) 
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The leading wires should be connected with the proper terminals of a 

the tube by thin, well-insulated copper wire. This connection to- the 

terminals should be provided, on each side, with at least one inch of 

spark-gap. The wires should be separated at a distance from each other, 

from the tube, and also the patient, greater than the length of the parallel | 

spark-gap (where the wires are attached to the tube they are supported 

by a non-conductor). The current must not be turned on before all con- 

nections are completed, else there is danger of severe shock both to the 

operator and the patient. Wrong polarity can be easily determined by 

the appearance of the tube, and corrected by the commutator. 

After the polarity has been ascertained the ends of the tube may be 

connected to the respective terminals. The connecting wires should be. 

thickly coated with gutta-percha to prevent leakage and also possible © 

puncture of tube. There should exist multiple spark-gaps in series, as 

Fic. 103.—The polarity as determined by the appearance of the spark. 

this device improves the quality of the rays and prevents or lessens the 

‘inverse ’’ current within the tube. After the tube has been lit up, the 

spark-gap between the ends of the tube and the brass balls should be 

adjusted until the best results are obtained. 

Advantages of the Static Machine.—The static machine requires little 

attention and is nearly always ready to generate electrical energy, of a 

high potential. The current is almost perfectly continuous through the 

tube, and hence the illumination of the fluoroscope is steady. The radi- 

ation and the penetration of the rays of the tube may be modified by 

varying the interval of the spark-gap (in series). The static current 

may also be used as a therapeutic agent. 

Disadvantages of the Static Machine.—Should the beginner purchase a 

coil or a static machine for X-ray work? <A definite answer cannot be 

given unless the scope, kind, and the place of work be considered. I 

employ both the static machine and the coil, the static for electro-thera- 

peutic purposes, and the coil for X-ray work. I have stated the merits 

and demerits of the static machine ; the converse of these assertions holds 

t seriou 

T fear; hence it is difficult to keep them steady for a sufficient length of 

tim 

] av nor is it adapted for short exposures; this can be partially reme- 
died by augmenting the number of plates or by increasing the speed. 

j If non-breakable plates are employed, the speed of revolution may be 

increased manifold, without increasing the number of the plates, and 

the deficiency is thus overcome in X-ray work. Other objections that 
may be urged against these machines are their bulkiness and the sudden 
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a good for the coil. If the leads are freely ‘‘brushing’’ the tube may be 
sly interfered with. These brush effects fill nervous patients with 

e required for the exposure. It must be remembered that a small am- 

erage of static current does not produce the necessary penetration for 

ood skiagraphic or fluoroscopic effects of the deeper structures of the 

and frequent changes in their polarity and failure to work in damp 

weather. 
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as ans tire the eyes, often producing conjunctivitis among operators. 

For superficial and preliminary examinations this appliance is indispen- 
CHAPTER Il | | 3 E | cable, but for deep examinations the open screen and dark room, with the 

i os phosphorescence shielded, are to be recommended. i 
THE PRINCIPLES OF TECHNIC. 

I. Fluoroscopy. 

HAVING briefly described the X-ray apparatus and the modes of. its 
manipulation, we shall now dwell upon the methods of its practical 

application. | l 

When conducting such examinations, it is essential, though not 

absolutely necessary, to have the room darkened so as to exclude ordi- 

nary light. Of course the rays are invisible. The means employed 

for detecting the presence of the invisible Rontgen rays are (1) by its 

physical effects, —4. e., the ability of these rays to produce a fluorescence 

from certain substances ; (2) by the chemical effects taking place on the 
sensitive plate. - ata | a 

For making fluoroscopic examinations we may employ either the 

fluorescent screen or the closed fluoroscope. A cryptoscope has been 

brought into the market which allows of the detachment of the screen 

from the hood, Fig. 104, thus permitting of the use of the former 
without the cumbersome attachment. 

A. METHODS OF EXAMINATION. 

FIG. 104.—Detachable fluoroscope and screen. 
(a) Sereen Examinations. —By daylight the fluorescence of the screen 

is wholly imperceptible. Hence the necessity of excluding any light 

that might fall upon the screen and the eyes of the examiner. 

The brilliant fluorescence -becomes manifest only in a darkened 

room, and, therefore, as in Rontgen’s original experiment, in order to 

exclude this extra light the tube should be covered with some dark 

material, s SS patient from the part which is to be examined, permitting in some 
The examiner holds the open screen in his hands, shifting it to the instances the retention of the under garment, which should, however, 

part desired, or it may be clasped to an adjustable rod attached to a frame 3 always be free from wrinkles. Pins, buttons, and any other metallic 

which rests upon the floor. When the open screen is used, it should be $ structures which would cast shadows upon the sereen must be removed, 
brought as close as possible against the part under examination, so as to ~ ] to prevent an incorrect diagnosis. 

bring out the shadows more distinctly. i In surgical cases where fine detail work is demanded, it is necessary 
Prior to covering the tube, it must be placed in its proper position, 3 to remove all the garments from the part to be examined, also splints, 

preferably with the platinum anode pointing toward the operator ; the a bandages, and powder dressings, as acetanilid, iodoform, boric acid, and 
patient is then placed in front of the excited tube. (The eryptoscope is plaster of Paris, all of which produce shadows upon the screen. The 
used in a lighted room.) In order to make a thorough examination the q retention of wooden splints, though offering little or no obstruction to the 
examiner’s eyes must get accustomed to the darkened condition of the 4 Tays, interferes with a thorough examination of a part on account of the 
interior of this apparatus. When used on a-sunny day, only the dark | l immobilization of the joints, the ends of fractured bones, ete. These 
contour of the part under examination is first seen, gradually giving way | Splints act as stays and do not permit of any movement of the part or 
to the more distinct details. Long and frequent examinations by this Y Ol the close approximation of the screen. | l 
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With a cryptoscope only one person is enabled to view the images 
cast upon the screen. When the screen alone is employed a group of 

persons can see the existing conditions, hence, the latter’s value for 

demonstrative purposes. | 

(b) Preparation of the Patient.—Always remove the clothing of the 

$ 

19 

Y 

a 
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(c) Position of the Tube.—The tube should be carefully clamped into — 

the notch of the holder so that the platinum anode points to the screens ` 

centre, causing it to fluoresce equally. The rays should pass in a straight 

line and not obliquely from the tube to the object. When examining the 

FIG. 105.—A STUDY IN SHADOW DISTORTIONS (FLUOROSCOPIC OR SKIAGRAPHIC) WITH CORRE- 

SPONDING DENSITY DIFFERENCE.—A, Anode parallel with the photographic plate. B, Axis of the tube 

parallel with the plate. C, Tube midway between the above positions. 

1, Either position of the object will throw the same shadow; the darker portion indicates the 

denser portion, whether the vertex is up or down. 2, Shadow smaller and denser. 3, Same object 

slightly enlarged. 4, Cylinder or bone. Shadow denser at the extremities, because the rays must trav- 

erse more substance at those positions. 5, Metallic cylinder. To ascertain the perpendicularity of the 

rays, cross wires are placed upon both ends, when the shadows of the latter will superimpose on the 

plate or fluoroscope. If these shadows do not superimpose, the rays are taking an oblique course. 

6, Penny on its edge. The shadow line is dense, as the rays traverse much substance. 7, Surface view 

of the same. 8, Fracture of two bones. The shadows, being superimposed, cast a very dense shadow. 

9, Rays traverse through less substance when the bones are longitudinally arranged, and cast less dense 

and separate shadows. 

thorax, for example, the tube should be so positioned as to cause the rays 

to fall perpendicularly upon the screen. When examining a field near 

the first, it is advisable to have the tube remain stationary, and to move 

the patient as necessary. 

Experience alone will guide the beginner as to the distance most suit- 

able for producing the best images upon the screen. For fluoroscopic 
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Bork the patient is usually brought closer to the tube than when a skia- 

gram is taken. The shadows on the screen may often be sharply brought 

g at by a careful and systematic adjustment of the distance between the 

Mpatien* and the 
tube. 

E oon of Patient.—The patient may be examined by means of 

the fluoroscope in the lying, sitting, or standing positions. 

3 4 (e) Size, Shape, and Intensity of Image on the Screen.—The X-rays 

diverge as they are projected from the anode. The shadow thrown on ' 

the screen, therefore, will be larger than the object itself. If the object 

i ig prought closer to the tube the distortion in size will be increased. The 

" 

.. the fluoroscope is separated from the object, the larger but less 

definite will be the shadow cast. If the rays do not fall perpendicularly, 

the shadow on the screen will be distorted. This can be well illustrated 

py the following experiment. (Fig. 105.) 

Take a lighted candle and hold it fifteen or twenty inches (38 or 51 

3 em.) from a white surface ; between it and the candle place a coin. Upon 

“moving the coin toward the white surface, its shadow becomes smaller 

“and smaller as itis gradually made to approach that surface. The re- 

| yerse occurs when the coin is moved from the white surface toward the 

= candle. 
js produced. When the rays fall perpendicularly on the surface of the 

coin, the shadow produced will be circular, but when tilted so that the 

structure, will vary in different individuals. 
adult male thorax will be darker than that given by a child’s thorax. 

This difference in intensity depends upon the degree of penetrability of 

the rays, the distance of the tube from the fluoroscope, and the relative 

—thickness of the part. 

Upon altering the plane of the coin a shadow of different shape 

rays strike in an oblique direction, the shadow cast will be elliptical. 

The change in size and shape of the shadow can be accomplished by al- 

tering the position either of the source of light or of the object. These 

principles are equally true in fluoroscopy and skiagraphy. 

The intensity of the shadow on the screen, even of the same kind of 

Thus the shadow of the 

The operator should be thoroughly conversant with the normal ap- 

_ pearance of the parts, so that he can use this knowledge as a standard of 

4 comparison for the corresponding affected part in the same individual. 

B. ADVANTAGES OF FLUOROSCOPY. 

4 tion permits of its study in different positions. 

parts that are in constant motion, as the heart, diaphragm, and thorax, 

The method of using the fluoroscope is simple, inexpensive, and 

rapid, and allows of immediate comparison with the corresponding nor- 

mal part. The mobility brought about in the structure under examina- 

In examining certain 

a study can be made of any abnormality in their movements. 
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C. DISADVANTAGES OF FLUOROSCOPY. 

One of the limitations of this method is that the record is not perma- 
nent, although ““tracings”” can be made. In prolonged exposures for 

examinations the patient is liable to be ‘‘burnt,’’ and the same injury 

may befall the operator’s hands and eyes; for this reason, I at present 

never employ the fluoroscope, having discarded its use five years ago. 

Thicker parts, as the adult abdomen, the hip, and the skull, do not per- 

mit of satisfactory examination by this method. The same is true of 

certain fractures which present no displacement of the fragments (fissured 

fractures), also in detecting and locating small foreign bodies. As the 

soft structures present varying degrees of density, the presence of diseased 

bone, tumors of muscles or of the brain, etc., cannot be differentiated, 

owing to the affected tissue having only a slightly different density from ' 
that of the surrounding norinal parts. As the penetrability of the rays 

cannot be controlled, and the varying degrees of density confuse the eye, 

the differentiation ie means of the fluoroscope becomes at once most 

difficult and unsatisfactory. 

II. Skiagraphy. 

A. SYNONYMS, DEFINITION, AND NOMENCLATURE. 

Skiagraphy (Róntography, Shadowgraphy, Ixography, Electro- 

graphy, Skotography, Kathography, Fluorography, Actinography, Radio- 

graphy, Diagraphy, Skiography, Pyknoscopy, New Photography,- and 

Electro-Skiagraphy) is the art of photographing shadows on sensitive 

plates by means of transmitted light. The Róntgen Congress in Berlin 

on May 2, 1905, adopted a uniform nomenclature for the use of the Con- 

gress and for expression in writing. 

in the future: Rontgenology, Róntgenoscopy, Rontgenography, Ront- 

genogram (Röntgen negative, Röntgen positive, Röntgen diapositive), 

Ortho-Röntgenography, Röntgentherapy, Röntgenizing. I present this 

new nomenclature, but I can hardly endorse it. I believe that the word 

“skiagraph?”” and its modifications are more easily pronounced, more 

general, and more euphonious. 

The differentiation between an ordinary photograph and a skiagraph 

is as follows: A photograph is an image produced on a sensitive plate 

in a camera by ordinary light, reflected from the surface of the object, 

converging and passing through a lens or pin-hole and then diverging 

and falling, thus producing a reduced size of the image on the plate. 

Therefore, a photograph is a ‘‘reflected’’ picture, and we see only that 
part of the object that is near or toward the optical perimeter when the 

object is opaque; if transparent, the refraction obscures the clearness of 

the farther side. 

Chemical 

The following terms will be used. 

z g Direct Current 

) | a 
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In skiagraphy the X-rays emanate from a small point (1 mm. anode), - 
diverge and pass through bodies opaque to ordinary light, throwing a 
relative shadow of the object on a sensitive photographic plate, producing ' 
merely an actual silhouette. The skiagraph, therefore, is produced by 
transmitted light. ( | . 

Before taking a skiagram, determine the best possible position that 
can be secured, by first employing the fluoroscope, and then substituting 
for it the sensitive photographic plate. On the latter the image cast will 
appear reversed,—.e., the bones will appear white and the surrounding 
soft structures darker, due to the fact that in the bones more rays will be . 
absorbed, fewer penetrate, and hence there will be decreased oxidation on 
the photographic plate. When a photographic print is made from this’ 
negative, the appearance will be identical with the fluoroscopic image. 
(Hereafter the term skiagraph or skiagram will be used for the printed 
positive, and the developed sensitive (photographic) plate will be termed 
the negative.) 

B. THE PATIENT. 

History Taking. —It is advisable to take complete histories of all cases. 
I employ the accompanying blank in book-form in the Philadelphia ' 
Hospital and in private work. Its main features are, the history of the 
case and the technic employed in each instance. 

Preparation of the Patient. —Expose the part to be skiagraphed by 
removing the clothing. If the part is an extremity, have it totally bared. 
When examining the chest or abdomen, should the patient be chilly or 
complain of the unpleasant sensation caused by the plate, or be abashed 
at the thought of completely disrobing, the wearing of an undergarment 
may be permitted, or the part may be covered by a sheet of white linen, 
care being taken to remove buttons and pins, and not permitting any 
wrinkles or creases to exist in the field to be examined. Ifa part of the 
forearm or leg is to be examined for fracture, dislocation, etc., splints and ` 
dressings of iodoform, boric acid, bismuth subnitrate, lead water and — 
laudanum, etc., must all be removed and the part skiagraphed in a bared 
condition. If a compound fracture is examined, avoid infection by 
covering with a thin sterilized gauze. In examining the abdomen, a 
purgative should be administered ten or twelve hours prior to the exami: 
nation. The patient must not be permitted to indulge in eating solid food 
previous to the examination. The urinary bladder should be emptied be- 
fore being skiagraphed, for calculi, and a rectal enema given. The walls 
of the stomach may be readily outlined by having the patient ingest large 
doses of bismuth subnitrate for two weeks prior to the examination. 

Position of Patient.—The patient should be placed in a comfortable 
position. It is sometimes not possible to do this, hence the necessity of 

3 conductin 
| 

~ ocoupy first ex 

THE PRINCIPLES OF TECHNIC. 217 

\ 

g the examination rapidly, but without sacrificing the results 

In order to ascertain the necessary position for the patient to 

amine with the fluoroscope. 

The patient may assume various positions in Skiagraphic work, 

which will be dealt with under the various clinical conditions. They 

desired. 

j e: the erect or sitting, anterior, posterior, or lateral, recumbent, dorsal 

i f vitus and ventral, named after the position or view of the part that 

4 is in contact with the sensitive plate or fluoroscope. 

Immobilization of the Part.—To obtain the sharpest outlines on the 

the patient must not be permitted to move while under examination, late : r € 

ee rare will be the inevitable result. Those that are timid should be 

E previously instructed to ignore noises, flashes, etc., necessarily occurring 

during the examination. It is better for the skiagrapher to have an 

under-exposed plate rather than one that is blurred. This blurring may 

pe independent of the patient, and be caused by the shaking of the tube 

or the table, or of both. 
i 

The part to be examined may be held in one position by firmly 

À strapping it to the table, although I seldom find this necessary. In cer- 

tain cases, as in fractures, where there is movement of the part (the result 

of muscular spasm), the annoying symptom may be met by steadying 

4 the limb with sand-bags, ete. When it is found impossible to keep 

children and the insane under control, resort must be had to hypodermic 

injections, or to the administration of an anesthetic. 

C. PLATES, THEIR PREPARATION, SIZE, AND PROTECTION. 

The plates as sent by the maker are not ready for use; hence it 
becomes necessary to assort and arrange them in a dark room, so that 

they may be conveniently handled by the examiner. Place the plate in 
a black paper envelope, which in turn is covered by a heavy yellow one ; 

this prevents injury by light, though it will be affected by the X-rays 

T with as great ease as desired. The size of the plate depends upon the 

3 dimensions of the part to be skiagraphed ; those that I usually employ 

3 are one size larger than is absolutely necessary. The plate should be 

3 protected against breakage, damage from perspiration or other excretions 

of the body, and from heat. To insure against breakage, it should be 
placed over a smooth board, as I find that a plate-holder is objection- 
able in preventing the approximation of the plate close enough to the 

3 part to be examined, thus preventing sharp definition of shadows. 

Between the patient and the plate I introduce a blotter or a sheet of 

aluminium, oiled silk, or celluloid, which prevents injury from sweat, 
- urine, etc. For the sake of comparison, it is a wise provision to have the 

plate large enough to take both sides of the body (hips, shoulders, etc. ). 
_ For this purpose, place the tube in the median line of the body and take 

g 
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both sides with one exposure. This obviates the error that would result - 

if the two sides were taken separately, when in all probability the posi- 

tions would be different. Where the plate cannot be brought in contact 
with the part, owing to a curvature of the latter, as on the flexor or 

extensor surfaces of the elbow, or on the spine, in common with others, 

I at times resort to the use of a film. The plate should be placed against 

or under the part examined, with the gelatine side up. The part should 

be as nearly centralized on the plate as possible, so as to get the import- 

ant outlining shadows directly in the centre of the plate. Rays should 

fall as nearly perpendicular as possible. | 

Data on the Negative. —It is always advisable that the plate should be 

marked so as to guard against errors. The method of plate-marking 
that I employ consists in placing lead letters and numbers in reverse type 

in the corner of the plate, designating the part examined, the date, 

the name of the operator, and also the name of the institution. The 

letters and numbers employed for this purpose should be small, so as to 

not occupy too much space on the plate. When exposing a part I 

usually indicate on the plate whether ‘‘right’’ (R) or “left” (L). 
When making more than one exposure of the same part, I usually 

indicate the number of separate exposures consecutively by placing. 

on the plate the lead letters, A, B, and C. In medico-legal cases an 
identifying mark is most important. 

D. SELECTION AND USE OF THE CROOKES TUBE. 

The Crookes tube must be selected according to the requirements of 

the case. Thus, the ‘‘hard’’ tube, which produces a greater degree of . 

penetrability of the rays, is adapted for the thicker parts, in detecting 

the larger foreign bodies, and in taking a negative of a fracture through 

a plaster cast. In making skiagraphs of children, where their move- 

ments would ordinarily blur the negative, the short exposure required by 

this variety of tube is a marked advantage. 
When soft tissue differentiation is to be brought out, as in skia- 

graphing a muscle tumor, a cyst, a small foreign body, or a tuberculous 

focus in bone, resort must be made to ‘f medium °’ or even “hard ”” tubes. 

The consensus of opinion among the profession is that a soft tube is 

desirable for skiagraphing soft tissues in order to obtain a clear tissue 

differentiation. But I have abundantly proved that with a hard tube, a 

Short exposure, and proper development, the same end may be attained. 

The advantages of the latter method are: The time of exposure being 

- brief, the liability of movement of the patient is minimized and there is 
less liability of penetration than with a soft tube of a longer exposure. 

Position of the Tube. —Some investigators claim that no X-rays 
are produced back of the anode, others assert that they do exist in this 

» 
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osition but possess very little penetrating power. As to whether the rays 

re uniform in penetration in the active hemisphere, or if they possess a 

oint of maximum intensity, is another disputed question. Buguet and 

Londe assert that the intensity of the rays varies at the active hemisphere 

in different tubes, and in different kinds of the same tube. In some 

tubes the most effective X-rays are evolved at right angles to the axis of 

the tube ; in which case the latter must be placed parallel to the object 

to be skiagraphed. In other tubes the zone of greatest intensity is ata 

right angle to the plane of the anode, when the anodal surface should be 

a 

in the centre and parallel to the object under examination. I prefer a 

position intermediate between these two. (See Fig. 105, C.) 

M. Bordier! says: ‘‘The direction of this principal axis, along 

which the Rontgen effects are at a maximum, must be determined sepa- 

rately for each focus-tube, and it evidently lies in the median plane, —4. e. 

in the plane passing through the centre of the cathode and perpendicular 

to the anti-cathode.’’ 

He placed a series of pastilles in an are, having for a centre the 

focus of the anti-cathode ; the direction of the principal axis was given 
q py the pastille which was most discolored. 

In experiments on three Muller tubes tested in this way it was 

a found that the principal axis made an angle of 70° with the line passing 

through the centres of the cathode and the anti-cathode. 

Form of the Ray-emitting Area of the Anti-cathode.—Gocht,’ in experi- 

= menting with a pin-hole camera, succeeded in photographing a luminous 

area on the surface of the anti-cathode, the ray-emitting area having a 

pyriform-ovoid shape. He asserts that the angle between the plate and 

the anti-cathode at which the spot of light is most circular and there is 

‘ least penumbra is not 45°, but nearly 65°. 
Direction of the Rays.—Rays emanating from Crookes tube should 

fall perpendicularly. To prove this, place a metallic cylinder, 3 or 4 

inches long, over the plate or on the screen. If the rays are perpen- 

dicular the shadow cast will be circular; if the rays are proceeding in 

an oblique direction, the shadow will be elliptical or the shadows of two 

cross wires on both the ends will not be superimposed. (See Fig. 105, 5.) 

Distance of the Tube from the Plate.—The thicker the part and the 

greater the extent in area to be skiagraphed, the greater should be the 

distance between the tube and the object. This distance must be 

measured from the anode to the plate, and is usually about 20-24 inches 

(50 or 60 centimetres). Where any movement of the part is likely, it 

is preferable to place the tube closer, in order to reduce the time of 

exposure. ae 

1 Archives of the Róntgen Ray, June, 1906, p. 7. 

2 Tbid., April, 1906, p. 312. 
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E. FACTORS VARYING THE TIME OF EXPOSURE. 

This is most important; no definite rule can be formulated relative 
to the standardization of any unit of time. The time of exposure varies 
under the following conditions : 

1. The capacity of the apparatus and the penetrability of the rays. 
2. The peculiarity of the part to be examined. 
Under the first heading we must consider the size and make of the 

apparatus. If the static machine is used, we must take into account the 
number and size of the plates and the rapidity of the revolutions per . 
minute. In the use of the coil account must be taken of its size, and the 
variety of the interrupter, with its frequency of interruptions, ete. 

Under the secondary heading we consider the thickness of the part 
and its texture. The thicker the part, the more prolonged must be the 
exposure; nevertheless, while the chest is as thick as the abdomen, the 
latter requires a longer exposure, because the former is more easily pene- 
trated by the rays, due to the contained air. | 

Quality of the Rays.—Rays of high degree of penetrability will require 
a shorter time of exposure, and conversely with rays of medium and low 
degrees of penetration. The sensitiveness and variety of the plate play 
a minor part in the time of exposure. No plate has thus far been found 
that is specially sensitive to the X-rays only. i 

Intensifying Screens.—Intensifying screens are intended to shorten the 
time of exposure by placing in contact with the photographic plate a 
sereen of fluorescent substance, the latter acting like ordinary light on the 
sensitive plate. It must be borne in mind, that the granularity of the 
fluorescing surface reduces the definition of the Skiagram, at the same 
time omitting details of the smaller bony structures, and the necessity 
of either using color-sensitive (ortho-chromatic) plates, or first color- 
sensitizing ordinary plates, since the best screen (platino-cyanide of 
barium) fluoresces with a yellowish-green light which does not greatly | 
affect ordinary dry plates. 

I have conducted experiments that lead me to the belief that the ratio 
of exposure necessary with an intensifying screen to the time required 
without the screen is as 1 to 5 or 6. This screen will markedly assist in 
the reduction of the time of exposure in fractures and the presence of — 
foreign bodies about the thicker structures, such as the hip, the pelvis, 
and the abdomen. Of course by this procedure we sacrifice the fine de- 
tails of the softer structures, and for this reason I have abandoned its use. 

F. PREVENTION OF SECONDARY OR SAGNAC RAYS. 

When the Rontgen rays penetrate bodies, the so-called secondary 
rays of Sagnac are produced in the tissues. The rays being primary, 
the secondary rays will in turn produce rays called the tertiary. 

8 | A lo» 
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This diffusion or production of secondary and tertiary rays will be 

eased when the time of exposure is increased and when the part ex- 

od is of considerable thickness. In order to prevent these useless 

e i so often cause a foggy appearance on the negative, many 

i E have been suggested, principal among which are the following : 

ee Lead Iris Diaphragm.—By the method of Albers-Schonberg, 

by means of the compression diaphragm (Fig. 99), —the pri- 

rays are largely cut off, with a consequent lessening of the sec- 

“ie rays. The irradiated area is diminished in size, and the 

ee the parts is likewise decreased, through the pressure exerted by 

a compressing action of the diaphragm. | | = 

Robinson, in Holzknecht’s laboratory, modifies the above by pressing 

A on certain parts of the diaphragm with specially devised metallic rods, 

A order to make the diaphragm conform to uneven surfaces, such as the 

knee, ete. | 

E A Le Contremoulins, of Paris, applying lead plates against 

the flanks and chests of patients, to prevent the disappearance of the 

shadows of soft tissues. He demonstrated the value of this ce aS 

employing these plates on one side only. The development O A , 

negative showed in detail the shadows of the soft parts, while on tha 

side where no lead plate was applied the shadows of the soft parts were 

invisible. 

111. Photography. 

The photographic processes involved in the production of a nega- 

tive from a plate that has been exposed to the X-rays do not differ from 

those involved in making ordinary photographic negatives. Experience 

in this branch of X-ray diagnosis is absolutely necessary, hence steady 

and continuous work is essential, in order to become familiar with the 

many intricate points which so frequently arise. 

Dark Room.—The dark room must be absolutely free from ordinary 

light and so constructed as to allow of ready ventilation. Both of these 

requirements may be met by utilizing a zig-zag entrance. The room 

should contain trays, graduates, faucets (for hot and cold water), ane a 

suitable box or tank, encasing vertical grooves, for the purpose of fix- 

ing.”” As the process of developing, which we shall presently describe, 

produces a staining of the hands, and sometimes a dermatitis from the 

action of metol, the use of rubber gloves is desirable. After employing 

them for a short while, the operator becomes aceustomed to them. When 

the developing is completed, they should be thoroughly rinsed in water 

and hung up to dry. 

mien developing, advantage may be taken of the ruby lan- 

tern or incandescent lamp, properly shielded. Daylight, on account of 
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lts variability, is unsuited for the purpose. In brief, the room should 
be glazed with a sash composed of ground glass, a yellow and a ruby 
glass, and a shade or curtain of a dark color. 

Sensitive Plates and Films. —Skiagraphs are easily projected on photo- 
graphic glass plates, papers, or films. Wet or collodion plates are only 
slightly affected by the X-rays. Great advantage is secured by employ- 
ing double emulsified plates, the depths and contrasts of the i images being 
brought out more thoroughly. The X-ray plate, which is Do to be 
preferred to the ordinary plate, should be employed. 

Owing to their flexibility, celluloid films ċan be brought in contact ` 
with any uneven part of the body. But if not handled with scrupulous | 
care, the emulsion is liable to crumble. Other objections are their cost, 
their constantly varying sensitiveness, and the fact that they are not easy — 
to manipulate. 

The double-coated celluloid films are coated singly on each side, 
causing a reduction in time to the exposure of the rays; but they offer 
difficulties in development and by transmitted light present the blurred 
effect of both films. Both paper and celluloid films may be superim- 
posed so that half a dozen or more may be simultaneously exposed to the 
rays. Bromide paper can be examined only by reflected light. This 
paper is cheap and does not necessitate first producing a negative; its 

- use is not to be recommended, as a good picture never results thereby. 
Care of the Plates. — Because of the extreme sensitiveness of the 

plates, they should be stored in places that are absolutely free from 
smoke, gases, excessive light, ete. The temperature of the room should be 
constant, sudden changes being liable to cause a condensation of moist- 
ure upon the coated side which in time results in ‘‘mildew fogging.”’ 

_ The plate packages or boxes should be placed on their edges, thus avoid- : 
ing undue pressure on the individual plates. As to the number of plates 
to be kept on hand, I recommend not more than a month’s supply,—the 
operator, of course, must be governed by the amount of work he is doing. 
The plates should not be unpacked from the maker’s cases and placed in 
the regular X-ray envelopes until needed,—this precaution guards against 
fogging of the plate. If the plates are to be stored in the laboratory 
where the X-ray apparatus is located, a wooden closet, carefully lined — 
with sheets of lead, should be built, to avoid the damaging effects of the 
rays upon the plates. If stock plates are stored in an adjoining room, 
they should be protected against the rays in exactly the same manner. 

A. DEVELOPERS. 

A developer consists of four parts,—(a) reducer, (b) preservative, 
(c) accelerator, and (d) a restrainer. 

(a) Ba — The best reducing adnie. are metol, pyrogallol, 
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j ikonogen, | hydrochinone, and rodinal. They all undergo easy oxida- 
F el 

a hence sodium sulphite is added as a (b) preservative. Combinations 

ae above are usually preferred. Regulate the action of the developer 

E F addition of an accelerator or a restrainer. If the reducer acts 

E i, add the accelerator (carbonate of sodium or potassium). Too 

rapid developing with strong solutions is undesirable; it means lack of 

"gradation, a forcing up of the high lights before the ino has had 

pime to act on the less exposed parts of the plate. Ready prepared de- 

yelopers will not be suitable for skiagraphic plates. It should be remem- 

E that the operator should adhere to one kind of developer and 

“become thoroughly acquainted with its action. The following are the 

Borne that I daily employ in my laboratory : 

100 ounces (3000 c. c.) 
120 grains (8 grams.) 

Hydrochinone 100 grains (6.6 grams. ) 

Sod. sulphite (crystals) 4 ounces. (120 grams.) 

(920 26-+¢3} 

Eikonogen 7. (30 grams.) 
Hydrochinone ; ; (4 grams.) 
Sod. sulphite (crystals) E (75 grams.) 

(c) Accelerator.—With either of these reducing solutions, it is neces- 
4 sary to employ, in conjunction, an accelerating solution, made up as 

follows: 

(LS 2000) 
Potass. carb. (crystals) ‘ (240 grams.) 

Sod. sulphite (crystals) , (60 grams.) 

The dry or anhydrous chemicals are about twice as strong as the 

“crystals, and vice versá. 

q Combinations of hydrochinone with metol when too old should not 
be used, as they would cause the negative to present a le or 

E Bictchy ” appearance. 
: The one solution developer of rodinal is convenient and effi- 

“cient, especially when employed for two-sided films or plates. This 

agent keeps well as long as the containers are kept filled and tightly 

corked. 

] With its use the image appears quite rapidly, but development 

must be continued until the film is so dense that no details are discern- 
ible when viewed by transmitted light. The following formula may also 
be employed : 

20 to 40 parts. 
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An advantage of the ortol developer is that it may be repeatedly 

used, keeping perfectly well as long as the stock solution is kep la : 

small bottles and tightly corked. Formula: 

(1800 c. c.) 

(20 grams. ) 

Potass. bromide 20 grains (1.3 grams.) 

Sulphite of soda (crystals J Toa dai aos 6 oz. (180 grams.) 
Carbonate of soda (crystals) : (150 grams.) 

For use: Dilute one part of the above with two to four parts of 

water, according to the density desired. 

(d) Restraining Solution. —Ten per cent. solution of potassium Bie 

mide kept in a tightly corked bottle. (Pipette and dropper are useful 

adjuncts in the handling of this solution. ) 

Tropical Developer.—For hot climates where no ice is available. 

WYATT ic sis See tee ARA E reggae A . 50 ounces ~ (1500 c. c.) 
Sulphite of soda (crystals ) 2 ounces (60 grams.) 
Bromide of potassium 20 grains (1.3 grams. ) 
Citric acid 20 grains (1.3 grams. ) 

For use: To 4 oz. of the above solution add 10 grains of dry amidol. 

Before developing place the plate in 

60 parts, 

for about three minutes, rocking the tray occasionally, then rinse well 

and place in the developer.’ 

B. MODUS OPERANDI OF DEVELOPMENT. 

After the plate has been properly exposed it is taken to the dark 
room, the envelope opened, and the plate removed. (After having been 

exposed, it should not be allowed to remain in the exposing room, if an- 

other case is to be skiagraphed.) Place the plate, gelatine side up, in a 

tray of sufficient size, and pour on the developer. For development of 

1 Henry Hulst (Transactions of the American Röntgen Ray Society, 1905) says: 

“The developer which I use for exposures of one second or less in chest work, I use 

for calculi as well. It is as follows : 

Potassium carbonate, dry : (48 gm.) 
Sodium sulphite, dry : (24 gm.) 
Potassium bromide (10 per cent. sol.).............- = A(O9ZC2C5) 

(16 gm.) 
(1 litre.) 

“If the high lights begin to show before 40 seconds, from two to four ounces 

more of the pen bromide solution are added. Development should be complete — 3 

in four minutes.’’ 

$ alkali 
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late, take four (4) parts of either reducing agent, above mentioned, 

the P ot one-half (4) part of the accelerator solution. If the image 

md st appear in half a minute, add another portion of the accelerator. 

4 a cautiously add at very brief intervals small quantities of the accel- 

erator, and the image will be better evolved than if an excess of the 

pe added to the reducer at first. Start at one corner, and with a 

single sweep, pour on sufficient solution, rocking the tray to secure 

thorough immersion and evenness. To eon the solution is to produce 

a air bubbles, and the latter will form spots on the negative. Should 

ir bubbles be detected, touch them lightly with a pledget of cotton. 

For development of a special make of plate, follow the directions 

‘on the box. Observe all changes going on in the plate. After the plate 

) a peen developing for a minute or longer, lift it from the tray and ex- 

amine it by transmitted light to see how far the process of development 

has advanced. This is dependent upon the time the sensitive plate was 

‘primarily exposed to the action of the rays, to the thickness of the part 

Finder examination, the type of plate, and also upon the temperature of 

“the developer and the dark room. I always judge the density by trans- 

‘mitted light, deeming this preferable to the reflected picture from the 

sensitive side. Another method is the appearance of the picture on the 

glass side or back, showing the reduced metallic silver deposited on the 

‘glass. It will take a longer time to develop a plate of the lungs, pelvis, 

“abdomen, or the denser parts of the body than it does of the hand or foot. - 

For the former structures keep the plate in the developer until the whole 

surface is uniformly blackened and very little light is transmitted. In the 

‘fixing bath the proper degree of density will be produced. ‘To strongly 

contrast the bony and fleshy structures of a part, reduce the time of de- 

_yelopment or dilute the developer; the result will be a: ‘soft negative. ’’ 

The necessary density may be obtained later by intensification. For a 

good negative, start with weak developers and gradually increase the 

“strength by adding stock solutions (the reducer). In order to bring out 
the details with greater delicacy, some prefer to use first a suitable 

_hydrochinone developer, to effect sufficient density, and then transfer the 

plate in rodinal or metol developers. When the plate is sufficiently de- 

veloped, put it in a trough of running water or under a stream from a 

“Spigot, always seeing that the gelatine side is-up, and that it is not liable 

to get scratched by any contact with the spigot or other body. Continue 

the washing for at least two minutes. 

The denser the structure, the less will be the oxidation of the emul- 
sions, and consequently the later the appearance of the part on the plate. 

p structures of different densities appear simultaneously on the plate, it 
Signifies over exposure ; in that case, pour off the developer, and substi- 

tute a fresh, weak developer. It should be remarked that the developer 
15 
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must not be diluted, as it makes development slow, and the negative will. 

be soft; this is especially true of the thick parts; instead put in less of 

the accelerator (sodium carbonate). During the summer, put ice into 

the developer, or put the developing pan into a tray of ice-water. Tem- 

perature of the developer should be 65° or 70° F. (18° to 21° C.). Over 

exposed plates should not be removed quickly from the tray, as the de- 

veloper will not have time to penetrate sufficiently deep to affect the lower 

layers of emulsion; although the upper layer by its darkening may 

deceive the operator. 

If the image appears slowly,—i. e., within a minute or two, —16 sig-. 

nifies under exposure; in this case tilt the solution to the corner of the 

tray, and add some of the accelerator. If after this addition and suffi- 
cient development, the desired density is not obtained, pour off and wash 

the plate, and employ a fresh developer. 

Of late years the ‘‘tank’’ or slow developing process, has been used 

by some skiagraphers. The tank development is to be recommended for 

plates which have not received full exposures and for the smaller size 
plates. It is claimed that the length of time to which the plate is sub- 
jected to comparatively weak developing solution (40 to 60 minutes), will 

bring out much more detail than the application at once of a more vigor- 

ous developer. However, for fully timed plates, I would prefer the 

methods recommended above. The following is Mr. Cramer’s formula : 

FiG. 106.—Envelo developer. (Lyon Camera Co.) 

STOCK SOLUTION. 

(1000 c. e.) 
Carbonate of soda (dry) ; (62 grams.) 
Sulphite of soda (dry ) according to desired 

color of negative 1 to 14 oz. (32—48 grams. ) 
Bromide of ammonium 30 grains. (2 grams. ) 

30 grains. (2 grams.) 
(4 grams. ) 
(8 grams. ) 

2 drams. (8 grams. ) 

4 drams. (16 grams. ) 

Dissolve the chemicals in given rotation. 

To preserve the stock solution, we recommend filling small bottles | j owe signe Pat 

of the exact size to hold just enough for making the diluted solution < q Fre, 107.—Automatic tray-rocker, (Róntgen Manufacturing Co.) 

for the tank. The bottles should be quite full and tightly corked. | 

For Use: 

Water So  a ae O AA Meer een to Gaeta horas 120 ounces. 

Stock solution 6 ounces. 

The developer should be used fresh, and its temperature kept between 

60° and 65° F., until development is completed. 
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It is necessary to observe the following rules in handling the de
veloper: 

No. 1. Immerse the plates in a tray of cool water before putting them 

ina tank. ; 
3 No. 2. Immediately after immersing the plates in the tank solution, 

3 move the plates up and down with a quick motion, to prevent air-bells or 

E pubbles forming on the surface of the film. 3 

E No. 3. After the plates have been in the tank from five to ten 

q minutes, lift each plate out of the tank and reverse its position, by plac-. 

E ing that end of the plate which was at the top of the tank to the bottom. 

E This will prevent the appearance of streaks, which are sometimes found 

in tank development. , | 

| No. 4. It is well to rock or shake the tank, at least once in every five 

A “minutes, during development. This often prevents the appearance of 

streaks or spots in the negatives. 

The Envelo developer (Fig. 106) is an extremely simple device, 

q designed to develop two plates at one time, by the tank or stand method.. 

Tt is constructed of metal, heavily nickeled on the outside, and coated on 

the inside with a liquid proof composition. 

When the plates are large, and slow development is aimed at; in: 

E order to save time, resort may be made to the tray-rocker (Fig. 107) 

which works automatically through the agency of an electric motor. 

Fixing.—After development, the plate is washed in the tray with. 

running water, instead of the usual method of wasbing it, when removed. 

’ from the tray. This prevents breakage of the plate and likewise contact: 

_ with the developer, which would cause irritation to the fingers. 

q The process of fixing dissolves out all the silver bromide unacted 

upon by the light or developer. Allow the plates to remain in the fixing 

bath for three to five minutes, after the chemical agent has been com- 

pletely removed ; this will insure permanency, freedom from stains, and 

perfect hardening. After all ““whiteness”” has disappeared from the 

glass side, bring ‘‘the negative’’ to the light.. Leave it five minutes longer 

in the solution, to allow for thorough fixing, as this plate has a thick 

double coated emulsion. 

Í The acid chrome fixing bath I largely employ, as it does not discolor 

and keeps longer than the plain hypo fixing solution. It is made as. 

l follows : 

(3000 c. c.) 

Sulphuric acid À (90 c. c.) 
Sulphite of soda : (120 grams.) 

When dissolved, add— 

Hyposulphite of soda 
Dissolve, and add— 

Chrome-alum, from one to two ounces, previously dissolved in 20 
ounces of water. Follow by adding water to make a total of 160 ounces. 



228 ELECTRO-THERAPEUTICS. 

In hospitals and large laboratories it is useful to employ two large 
wooden boxes that act as tanks. (Fig. 108.) In the Philadelphia 
Hospital I have these boxes divided into different sized compartments 
to accommodate the various sized plates. Each compartment has six 
vertical grooves, for holding six plates. One of these tanks contains 
the acid hypo sufficient for six months’ use. The other tank is similarly 
constructed, in which the water enters at the bottom and circulates 
fo the top, and then overflows into a discharging pipe. 

Fie. 108.—Author’s washing tank. The fixing tank is similar in construction. 

Washing.—After fixing, washing must be quickly and thoroughly 
done. One hour’s washing with running water is sufficient ; if the sup- 

-= ply be not so accessible, place the negative in a flat dish and constantly 
rock for five or ten minutes. Change the water and repeat the process 
for one-half to three-quarters of an hour. Remove the negative, again 
wash under the spigot, using a pledget of cotton to wipe off any foreign 
particle adhering to the gelatine coating. 

Drying.—Dry the negative in a room of moderate temperature, in 
which a ventilator supplies plenty of air. Do not dry in the sun, as 
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produces softening and increases the density of the film. To 

> evative hurriedly, —i. e., in five or ten minutes, —lay it in a bath of 

> a A washing thoroughly, or put before an electric fan. 

oC a egative must be completely dried in one room. To take it, par- 

E : Eo another room and there complete the process, will result 

a k ea negative offering a difference in densities. During the 
E season the negative becomes denser than in winter. 

E oa After fixing the negative, wash and place it in the 

sunlight 

gum 

following : 
3 

4 ounces (120 c. c.) 
1 ounce (30 '¢.°¢: ) 

t Keep in this solution from five to ten minutes, rocking the tray oe 

i time to time. If the solution is made too strong the film may pee e 

E If hardening is done before the fixing, then the fixing process shou 

4 require more than usual time. This will frequently be of necessity in hot 

climates and during the hot seasons in temperate climates. 

í C. IMPROVEMENT OF THE NEGATIVE. 

Intensification.—This process with proper exposure and development 

ds seldom required, except for special purposes, i. e., for under exposed 

S or under-developed plates. The negative is first well washed and then 

4 placed in the following : | 

Mercuric bichloride..... hs a 

ium bromide A -0 grams. Potassium bron | a 

Keep the plate in this solution a short time, when it will be observed 
to be bleached uniformly white, assuming the appearance of a positive ; 

the longer the negative is bleached, the denser it will become. It is 

again thoroughly rinsed and washed under the spigot for at least a half 

hour in running water, and then blackened in the following solution : 

Sodium sulphite Ne (30 grams. ) 

Water 

(B00) 

It now being blackened, it is again washed, followed by drying. 
The least yellowish cast indicates that the negative has not been washed 

sufűciently after the bleaching. The prints of such negatives show the 

1 Soft tissues very faintly, producing a great contrast, and on account 

Of their great density they print very slowly. 
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General reduction is used when the negative is very dense, as a 
result of over exposure, over development, or where there is an excessive 

amount of alkali present in the developer. To correct this use the 

following solution : 

(500 c. c.) 

(30 grams.) 

(500 e. c.) 
(30 grams. ) 

Mix 8 parts of solution “A” and one part of solution “B,’’ and use in subdued _ 

daylight. 

The negative can be placed in this solution directly after fixing. 

If a dry negative is to be reduced, it must be soaked in water for at least _ 
half an hour, before applying the solution. To avoid streaks, always 

rinse the negative before holding it up for examination. As soon as 

sufficiently reduced, wash thoroughly. When not in use keep solution 

““B protected against the action of light. 
A gradual uniform reduction will take place, its rapidity, of course, 

depending upon the quantity of potassium ferricyanide added. When 

sufficiently reduced, wash and thoroughly dry. To reduce locally, apply 

carefully with a brush or cotton some of the solution on the wet nega- 

tive, allowing it to remain until sufficiently reduced ; follow by thor- 

oughly washing and drying. 

The other reducing agent consists of persulphate of ammonia in. 

water. One part to forty is strong enough for most purposes (+4 oz. to 

10 ounces). This solution does not keep well, and should be made as 

required. Its action on the plate must be carefully watched—it acts 

slowly in the beginning, and then all of a sudden very rapidly. After ‘ l 

sufficient reduction, rinse thoroughly, and place in a 10 per cent. solution 

of sulphite of soda. Wash well again and dry. 

There is a great difference in the action of these two reducers. 

Potassium ferricyanide, like most reducers, attacks the fine details. 

more readily than the denser parts, the negative becoming harder and 

thinner. The persulphate reducer, on the contrary, appears to reduce — i 

the denser parts more in proportion, so that the PTT becomes 

slightly flatter. 

Local Reduction.—This consists of bringing in contact with a certain 

part of the negative some reducing agent, destroying contrast to some 

extent. Let us suppose a negative having a printing effect of faintly 

bringing out the fleshy part and deeply the osseous part ; should we 

desire to bring out more heavily the fleshy part, we employ what is 

termed the local reducer. To place this only on the ‘fleshy ’’ part of 

the negative requires a great deal of skill—the effect being to further 

ty pes 
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sauce the silver salt, thus giving more chance for the rays of light to 

4 etrate the negative and printing the paper more heavily. The best 

pon lts in local reduction can only be obtained by constant practice. In 

res reduction the plate must be previously wet, as otherwise a streaked 

pearance will result. | | 

Causes and Prevention of Faulty Negatives. Fogging.—A total black- 

of the plate under development is distinguished from other 

of fogging in that the former remains clear at its edge. Fog 

also results from a developer containing too much alkali, too high a 

temperature, or exposure to other rays than those emandung from 

ening 

E the Crookes tube. Improper or too much light in the dark room also 

causes fogging. General fogging cannot be remedied; the negative, 

however, may be sufficiently cleared by a reducer, followed by intensi- 

fication. 

Stains.—Deep yellow, orange, or brown stains appearing gradually 

‘either in patches or all over the plate may result from imperfect fixing 

‘or incomplete washing after fixing. Another cause for these stains is 

- decomposed hypo in the film by improper washing, or the use of alum 

or acids. Over developing frequently causes greenish stains (excess of 

reducing agent). 

Spots.—Spots or pin-holes in negatives are usually due to air- 

pubbles and decomposition of the films. Small clear spots generally 
result from dust particles. Another type of transparent spot, 
irregular in shape, results from the scum of the developer. This is only 

seen on the surface of very old developers. Sediment, accumulating in 
the trays, graduates, and solution bottles, may come in contact with 

the film, thus interfering with the action of the developer, the result 
‘being spots. Particles of undissolved developer (pyrogallol) adhering 

to the film produce irregular dark spots. Cleanliness in all the steps 

of the developing process is the only preventive against the formation 

of spots. 

D. PRINTING (POSITIVE), TONING, AND MOUNTING. 

The X-ray image of the negative may be printed on paper as in 
k rdinary photography. All diagnoses, as far as practicable, should be 

made from readings from the negative instead of from the print. There 

are instances, however, where information may be gained from the print 

which inadvertently had been overlooked in the interpretation of the 

negative. Another advantage in using the print is that it may be passed 

among a class of students for study, a procedure that might endanger a 

valuable negative. A properly exposed and well developed negative 
i Sually serves to produce a good print on almost any reliable paper. The 
Commonest printing-out paper used in this work is the ordinary 

1 
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“albuma,” the printing of which is conducted by sun-light. The 
advantage of this paper is that the strength of printing process may be 
easily controlled. 

“* Dodging’’ is a method employed for reducing inequalities of a print 
from a good negative. We can best understand this method by citing an 
example. Let us take a negative of the hand ; 16 is placed in a regular | d 
printing frame as already referred to. We are all aware of the fact that 
the carpo-metacarpal part of the negative has been reduced by the devel- | q 
oper to a less extent than the phalangeal portion. Therefore in the print 
the former portion would be shown more strongly than the latter, because. 
more rays can come in contact with the paper. In order to equalize the 
print, we ““dodge”” the carpo-metacarpal portion of the hand by con- 
stantly moving a piece of card-board above 1t,—4. e., we shield it against 
further action of the light rays. This permits of the phalangeal portion - 
being printed to the extent desired. Were we to cover the carpo-meta- 
carpal portion by laying card-board over it, without moving it, a divid- 
Img line would be readily discernible, being exactly the opposite of what 
we desire to achieve. | 

Ground-Glass Substitute. —The glass surface of the plate is cleaned of 
all dust particles, finger marks, etc., anda solution of certain gum resins 
in ether called ground-glass substitute is poured evenly over the surface, 
precaution being exercised to prevent the liquid from coming in contact 
with the film. The ether evaporates more rapidly, leaving behind an 
even coating of gum resin, which, adhering firmly, gives a ground glass 
appearance. The negative may now be “evened up?” by daubing burnt 
umber into the gum layer corresponding to those parts which are ““thin.”? 
To even up a negative requires skill, and in order to guard against any 
errors I advise the use of a print from the negative before it has been — j 
prepared, thus acting as a guide. If the negative is uneven, scrape the 
ground-glass substitute from those parts that are too opaque to the rays, 
thus allowing of the easy passage of the latter. Soft negatives should be . í 
printed with tissue paper over the printing frame. With a little practice, 
the inexperienced will rapidly learn the art of developing. It is better 
that he do this work himself than to rely on the services of professional 
photographers. | 

Developing Papers.—Velox and bromide papers can only be printed 
in dark rooms by artificial light, the sensitized surface of the paper being 
placed against the gelatine side of the negative, and the printed image is 
brought out by a process of developing. The advantage of these papers 1s 
the rapidity with which the printing is done without the aid of sunlight. 
The time of exposure to artificial light can be ascertained only by follow- 
ing the directions and by experience. Velox and bromide paper should be 
aeveloped according to the “instructions ?” accompanying each package. 

water ; 

tone. 
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Toning Process. —Albuma paper, after being printed, should be 
E Tom 

rimmed, and th 

The prints sh
ou 

in troduced into 

and placed upon 

en washed in running water until it ceases to be ‘‘milky.’’ — 

ld now be placed face to back, one upon the other, and 

the toning solution. The lowest print is then removed 

the uppermost, continuing this process for some time. 

TONING SOLUTION. 

(1.25 grams. ) 
(30 grams. ) 
(625 c. c.) 

Chloride of gold 
Acetate of soda 

3 Keep slightly alkaline by frequently adding sodium bicarbonate. 

l f the stock solution take an ounce, dilute it with ten ounces of clear 

Y it is then ready for use. : 

Put the prints into this solution; keep them moving, thus insuring 

. en toning. If the toning be too slow, a few drops of the stock solution 
ev j 

“<hould be added to the diluted toning solution. On the other hand, if the 
y 3 ae is too rapid, a small quantity of water should be added. Usually 

E 15 to 20 minutes are required to bring out an even and proper 

After the toning process is completed, the prints are thoroughly 

washed for some time in running water. The prints are next introduced 

“into a fixing bath which consists of 

(60 grams. ) 
(6003C: C) 

tn Tis solution they should be allowed to remain for at least 15 or 

20 minutes, keeping them in motion. All these processes should be 

“conducted in a dimly lighted room. v 

1 Mounting. —A fter the prints have been thoroughly fixed, they are 

again washed for several hours in running water. They are next placed 

separately on a plate of glass (face downward) before drying, and all the 

“wrinkles are rolled out by blotting paper. The back of each print 1s now 

‘painted with photographic paste and mounted on stiff card-board. Blot- 
ting paper is placed on the face of each print, and a roller used before the 

print has dried, to remove any wrinkles. 

| Positives. —Another method of printing consists in placing the X-ray 

negative into a regular printing frame, and a sensitive plate behind it. 

“Everything being in total darkness, light a match and expose the plate 

for 5 or 8 counts. Develop the plate in the usual manner, the result be- 
‘ing a “positive.”? These positives are the exact size of the negative 

(contact print), while transparencies and lantern slides are reduced in 

Size. If prints are made from these positives, the bones will appear 
white, the fleshy parts dark, etc., similar to the appearance of the original 

negative. 
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Transparencies and Lantern Slides or Diapositives.—The reduced trang. 
parencies appear with fuller detail and are easily handled and convenient 
for exhibiting purposes. The reduced transparency can be obtained by 
putting the original negative in a camera or window, the negative being transilluminated and focused over a 4 x5 inch (10 x 12.5 cm.) sensitive 
contrast plate and developed. If a smaller sized plate be used, 34+ x 4 
inches (8.2 x 10 cm.) , we obtain a lantern slide for projection. In 
making prints from these negatives, the bones, for example, will appear 
white, a circumstance that will often prove useful. 

Batelli and Garbasso were the first to suggest the wisdom of obtain- 
ing reduced photographs, from images observed on the fluoroscopie Screen, the advantage being that small-sized plates may be readily em- 
ployed. But certain disadvantages of the method at once present them- 
selves. The image on the screen must be steady, 
an ortho-chromatic plate, with a long exposure, as the image formed is yellow in color. The process is not well developed as yet, but when it is, an additional precaution will be the protection of the camera from 
the rays. 

IV. Interpretation of X-ray Negatives. 

This is more difficult than making the negative, because of the 
superimposition of shadows of varying densities. The trained eye of 
the X-ray specialist alone, can indisputably interpret the negative with — 
any degree of correctness. 

The negative should be a satisfactory one of the special 
under examination. 
be made ; if this 
by the process that I have mentioned in the chapter devoted to pho- 
tography. In those cases where difficulty is encountered in arriving at 
a positive diagnosis it is imperative that a duplicate be made in order 
to confirm the earlier diagnosis. 

A blurred negative cannot be remedied and is in every way inferior — 
to an under- or an over-exposed plate. 

The skiagrapher should keep full data of the technic when making 
the negative. He should always endeavor to interpret it correctly and 
to compare it with a negative of the corresponding part in the same 
individual; he should study each part and its anatomy, and make him- 
Self thoroughly informed upon every subject that comes to him for 
diagnosis and opinion. | 

How to View the Negative.—It is of prime importance to know the 
exact relations of the tube and the position of the part to the plate. 

The X-rays emanate from a small point on the anode, diverge, and 
then traverse the object, casting enlarged shadows on the fluoroscope or 

structures 
If it is found to be unsatisfactory, a duplicate should 

and there is required 

is not easily procurable, the negative can be improved 
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i j e herefore superimposed—4. e., llections of silhouettes are t | 

k: a a osite of the shadows of the object near the tube and those 

|. A When a negative is dry and ready to be examined, zy 

neat E Mee apher or observer should take the place of the anode O 

e po eo tube, the film or gelatine side facing the interpreter’s eye, 
the Croo the aace of the tube from the plate. ie es 

oo a ose that the right palm is in contact with the sensitive side x 

3 A when examining the negative, it follows that the ee ja 

the peo hen the gelatine side is toward the observer’s eye ; but F 

eo A eye corresponds to the Crookes tube, then the dorsum o = 

i be brought into view. On the contrary, with the glass DS 

. Bas eye, the observer views the dorsum of the left hand orep os 

a the right hand, which is equal to the fluoroscopic view or 
. : For instance, a patient is in the dorsal position, the plate De 
f p t the back and the tube over the sternum, with the gelatine oat 

4 a toward the observer’s eye and the eye corresponding o e 
4 eo. tube : then this negative will show as though the observer ae 

| i. ae through the anterior wall of the thorax; the left side o 
100 $ " . A 

ill be his right side and vice versá. 

a Pe examine this negative with the glass side towards your eye 

4 a A equal to placing the fluoroscope to the back, or looking at a f ic ; Ba ys 
f a the right side of the patient will be your right side, ete. re 

E f a ventral or anterior view is taken, place the plate in front of 1 
| a. ior : this negative is examined (film side chest and the tube posterior ; when this neg Li ane aie 

atient is viewed throug e ba y 2 

; - ie w etc., but if you look at the glass side of the neg- wi e your , .> AREATA ; : 
k. AA this will be equal to the fluoroscopic view or a print, i. e., the 

7 . 
: j j j left side, etc. = patient’ s right side will be your i | i ; 

a I fer to make the examination or interpretation directly tr opa P. 
j tive and not from the prints, because prints reverse the views. 

E A 1 at prints of the anterior view of the thorax, our eyes do a T we loo | ina eine 
$ but we are looking a 4 d to the anode of the Crookes tube, RE 

q a or the chest and rays are coming through the back of Be ergs ; 
3 . ; i t that is next t q j rentral view, etc., —i. e., the view or par i : | 
j a w ae ee l de RIE T or print, or its equivalent the gelatine side of the plate, E K a E 
3 i s side toward our eyes. S 

ee nea 'elati ide toward the examiner”s eyes, because placed or held with the gelatine side z 
i in this position, we look through the object and see its shadows mor 

| correctly and ae in their relation to each other. : There will aes 
E be no reflection of light from the film, as there will be from the o 
Ea j ld by the examiner who manipulates it, by side. The negative can be he y ye ear en ae 
viewing it from different angles, or an assistant ho a p 
Operator examines it from different distances and angles. 

p late. 

d pati 
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A better plan is to place the negative in a window, 
tain, and allow the light to come through the negative. I often prefer to place the negative in the window of the dark room and examine jt either alone or by a similar negative of the corresponding part of the Same person; if this be not possible, I employ the negative of some other person and then compare them side by 
is to place the negative in a photographer’ 
very convenient for small negatives. 

I have devised a viewin 
Philadelphia Hospital. 

s retouching desk, which ig so 

This box accommodates any sized negative and ig capable of rotation, and thus without any displacement the negative can be viewed at any angle and also in the vertical or horizontal position. 

Fre. 109.—Author's negative-viewing box. 

lower the cur. _ 

side. Another easy method ` 

g box (Fig. 109) which I employ; at the — 

© recognize. 

This box contains three series of eight c. p. lights 
glass. When a dim or weak light is desired for less dense negatives, one series of lamps is lighted ; if strong light is desired, the No. 2 switch is turned on and greater illumination is produced. This box contains per- 
forations and is lined with asbestos. The preferable light for the exam- ination of negatives is white (day) light 
intensity of the light can be regulated by the interposition of either 
ground glass or a rheostat, as necessity requires. 

A. FOREIGN BODIES. 

In interpreting a negative for a foreign body, exclude all possible 
errors, Such as white spots produced by air bubbles during development, 

behind the ground 

or the electric light. The. 

37 
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th ep 

the bandag 

í laudanum etc., that may be on 

resence of o a bodies eat eclipse all other 

: BER coi opague bodies cast their shadows on those of ae 

shadows. da ast may be only very slight, especially so, when the plates 

pones the 2 A Small bodies in the deeper portions of the body (as 
are m ite abdomen and in bony cavities, as the eye) may defy 
A 3 time of exposure is prolonged and secondary rays produce 

d tection N plate. This occurs especially when the foreign body is 
O A e., a fragment of stone, ete. 
pon- 

f TIONS. ; RES AND DISLOCA 
Bb. FRACTU 

: i fractures are often difficult to 

E i a n ga ae the separated fragments, the 

3 A be superimposed, and the characteristic dark a z 

shadows ill not be visible ; in impacted fractures instead of this 

— M appear an increased white shadow. Epiphyseal lines 
pine ae. be ne sight of. The elbow-joint in children should be 

oo ing normal side. | 
compared E > eee on these fractures note the changes 0€e-- 

A a o ne the dark line on the negative is not visible ; and also look 

a a he e in the continuity of the periosteum, the shape and ce 

E e a neck to the trochanter, etc. Compare the normal hip-joint 

O A Mica one, and take a skiagraph of both hips on one large 

4 E. being careful to observe the position of the feet. ces 

4 Dislocations. —This condition can be discerned easily. T e > Pe 

q f the Eds of the bones may often be disturbed or changed a: a n ; 

a ‘ar position that the part may assume, or by a faulty rela 10 Ae 

a ae of the tube to the plate; this frequently occurs in e 

a Re joint in the acromio-clavicular articulation, etc. Paes 

lagos are. transparent to the rays and may thus be mistaken 

Be tre and dorsal positions of the shoulder-joint present differ- 

ent appearances on the negative. 

mC. DISEASES AND TUMORS OF THE BONES. 

It is important to determine if Hes ithe o ae hae 

origi ever possible the shadow shou m 

; a A a be a whether the shadow is attached to oe ae 

teum or to the central portion of the bone. Do not ate pee 
normal ridges, grooves, or projections as irregularities ee 

portion of the bone. The early stages of any special bone dise poe 

3 ferentiated with difficulty from other osseous diseases by the appe 
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in shadow density. Such a negative may assist the physician as to the 
origin and the exact location of the disease, and as the disease advances 
the characteristic appearance of that particular disease of the bone on the 
negative will be noticed. 

Callus. —The appearance of callus can be diagnosed from periostitis, 
or other diseases, by the deformity produced and because the shadows 
are fusiform and encircle the ends of the fragments. 

Diseases of Joints.—Endeavor to obtain an intra-articular Space ag 
wide as possible. Bandages and dressings should always be removed. 
Ordinary arthritis is differentiated with difficulty from the other arth- 
ritic affections in their early stages. Pus and fluid, whether serous or 
purulent, cannot be easily differentiated, although serum casts a denser 
shadow than pus. 

Intra-articular inflammation with exudation, can be differentiated 
from a periarticular inflammation, because the intra-articular space of the 
former is increased on account of the tension exerted. | 

False and true ankylosis should be carefully differentiated. Bony 
ankylosis may be excluded by the absence of dense shadows, or by the 
obliterated intra-articular space, which is absent in false ankylosis. In 

advanced cases deposits of tophi are demonstrable, and one can observe 
with certainty whether the disease is intra-articular or periarticular in 
origin. 

In hip-joint disease or in any other disease of the bone or joint, the 

true conditions or size of the bone may be altered, diminished, or increased, 

either by being nearer to the plate (as the result of atrophy of the muscle 

from disease), by disuse, or by other causes that may exaggerate the 

normal size of the bone on the negative. y 

D. DISEASES OF THE SOFT STRUCTURES. 

Itis very difficult in these conditions to skiagraph or to obtain a 

clear shadow on the negative, and even when once obtained it cannot be 

differentiated from similar conditions, as lipoma, sarcoma, cyst, etc. A 

soft negative, full of details, is most desirable, and may be easily obtained 

by slightly under-developed and properly exposed plates. 

Brain tumors are very difficult to diagnose. Thickness of hair, 

especially in female subjects, should not be mistaken for a neoplasm. 

E. DISEASES OF THE THORACIC ORGANS. 

Negatives of the thorax should be examined in a viewing box. The 

Skiagrapher should be familiar with the fluoroscopic appearance of the 

normal and of the pathological lung. The physical examination should 

always precede the skiagraphic examination. When the plate is placed 

y J 

offered on the negative, as nearly all bone affections produce an increase 

anterior port 
3 of exposure is pro 

indisti 

han 

spaces; d 
ip (often cast between the 2d and 3d intercostal spaces), or the sterna 

q end of the clavicle (which may show an increased shadow»), for consoli- 

- dation. ; 

the shadows of the scapula will often be cast outside of the thorax. The 

1 female mammary glands throw pronounced shadows. 
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q the anterior wall of the thorax, the negative will reveal the cage-like 

3 ance of the thorax ; the anterior portions of the ribs will appear 

E a distinct, and will form an angle with the posterior portion. 

E, the negative has been exposed in contact with the back of the pa- 

n the posterior portion of the ribs will be more distinct than the 

ortion, the latter being further from the plate. If the time 

longed, these anterior portions of the ribs will be 

net and widely separated. The shadow of the diaphragm will be 

tinct on the affected side, being less mobile during the exposure. 

In comparing the transparencies of the apices of both lungs in right- 

ded persons, the right side may appear lighter on the negative. 

In viewing the anterior wall of the chest examine the intercostal 

o not mistake the shadows of the anterior portion of the first 

tient, the 

The shadows of the sternum require most careful observation and 

In the incipient stage of tuberculosis, the apices of the lungs must 

3 be studied with great care, as a slight degree of congestion or infiltration 

will throw a shadow on the affected side. If one apex is diseased, the 

] diagnosis will be arrived at with less difficulty, because an opportunity is 

afforded for comparison with the normal apex. Do not compare the 

q transparency of one apex with other portions of the lung, but apex with 

"apex, ete.; for as the thickness of the thoracic wall differs in different 

i parts, SO does the transparency vary in the same person. 

Bronchial or lymphatic glands when calcified (and which are tuber- 

] culous), can often be observed without difficulty ; small areas of consoli- 

 dations will appear as irregular scattered light patches. Longitudinal 

3 streaks on each side of the heart are supposed to be due to the foldings 

of the pleurze, when the latter are viewed edge-wise. Upon the nega- 

F tive the posterior view shows the ribs very clearly and distinctly, and 

likewise the vertebræ. The anterior portions of the ribs, however, 

are blurred, because the posterior ribs are nearer to the plate and are 

_ immobilized. 
Abscesses and empyema do not cast shadows so dense as does consoli- 

dation : neither do the former obscure the shadows of the ribs. Pleural 

_ thickening is differentiated from effusion in that the latter casts a uniform 
and more dense shadow; the level of the shadow will change with the 
position of the patient and is best viewed in the erect or sitting posture. 

In thickening of the pleura an irregular outline is discernible. | 

In consolidation the shadows are larger, more irregular, and denser 
i than those cast by the ribs, and especially noticeable in advanced cases 
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y Hultz" reported a case in which fracture of the transverse 
of tuberculosis. The apex alone may be affected, but in other instance) Dr. Henr 

the entire lung is attacked. It is thus that consolidation is differentiateq l E. ocess of a vertebra would have been mistaken for a e ae 

from effusion. 
= ac a stereo-skiagraph of the condition. Whether a calculus is in the 

Cavitations are characterized by dark areas surrounded by a light Dyer part of the ureter or in the bladder, is often a difficult matter to 

field; this is due to a lessened amount of tissue for penetration by the | decide. | 

q i There are three methods for ascertaining the exact location of a 

rays. If the cavity is partly filled with fluid while the patient is in the 
recumbent posture, the fluid gravitates, and the dark area is obliterated: 
but in the erect or sitting posture the level of the fluid will be visible 

when it is of considerable size. ‘pe seen to be 

Prior to a paroxysm of severe coughing, if a fluoroscopic or skia- | ing a catheter, when the presence of a (small) stone in the ureter will be 

graphic examination be made with the patient in a recumbent position. | “noticed py its position, and relation to the end of the catheter. By the 

and another examination taken subsequent to the paroxysm, the cavity first and second methods the relation of the calculus to the bladder will be 

will be noticeable, because the fluid, pus, ete., will be a ' observed. 

Emphysema is manifested by excessive darkness on the negative, due 7 F Several small round white spots often mistaken for calculi may be 

to the presence of air in the lung, as is also observed in cases of pneu e left line of the ureter. They are frequently situated ln 

thorax, etc. 
d are more frequent on the left side than on the right, or 

The shadows of the ventricles, the auricles, and the aorta are easily “sometimes on both sides of the same patient. They commonly occur after . 

recognized ; for a detailed account, the reader is referred to the chapter the thirtieth year. Their true nature is a disputed matter. Some believe 

devoted to the Circulatory System. | q “them due to the presence of sesamoid bones in one of the obturator 

I have made stereoscopic skiagraphs of the thorax which are very q ‘tendons.? Russell H. Boggs is of the same opinion ; others incline to the 

useful in differential studies in pulmonary and cardiac affections. - pelief that they are calcified glands. 

| 3 A Dr. Joseph F. Smith,’ of Chicago, believes that in 25 per cent. of his 

q cases negatives of the pelvis contained from one to six small round 

sometimes on one side, sometimes on both sides, in the vicin- 

1. By inflating the bladder, when the shadow cast will be 

negative. 2. By injecting water, when the shadow will 

lighter than the surrounding structure. 3. By introduc- 

calculus. 
darker on the 

| “noticed along th 

a curved line an 

F. ALIMENTARY SYSTEM. 

: ) | shadows 

Stricture of the cesophagus, whether due to a growth within or exter- Í ity of aie ischium. He found, by dissections of cadavers, that these 

Dal to and compressing the cesophagus, is difficult and often impossible to 3 shadows are caused by small bony deposits that occur in the pelvic liga- 

differentiate by the skiagraphic appearance; but if the growth is within " ments, especially in those attached to the spinous process of the ischium. 

a I concur with those who believe that these spots are phleboliths. Among 
the cesophagus and the latter cannot be dilated, it becomes necessary to in- 

troduce an cesophageal bougie; on the other hand, if the growth is external 

the sound can be introduced by displacing the growth to one side. 

The Stomach.—The reader is referred to Chapter V., Alimentary 

the latter may be mentioned Chas. L. Leonard, Henry K. Pancoast, and 

Max Reichman.‘ These shadows can be differentiated from those of 

“ureteral calculi by passing a metallic bougie and by skiagraphing in situ. 

T Tf these shadows are outside the shadow of the catheter, they are evidently 
System. 

: | not ureteral. The autopsy of one of my cases showed the presence of a 

G. GENITO-URINARY SYSTEM. 3 Y © phlebolith. 

Only in emaciated individuals are the sha | | 3 | Vesical Calculi.—The shadows of the sacrum and coccyx may be 

O andes Ba eines Ue S Cy " superimposed by the shadow of a small calculus, hence the shadow of the 

oan | ne ICC flatt fail of differentiation. This is also true of the shadow of 
seen on the negative are very unsatisfactor E latter may fail of differentiation. is is also true O e shadow o 

, y. | f. ; 

; : s ae q impacted fecal matte th tum. The bladder should be evacuated 

Renal calculi should not be mistaken for biliary calculi, intestinal ; aa ior to th a an nets a ‘ E f barrier to th 

concretions, enteroliths, tuberculous foci, or abscesses. Scars and accu- — q o x oy examination gWen T T a TE 

mulations of sand in the pelvis of a kidney may in some cases cause an 3 : 4 SS e oha oi the American Rontgon Ray Society, 1906, page. 158 

ace diagnosis to be made. I once mistook an undissolved capsulemg™ ] 2E. W Caldwell Medical New il 22 1905. E 

of bismuth for a calculus, but a second negative showed the change in the = | q Transactions of the American one on Ray Society, 1906, p. 157. 

4 Fortschritte a. d. Gebiete der Róntgenstrahlen, Feb. 22, 1906. 
position that the capsule assumed, and the operation was postponed. 

16 
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passage of rays. I have frequently seen the outline shadows of thes | 
bladder, which are so valuable in determining whether the calculus ig 
ureteral or vesical, or if the appearance is due to an interfering shadow. 

In stricture of the urethra, by the introduction of a bismuth solution 
we are enabled to ascertain the location of the stricture, its calibre, ete, 

A report of the X-ray negative should be written or oral and should 
be most carefully executed. The report should be made as intelligible 
as possible, by making some tracing, marking, ete. 

There are numerous shadows on the negative that defy all efforts at 
interpretation and are as little understood to-day as they were when 
Skiagraphy was first presented to the notice of the medical profession. - 

V. Stereo-Fluoroscopy and Skiagraphy. 

A. HISTORY AND PRINCIPLES. 

The application of the principles of stereoscopy to skiagraphy wag 
first employed in this country by Professor Elihu Thomson! and subse- 
quently used abroad. | 

_Ch. Bouchard” claims priority of the discovery for Imbert and Bertin, 
of Montpellier, France, but this is erroneous, as the latter first made 
known their studies in Comptes-Rendus, March 30, 1896. 

Dr. Mackenzie Davidson was perhaps the first investigator to pro- 
duce and interpret X-ray photographs by this method, publishing an 
article in the British Medical Journal in 1898. 

Professor G. P. Girdwood, of McGill University, Montreal, Canada, 
made extensive use of this method in studying foreign objects. The 
leading scientific journals of Germany have published many articles on 

tages gained by its employment. 

In October, 1901, Dr. Louis Weigel, of Rochester, exhibited a stereo- 

scopic outfit before the members of the New York Medical Society, and 

Dr. A. B. Johnson, of New York City, published an article on this sub- 

ject in the New York Medical Record, September, 1900. : 

In order to produce a stereoscopic picture, it is necessary to arrange 

a pair of tubes so that when worked simultaneously they will present on 

the fluorescent screen a double set of outlines fused into one. To bring 

out this effect we must alternate the use of the tubes, and so choose the — j 

intervals that the continuity of vision may accomplish the fusion of the — 

two images... (Figs. 110, 111.) 
The anodes are placed about 6 em. distant from each other. They q 

are alternately excited by a single coil, but preferably by individual 

1 Electrical Engineering, March 11, 1896. 
* Traité Radiologie Médicale, p. 561. 

a a 

this subject, describing the methods, the apparatus, and detailing advan- 

ia 

MY: 

coils. 
: alternately, 

“Tt is also 

apertu 

dista 
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The terminals of the secondary coil are connected to the tubes 

by means of a commutator or switch worked automatically. 

necessary to have a revolving opaque disk containing two 

res on directly opposite sides, and set apart from each other at a 

nee corresponding to the space between the examiner’s eyes. 

If the sector disk and the automatic switch rotate synchronously, 

3 d are so adjusted that the tube on the left side becomes luminous 

: Gmultaneously with the passing of the aperture for the eye of that side, 

Fig. 111.—Principles of Wheatstone’s reflecting A Fic. 110.—Principles of Brewster’s refracting 
stereoscope. stereoscope. 

there may be observed a sharp image on the fluorescent sereen between 

the left tube and the perforated disk ; this is suddenly followed by an 

obscuration of the vision of the left eye. In this instance the tube is 

suddenly thrown into illumination and the image of the part is thrown 

upon the screen. Dr. Davidson! constructed such an apparatus. 

B. STEREO-FLUOROSCOPY. 

| Briefly, this stereoscopic fluoroscope consists of a fluorescent screen 

illuminated by two tubes which spark alternately. A rotating disk with 
appropriately placed slots eclipses each eye alternately and works syn- 

chronously with the sparking of the tubes. Each eye sees the shadow 

E 1 Dr. Mackenzie Davidson described the mechanism of his invention, together 

with the application of its principles, before the Röntgen Ray Society of London, on 

December 6, 1900. 



_ move the tube to the right, corresponding to the vision of the right eye, 

- tained photographic plate is shielded from the action of the rays. After 
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cast from one tube. A stereoscopic image is thus seen, the movements — 
of the shutter, etc., being sufficiently rapid to give a continuous 
illumination of the screen. - | 

E. W. Caldwell’ uses a large Crookes tube of the double focus — 
variety (two anodes) at a distance of three inches. The fluoroscope is 
provided with a shutter which permits only one eye at a time to view the 
fluorescent screen. In other respects the apparatus is very similar to 
Davidson’s device. 

C. TECHNIC OF STEREO-SKIAGRAPHY. 

In brief, the technic consists of obtaining two separate skiagraphs — 
of the same part, or of employing two different sensitive plates without 
changing the position of the parts, but in alternating the position of the 
Crookes tube two and a half to two and three quarters inches (6 em. J 
corresponding to the distance between the pupils. (Fig. 112.) Subse- 
quently these two negatives or skiagrams should be examined with a 
‘special instrument. It is important to observe that the part on which 
the stereoscope is to be used should first be fluoroscoped or skiagraphed 
in order to locate accurately the seat of the injury. 

For use in stereoscopic work, a plate-changing box (Fig. 113), with 
a top of thin wood or hard fibre and. measuring from 14 to 17 inches (35 3 
to 45 cm.), is employed. The size of the plates is marked upon its top, 
in order to correspond with the dimensions on the drawer of the box. 
Over this box are placed cross-wires, which facilitate the accuracy of 
superposition. It is advisable to have a horizontal bar scaled in inches 
and centimetres. The skiagrapher should first centre the object and then 

one and one-quarter inches, or 3 cm., and procure a picture. Place 
another plate in the drawer of the box without moving the object, and 
adjust the tube to the left, corresponding to the view of the left eye, and 
again take a picture. The plates should be marked “right” and ‘ left% 
to obviate confusion after photographing the part. 

Some operators use two Crookes tubes at a distance (the anodes) of 
seven or eight centimetres, not moving the tube at each exposure. The 
objection to this method is, that the two tubes will have different de- 
grees of vacuum. 

A. B. Johnson, of New York, and P. Czermak prefer to shift the 
box two and one-half inches instead of sliding the tube. 

Another method of taking stereoscopic pictures? is to have a plate- 
holder so constructed that, by a heavy sheet of metal, one-half the con- 

! Electrical Review, November 16, 1901. 
"A. B. Johnson, Annals of Surgery, April, 1902. 

Fie. 112. 
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exposing one-half the plate, the other half is brought beneath the part, 

the latter having been previously shielded by a lead screen. The tube 

is moved a suitable distance, and a second exposure is made. The 

When the actual size (dimension) is desired, then A is equal to 6.6 

 em.—VI1Z.; the distance between two pupils. | 

0-0 CMA == 

ÁS TA A 

Marie and Ribaut s Table, showing the varying relationships between 

the thickness of the part examined and the displacement of the Crookes 

tube, and also the change in the distance of the tube from the surface 

of the object. For example, if the part, such as the wrist, is 6 cm. in 

thickness and the distance of the tube is 40 cm., then the displacement 

of the tube will be equal to 6.1 cm. 

P = THICKNESS D = DISTANCE OF THE TUBE FROM THE SURFACE OF THE OBJECT. 
OF THE OBJECT. 

Se ST E A e | 20 || 12) s0 || 158 [ao 402 50. [282 | 60 
Inch. ‘|| Inch. | Cm. || Inch. | Cm. || Inch. | Cm. || Inch.} Cm. | Inch. | Cm. 
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two pictures thus lie side by side upon the same plate, and may be 

Cope o paper ina a | I have devised a special table and an adjustable plate-holder, which 
refracting stereoscope. This method is suited for the extremities, but d 3 

p E I believe possess many advantages. 

pee ae me a Bee A E a E The table is so constructed that the tube can be made to slide - 

Ane and aut aye derived: the following formule; and table, ] on a rod with great ease, whether on the top, bottom, or side, without 
which they assert will give the most relief and perspective view without ] discomfort to the patient 

fatiguing the operator’ s eyes. They arrived at these deduced results by ‘ Usually in skiagraphing for either simple or stereoscopic purposes 

4 series of experiments founded upon mathematical proofs: 3 | the part is placed over the table or plate-changing box, and the weight 

A Maximum = The maximum displacement of focus tube. i _ of the patient rests upon the plate, thus changing the original position of 
The distance of the tube from the surface of the object. 4 | the foreign body. With the above device, the part may be placed in a 

- A A TT 

P (D +P) . natural position, without the plate-changing frame touching it at any 

Ma A point. 

D 

P The thickness of the object. ; 

A 
50 P To produce two negatives of ‘‘ equal density’’ the degree of penetra- 

; J = tion of the rays should be as nearly uniform as possible, and great care 1 Archives d’électricité médicale expérimentales et cliniques, viii., July 15, 1905, $ E oma b ye) ed 7 Ẹ g 
and Traité Radiologie Médicale by Bouchard, pp. 565 and 566. j 3 1Quid be exercised in development. 
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No two tubes have exactly the same degree of vacuum, the same a 

tube changing its vacuum during the exposure. The operator should 

LETTERS ON THE TRANSPAR- ENCIES (BREWSTER’S STER- EOSCOPE), FIG. 112, D. 

o eae APPEARANCE OF THE LEAD 

(Bre e125) 

EFFECTS. effect. 

STEREOSCOPIC 

stereoscopic or 
conversion 

(See Fig. 112, B.) Pseudo - stereo- 
scopic effect. 

left hand. right hand. 
the left hand. 

Palmar view. of | True or binocular 
the right hand. 

Dorsal view of the | True stereoscopic THE ASPECT OF THE 

HAND. 

Dorsal view of the Palmar view of 

similar 

fluoroscopic 

(skia- 

view or skiagram. 

similar 

reflecting reflecting 

mirrors; ‘mirrors; to 

side toward 
NEGATIVES. 

to fluoroscopic view or skiagram. the mirrors (skia- grams), eyes cor- responding to the POSITIONS OF THE Crookes tube. 
Glass side toward 

the mirrors grams) the the 

OF THE NEGATIVES AND TRANSPARENCIES. Film side toward Glass side toward Film 

(WHEATSTONE’S 

REFLECTING STEREO- LETTERS ON THE NEGA- SCOPE). 
ak. 

TIVES 

AUTHOR’S TABLE SHOWING THE CHANGES PRODUCED BY REARRANGING THE POSITIONS 
APPEARANCE OF THE LEAD 

judge the time of exposure of the second plate by experience. A self- 

regulating tube is preferable. I usually give a little longer time for the 

second exposure than for the first, as the tube runs down a little and the 
penetration lessens. Short exposures are most desirable. 
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Lately I have been developing for the same duration of time two ex- 

osed plates in one tray, but I have discarded this method, because the 

handling of large plates is difficult and the plates differ in density, but 

now I develop them separately, and by carefully mixing the developer 

pefore and during the progress of development, I alter it as the plate 

requires, to secure equal densities. Soft negatives are preferable. 

D. METHODS OF VIEWING STEREO-SKIAGRAMS. 

Wheatstone’s Reflecting Method.—This instrument, devised in 1838, 

consists of two vertical mirrors accurately set at aright angle (the ver- 

tex of the angle facing the middle line of the observer’s forehead), this 

arrangement of mirrors slides forward and backward, and is placed over 

a long board, upon which is a vertical frame parailel with the reflecting 

plane, forming an angle of 45°. These frames and mirrors are so con- 

structed that the observer can easily superimpose the two pictures. 

(Fig. 114.) 
The pictures must be so placed in the frame as to hold the same 

position as that occupied by the Crookes tube during exposure. For 

instance, the picture marked “right?” should be placed in the frame to 

the right of the observer in order to get an anterior view of the part. If 

placed in the left-hand frame, a posterior view will be obtained. When 

prints are examined with reflected light, by turning the prints end for 

end, without changing the “R” or “L” positions, posterior and anterior 

views may be obtained ; this is known as pseudo-stereoscopy. 

The advantages of Wheatstone's reflecting method are that: Any 

sized negative, even before a print is made, can be viewed. When nega- 

tives are used without prints, the picture is seen more in detail; nega- 

tives can be examined while wet. I bore two holes in a block of wood 

which is placed between the reflecting mirrors, where the same reflecting 

light used for negatives can be set for the illumination of prints. 
Brewster's refracting or lenticular stereoscope is founded on the prin- 

ciple that two pictures can be produced, by causing a displacement of the 

] tube, two and one half inches (6.5 cm.), with the pictures side by side, 

and viewed with two prisms (18°) for each eye. (Fig. 110.) 

These pictures will be superimposed according to the laws of refrac- 

tion. One disadvantage of the Brewster refracting stereoscope is the 

great degree of the convergence of the axis of vision required, and the 

necessity of reducing the size of the pictures for use in this refractor. 

This has been overcome by Walter, of Germany, who places the original 

size negative in the frame and views it with different prisms. (Fig. 115.) 

There is yet another method of viewing these stereoscopic transpar- 

encies or prints. The reduced pictures mounted in frames are placed on 

an endless chain, and are viewed by the operator who looks through the 
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prisms. The advantages of this method are: That the number of pic- 
tures is practically unlimited, unnecessary light is excluded, and that 
prints as well as transparencies may be employed. | 

Lately I have made some plastographic views from these stereo- 
scopic negatives. The plastographie method consists in superimposing 
one print in green over another in crimson, which offers a haziness to the 
naked eye, but when viewed through ans (one of a green color 
and the other of crimson), a very beautiful picture with marked relief 

A E o mí 
Le 

Fig. 114.—Wheatstone’s reflecting stereoscope, as modified by Weigel. 

Fie. 115.—Prism stereoscope of Walter. e 

details is afforded. 1 believe this process will be useful for stereo- 
scopically illustrating medical journals and scientific books. There is 

another method of combining stereoscopic pictures without an instru- 
ment, which can easily be acquired by crossing the visual axes. Place 
the skiagraph in front, hold up the index finger in the middle line 

between the eyes and the skiagrams, and while looking at the top of 

the finger, a third picture will appear in the centre, offering a most 

beautiful stereoscopic effect. 

E. ADVANTAGES OF STEREO-SKIAGRAPHY. 

An ordinary skiagraph is composed of Superimposed shadows of 

different densities, which appear flat on the negative or print, and in ad- l oes cvinoram of Colles's fracture, palmar view taken thro 
dition contains many shadows appearing indistinct and weak, but in 3 | eS l with prism stereoscope. 
the stereoscopic pictures the superimposition will be more distinct . 

and visible. Two plates exposed at different angles are used, and any 

deficiency in one is easily compensated for in the other. Another 

ugh the splint, and should be viewed 
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ge is that the anterior and the posterior views are discernible. 
advanta i $ : : 

we will very briefly note a few of the many applications 
Jn passing, | 

Dot gtereo-skiagraphy. 

F Anatomy.—For demonstrating the structure of the bones. In the 

short bones the trabeculæ are seen, and in the long bones we 
7 ong and 

| rve the lamelle in the shafts and in the cancellous tissue. 
may obse 

The spiral arrangement of the lamellæ is distinctly shown, especially 

En the humerus and femur, also its change in direction near the articular 

surfaces. 
| In examining the skull, the grooves for the meningeal arteries are 

Een, the concave appearance of the cranial processes, the frontal sinuses, 

“the antrum of Highmore, the turbinated bones, etc. 3 

k In studying the mechanism of the joints, these pictures give a per- 

"spective of the relations of the articular surfaces of the bones, their actual 

depths, and the relation of the processes, to the observer. 

| Arteries, veins, bronchi, and excretory ducts, when injected with 

y opaque materials, such as lead or mercury, show their exact relations 

j (their depths) to the bones, the muscles, ete. 

“Surgery. —Of the numerous methods of locating foreign bodies stereo- 

4 skiagraphy is the most satisfactory, because it offers a definite view of 

the foreign body, and thus enables the surgeon to operate with cer- 

4 tainty. The negatives should be soft and full of details, in order to show 

‘shadows of different tissues, especially cystic and soft tumor tissue. 

When two negatives of this kind are superimposed, the intensity of 

“the shadow is doubled. I am and have been using this method in 
the Philadelphia Hospital in a series of experiments for detecting and 

locating brain tumors, ete. 
| The foregoing statement is also true in regard to fractures. (Fig. 

116.) By this method we may procure definite views of the injuries, the 

exact position of the fragments, the amount of overlapping, the separa- 

i tion, the degree of apposition in deformities, etc. The ordinary skiagraph 

does not show the variety and character of dislocations. The stereo-skia- 

j graph overcomes this difficulty, and enables one to differentiate between 

an anterior and a posterior dislocation. We may view the thorax either 

from an anterior or posterior aspect. The heart and the aorta with their 

“various relations are interesting and fascinating from a practical and 

‘Scientific standpoint. In the study of normal and morbid conditions, 
‘I invariably resort to the employment of stereo-skiagraphy at the 

Philadelphia Hospital. 



Smaller bronchioles, and not into the respiratory passages and air-cells 

| CHAPTER II 

THE CLINICAL APPLICATIONS OF THE RONTGEN RAYS 

INTRODUCTION. 

1 ea Ns i The Uses of the X-rays in Anatomy and Physiology 
. 

] f ] Ext . . t . . 

g peda structures amd in studying the functions of organs. Undoubt- 
uae ee ee gained by dissection and vivisection through a y 

aporious research has been greatly altered and modified thro ua y 
the application of the X-rays. 

A. BLOOD- VESSELS AND RESPIRATORY TRACT 

Ih i ave studied the blood-vessels of infants and adults by injecting 
in 
ca ee Dp ade to the X-rays. The substance used is a 
ee re of bismuth subnitrate, a strong solution of litharoe 

sharply the art a oe T Dae mercury. In corder to demonai 
P ae ae ra E the Injection must be done carefully and slow] 
ae ae ae a advisable first to empty the arterial system of a 
arate e n to inject a solution of zine chloride, so as to get rid of 

y existing clots. This solution should be removed by washing, or Be 
7 

E y f . 
. 

. orcing water into the arterial system, followed by an injection of metallic. | ic 
Sos te a force pump connected to the external carotid artery 
nee Seen ) sone brain, spleen, liver, stomach, etc., may have 

cadaver hd e tee demonstrated by first removing them from the 
lead. ae ee en Injecting into them some opaque substance, preferabl 

Le ere oe 5 ve experiments performed two years ago, I showed ihe 
ena aa systems of a kidney by employing substances of 

and its AS Thus metallic mercury was used for the renal arter 
: cs and a weak solution of red oxide of lead f ; 

vein and its tributaries. | or the renal 

aS aoe brachial, radial, and popliteal arteries have been observed i 
E ae Subject, especially in the aged where sclerosis was present n 

OS e 7 Fa a Ci tract from the larynx to the small 
da e : uM a eee into the upper opening of the larynx a solu- 

The larynx, the f a r are allowing it to expand the air-vesicles. 
ce a a ea with Its bifurcation, and the bronchi, with a few 

A E , can be beautifully demonstrated Skiagraphically. Instead 
ed oxide of lead, I have used small Shot, which travel only to the 

202 

union. 
tion is much mo 

THE CLINICAL APPLICATIONS. 

E BONES AND JOINTS. 

So far as the subj 

most useful in 

skeletal 

of these structures
. 

pegins and advances, 

by X-ray skiagrams. 

po shadow. 

3 The rays are of great value in estimating and detecting delayed 

union of the epiphyses. 

familiar with the normal appear 

Mr. Poland, F.R.C.S.,' London, states, that epiphyseal separa- 

re common in males, owing to their rougher forms of 

ier work, etc., and also that the injury is frequently 
amusement, heavi 

started in intra-uterine life or 

| The larger number of injuries are produced during 
mental labors. 

childhood, between the ages O 

_ year of life. 
The most frequent 

3 epiphysis of the humerus, 
d in the phalangeal and metacarpal and metatarsal 

of the radius, an 

| 4 epiphyses. The times 

-sponding diaphyses 

UPPER EXTREMITY. 

Radius 

- Radius 

Ulna 

Ulna 

Humerus 

Humerus 

Humerus 

Metacarpal 
Phalanges (fingers) 

Clavicle 

LOWER EXTREMITY. 

Tibia 

Tibia 

Fibula 

Fibula 

Femur 

Femur 

Femur 

1« Traumatic Separation of the Epiphyses.” 

studying the osseous system. When the entire foetal 

system is map 

ect of anatomy is concerned, the X-rays have been 

ped out in cartilage, the X-rays cast no shadows - 

As soon as ossification of the cartilaginous tissues 

every step involved in the process may be shown 

The cartilage, being transparent to the rays, casts 

All X-ray specialists should be thoroughly 

ance of an epiphysis and the time of 

during awkward, difficult, and instru- 

f five and ten and even up to the sixteenth 

seats of epiphyseal lesions occur in the upper 

lower epiphysis of the femur, lower epiphysis 

of union of the various epiphyses to the corre- 

of long bones are as follows: 

(upper end) Between 15 and 17. 

(lower end) Between 17 and 19. 

(end of olecranon) Between 15 and 17. 

(lower end) Between 18 and 21. 

(lower end) Between 16 and 17. 

(upper end) Between 18 and 22. 

(end of epicondyle) Between 17 and 18. 

Between 19 and 21. 

Between 18 and 20. 

Between 22 and 26. 

Between 21 and 22. 
Between 18 and 19. 

(upper end) Between 20 and 22. 

(lower end) Between 19 and 22. 

(lesser trochanter) Between 17 and 19. 

(greater trochanter ) Between 18 and 19. 

(head) Between 18 and 20. 

(upper end) 
(lower end) 

A monograph published by 

Smith, Elder & Co., London, 1898. 
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Lower Exrremiry.— Continued. | T A into the construction of the joint except as a pivot. The pisiform 
Paa, (lower end) Between 20 and 24. . | i oes not enter the mechanism, serving only as a sesamoid for the 

Seb as Between 19 and 21. = | also tendons 
alanges (toes j ; j r $ : 

; Tium ee a E ae a a Proceeding to eliminate other accessory elements, we can disregard : 
etween 7 and 10. S k : : Pe ae A | Fe eae $ Phe metacarpal of the thumb, ring and index fingers, each of which 

Pubis | Between 6 and 15. i i Bes independently on the large fixed elements composed of the os mag- 

(Uniting at 25) l q A mete. The thumb forms a typical saddle joint with the trapezium, 

q E ddle so low that motion is allowed in a small As an epiphysis consists of rapidly d +s the pommels of the sa pipty | pidiy developing cartilage, it is readily Erde either as rotation within the circumference or straight motions on 
$ ) penetrable by the rays, while a skiagram casts a ligh e 

; ght shadow of t ÉS 3 ; | 
epiphyseal band, which on the negative appears as a dark band. Tt E | Tany of the radii. The metacarpal of the ring PA aen a en 

essential to diagnose correctly an epiphyseal injury, as it often results i E | antero-posterior maton oi ack Arere ma PoE e E E ae 3 
severe deformity. Both sides must be taken for Re same, but of slightly greater extent, with possibly a degree of a ‘ Ki ion. 

The joints and their mechanism have been carefully studied by Dr | This leaves us a A i (a) pane sees Se ee e X e 

Ernest A. Codman,' of Boston. He says: “This has been i T magnum, etc. e radius wit ro-cartilage. | 
; i ; : undertak mamas? 

In two ways, —first, by skiagr aphing the normal joints in their ai element of the scaphoid, semilunar, and cuneiform. These constitute the 

with 

seal wrist-J oint. positions (extreme flexion, extension, adduction, etc.) ; secondl i 
e 7 e y b A E . . ° . e = 

watching the movements with the fluoroscope. As the ais of the biel _ Í Meios a solution T pe inan Dan Sah eer at eee 

near the plat it i a : | F e to the rays, we may bring out the normal anatomical relations of 
r the plate show best, it is necessary to take each position from propaqu ; ert ts 

both sides. One thing which will arrest attention is the great distan | certain of the internal organs. Thus, by in) ecting this charged solution 
e 

K ce 4 1 s A 3 . ° t 

that apparently intervenes between the bones. This is in part due to | into the pene ea ie ilies e e a 
the fact that the articular cartilages, being easily traversed by the 3 4 and the intestines, we may be able O pro tec seyret 5 ; S z t S 

3 out the normal topography of the large intestines, inject with water, 
rays, do not cast a shadow. The ist-joi i RUST : ; wrist-joint has proved most interest- allow it to escape from the small intestines through an incision previ- 
ing in this study, and the points brought out will be found in the f and ` ; ol- a e > ittino 
lowing description. For convenience we may consider the wrist-joint to 1 | ously made; this ne ON rece me oe ae 
be made up of four immobile and two mobile elements (1) Hall 4 solution to fill all crevices or depressions between the ruge. As has been 

; ; á ) Immobile ] iously stated, we may by the X-rays determine the movements of the (1. e., those made up of simple bones or of a group of bones, the - = SA A y ; ; . 
ponents of which cannot change relative positions). These a a T heart in the living. The heaving of the diaphragm, together with the 

: ; re: (a) Si j E 3 : ] heart 
, i E relationship this organ bears to the movements of the pulsating heart, 

eee oe poe (9) ea arpal of neon ser, (c) metacarpal of 1 3 ae a a ciated careful fluorescent screen examinations.’ ’ 

om This ae Ee Meee ee r RR ‘trapezoid, os magnum, and unei SEE q M. Bouchard! reports that he observed a marked dilatation of the 

as eee pra ~ a es Por aoe oe Ey UN | | left auricle when the intra-thoracic blood pressure was raised during a 

mentous AR t a f Ra E A o eu ligadi i 3 deep and prolonged inspiration. The same condition exists when the 
Eat tae P o y oí more or less spring in strained positions of _ A inspirations of a whooping-cough paroxysm are most violent. In two 

and brought about by external force. 1 i 
; i | £ the «2 Mobil . ee Gi i cases examined with the fluorescent screen I was enabled to observe 

(a) The E or ATTA N ae oe )- E same condition. During forced inspiration a clear space between the 
: Sl : mposed ot scaphold, semi- Gay a i ted that does not exist lunar, cuneiform, an d pisiform. (5) Radius and ulna. From skiagraphs M | i diaphragm and the heart may readily be demonstrate 

it is found that the carpus and metacarpus are, in any of the extreme | Mas Ordinary inspiration. 
postions, in practically the same relation to the radius, no matter what Í E- ©. PHYSIOLOGY OF PHONATION. A N a radius to the ulna, whether pronation or supination. ‘ | she ae tg ae cen o Cate inle screen IES 

1S 1S due to the more or less flexible fibro- ich i È i _— e physiology 01 phon 
Coro amago, whichan any poe d is very interesting. Max Scheier’ was the first to investigate this subject. tion completes the cups of the radial joint. The question of mechanism, 

then, is further simplified by leaving out the ulna, which really does not 1 Lancet, September 10, 1898. 
! Archives of the Röntgen Ray, August, 1898, 2 Fortschritte a. d. Geb. d. Róntgenstr., B. i., 1897-1898. 
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In examining the parts involved during phonation, the X-rays shoula 
penetrate the head laterally, the screen showing clear shadows of the 
upper part of the pharynx and the naso-pharyngeal space. If the person 
under examination utters a vowel sound, the screen shows the velum to a 
be raised, taking a position in the naso-pharyngeal space, the position vary- 
ing with the sound that is uttered. During the rendition of the vowel 
letter a, we may observe the velum to rise a little and become more and 
more elevated as the other vowels (in the order of e, 0, u, and 1) are sue- 
cessively uttered. In high tones the velum rises more than when low 
ones are uttered. | 

If consonants (except resonants and semi-vowels) are pronounced, 
the velum is raised higher than when the sound i is uttered. If the sounds | 
of the letters m, n, and ing are uttered, the velum rises only a very little 
and in many cases not at all. The movements and positions of the tongue, 
lips, and the inferior maxillary bone can also be easily interpreted on the 
screen. The movements of the larynx, velum, and other associated parts 
can easily be seen during deglutition, breathing, hawking, and sneezing. 

II. Diagnostic Value in Fractures, Dislocations, and Callus 
Formation. 

The employment of the X-rays in surgery has found a fertile field in 
the study of fractures, their frequency, character, and varieties. Only of 
late empirical knowledge has given way to scientific deductions, whilst 
improved and modified forms of treatment have followed in the wake of @ 
this recent achievement. 

- The deformity associated with a fracture is often deceptive. It may 
be due to swelling of the neighboring tissues, occurring at the time of 
or subsequent to the accident. The diagnosis of a fracture is not pre- 
cluded by employing certain bony landmarks as guides in the diagnosis. 
Again, shortening does not occur in green-stick fractures, in those which 
are impacted, or in the intra-articular or in the longitudinal fractures of 
small bones, such as the carpal or tarsal. 

Preternatural mobility is a sign of doubtful value. It often defies 
recognition in incomplete, intra-articular, and fissured fractures. In 
fractures near a joint it is often impossible to declare positively if the 
mobility proceed from the joint or from the Supposed seat of fracture. 
Difficulty may be experienced in grasping the fragments, and rough 
manipulation exposes the patient to the danger of having a simple fracture 
converted into a compound one. 

Crepitus is likewise an unreliable guide in the diagnosis of fracture. 
Interposition between the fragments of muscle tissue, fascia, or granula- 
tions will mask the true condition. In incomplete, fissured, or impacted 
fractures of the neck of the femur and humerus, the nature and seat of the 
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inj 
3 where 

fragments, as i an acromion processe 

3 ment of a rheumatic jo 
- imulate crepitus. y 

| Be coment of a broken bone or pressure at the seat of fracture elicits 

E. : put its presence is not positively diagnostic. Loss of function is 

E er negative proof, as arthritis and painful joints will often cause 
= anol 

= this condition
. 

fail to elicit this sign ; again this difficulty may be encount
ered 

ad lar action maintains displacement and separation of the 

ae in transverse fracture of the patella, olecranon, coracoid 

ocesses of the seapula, ete. Lastly, tenosynovitis, move- 

int, and inflammation of a sheath or tendon may 

d THE ADVANTAGES OF THE RÖNTGEN RAY METHOD IN THE DIFFER- 

q 4 ENTIAL DIAGNOSIS OF COMPLICATED FRACTURES. 

The foregoing signs and symptoms are established facts based on 

E ‘cal knowledge. They, however, do not manifest juleitisel yes in any 

me. 1, as they do not exist in all cases. They E d are not typica iyen order, an | : j : | Ms require an observant eye, a trained ear, and an experienced touch 
E 2 ; 

3 This method is supplemented by the X-rays, which for accuracy ae 

E reliability are far superior to it, and possess the following additiona 

tages : : le 

“HA he a method of diagnosis it is painless. It entails no waiting for 

4 the diminution of the swelling nor necessity for the removal of bandages. 

A 9. It allows a positive diagnosis to be made, at the same time reveal- 

ine the exact nature of the injury. ; | 

The variety of fracture, whether oblique, transverse, comminuted or 

fissured. , oS 

4 Its exact seat and extent, whether of the anatomical or surgical 

neck or shaft, whether intra- or extra-capsular, simple, complete, or 

j j j -articular, etc. incomplete, green-stick or intra articular, E | 

The aber of fragments, their size, shape, position or location. 

The overlapping of the fragments, the exact amount and direction 

of displacement, and whether the fragments are in apposition or not, 

can only be ascertained before or after the reduction of the fracture. A 

3. It allows of its differential diagnosis from the following con a 

tions : dislocation, epiphyseal separation and displacement ; diseases O 

bones and joints. 3 TE 

4 The differentiation of a fracture from a dislocation is often E 

T because the great effusion or swelling around the joint will quickly 

| produce marked deformity. Because immediate reduction 18 necessary, 

an early diagnosis is an important matter. ee we Bene ere 

When an injury occurs in the vicinity of a joint, especially in Pr 

dren, the epiphyseal condition will at once attract attention. a 

epiphyseal separation or displacement is most important, but is easily 

le 
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solved by the skiagraph. In differentiating epiphyseal separation from 

fracture, the patient's age must be considered, the average date of union | 

varying in each individual. 

Fractures of the epiphyses and their displacements can. also be 

differentiated from fractures of other portions of the bone. Fragments 

of the epiphyses may float in the joint and simulate fracture or dislo- 
cation. | 

i 4h the X-rays it is noticed that there is no fracture, and by exclusion 

4 e justified in saying that a sprain exists. If the periosteum is torn 

no a a ligament or tendon, it will be observed under certain favor- 

a conditions. (See Figs. 133 and 145. ) 

Jn many instances I have been able to see on the negative the ten- 

Bons and ligaments in the ankle- oint, and in the lateral view also those 

i of the knee-joint, etc., especially when a soft negative was obtained. In 

4 the negative should be “‘soft’’? and full of details; a short 
q children 

4 exposure with a high-vacuum tube should be the rule. — 

able 

B. DISEASES OF BONES AND JOINTS. 

The normal bone appears on the skiagram with its characteristic 

texture. When any alteration, as increased density, is shown, it is due $ 

either to an increased blood supply (as in osteitis or periostitis) or to | The X-ray diagnosis during and after the treatment of fractures 15 

hypertrophy of the osseous structure, and the beginning of an inflamma- invaluable, assisting the surgeon in approximating the fragments, which 

tory process. Later, when the caseation or absorption takes place, í can be accomplished by observing the PECES with a fluoroscope ; thus a 

the bone will appear more translucent than normal. This shadow can “east can be applied at once without disturbing the reduced ga 

. readily be differentiated from that of a fracture. | After the permanent dressing or cast has been applied, another fluoro- 

Osteitis and periostitis are differentiated from fracture and callus with ' k scopic or skiagraphic examination will reassure him of the correctness of 

great facility. q the position of the fragments. | ee 

‘Tumors of bones can be differentiated from suspected fractures or | As a fracture is readily diagnosed by the X-rays, LaS de asin 

formations of callus, especially in cases of impacted fractures of the neck 4 necessary ES day eaen noi a o cast g 

of the femur; for the latter, being undiagnosed, and exuberant callus endangering o mieri o ne ano dil 
forming, may be mistaken for a tumor. | The frequency of deformities following Mar has been steadily 

Exostoses of bones, which may occur either: after fracture or in- | < decreasing since a E ae ee cained f the rays is 
jury to the epiphyses, can be differentiated from a displaced fragment 4 ens Seer : ae ee, ih ae UTA ds ia 

of fractured bone. Exostoses, however, may be. congenital, when not at yee o O re eS E | 

infrequently they are found to be multiple. | MO ios intact. 

The differentiation between coxa vara, fracture of the neck of th 

femur, coxalgia, and arthritis of the hip-joint, is of great value to the 

surgeon. 

Diseases of Joints.—In cases of synovitis, tenosynovitis, arthralgia, 

rheumatic conditions, bursitis, epiphysitis, and tuberculous arthritis 

following injuries, the X-rays will prove most valuable in clearing up the 

diagnosis by differentiating between fractures and diseases or injuries 

of the soft tissues. 

By means of the X-rays we are enabled to show clearly the bones, the 
muscles, and tendons (such as tendo Achillis, and ligamentum patelle, 

tendo-quadriceps, etc.) ; but often we experience much difficulty in de- 

T0. VALUE IN THE TREATMENT OF FRACTURES. 

D. CALLUS FORMATION. 

In the first stage of callus formation the X-rays reveal nothing. 

About the twelfth or fifteenth day, it manifests itself as a cloudy mass at 

the ends of the fragments, and, as calcareous salts are deposited, the X-rays 

q show the presence of a darker substance. The time required to produce _ 

this phenomenon depends upon the variety of fracture, the age of the 

individual suffering from the accident, ete. 

i Duration of Callus Formation. —This is variable, in small bones the 

time required is brief; thus the metatarsal bones manifest a cloudy 

) appearance about the end of the second week. About the second month 

the rays show the callus formation to be firm and definite. It is fre- 

Se ee n e aa 

A 

A Aá>4+4+ 

tecting with the aid of the X-rays the injuries to these soft structures in 

all parts of the human body. In children the X-rays show the capsule 

and hamstring tendons in the knee-joints, etc. : 
Sprains and strains caused by a twisting of the joint, which result in 

a rupture of some or all of the ligaments or tendons, are conditions always 

difficult to diagnose. In those suspected cases when the part is examined 

quently difficult to see the shadow of callus; because the latter is liable to 

be superimposed by the shadow of the bones. The shape of the callus is 

fusiform and encircles the ends of the fragments. 

4 The Varieties of Callus.—In many cases the bones are united firmly 

amd strongly several months after the accident, nevertheless the X-rays 

may fail to reveal these conditions. On the contrary, callus may be. 
A A A A 

A oe 

SS n a 
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thrown out and yet the parts may not be firmly united, as in an oblique 
fracture of the tibia and fibula. This may arise from the callus being 
too deficient in quantity to give a shadow on the plate. 

Perfect Apposition.—If there is good apposition at the ends of the 
fragments, especially of the long bones, the callus is not easily discovered, 
being overlapped by the shadow of the bones; but a careful examination 
will divulge the callus, encircling and forming a faint fusiform Shadow, — 
in addition to the compact osseous tissue. 

Slight Overlapping.—In cases of displacement or slight overlapping, 
the space between the fragments will be a light area, but as callus 
is deposited the space will become gradually lighter on the negative, 
depending upon the thickness of the callus thrown out. 

False Joint.—If callus does not fill the space between the fragments, 
the bone at the seat of fracture remains movable and the condition of a 
false joint is produced. This is the result of a fibrous and not of a bony 
union. It is of great importance to be able to differentiate true from false 
union. 

Fractures with Extensive Displacements.—When the displacement is 
so extensive (2-3 cm.) that the ends of the fragments do not come in 
apposition, lateral union occurs, which requires several years for its com- 
pletion and at best does not result in a very strong coaptation of the 
fragments. 

Age.—Because of the vitality of the osseous system and the perios- 
teum, the formation of callus in children and the adolescent is more rapid 
than in the adult and the aged. This ready deposit of callus must not 
be mistaken for periostitis the result of the traumatism. 

Structure of Callus.—When the fracture is old and vicious union 
has occurred, the X-rays may reveal a partial or complete absence of the 
bony structure, the texture and trabecule having suffered a complete | 
change. Care should be exercised not to confound this osseous change 
with osteo-myelitis or some other bone disease. 

III. Fractures and Dislocations of the Upper Extremity. 

THE HAND. 

Fluoroscopic Examination.—The fluoroscopic examination of the hand 
is satisfactory only when no skiagraph can be taken. 

In the examination for fracture, the patient should be seated and all 
bandages and splints removed. In the presence of a wound, avoid all 
danger of sepsis by covering it with aseptic gauze. Extend the hand, 
place it against the screen, 20 inches from the Crookes tube, the rays are 
to fall perpendicularly. The right hand of the operator erasps the handle 

of the fluoroscope, with his left he manipulates the hand of the patient, 
gently pressing and rotating the suspected parts in order to view at 
all angles the injured part. This pressure in cases of green-stick and 

3 lateral, an 

~ norm 

: 4 3 t 

t blo 

1 E, be placed 20 inches (50 cm.) above the hand, directly over the | 

i middle of the third metacarpal bone. Expose the plate from 3 to 5 

seconds. i ana 
lateral and an antero-posterior view. Fracture of the seaphoid is shown 

y in Fig. 119. 
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d fracture is especially necessary, in order to produce marked 

n of the fragments, so as to be able to view the disturbance of 

nd the irregular contour of the periosteum. agi 

der to determine the direction of the displacement in disloca- 

phalanges, carpals, and metacarpals must be examined. in the 

tero-posterior, and oblique positions. The backward disloca- 

first phalanx of the thumb is of special interest, because there 

+a usually some difficulty in its reduction. (Fig. 117.) Of course the 

4 al hand must first be studied. (Fig. 118.) 3 | 

Skiagraphic Examination.—Secure a sensitive plate of sufficient size 

o include the entire hand. The arm and elbow should rest upon the 

t ple, to obviate any possible movement or tremor. Place a sheet of 

: tting paper or celluloid between the hand and the plate, to prevent 

sture affecting the gelatine coat of the latter. The tube should 

—geparatilo 

texture a 
| In or 

tion, the 

In skiagraphing the phalanges, ib is necessary to take both a 

Lateral and oblique fractures of any of the phalanges may be readily 

skiagraphed by placing the fingers separately in a lateral position upon 

the plate. Unfortunately carpal and metacarpal bones cannot be skia- 

_ graphed separately. The fluoroscope usually suffices in the examina-: 

tion of the phalanges, but for the carpal and metacarpal bones more 

7 satisfactory results are obtained with the skiagraph. If there is much 

swelling of the palmar surface of the hand, place that member in the 

dorsal position upon the plate, when the shadow of the bone will appear 

much clearer. 

THE WRIST-JOINT. 

| Fluoroscopic Examination.—In examining the wrist-joint, follow the 

directions given for the hand; manipulate the part gently, so as not to 

ageravate the injury. This examination should be conducted before 

j splints or casts are applied. Much assistance can be rendered the 
l surgeon if the process of reduction is watched through a fluoroscope. 

Skiagraphic Examination.—The wrist-joint should be skiagraphed in 

the supine, prone, and the lateral positions both before and after reduc- 

tion and also before removing the cast. Place both the hands upon the 

plate for comparison. A small weight is placed upon the hand, or the 

arm is strapped to a board, to prevent tremors. In the lateral position 

the tremor can be avoided by the patient grasping a book or other small 

Object, : 
k Lower End of the Radius and Ulna.—An epiphyseal separation at the 

lower end of the radius may be mistaken for a Colles's fracture. (Fig. 124.) 
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It must be borne in mind that the epiphysis commences to ossify about 
the end of the second year of life, and unites with the shaft at about 
the nineteenth or twentieth. Vertical fracture of the epiphysis is rare, 

The difficulty in detecting this fracture is due to a wrong position of 
the tube, in consequence of which its rays not falling perpendicularly do 
not traverse between the fragments ; or the shadows of the fragments may 
superimpose, and thus obliterate the dark line on the negative. 

Though dislocations at the wrist-joint were regarded by the older 
writers as of infrequent occurrence, the advancements made in diagnosis 
and the discovery of the X-rays prove them to be of much greater fre- 
quency than was formerly supposed. These dislocations may be back- 
ward, forward, or lateral, and may occur ‘Independently of fracture of 
the radius or ulna. | 

THE FOREARM. 

A fluoroscopic examination of the forearm is conducted in the same 
manner as for the wrist-joint. | 

A skiagraphic examination can be taken while the arm is in either 
the supine, prone, or lateral position. The plate should be 8 x 10 inches © 
(20 x 25 cm.), the time of exposure from 5 to 10 seconds. 

Fractures of the middle third of the radius and ulna in children are 
discerned with difficulty by the fluoroscope, being usually the so-called 
green-stick fractures. A skiagraph is preferable. (Fig. 125.) 

In fractures of the radius and ulna, if the two lines of injury are 
hear each other, the subsequent callus formation may bring these 
bones together, thus producing a Synostosis, which will interfere with 
rotation of the arm. The X-rays will indicate the amount of callus 
thrown out. - | | | 

In Colles’s fracture a skiagraph taken in the antero-posterior posi- 
tion may not show the fracture, or should the fracture appear the degree 
of displacement of the lower fragment may not show at all. This will 
necessitate a skiagraph taken in the lateral positions ;—i. e., the ulnar or 
radial sides being in contact with the plate. (Figs. 120, 121.) . 

In the oblique type of Colles's fracture the line of dissolution often 
includes a chipping off of the styloid process of the radius. 

Fracture of the styloid process of the radius may be found inde- 
pendent of (Figs. 122, 123), or in connection with, Colles's fracture. 
Often the anterior border of the radius is fractured, producing subluxa- 
tion of the wrist. : 

Multiple fracture, especially that form known as the Y-fracture, is 
more common than is usually supposed. | 

The supine or prone position of the wrist may show in the skiagram 
either lateral displacement, transverse, oblique, or Y-fracture, and fissure 
or fracture of the styloid process of the radius. 
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Fic. 117.—Inward dislocation of the first phalanx of the thumb. (Case of Dr. G. E. Shoemaker.) 
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Occasionall y the styloid process carries with it when fractured a 

the dorsal border of the radius ; this is known as Barton’s frac- 

Colles’s fracture is frequently associated with fractures of the 

process of the ulna accompanied by rupture of the triangular 
- 8 ; part of 

ture. 
3 styloid 

i fipro-cartilage. 

E ELBow-JOINT. 
| 

q Fluoroscopic Examination.—It 18 Very unsatisfactory to examine the 

4 elbow in the antero-posterior position with the ordinary fluoroscope, as 

he curvature of the part prevents a close approximation of the screen. 

To meet this difficulty it is necessary to employ a small tubular fluoro- 

scope which fits snugly the anterior surface of the joint. A disadvan- 

E tage of this fluoroscope is the small area brought into view. To obviate 

this the author has devised a flexible fluoroscope which, when properly 

4 used, will pring all the parts into view. 

: The lateral position is by far the most convenient one in which to 

examine injuries of the elbow-joint with the fluoroscope. The joint 

should be viewed from the internal, external, and lateral positions. 

4 Skiagraphic Examination of the Elbow.—Skiagraph the elbow either 

in the anterior, posterior, or antero-posterior position. The forearm 

should be well extended and placed in the supine position. The sensi- 

tive plate 8x 10 inches, (20 x 25 em.) is placed under the olecranon 

process of the ulna, with the tube held at a distance of from 12 to 16 

inches (30 to 40 cm.) above the joint. 

a The elbow-joint is best shown in two views, the antero-posterior and 

the lateral. a 
| 

To skiagraph the elbow in the postero-anterior position, place the 

patient in the ventral recumbent posture, with the arm extended by his 

side. Place a small plate under the joint, remembering that it should be 

as near the bones as possible. 

A sensitive film can be placed in the flexure of the elbow-joint and 

the tube beneath the table; a convex block of wood, also conforming 

to the contour of the flexure of the joint, will hold the film in position. 

In the lateral position the plate should be placed either under the 

internal surface of the elbow with the tube above the joint, or over the 

external surface with the tube beneath the table, the former being prefer- 

able. In both of the above methods, the elbow should be flexed and 

brought on a level with the shoulder of that side. 

3 To properly interpret the shadows, a normal corresponding joint in 

the same individual must first be carefully studied; especially is this 

the case with children. In the antero-posterior position, we notice the 

4 shadow of the olecranon process clearly visible and superimposed upon 

_ the shadow of the sigmoid fossa. Light shadows are seen between the 

articulating surfaces of the humerus and ulna. 
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A skiagram of the elbow in the antero-posterior position always 
shows a light horizontal shadow between the internal condyle of the hy. 
merus and the coronoid process of the ulna, which has often deceived the 
inexperienced into diagnosing a fracture of the olecranon. Fig. 126 shows 
the lighter portion extending inward between 10 and 7, toward 11. This 
Shadow is in reality that of the olecranon process of the ulna, and is 
deceptive, because it is bounded by heavier shadows, which are cast by 
the humerus and olecranon on one side, and by the coronoid and the 
olecranon processes on the other. | 

Fractures of the head or neck of the radius are of rare occurrence. 
(Fig. 126.) | ? 

Separation of the epiphyses is extremely rare. (Fig.127.) It is 
convenient to know that ossification begins about the sixth year, and 
union with the diaphysis oceurs about the sixteenth or seventeenth year. 

Fractures of the upper third of ulna, with dislocation of the head of 
the radius, are skiagraphed by lateral exposure. (Fig. 128. ) 

In longitudinal fracture of the upper end of the ulna, the lateral] 
position will not reveal the fracture, but it must be skiagraphed in the 
antero-posterior position. 

In order to separate the fragments, when the fracture is in «close 
proximity to the insertion of the brachialis anticus, the arm should be 
well extended during the examination. 

Dislocation of the Elbow-Joint.—For dislocations of the elbow-joint a 
lateral view should be taken with fluoroscopic and skiagraphic examina- 
tions. In children, this dislocation may simulate epiphyseal separation. 
Supra-condyloid fracture, partial fracture of the internal epicondyle, and 
partial detachment of the external condyle of the humerus, are well 
shown in Figs. 129, 130, 131, and 132. Detachment of the supinator 
longus muscle, simulating a fracture of the humerus and epiphysitis of © 
the humeral head, at first thought to be a fracture, are depicted in Figs. 
133, 154, and 135. 

THE MIDDLE THIRD OF THE HUMERUS. 

Fluoroscopic and skiagraphic examinations readily reveal, from all 
Sides, fractures of the middle third of the humerus. 

THE SHOULDER-JOINT AND ITS VICINITY. 

On account of the immediate swelling of the part, examination is 
often rendered very difficult. 

Fluoroscopic Examination.—If the patient is a child or a thin person, 

this method of examination will be satisfactory. 

Should one suspect fracture with dislocation, it is preferable to 
take a skiagram, as it requires less disturbance of the parts. The 
examination is made in the antero-posterior position. 

Brig 
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Fractures of the surgical neck of the humerus are quite common 

136) while fractures of the anatomical neck are very rare. 

In skiagraphing the shoulder-joint, in order to avoid erroneous a er- 

ions the operator should always bear in mind that the epiphysis 

o hysis do not unite until the twentieth year. | 

5 E ophi Examination. —The patient is placed in the dorsal Sg EEE 

+ posture, the head being supported by a low pillow, and ae pn 

P assed arm is extended to an angle of. 35°, and is immobilized by 

ae d-bas or small weight. i 

RN oan ean: the head of the humerus may be too distant 

f Eine ire plate. This may be remedied by simply Sa the 

ise t to that side, or by raising the uninjured shoulder on a pl ow. 

Be should be directed over the lower border of the glenoid cavity. 

eS owing from the anterior position, the patient may lie either on 

hi Rao or on his back. When the patient assumes the oe 

A ‘tion, the tube is placed over the spinous process of the scapula, an 

Eo inte rests on the table, under the joint. In the dorsal pave 

Bion the tube is placed under the table, and the patient a a 

E. her in the dorsal decubitus or semi-recumbent position. I put the 

a A in an adjustable plate-holder, which prevents it from coming in T 

Foot with the patient. ‘The rays should be applied only during the peng 

in which the patient holds his breath, after a full inspiration ee : 

tion. These intermittent exposures should be repeated 4 or 2 

This method prevents the blurred effects which one sees occaslona Po 

Dislocations or Subluxations of the Shoulder.—In these Tan O ee 

there is likelihood of wrong interpretation of the mn ds a PE 

different positions of the tube and arm will give varying re mae ce 

humeral head to the glenoid cavity. In order to guard agains S : 

| a large plate should be used on both shoulders, and the parts skiagraphed 
o 

simultaneously, by placing the tube on the median line, and ee 

poth shoulders and arms in precisely the same position. eS 

using one large plate, we may employ two plates placed togethe A on 
- The acromio-clavicular space, being cartilaginous, appears cu a 

a fracture or separation existed. Sometimes this light area 18 a 

on account of the faulty or oblique position of the shoulder or ate l 

The oblique ridge separating the head from the AUUT n E 

often shows a white line on the negative. A depression ok p 

spinatus muscle is attached may also be seen on the plate. Fig. | 

shows a fracture of the acromion process. 

THE CLAVICLE. 

Fractures of the clavicle occur mostly in children, yet they n 

happen at any age. (Fig. 138.) Skiagraphic dr pot ns pet 

obtained by taking either anterior or posterior views. Dislocatio | 

the scapular end and other varieties can be readily discerned. 
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THE SCAPULA. 

Fracture of the scapula is best Skiagraphed in the dorsal recumbent posture. The coracoid process is best skiagraphed with the patient on his abdomen; the better method is to place the tube in such a Position that the rays will pass through the axillary Space, the plate being fastened over the clavicle, the coracoid, and acromial processes. 
Always endeavor to throw the shadow of the process under the clear 

Space of the clavicle, and not over the neck of scapula. ; 

FRACTURES OF THE SKULL. 

Many difficulties are met in Skiagraphing fractures of the Skull, owing to the superimposition of the shadows of the bony walls surround- ing the part under examination, and the difficulty in bringing the plate in proper apposition to the curved outline of the skull cap. FE luoroscopie examinations are Satisfactory in the thin skulls of young children. Skia- graphs can be taken in the lateral, the fronto-occipital, and the occipto- 
frontal positions, but the lateral view affords greater detail of structure 
and offers a clearer field. | be 

Fissured fracture of the base defies detection, because the line of fracture is inaccessible in any position in which the tube may be placed. Any change in the contour of the inner or outer tables of the skull or the presence of the formation of callus, can be brought out by placing the tube and plate in exactly the right position, which can be determined only 
by constant practice. 

IV. Fractures and Dislocations of the Lower Extremity. 
THE Foor. 

Fractures.—Fractures of the phalanges of the foot are of the com- 
minuted or splintered type... | 

Fractures of the metatarsal bones, which were formerly thought to be 
extremely rare, have been shown by the X-rays to be of common oecur- 
rence. (Figs. 139 and 140.) The so-called “ Swelling’’ of the feet is 
often due to fracture of one or more metatarsal bones. The firstand fifth 
of these bones are most frequently broken, the resulting fracture being of the compound type. | | . 

Fractures of the astragalus and os calcis are not infrequent, the force 
travelling through the body or neck. This injury is often associated with 
a Separation or a dislocation of one or the other fragment. Fracture of - 
the os calcis may involve the body of the bone or one of its processes, and 
is frequently comminuted. Fractures of the astragalus and os caleis can 
readily be seen on the sereen if there is sufficient separation of the 
fragments. The lateral view is always preferable. | O 

Fractures of the phalanges and metatarsal bones may be disclosed by 
a fluoroscopic examination. Skiagrams of these fractures may be made 

FiG. 125.—Green-stick fracture of the ulna, B, wi 

i 

- A and C are the epiphyses. 

Fra. 126.—Fracture of the neck of the radius, 8. 

th a transverse fracture of the radius, D. 
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a A number of positions. In the anterior-posterior position the patient 

~ occupies a high stool with a back rest, which affords greater comfort and 

5 lessens the possibility of movement. The foot should be placed on a 

i supporting bench which may serve as a holder for the sensitive 
small 

plate as well. 

The foot is extended by gradually moving the bench from the stool, 

| the patient in the meantime being instructed to keep the sole of the foot 

evenly upon its top. In skiagraphing a “partial” lateral view the 

says from the tube should fall more or less obliquely, thus preventing a 

superimposition of the metatarsal shadows. 

Skiagraphy of the tarsal bones is more difficult. The astragalus may 

be successfully skiagraphed in an antero-posterior view, by placing the 

tube anteriorly at the upper angle of the foot and the sensitive plate 

3 posteriorly, plantar or dorsal. Put both feet close together upon two 

separate 8x 10 inch (20 x 25 cm.) plates, with the tube in the centre. The 

tarsal articulation can be best skiagraphed by placing the plate against 

the dorsum of the foot and allowing the rays to penetrate through the 

plantar surface. 
A 

Dislocations.—Phalangeal dislocations of the foot closely correspond 

to those of the hand, but are of much less frequent occurrence. 

Dislocation of the metatarsal bones at the tarso-metatarsal articula- 

tion, usually occurs as a complete displacement involving several or all of 

the metatarsal bones on the dorsum of the foot. Plantar dislocations are 

very rare. | | 

The technic in dislocations is practically the same as has been 

discussed under fractures. 

THE ANKLE-JOINT AND CONTIGUOUS STRUCTURES. 

Fractures. —Fractures of the ankle-joint involve the tibia, fibula, and 

tarsal bones, either alone or in combination. For all practical purposes 

they should be divided into two groups, dislocation-fracture and sprain- 

fracture. 
rie 

A supramalleolar fracture of the tibia and fibula is best skiagraphed 

antero-posteriorly. Skiagrams of typical Pott’s fracture show a trans- 

verse or oblique line of injury in the lower third of the fibula, with frac- 

ture of the malleolar processes of the tibia. (Fig. 141.) A skiagram is 

best made by placing the patient in a recumbent or semi-recumbent posi- 

tion. The sensitive plate, 8x10 inches (20 x 25 em.), should be placed 

directly under the seat of the injury, as low as the os calcis, the leg being 

slightly rotated inward to prevent superimposition of the shadows of the 

tibia and fibula. The tube should be about 20 inches (50 em.) distant 

_ from the plate. The time of exposure varies between 10 and 20 seconds. 

_ When the fracture is longitudinal, without displacement, the antero-pos- 

terior view may fail to reveal the presence of fracture; in such a case, 16 

Fig. 139.—Fractures of the 1 st, 2d, 3d, and 4th metatarsal b , ones and of th 
of the great toe. ere 
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is imperative that a lateral view should be taken, with the suspected side next to the plate. A fracture box should be employed to 
immobilization. 

Epiphyseal separation and malleolar and 
must not be confounded with Pott’s fracture. j | 

Dislocations of the ankle present nothing characteristic and there. fore require no special technic. They should be examined in both positions. 

THE LEG (MIDDLE THIRD). (Figs. 142, 143.) 
Fractures. —When making antero- 

this region, prevent the 
the fibula, or vice versa. 

posterior and lateral skiagrams in 
Shadow of the tibia superimposing upon that of 

THE KNEE-JOINT. 

Fractures.—Complete transverse fracture of the tibia in its upper third, fracture of the tuberosity, and traumatic epiphyseal separation of the upper end of the tibia, are readily discerned by the X-rays. 
The knee-joint should be examined from two views, either the antero- posterior or the lateral. A fluoroscopic examination of the knee-joint is rather unsatisfactory except in ankylosis. Gliding movements of the various ligaments and patella may be studied, and severed ligaments ean often be detected. In osseous ankylosis the articular plane of the knee ig obliterated, while in the fibrous form there is usually no such obliteration, In making antero-posterior Skiagrams, have the patient on his back, with the head and chest elevated, the extremity of the foot fixed resting upon an extension of the operating table, or tied to fracture box. A sensitive plate 8x10 inches (20 x 25 em.) is placed against the posterior aspect of the knee-joint, with the tube directly over the patella. The Shadow of the patella is usually very faintly superimposed upon that pro- duced by the lower end of the femur. The patellar shadow is increased in density if the plate is placed in front of the patella and close to it, the | rays being allowed to penetrate from behind. In making lateral skia- grams the patient should lie upon the injured side with the fractured joint slightly flexed, the other leg should be extended or fully flexed so as not to interfere with passage of the rays. Detachment of the tubercle of 

the tibia is shown in Fig. 145. 
Fractures of the Patella (Fig. 144).—In transverse fracture of the pa- 

tella, the lateral fluoroscopic view shows the Separation of the fragments. 
Stellate and fissured fractures can only be shown by a skiagraph taken in 
the postero-anterior position. The patient should lie face down, with the 
tube behind the joint and the plate under the patella. The sesamoid 
bones give distinct shadows and floating or loose bodies are often detected. 
Detached cartilages are very difficult (and often impossible) to skiagraph. 

Secure — 

Supramalleolar fractures 

THE CLINICAL APPLICATIONS. 

THE FEMUR (MIDDLE AND LOWER THIRDS). 

sarin 
ctures.— Fractures of the shaft of the femur are eects 

F R the injury is usually transverse with little or Da a R : 

Dein adults it is usually oblique with much zeta une ae ae 

pe. in exactly opposite ; 
j the shaft, two plates, 1n i Ji 

E Pa of the lower third of the femur are easily diagnosed 
þe taken. 

by the X-rays. 

- JOINT. 
Ne 

a a os —Fractures of the upper end of the femur are eee as 
Fractures. tra-capsular, (2) epiphyseal separation, (3) extra-capsular, 

ie > i the chanta (5) isolated fracture of the u 
O fracture of the upper portion of the shaft immediately 
majol, : 

BM nori examination of the hip-joint a childs SS eine 

palistactory, but the pre de ed oo a if the | At best, skiagraphy of the adult hip-J01 

i subject is very corpulent and the part painful. 
] ; h 

The technic is as follows: Have the patient fully extend the 
. 

. 
h 

f ] f the injured side. If this is impossible, place a pillow under the 
eg 0 

j inches osed plates, 10 x 12 inc 
] flexed knee. Place two superimp a 

a em.) or 11 x 14 inches (28 x 35 cm. ), under eS ee oe 3 

4 ald extend from the iliac crest and project two ue a 

x Bot of the leg. The tube should be placed directly ov 
asp 8- 

l 
te. If 

] of the femur, and from 20 to 25 inches (50-63 em.) from the plate. . 

inj do not correct it. Guard is inverted or everted from the in) ury, r 

Mas on by the use of a pillow, sand-bags, bandages, 
ag 

ded weights. eine | ae 

o is Ren valnable to take both hip-j oints at the ee ee a 

rison. For this employ either a large plate that wi P R 

o of both hips or two smaller plates touching side by side. 
S 

inches 
~ the tube to the median line at a distance of more than 20 or 25 inche 

(50-63 cm.), the anode pointing to the pubic a aa 

that this fon will require a longer exposure. It must ne 

| j femur 
q gotten that certain positions of the foot will cause the neck of the 

avity, and 
to assume varying angles, shapes, and lengths to the ÓN ait de : 

that the shape distance, and position of the lesser trochanter will chang 
y j others its relation to the descending ramus of the ee Hee are 

| of the correct interpretation of the negative, employ a AN: el 
measure a simultaneous skiagraph of both hip-joints, previously securely 

binding the feet and ankles in the vertical Ta ea Se 3 necks of the femora in identical positions, or take are aS ee to aaa 
the feet, and let the feet occupy their actual positions oi ont ERR 
| the difference. As very fine detail work—i. e., the structu A 
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the femur—must especially be brought out, it is apparent that, if this 
sharpness of definition is lacking, an impacted or fissured fracture might 
easily escape detection. v E 

In doubtful and obscure cases, advantage is gained by making another 
Skiagram in the ventral position ; because of the thickness of this region, 4 
the time of exposure is lessened by using the intensifying screen, which 
Sacrifices, however, the fine details. I therefore do not recommend it. 

_ Antero-posterior fractures of the acetabulum can readily be skia- 
graphed, but stellate fracture is extremely difficult to determine. Skia- 
grams of impacted fractures of the neck of the femur do not present. the 
usual light lines. The fracture can, however, be diagnosed by the short- 
ening, and the slight irregularity in the size, shape, and angle of the neck F 
of the femur. | , | | 

The osseous ridge running between (intertrochanteric ridge) the tro- 
chanters posteriorly, usually gives a light line on the negative, which must 
not be mistaken for fracture. In the fracture at the base of the neck, 
the angle diminishes from the normal to 90° or less. An incomplete, 
intertrochanteric fracture is well shown in Fig. 146. 
Chemical intensification of a negative defines the osseous tissue more 
clearly, but as the detail of the soft structure is thereby diminished, a 
second exposure is preferable, if possible. | 

A satisfactory negative should clearly differentiate the head and 
neck of the femur and the hip bones. If not sufficiently dense, the 
lines and shadows indicative of fracture will not be visible. The 
tendency in making these negatives is to over expose, but better results 
are obtained by using a tube of high penetrability, with an electrolytic — 
interrupter. | dE | E 

Dislocations.—Congenital dislocation of the hip in children (Figs. 147 
and 148) can be well demonstrated by Skiagrams, showing the presence or 
absence of the ring of the acetabular cavity, the depth of the acetabulum, 
the position, shape, and situation of the head of the femur. I have made 
studies of a series of cases, before reduction, after reduction through the 
cast, and after removal of the cast, in the service of Professor Adolf 
Lorenz during his recent visit to this country, and they proved to be very 
Suitable and interesting from a stereo-skiagraphic stand-point. 

Pathological dislocations (Figs. 149 and 150) the result of tuber- 
culosis, osteo-arthritis, Charcot’s disease, etc., are easily Skiagraphed in 
the manner outlined under fractures. In pathological dislocations the 
head and neck of the bone are absent, as in cases of epiphysitis. 

3 FIG. 140.—FRACTURE OF THE MIDDLE OF THE FOURTH METATARSAL Boneh II, epa dash 
tarsal bones; A, Ist internal cuneiform; B, 2d middle cuneiform; C, 3d eS a a em 
qi cuboid bone; E,scaphoid; F, astragalus; G, anterior process of the os calcis; 1, 2, 7 l 3 

THE Os INNOMINATA, SACRUM, AND Coccyx. 

Fractures.—The clinical diagnosis of fracture of the pelvis can only 
be made when the separation of the bones is marked or when displace- 
ment is considerable. When only slight separation exists, the X-rays 
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EAD OF THE LEFT FEMUR.—1, lesser trochanter 

146.—Incomplete intertrochanteric fracture. (Case of Dr. W. L. Rodman.) 
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reduction by Dr. Adolf Lorenz of Vienna. 

FIG. 148.—C i —CONGENITAL DISLOCATION OF BOTH Hırs, —This skiagraph was taken by me after 

Fic. 149.—PATHOLOGICAL DISLOCATION OF LEFT HIP IN A CHILD OF SIX YEARS.—When one year 

old an abscess developed, which was incised and drained, and extension applied. Five years later the 

skiagraph, as shown above, revealed absorption of the femoral neck. On the normalside, N indicates 

the neck; this is wanting on the affected side (X). 1, lesser trochanter; 2, greater trochanter ; 3, head 

of the femur; N, neck of the femur; 4—>, epiphyseal line; 5, acetabulum ; 7, iliac fossa ; 8, epiph-. 

ysis between the ilium and ischium; 9, pubic bone; 10, obturator foramen; 11, ischium; 12, pubic 

sacro-iliac synchondrosis; 17, crest of the ilium; 18, trans- 
arch; 14, ilio-pectineal line; 16—— 16, 

verse process of the 5th lumbar vertebra; 19, fecal matter surrounded by light area (gas); C, coccyx. 

(Case of Dr. James K. Young.) 
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are of great diagnostic aid, as the contour of these bones is very irregular 

and the rays must traverse great density of structure. Fractures of the 

pelvic bones are divided into those in which the individual parts are 

fractured and those in which the pelvic rim is broken. 

In skiagraphing the pelvis the patient must assume the ventral and 

dorsal decubitus positions. In a skiagraph of the sacro-coccygeal region 

the tube should be placed over the umbilicus so that the shadow of the 

pubic symphysis will not overlap the shadow of the sacrum or coccy%. 

The rectum should be emptied by an enema prior to the examination. 

The ilium, ischium, and the pubes can be skiagraphed in the above 

manner, with slight modifications in the relation of the tube, the part, 

and the plate. 

THE SPINAL COLUMN. 

For thesake of conveniently studying the spinal column, it is divided 

into the cervical, dorsal, and lumbar regions. 

The cervical region is best skiagraphed in lateral view. Complete 

= fracture of the cervical vertebre can easily be shown in skiagrams, but 

incomplete fracture is detected with great difficulty. In my experience 

I have found the fifth and sixth cervical vertebre are most frequently 

fractured. To demonstrate a fracture or dislocation, skiagrams should be 

taken in the lateral and the antero-posterior position. Recently I had 

two cases of old fracture-dislocations of the fifth cervical vertebra, and 

the patients are still alive. I have had four cases of fracture of the 

cervical vertebre. | | : EATA 

_ Skiagrams of the dorsal region are somewhat indistinct, due to the 

superimposition of shadows cast by the liver, heart, sternum, and ribs. 

I have had four fractures of the second and eleventh dorsal vertebre. 

The best definition is obtained from the young and those of slender build. 

In thin persons antero-posterior dislocations may be shown by taking the 

skiagram in the lateral view. Of course distortion will be exaggerated 

on account of the distance between the plate and the vertebree. 

Experience proves that the obstacles encountered 
in making skiagrams 

of the vertebral column are numerous. Thus, the peculiar anatomical ar- 

rangement in this locality, the projecting and irregular processe
s from each 

_ vertebra, and the impossibility of obtaining the desired relations between 

_ the tube, the part, and the plate, make this procedure a most difficult one. 

The dorsal decubitus should be selected for examining all regions of 

the spine; but the tube should be placed at varying positions, and in 

this way the shadow of the sternum will be lessened in the dorsal region. 

This technic answers for the dorsal vertebra, but the upper Six cervical 

should be taken in the lateral view. Only one region of the spine 

can be skiagraphed at a time. In order to obtain the intra-articular 

spaces clear and distinct, it must not be forgotten that the alimentary 

Fig. 150,—A CASE OF PROBABL ° E INFANTILE PALSY.—Th ient’ 
.photo 

. e patient’s left femur (ri ide i 
r ma shows an absence of the neck, and also a transparent area at the dott ee oe E m 

X. (Case of Dr. James K. Young.) e dotted portion indicated 

spare 



272 ELECTRO-THERAPEUTICS. 

canal should be well cleansed previously. The negative must be suffi- y 

ciently dense to bring out strongly and sharply the shadow of each verte- | 
bra with its processes. If this cannot be obtained, resort must be made 
to chemical intensification. | 

The technic employed for the lumbar region is in every way identical 
with the technic employed in renal skiagraphy (vide). 

THE RIBS AND STERNUM. | 

Fractures of the sternum are best examined by skiagraphing in the 
ventral position. The ribs can be examined by the fluoroscope in differ- 
ent directions. The dorsal and ventral views will reveal the fractures - 
and even slight fissures, but difficulty is encountered at the angles of the 
ribs, because of the difficulty in approximating the plate, and the neces- 
sity of the rays traversing diagonally the thickness of the body, and 
because of the respiratory movements. 

The negative clearly reveals the presence of displacement. A slight 
fissured fracture may often escape detection. Care should be taken not to 
confuse the costo-sternal and costo-vertebral articulations with fractures. 
It must not be forgotten, in this connection, that the cartilages are trans- 
parent to the rays. Fracture of the ends of the floating ribs may be de- 
tected. The exposure must be short, and made preferably at the end of 
a prolonged inspiration, the patient holding his breath for five or ten 
seconds. Zinc-oxide adhesive plaster, if uniformly applied over the en- 
tire chest, immobilizes the part and aids the Skiagrapher, but a few strips 
applied for this purpose may confuse the picture on the negative by 
casting shadows, in conjunction with those of the ribs. 

Do not mistake the various grooves or prominences in the ribs for a 
fracture. | 

V. Diseases of the Osseous System. 

As the osseous system is largely composed of mineral matter (cal- 
cium phosphate), the X-rays in their passage must suffer a marked 
absorption and their progress meet with great obstruction, causing 
decreased oxidation on the plate, and offering white shadows on the 
negative, thus greatly facilitating its study. Some think that the rays 
throw merely a shadow or silhouette of the bone on the plate, but the 
fallacy of this view is apparent. In studying the photograph of the 
humerus, for example, we see the superimposition of various strata of 
different densities; the compact portion appears denser than the medul- 
lary, because the rays in the former must traverse more osseous structure. 
In the medullary portion the negative gives a darker appearance, because 
the rays are only compelled to pass through two layers of bone, the 
medullary canal intervening. Ridges appear whiter, and fossee darker, 
than the medullary portion, due to increased density; foraminee show 

A dark spots, 

the sha 

THE CLINICAL APPLICATIONS. 213 

while bony canals offer dark lines on the negative. Ari 

tilages being transparent to the rays, and likewise the epiphyses, 

3 

` 

dows cast will be dark. 

Pe PATHOLOGICAL CONDITIONS. 

j iti j j j inorganic con- 
Any pathological condition either in the organic or g 

| | : ue 

tituents will offer a corresponding change in the shadow thrown; the 
sti 

-eased portion of bone will cast a shadow lighter or darker nae me 

o dino healthy osseous tissue, and likewise of the same bone 0 

ae side In skiagraphing osseous tissue, care should be taken to 

eo fhe presence of diseased conditions of surrounding soft parts, 

on effusion, cyst, tumor, ete., as their presence might produce a 

a e dow ai condal be interpreted as belonging to the bone. To 

a ate the diagnosis, a skiagram of the corresponding part should 

e with li the same technic, as difference in the position of 

E Es A the tube, and the part might cause a difference in the definition, 

Mae, and size af the shadow produced. When possible, expose both 
) 

a o Periostitis and Osteomyelitis. —Periostitis is charac- 

ed by the presence of a fusiform ee of the periosteum. 

i not be mistaken for bony irregularities. 

= Mass (osteo-myelitis) 18 marked by an increase in eg tae 

(Figs. 151, 152.) Eight or ten days after the injury ae ee 

a about the twelfth day disintegration of bone takes p no T E 

in the production of a lighter shadow. Later, the skiagrap 

a d. 

ell r o affection is characterized by e 

white irregular spots which have a 2 aes de 

] ill be lighter than that o en me, 

o ies senile due to caseation and fibrous tissue formation. 

ig ; 3 

e ¡Es 

ii of Bone.—In syphilis of the bone, two oa ae ati: en- 

countered,—the occurrence of rarefaction or an a oe a OS 

pact bony structure, and a sclerosis, with an increase in ae y T 

bone affected. The infected gummatous portions of the D: ae 

lichter shadow than does the normal bone. When eburnation — oe 

o” cast will be darker, but the density of the shadow E n ee 

uniform, an irregular thickening encroaching upon the ee n a Ea 

being evidenced. In the adult this condition is differen ee F 

difficulty from the thickening resulting from a chronic 0s 

© periostitis. (Fig. 154.) 
Hypertrophic deforming osteitis (Paget’s disease) pre a hyper- 

trophy of the compact tissue, manifesting a very dense shadow. oa 

Leprosy.—Among the various bone lesions, transparency 0 e 

18 
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digital phalanges is most frequent. This transpareney is very pro. Y 
nounced in the distal phalanges, though it may be equally so in the * 
others. y 

Acromegaly.—This affection may be more thoroughly understood by . 
a careful investigation into the bony peculiarities of the skull. A great 
prominence of the external occipital protuberance, an irregular thick- 
ening of the cranial parietes, the over-development of the frontal sinuses 
and mental eminence, as well as the marked hypertrophy of the sella 
turcica, make this means of diagnosis of incalculable benefit. The 
dos of the phalanges show the epiphyses to undergo an enormous 
hypertrophy and deformity, and to offer no obstruction to the rays. 

Kickets.—In this disease the bone appears shorter than normal, the ' 
diaphysis slender, the epiphyses enlarged, and the line of calcification 
presents an irregular appearance. The delay in the process of ossification 
can be accurately determined, 

Cretinism.—In this affection there is supposed to be a premature 
union of the epiphysis and the diaphysis, resulting in an arrested growth 
of the bone. | 

Langhans and von Wyss' found that there is no hint of premature os- 
sification in cretins and cretinoids, but a late development of the centres of 
ossification occurs, and consequently at or after the age of development, 
the epiphyses show a delayed union ; this delay in the process of ossifica- 
tion, as compared with the normal individual is of a few years only. The 
hones of the hand are the last to ossify. en in treating a cretin, 
observed skiagraphically that when the child was treated with thyroid 
extract, the bones under examination grew 4 em. in four. months, equiv- 
alent to 12 cm. in a year, in comparison with the normal growth of 
6 cm. annually. 

Osteomalacia.—In osteomalacia the shadows of the bones will be 
transparent, and as the disease progresses there will be a a complete a 
sence of these shadows. 

Necrosis and caries are characterized by transparent Shadows, and irreg- 
ularity in the contour and texture of the bone. (Fig. 155. ) Far advance” 
cases will not cast a shadow. Skiagraphy of the sequestra is of marked 
Service to the surgeon, informing him of their location, number, and re- 
lations to the bone itself and whether they are still cren or exfoliated. 
Avoid the superimposition of their shadows with those of the bones. 

Fic. 151.—Chronic osteitis with eburnation, as indicated by the arrows. (Case of Dr. M. P. Dickeson. ) 
IG. RESA 

B. TUMORS oF BONES. 

Skiagraphy enables us to determine if a neoplasm is connected with 
the compact or cancellous portion of the bone, or if it is connected with A : eae 

E 4 Pe F THE INDEX the bone at all. Thus, the growth might be a cyst or a myoma that 4 1 << eo ae point of entrance of the foreign body. 
closely simulates an osteoma, an osteo- ‘Sarcoma, ete. l i 

—F.B., foreign body which produced the condition ; 

(Case of Dr. Prendergast. ) 

* Fortschritte a. d. Geb. d. Réntgenstr., B. iii., 1899-1900. 
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Fic, 153.—TUBERCULOUS OsTEITIS.—The dotted area on the fourth metacarpal bone shows tuber- 



FIG, 157,— i 7.—Congenital absence of the ulna and two fingers. (Case of Dr. W. Frank Haehnlen ) 

Fic. 158.—Congenital multiple exostoses. (Case of Dr. J. P. Mann.) 
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Osteo-sarcoma, like all osseous growths, may be of the periosteal or 

medullary variety. | | 

In periosteal sarcoma, the growth may be observed to start laterally, 

put later to completely encircle the bone. 

In the early stage the medullary form may be easily confused with 

syphilitic osteitis ; in the latter the tendency is to be formation of clear 

spots, that later become multiple, while osteo-sarcoma begins with a 

single clear spot, becoming gradually enlarged ; it is never multiple. 

Metastatic carcinoma has been shown by Benedict! to affect osseous as 

well as the softer tissues. A patient under his care suffered from cancer 

of the kidney, and later had it removed. Four years subsequently, 

intense pain was diagnosed as sciatica, but the X-rays revealed a meta- 

static carcinoma of the last lumbar vertebra, which was later confirmed 

at post-mortem. Bone cysts can also be detected. 

C. DEFORMITIES OF BONES. 

Among the more common deformities of congenital origin are super- 

numerary fingers, or the absence of one or all of the digits. (Figs. 156, 

157.) There is usually either a second little finger (the most frequent) 

or a second but smaller thumb. We determine if the additional digit is 

simply tagged on by the skin, or if a distinct and completely developed 

articulation exists. In cases of supposed giant finger, the X-rays will 

indicate whether the bone or the surrounding tissue has undergone 

hypertrophy. In cases of syndactylism the skiagrapher can often deter- 

mine whether bone itself partakes in the union. Hammer-fingers are of 

interest in that the joint itself is not diseased, there being only a con- 

traction of the ligaments and tendons, as may be demonstrated by the 

fluorescent screen. 
| 

Exostoses show the normal compact and cancellous structures. (Fig. 

158.) There is an overgrowth of the normal bone, the epiphyseal line 

presents a darker color, and from its margins spring peculiar, hook-like 

osseous projections. 3 

These changes produce an alteration in the curvature of the bone, 

with atrophy of the epiphysis and arrest of the development of the dia- 

physis. Frequently a union of the bones (synostosis) occurs, but the 

growth is usually partially inhibited in one of them, resulting in a pecu- 

liar twisting, readily diagnosed and differentiated from rhachitis and 

other bone diseases. | | | 

Deformities of the pelvis and pelvimetry will be treated of in the 

article on Obstetrics. | 

Two interesting cases, studied by Dr. Charles W. Burr,’ of congenital 

deformities were presumably due to intra-uterine disease of the spinal 

1 Wiener klin. Wochenschrift, June, 1899. 

“Journal of the American Medical Association, June 11, 1904. 
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cord. (Fig. 159.) The first case was a male, fifty-five years of age, four 

feet tall; head and skin normal, no anesthesia, sensation preserved all 

over the body ; the reflexes were present. The legs and arms were de- 

formed, and locomotion was prevented by weakness of the muscles. The 

epiphyses of the bones were distinctly abnormal, and the skiagraph 

showed marked absence of lime salts in the bones of the hands. The 

other case was that of a man, aged twenty-three years, in whom the 

shoulders, arms, and forearms had never developed, or there was a retro- 

gression of development. The biceps jerk was absent; there was no 
disease of the bones ; there was very slight wasting in the left leg, only 

detectable by measurement. Several theories had been advanced as to 

the cause of the condition, among others, bilateral brachial palsy from 

birth, malposition in utero, etc. ; but the author was inclined to believe 

that possibly the patient had disease of the anterior horns of the spinal 

cord in utero. | 3 

Diseases and Deformities of the Spinal Column.—The more common 

pathological spinal curvatures are scoliosis, kyphosis, and lordosis. 

In scoliosis the patient should assume the dorsal decubitus posi- 

tion. A skiagram of the kyphotic patient is difficult, because the 

plate cannot be properly approximated upon the part, necessitating a 

lateral view with the patient on his side. This, however, will not 

afford a very sharp definition of the shadow, as the plate is too distant 

from the part. 

The same difficulty is encountered in lordosis ; consequently in these 

cases the lateral view must likewise be employed. 
Torticollis.—When the deeper muscles are diseased, it not infre- 

quently happens that caries of the cervical vertebr coexists. Its pres- 

ence may be verified by a skiagram in both the antero-posterior and 

lateral views. Tri 

= - Potťs Disease.—It is difficult to differentiate the early stages of Pott’s 

disease from intercostal neuralgia, renal disease, empyema with subdia- 

phragmatic abscess, ete. ; but the skiagram will show the bodies of the i k Fie. 159.—DELAYED OSSIFICATION OF THE EPIPHysEs.—Patient 55 years of age. Every bone uel 

vertebrae and the interarticular spaces to possess a denser shadow than _ Unable to walk since childhood and had been in the hospital more than 30 years. No history of Se ve 

Bis : . 3 Dr. Burr of the Philadelphia Hospital believes the deformities to be congenital and due to disease of the spina 

normal. In advanced eases the disintegrated osseous tissue will present a ; cord which developed during fotal life. The epiphyseal ends of the femora, tibiæ, and fibule look spongy from 

dark, dense, irregular shadow. Place the patient in the dorsal decubitus Jack of ossification. Articular surfaces irregular, bones bent and pervious to the rays. The epiphyseal Jines 

s : : : a f ssive ossification. ' 

position, have him flex the knees so as to straighten the spine as far as aa Oea sS O5 e ToeaY 

possible and thus bring itin closer relation with the plate. The above ] q 

description applies to any region of the spine. Dark shadows in the | A 

right iliac fossa, often due to the accumulation of gases in the colon, 

must not be mistaken for necrosis of bone. 

Amputation Stumps.—The process of healing can be systematically 

followed in cases of amputation stumps, by noting the existence or ab- 

sence of a fine layer of compact bony tissue, covering the medullary canal, 

and thus the presence of a sequestrum, interfering with the healing, can 

likewise be detected. 
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Resection of Joints.—Before resecting a joint, the rays will determine 

the exact character of the affection, and their application after the wound 

nas been dressed will inform the operator if the bones are in the best 

possible position. 
Regeneration of Bone.—After removal of a portion of bone, the peri- 

osteum being left intact, the formation of new bone may be carefully 

observed, and the surgeon can often determine if the proper amount of 

osseous-forming structure has been deposited. 

VI. Diseases and Tumors of TE Soft Tissues. 

Tumors of the soft tissues, being only slightly opaque to the X-rays, 

are skiagraphed with great difficulty, owing to the surrounding struct- 

ures having very nearly the same density. For this purpose we employ 

q hard tube with a short exposure, avoiding over-exposure and super- 

imposition of the shadow of the bone. This may also be accomplished 

by diluting the developer and producing a soft negative full of details, © 

or by an under-developed negative. The detection of the presence of a 

tumor by a skiagraph will be dependent largely upon the location, size, 

and consistency, and the technic employed. 

In the order of the density of shadows cast, tumors may be arranged 

as follows: 

Heematomata and Abscesses, 

Myomata, 
Enchondromata, 

Lipomata, 
Fibromata, 

Sarcomata, 

Carcinomata. 

Hematomata.—The blood contained in a hematoma is more opaque to 

the rays than the surrounding tissue ; hence the shadow cast will be 

darker. Hematomata may be differentiated from abscesses by the fact 

that the former present a greater density, especially when the blood is 

coagulated. 
| 

Abscesses cast dark shadows on the negative, but not to so great a 

degree as do the heematomata. In the extremities they are easily diag- 

nosed, but in the abdominal cavity or cranium they are differentiated 

from other growths with great difficulty. Thus, during the past year I 

encountered many obstacles in skiagraphing a condition at the Phila- 

delphia Hospital that resembled appendicitis, subphrenic and hepatic 

abscess. The negative revealed a diffused white spot in the position 

of the lower region of the liver. Dr. J oseph Hearn confirmed the 

diagnosis by operation. Dr. George Pfahler has recently reported 

to the Philadelphia County Medical Society the taking of a successful 
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skiagram of a subphrenic abscess. In January, 1905, I diagnosed skia- 

graphically, at the Philadelphia Hospital, a supposed hepatic abscess, 

but at a subsequent operation Dr. Ernest Laplace proved the affection to .. 

be cancerous. 

Preutz, of Jena, in a study of 234 hepatic abscesses, speaks com- 

mendably of the great value derived from radioscopy. Myomata and 

fibromata are most difficult to skiagraph, especially in the uterus, where 

superimposition of the shadows of the pelvic bones interferes with a 

differentiation of the tumor from the surrounding tissues. Their shadows 

will be easily recognizable when the neoplasm is large, but manual palpa- 

tion will detect this quite as readily as the skiagrapher can assert the 

presence of this condition. It is worthy of mention that skiagraphs can 

frequently detect the presence of myositis ossificans. - 

Enchondromata, being cartilaginous tumors, are difficult to skiagraph 

because of their transparency to the rays. When the phalanges are thus 

affected, the condition is clearly presented on the negative. 

Lipomata are differentiated from solid and cystic tumors by their 

throwing a lighter shadow, because fat is less opaque to the rays than 

the above named neoplasms. 

X-ray diagnosis between a 

chronic abscess and a lipoma is 

quite as difficult as is the differ- 

entiation by clinical means: 

Sarcomata and carcinomata 

cannot be differentiated by their 

skiagraphic appearance. They 
both cast equally dense shadows. 

Tumors of the Brain.—The 
difficulties encountered in diag- 

nosing skiagraphically cerebral 

neoplasms are due to the super- 

- imposition of the shadows of the 
tumor and the bony vault, the 
softened consistency of the path- 

ological condition present, the 
Fic. 160.—AUTHOR’s Hran ResT.—F F, flexi- distance of the shadow from the 

ble photographic film, conforming to the shape of 

the skull and employed for locating foreign bodies, plate occasioned by the ar ching 

etc., in the brain. A lead wire is run from the gla- contour of the skull, and the 
bella to the inion and also over the position of the A 
E eae ON production of secondary rays 

due to the marked density of 

this particular region. Formerly I employed the photographie plate ; 

more recently I used a board made in two sections that slide upon a base. 

(Fig. 160.) The boards are hollowed out to conform to the curvature of 

the skull, and may be so adjusted as to widen the concave excavation, and 

thus accommodate any size of skull. In this cavity is placed a double 

THE CLINICAL APPLICATIONS. 219: 

coated gelatine film, and the patient's head is accurately accommodated 

to the shape of the cavity. This also insures steadiness of the part, so 

yery important in this difficult procedure. Localization can be mapped 

out by placing metallic wires over anatomical landmarks. 

The use of a compression diaphragm, for preventing the production 

of secondary rays, is largely in vogue in Germany, and has lately become 

popular in America, but this is undesirable, as the area skiagraphed is 

too small to allow of definite and logical conclusions. 

- The diagnostic value of the X-rays in neoplasms, abscesses, clots, 

ete., is less than in instances of the presence of foreign bodies. Extended ' 

literature on the subject is yet to be written. 

Dr. Pfahler! gives an interesting account of a case of brain softening 

occurring in the service of Dr. Charles W. Burr. “This case,” he says, 

«was one of thrombosis of the mid-cerebral artery, with cystic degenera- 

tion, and causing aphasia and hemiplegia. The examination was made 

post mortem. The brain was replaced and the skull and scalp closed. I 

then made a negative of the affected side and also of the opposite side, 

because I believed that possibly the normal side could be compared with 

the affected side. This case, however, demonstrated that this cannot be 

relied upon, for the lesion was shown upon both negatives, but with much 

more definite outline on the affected side. The skiagraph showed, above 

the cerebellum and petrous portion of the temporal bone, a light area 

which corresponded exactly with the outline of the area of degeneration. 

This skiagraph showed, also remarkably well, the convolutions of the 

cerebellum. : 

“The second case was also one of Dr. Burr's, in which an irreg- 

ular area of degeneration was found in the distribution of the mid- 

cerebral artery and which had caused hemiplegia. The skiagraph 

showed transparent areas which corresponded exactly with the area of 

degeneration.?? 

Dr. Pfahler? believes, that “we should be able to show in the skia- 

graph most large lesions, such as new growths, softening, hemorrhage, 

and abscess, but that we should never take the responsibility of an 

operation purely upon skiagraphic evidence.” | | 

Dr. Church, of Chicago,” records a case of cerebellar tumor in which 

the Röntgen rays were used by Mr. W. C. Fuchs. Skiagraphs of the 

tumor were obtained. At the autopsy a highly vascular gliomatous tumor 

was found, the tumor being the seat of several old and recent hemor- 

rhages, and also of a recent clot of considerable size. 

Obici and Ballici* demonstrated the presence of a tumor in a boy 

who died of brain tumor, the experiment being performed post mortem. 

1The American Journal of the Medical Sciences, December, 1904. — 

?Tbid., December, 1904. ae 
3Ibid., February, 1899. 
4Rivista di Patholog., October, 1897, cited by Church. 
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They also experimented with tumors of different kinds placed in the 
brains of cadavers, and were in some instances able to obtain localizing 

shadows. 

Oppenheim,’ in reviewing the subject of brain tumors, remarks that 
his attempts with the X-rays for diagnostic purposes were unsuccessful, 

although he was enabled to determine that a tumor placed within the 

cranium upon the brain was distinctly noticeable. : 

Paneoast and McCarty’ conclude that the value of the Röntgen rays 
in brain lesions is at present dubious. 

Dr. M. Benedikt, of Vienna,” described a number of most interesting 
conditions that were both studied and skiagraphed by Dr. Kienbóck, 

From a series of cases related by Dr. Benedikt we cull the following facts 

in his own words: ‘‘ Kolar, M., engine-driver. On June 6, 1897, while 

leaning out of the engine, he struck his head against a lateral object. 

He lost consciousness, vomited, and was confined to his bed for six days. 

He tried to resume his work, but could not continue. On October 16, of 
the same year, he came for the first time under my observation. He com- 
plained of violent headaches, and his face had the rigid expression of a 

mask. On January 20, 1904, I had two profile diagrams taken with the 
Rontgen rays by Dr. Kienbock. 

“When we ask what pathological process we must assume in this 
case, the answer is a pachymeningitis, especially heemorrhagica, with all 

its consequences, also of alteration in the osseous parts. The enlarged 

Shadow of the osseous circumference is not principally the result of thick- 

ening of the bones, but is produced also by pachymeningeal deposits.”’ 

‘Bornstein Marcus met with an accident Dec. 24, 1903, while enter- 
ing a railway car not yet lighted. He fell over a trunk and received a 

contusion on the tibia and on the index finger of the left hand. The 
nature of this accident seemed to point to a light lesion. To my great 

astonishment, at the examination (Jan. 4, 1904) serious symptoms were 

found. Standing with open and closed eyes the patient oscillated for- 

ward and to the left side. The supra- and infra-orbital nerves of the left 

side were sensitive to pressure, and the parietal, frontal, and temporal 

bones sensitive to percussion. In these localities the patient felt pains 

when he walked. The turning of the head excited pains, more toward 

the left than to the right side. The cervical and dorsal vertebree were 

Sensitive to pressure, the sensitiveness involving not only the processus 

spinosi, but also the lateral walls of the vertebre on the left side. The 
pupil reflex was feeble. 

‘‘ The left arm and both legs (especially the left one) were adynamic. 
The patellar reflex was feeble, and especially on the left side. The left 
ear was more sensitive to the tuning-fork, from the air and from the 

* Diseases of the Nervous System, 1900. Translated by E. Mayer. 

“University of Pennsylvania Medical Bulletin, March, 1903. 

"The Archives of Physiological Therapy, February, 1905. 
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bones of the head. I was more astonished when Professor Reuss found 

peginning bilateral papillitis n. optici. The range of vision was much 

diminished concentrically, and in the left eye there existed a complete 

defect of vision in an inferior and superior sector. 

(“In this case the diagnosis was justifiable that there were serious 

anatomical intracranial lesions, and, as the case was a recent one, also 

plood effusions. Radiographs confirmed this diagnosis.’’ 

I have successfully skiagraphed a blood clot in the brain, and I can 

do no better than quote the words of the late Dr. F. Savary Pearce, 

whose intense devotion to neurology and whose searching inquiry into 

the pathological manifestations of brain lesions made his word authori- 

tative. In his article ‘‘Epiphenomena of Cerebral Hemorrhage,”’ 1 he 

says, “We would like to mention the possibility of the X-ray being æ 

favorable adjunct toward determination of a blood clot within the brain or 

not, as a point in diagnosis between hemorrhage or thrombosis and this 

confusing class of Bright’s palsies. Ina case coming to autopsy at the 

Medico-Chirurgical Hospital ten days ago, Dr. M. K. Kassabian had 

been fortunate enough to find what he thought was a ‘shadow’ of the 

thrombotic area in the left lenticulo-striate area region, and this proved 

to be so at the post-mortem examination. In this case, however, there 

was no complication of nephritis in making the clinical diagnosis.’’ 

During 1904 and 1905, I skiagraphed at the Philadelphia Hospital 

a series of cerebral cases in the services of Drs. W. W. Keen, F. X. 

Dercum, and Charles W. Burr. Realizing the imperfection resulting 

from the lightness of the shadow found in skiagraphing brain tissue, I 

took two skiagrams of suspected conditions and applied to the negatives 

obtained the principles of stereo-skiagraphy. The superimposition of 

the two views thus derived ‘resulted in a clear-cut picture of the part 

under investigation. 

= Recently I skiagraphed a cerebral case at the Philadelphia Hospital. 

The patient’s skull was bandaged, thus concealing the presence of any 

abnormality. I was ignorant of his clinical history. When the plate 

was developed, I noticed in the motor region, a light area, the size of a 

- goose’s egg. I then went to the ward to inquire as to the patient’s symp- 

toms. I found that this special area was the one complained of; the 
result of a traumatism, which manifested itself in a slight paraplegia of 

the opposite side. This was undoubtedly an ecchymosis of the cerebral 

meninges. A false diagnosis was not probable, as there was no wet dress- 

ing or iodoform employed, no exudation of serum or blood, and likewise 
no pressure on the plate that might simulate such a diseased area. Sub- 

Sequent examinations failed to reveal the affected region, although the 

 skiagraph was taken under the same circumstances. Ultimately the 
_ patient got well, showing the ecchymosis (exudate) was absorbed. 

1 American Medicine, Aug. 9, 1902. 
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Calcareous Deposits in Glands.—The shadow thrown by these deposits 4 Tuberculous Arthritis. (Fig. 161.)—The early stages ol thereon 

is in some regions of the body dense enough to be mistaken for calculi. 4 «arthritis are most difficult to distinguish from other arthritic conditions. 

If there be an abscess cavity, sinus, or fistula, its depth and extent may . | But as soon as the bone becomes involved the shadow on the negative will 

be sufficiently ascertained by introducing either a probe, a packing of “a | 4 be identical with the appearance of tuberculosis of bone previously de- 

iodoform gauze, or a rubber drainage tube, and taking a skiagram while f. | 4 scribed ; but with abscess formation, the dark spots on the skiagram will 

the introduced substance is in situ. i reveal the true nature of the malady. When destruction of the soft parts 

Empyema and pleural effusions will be treated of when discussing of the joint occurs with subsequent absorption of the head of the bone, 

diseases of the thoracic organs. sequestra are formed, resulting in great distortion. 

- Enlarged mediastinal glands, calcified glands, and bronchial glands Coxalgia.—In the incipient stage any haziness in the interarticular 

in comparison with the unaffected side, is indicative of changes 
are often visible. l 1 space, 

f in the synovial membrane of the joint,—this is likewise true of the 

VII. The Articular System. ; | | © epiphyseal line. ; 

e a bene te ene j 3 Lovett and Brown, in a most elaborate research,’ arrived at these 

Lani! TERINA gins EE T S ae Cea the q conclusions: ‘The earliest changes observed radiographically in hip 

gative will show the inter-articular space black, but it will appear =~ disease are, first, diminution in the density of the shadow, and second, a 

white on the skiagraph. The articular extremities of the bones will look 3 E lative diminution in the size of the shadow cast by the affected bone ; 

smooth. In adjusting the tube, part, and plate, care must be taken to i 7 a other words, atrophy of the bony substance. 

see that the rays fall directly upon the joint; for if this precaution j 1 “The pest radiographic evidence is considered to be bony thickening, 

be aor taken, there will result an overlapping of the shadows of the Æ 3 indicated by a shadow projecting inward from the pelvic side of the 

articular extremities, the latter leading to a confusion, and causing a ] 3 tabulum; the head and neck of the femur also may show this 

possible error between a diagnosis of the true condition, ankylosis, and q E Mono 

Me een | i | E ‘Decreased radiability, observed as an indefinite, cloudy appearance, 

e ens oe rondon onn Hamene ee) auy es O the ; 3 which involves not only the bony medulla, but the cortex and periosseous 

rays than are the bones, the tearing off of any of these, as in some sprains, | structures as well, is frequently seen. This cloudiness was found to be — 

en Pomerio be shown on the skiagram, provided that the shadow falls q | due to the presence of thick serum, pus, or finely divided detritus, and is 

particularly on the muscular field, and that the negative is full of details, = | apt to be misleading if depended aroun de the exclusion of other indica- 

ee Aes aa | | ] 4 tions. It was sometimes observed where the inflammatory process was 

| = extra-articular, as in abscess of the groin. 

«Erosion of the bone substance, when present, is usually clearly 

evident on the plate, but is not of itself conclusive evidence that hip- 
A. DISEASES OF THE JOINTS. = 

Acute Arthritis.—In this affection the skiagram reveals nothin g in the | 

early stage, save a slight cloudiness or haziness at the inter-articular i joint disease is present.” 

space, due to congestion. Later this haziness increases, and if pus be ] 4 Loose bodies, such as displace 

present, the shadow cast on the negative will be darker, as this is less € detection because of their transparency. If their shadows are superim- 

opaque to the passage of the rays than is serum. If the arthritis con- i = posed with those of the bones, recognition is of course impossible, as on 

tinue for a few months, the inflammation will extend to the articu- d the shadow of muscles, their detection, at times, is possible. Small sesa- 

lar ends of the bone, and they will be more opaque to the rays, and = moid bones, which may simulate foreign bodies, can also be skiagraphed 

consequently appear white on the negative. i in or around a joint. 

Acute and Chronic Articular Rheumatism.—The acute stage is identical | 7 Coxa Vara.—““ The neck of the femur varies in length and obliquity 

with the description given under acute arthritis. When this condition at various periods of life and under different circumstances. In infancy 

assumes the chronic form, the skiagram will show destruction of the ar- the angle is widest and becomes lessened during growth, so that ab pu- 

ticular ends of the bones, causing displacements of the opposed bony berty it forms a gentle curve from the axis of the shaft. In the adult it 

surfaces and the attendant deformities. forms an angle of about 130° with the shaft, but varies in inverse propor- 

Gout.—In this disease the tophi (which are composed of sodium tion to the development of the pelvis and stature. In consequence of the 

urate) are transparent to the rays. Yet peri-articular shadows of the q 
tophi are often visible in the digits. Í. 4 1New York Medical Journal, January 28, 1905. 

d or detached cartilage, are difficult of 
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prominence of the hips and widening of the pelvis in the female, the néck 
of the thigh bone forms more nearly a right angle with the shaft than it 
does in man.” (Gray.) e” 

Skiagraphy in cases of coxa vara reveals the true clinical condition. 
(Fig. 162.) It is found that the axis of the neck to the Shaft has materi- 
ally changed its angle, that the affection is non-tuberculous, and that the 
trochanter has changed from its normal position to a higher plane. In 
Skiagraphing this condition, inversion and eversion of the feet must be 

vigorously guarded against. This is best accomplished by securely bind- 
ing both feet in the position of a right angle to the leg. A plate large 
enough to include both hips must be employed ; the patient must lie ab- 
solutely flat on his back, with the tube placed over the pubic symphysis 
in the median line. Some operators prefer the ventral to the dorsal de- 
cubitus position. Of course, the position assumed will slightly vary the 
length of the neck of the bone. Consequently the necessity of compari- 
son between the affected and the normal sides. | > 

Genu valgum is the result of overgrowth of the inner condyle and an 
incurvation of the femoral shaft. The X-rays will show the amount and 
the angle of deformity, and also any alterations in the relaxatión and 

elongation of the ligaments of the knee-joint. 

Genu varum is the opposite of genu valgum, and in these cases the 
X-rays will also furnish the operator with complete clinical data. 

Deformities of the foot, including talipes in its various forms, dis- 

placements of the toes, and deformities of the hands and digits can be most 
advantageously studied by corroborating the facts of clinical experience 
with the X-rays. 

B. ARTHROPATHIES. 

In the early stages, arthropathies, as manifested in tabes (Fig. 163), 

present a haziness in the joint, identical with the appearance evidenced 

in other forms of arthritis. Later the interarticular Space becomes more 

hazy, the periarticular structures are destroyed, the ends of the bones 

irregular and nodular, with rarefaction of the osseous tissue and possibly 

complete disappearance of the bone. In some instances, in place of rare- 

faction, we find thickening or eburnation, with the projection of bony 
excrescences. | 

Syringomyelia.—Several authorities’ state, that in syringomyelia there 

is progressive destruction of the joints, greater in extent than is noticed 

in tabes, but marked by an absence of bony excrescences. Morvan’s 

disease, often associated with syringomyelia and characterized by the 

formation of painless felons, shows skiagraphically an irregular appear- 

ance and a thickening of the bone, frequently with the presence of 

sequestra. Pulmonary tuberculosis and general systemic diseases may 

1 Bouchard, “ Traité de Radiologie Médicale,” 1904. 

Fic. 161.—TUBERCULOUS ARTHRITIS OF THE KNEE-J oINT.—The left-hand Se shows eee 

lous arthritis of the knee-joint; 4—5 indicates the distended capsular ligament ; 3, 2 narrowing O 

the inter-articular space; 1 and 2 show the changed character of the epiphyses. The skiagraph was 

taken after the limb had been braced for two months. Right-hand picture shows the normal limb. 

(Case of Dr. J. K. Young.) | l 
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FIG. 164, —Penny in the cesophagus, 
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also Show arthropathies, but will not show the destruction of the articular 

ends of the bones, but there will be revealed a periarticular, semi-opaque 

condition. 

VIII. Foreign Bodies and their Localization. 

In nothing have the X-rays proved themselves of more incalculable 

service than in the detection and localization of foreign bodies. Prior 

to the discovery of this priceless diagnostic agent, the surgeon found 

himself helpless in cutting down upon a supposed embedded substance, 

put with determination born of forlorn hope, too often he pursued an 

erroneous course, only to find that disappointment and at times serious 

infections were the rewards of his endeavors. 

By the rays the skiagrapher learns not only the position of a foreign 

pody, its variety, size, and shape, put also the extent of damage incurred. 

A. MILITARY SURGERY. 

The X-rays have been especially useful in military surgery. Dr. 

Haughton has said, ‘‘that the X-rays have furnished the army surgeon 

with a probe which is painless, which is exact, and, most important of 

all, which is aseptic.” 

In 1897 the X-rays were for the first time suecessfully used in the 

Greeco-Turkish war. It was there demonstrated that they were an invalu- 

able adjunct in military surgery, and since that time improvements have 

been made in the apparatus for trials in future field encounters. 

The X-rays were also employed with marked success by Surgeon- 

Major Beevor on the Indian frontier, during the Chitral Campaign in 1898. 

Of no less importance were the experiences of Major Battersby, who 

had charge of the Róntgen apparatus, while campaigning in the Soudan 

a number of yearsago. Following the battle at Omdurman, 121 wounded 

British soldiers were brought to Abadith, 21 of whom could not have had 

their condition correctly diagnosed without X-ray examination. 

In the words of Captain W. C. Borden, assistant surgeon in the 

United States Army:* “The use of the Röntgen rays has marked a 

distinct advance in military surgery. It has favored conservatism and 

promoted the aseptic healing of bullet wounds made by lodged missiles, 

in that it has done away with the necessity for the exploration of wounds 

by probes or other means, and has thus obviated the dangers of infection 

and additional traumatism in this class of injuries. In gunshot fractures 

it has been of great service from a scientific point of view, by showing 

the character of the bone lesions, the form of fracture, and the amount of 

bone comminution produced by the small calibre and other bullets,— 

1The Use of the Róntgen Rays by the Medical Department of the United States 

Army in the War with Spain. 
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conditions which could not have been otherwise determined in the livi ng 
body.” 

Nicholas Senn writes that the expectations as to the ost value 
of the X-rays in military surgery were actually realized in the Spanish- 
American War. He states that foreign bodies were located, fractures 
ascertained, and other surgical conditions studied, without subjecting the 
patient to pain or any danger from infection. 

Mr. Clinton Dent,’ special war correspondent in south Africa, speaks 
interestingly of injuries by Mauser bullets. If the dense part of the long 

bone is hit by a bullet of the Mauser type, there is a drilling, compli- 
cated by fracture. The extent of the injury depends upon the angle at 
which the bullet strikes the bone, upon the velocity of the bullet, and to 
some extent upon the age of the person. Mr. Dent also observes, “that 
a line drawn between the apertures of entrance and exit does not afford a 
reliable clue of the course that the bullet has followed.” He also states 
that fractures with a drilling of the tibia and: the upper and lower ends 
of the humerus and radius are common. Si 

Major Matignon, in reference to the Russo-Japanese war, describes 
at length’ the installation of an X-ray apparatus in the Fifth Division of 

the Japanese army in Manchuria. This apparatus consisted of a Ruhm- | 

korff coil, 30 cm. long and 12 cm. in diameter, with a spark-producing 

power of from 15 to 18 em. The tube was bi-anodic and 20 em. long. 
The current was supplied by a dynamo, energized by hand-power. Two 

persons were enabled to bring about sufficient velocity to produce the 

desired current by means of gearing. A portable dark room was pro- 
vided, and Major Matignon remarks: ‘‘I was able to discern clearly 

the fractures and the presence of foreign bodies in the hand and in the 
arm.’’ He further states that the use of accumulators and their bur- 

densome construction can thus be readily dispensed with. 

B. VARIETIES OF FOREIGN BODIES. 

These may be transparent, translucent, or opaque to the rays. 

The transparent include such substances as splinters of wood, pieces 

of coal, diamonds, paper wads, leather, clothing, ete. 

The translucent include a a of porcelain, paste diamondi 

small fish bones, other small bones, seeds of fruits, small pieces: of 
glass, etc. 

The opaque include metallic substances, such às bullets, coins, nails, 

buttons, pins, needles, jack-stones, marbles, and dice ; also surgical dress- 

ings, —dusting powders (e. g., bismuth, iodoform), lead-water and lauda- 

num, corrosive sublimate, dermatol, permanganate of potassium, etc., 

hard-rubber tubes, and iodoform gauze. 

1 British Medical J ournal, April 21, 1900, p. 969. 

2 Archives d’ Electricité Médicale, J une 25, 1906. 
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The table below shows the relative transparency of equal thicknesses 

of various substances (water —1) as found by Bottelli and Garbasso.' 

TABLE OF PERMEABILITY OF RONTGEN RAYS. 
aS 

SPECIFIC TRANS- | SPECIFIC TRANS- 
MATERIAL. GRAVITY. | PARENCY. | MATERIAL. GRAVITY. | PARENCY. 

A 

0.101 
0.330 
0.126 
0.095 
0.093 
0.090 
0.084 
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Mercury .56 sd 
Cotton obs acts Gold ae ; 

hard wood ANE Platinum Ds 0.020 
ee | Lae | Ether TL: 1.37 

Petroleum .836 1.28 
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Olive oil .915 149 

OS 1.00 

Sulphur r J er. ¿ 1.00 

fread plaster fees ees A : oe 
Aluminium E : ; E 

apstone ; oF Carbon disulphide... 0.74 
ae y Nitric acid ; 0.70 

Chloroform OZ 0.60 
Sulphuric acid 0.50 

~J Pine wood 
Walnut 
Paraftin 
Rubber (pure gum).. 
AK @ se eee 

Stearine 

Pasteboard 
Ebonite 

Woollen tissue 
Celluloid : 
Whalebone 
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©. FOREIGN BODIES IN THE DIGESTIVE, RESPIRATORY, AND GENITO- 

URINARY TRACTS. 

Hsophagus. —Foreign bodies in this region can be detected by the 

fluoroscope and skiagram, and should be examined in both positions. I 

recently skiagraphed a onl with a penny lodged in the cesophagus, as 

_ Shown in Fig. 164. 

Segond’ reports a case where a tooth-plate had accidentally been 

4 swallowed and lodged in the cesophagus. It was located by the X-rays at 
the region of the supra-sternal concavity, and extracted by external 

_ cesophagotomy. A hook-like projection of the plate forced its way into 
the mucous and submucous coats of the organ, requiring repeated 
_ fluoroscopic examinations before extraction was achieved. 

Mr. Ballance, of St. Thomas Hospital, London, says that by 

means of a fluoroscopic examination, a hat-pin was demonstrated in the 

*Bolletino della Societa Photografica Italiana, 1897. 

* Lyon Médicale, August 5, 1898. 
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third of the tract, where it had fastened itself. A gastrotomy was 

performed and the pin removed. 

Dr. Nathan Raw '! reports the swallowing of a tooth-plate by a Tunatic. 

cesophagus of an infant fifteen months old. It had travelled to e lower . 

The foreign body had descended to a level just slightly below the i 

inter-clavicular notch. The fluoroscope revealed the exact position, and 

also showed the plate with its longest diameter lying parallel withthe 

transverse axis of the cesophagus. 

Stomach.—Almost every variety of foreign body is found in the stom- 

ach, but the movement of that organ makes detection difficult. In skia- 

graphing the stomach, the patient should be placed in the ventral 

posture. Previously, he should have been cautioned against ingesting 

food and drink, as the former will increase the density of the shadows 

and the latter, in addition, offers an opacity to the rays. The foreign 

body is erable found at the pyloric orifice. 

Several years ago, at the clinic of the Medico- Chirurg ical Hospital I 

demonstrated, by means of a skiagram, the presence of tacks, nails, ‘and 

blades of pen-knives in the stomach of the “ ostrich man.” 

W. S. Halsted? publishes a radiogram of a juggler’s stomach, from 
which he removed 208 foreign bodies, including 20 links of dog-chain, 

8 pieces of china, 7 knife-blades, 54 nails, and 35 wire nails. 

Diamonds and small stones, being transparent to the rays, defy detec- 

tion. Sometimes diamond thieves have swallowed, the stones, but the 

latter could not be found either by fluoroscopy or skiagraphy. In many 

of the mints, suspected employés are subjected to X-ray examinations 

to detect the presence of stolen coins in the stomach. 

Intestines.—In the intestines foreign bodies, such as coins, pins, nails, 
Murphy buttons, etc., can be seen gradually to traverse the bowel. The 

peristaltic action of the intestines often interferes with this detection. 

The skiagrapher is further hindered in the cases of children, their crying 

and moving presenting an additional obstacle. So long as the foreign 

body is being moved by peristalsis, the surgeon should not attempt to 

operate. It requires three or four days for a foreign body to be dis- 

charged. Skiagraphy is of special value in impaction of the rectum 

by foreign bodies, so commonly found in the hysterical and insane ; it is 

also of utility in detecting foreign bodies in the appendix. 

Larnyx, Trachea, and Bronchi.—The foreign bodies lodged here are 

identical with those found in the stomach. The method of examination 

is likewise similar. 

Genito- Urinary Tract.—Almost every conceivable variety of foreign 

body is to be found in the urethra and bladder of the male, and in the 

vagina, uterus, and bladder of the female. Recently I examined a patient 

1 The Liverpool Medico-Chirurgical Journal, September, 1901, p. 345. 

2 Johns Hopkins Hospital Reports, 1900, vol. ix. p. 1054. 
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for fractures of the femora, but instead I discovered a forgotten pessary. 

Forgotten pessaries have often been detected by the X-rays, when the 

cause of the suffering baffled the skill of the attending physician. 

Foreign Bodies Entering from Without.—These elude bullets, needles, 

cinders in the eye, broken ends of instruments, etc. In surgery we have, 

in addition to the retention of instruments in the cavity of the wound, a 

slipping in of a forgotten section of drainage-tube, and the closure of a 

wound without removal of iodoform gauze, etc. $ 

p. THE X-RAYS IN OPHTHALMOLOGICAL SURGERY. 

Foreign Bodies in the Eye.—The use of the X-rays in ophthalmology 

is principally confined to the detection and localization of foreign bodies 

in the eye. Dr. Van Duyse was perhaps the first to perform experiments 

for locating foreign bodies in the eye, and in March, 1896, he communi- 

a cated his results to members of the Medical Society of Cand. 

His first work consisted in the introduction of a small bullet into the 

eye of a rabbit, carefully pushing it up posteriorly to the iris. He pro- 

duced an exophthalmos, and by slipping under the exophthalmic globe a 

small sensitive plate, he. was able to define a shadow of the contained 

foreign body. By another expriment he proved that metallic bodies in 

the anterior chamber could be very easily demonstrated by placing a 

q sensitive film of proper shape and size between the eyelids at the inner 

canthus and allowing the rays to penetrate the globe from the temporal 

= side. 

Dr. Leukowitsch! detailed his experiments and results on sheep’s 

eyes, with the use of two tubes. He contended, however, that better re- 

f i sults had been obtained by the use of one tube only. In experimenting 

on the human eye, he employed small sensitive plates, semicircular in 

shape, thus permitting the largest possible area being introduced at the 

inner angle of the eye opposite the lacrymal bone. A large part of the 

eyeball can readily be brought within easy range of the rays by simply 

rolling the eyeball. Rotation of the ball caused a point of fixation, 

which was obtained by employing a glass indicator bent into two right 

angles, a short and straight terminal so placed as to point exactly to the 

antero-posterior axis of the cornea’s centre. 
Dr. Max J. Stern, at the Philadelphia Polyclinic,’ proved that a 

foreign body in any part of the eyeball could be shadowed on the plate at 
the side of the head, and radiographed four patients with steel in the eye- 
ball. He determined the approximate positions of the metal in the eye 

| from a study of the shadow of the body in relation to the shadows on the 
_ plate of the orbital bones; but the variation in the position of the eye- 
ball in the orbit rendered this method liable to considerable error. 

1The Lancet, August 15, 1896. 
2 Trans. Amer. Oph. Soc., 1896. 
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In February, 1897, Drs. Ring and Hansell each reported one Case, l | j The localizing apparatus designed by Sweet consists of two metal 

and Dr. de Schweinitz two cases of steel particles in the vitreous located : + indicators, one pointing to the centre of the cornea and the other situated 

by the X-rays. In one of these cases two previous unsuccessful attempts — A to the outer canthus at a known distance from the first, Two exposures 

had been made to extract the steel, and it was only after the radiographs are made in order to give different relations of the shadows of the indi- 

indicated its approximate position that it was extracted by the.magnet. 1 1 cators and of the body in the eyeball, one with the X-ray tube horizontal 

These cases were probably the first that demonstrated that the bony B or nearly so with the plane of the indicators, and the other with the tube 

walls of the orbit and the coats of the eye were permeable to the rays. q E below this plane. 

By comparison of the shadow of the metal with that of the margin of the k 4 “The principle of the method may be understood from the perspec- 

ial Ero oe Supe gue ar maxillary bone, and the occ 1 tive drawing (Fig. 165). Rays coming from the light situated at A cast 

relation of the Crookes tube to the sensitive plate, the location of the À ] | 

foreign body could be easily demonstrated. 

Dahlefeld and Pohrt! report that good records were obtained of 

small fragments of wire and small shot that had previously been intro- 

duced into the orbits. Their method of detection consists in placing a 

focus tube on the opposite side of the head (10 to 15 mm. distant from 

the temple) and a sensitive plate against the temple corresponding to the 

affected side. 

Fridenberg ’ and Friedman? both made two exposures of the eye 

and orbit at right angles to each other, while Stockl* used 

lead, fastened at various points around the orbital margin, from 

measure the situation of the foreign body. Leonard made a number of 

exposures to give a series of triangles to locate the body. 

For the want of space, I shall include only those methods 

my experience have been found most useful. | 

Dr. Wm. M. Sweet? was the first to devise an accurate method of 

localization, employing for this purpose a plate-holding apparatus, fixed 

to the side of the head on the injured side, the fixed points of 

ment consisting of two ball-pointed rods, adjusted at a known distance 

from the centre of the cornea. 

In describing the method, Sweet*® says: ‘‘The determination of the 

location of pieces of metal in the eye or in the immediately adjacent 

tissues by means of the Róntgen rays demands that the shadow of the - 

foreign body as shown on the radiograph be studied in relation to the 

shadows of at least two opaque objects of known position. The method of 

judging the approximate position of the body in the eye from the rela- 

tion of its shadow on the photographic plate to the shadows cast by the q ] Fic. 165.—Principles of the method of localization. (Courtesy of Dr. Wm. M. Sweet.) 

bones of the orbit is less accurate than the method by triangulation, even | 

when carried out by making two exposures upon the same plate with the q a 

tube in different positions, or by making several separate exposures.?” . J the view shown on the surface C. In this instance the tube is in front of 

1 Deutsche medicinische Wochenschrift, No. 18, 1897. 

2 Medical Record, May 15, 1897. 
3 Klin. Monatsblatt, Oct. 1897. 
4 Wiener klin. Wochen., No. 7, 1898. 

5 Trans. Amer. Ophth. Society, May, 1897. 
6 Diseases of the Eye, by Hansell and Sweet. 
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shadows of two ball-pointed rods and an object in the eyeball, and give 

the vertical plane of the two indicators, and consequently the shadow of 

the centre ball will be thrown back of that of the outer ball. When the 
light is carried below the plane of the two indicators, the shadows of the 
two rods are formed on the surface D, and the shadow of the foreign 

body in the eye assumes a new position. If the distance of one of the 
indicating rods from the centre of the cornea is known, and the distance 
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between the two indicators is measured, the position of the metal in the 
eye may be determined, since the shadow of the foreign body preserves 

at all times a fixed relation to the shadows of the indicating balls, in 

whatever position the light is placed. : 
“* Accurate localization requires that the axis of the eyeball shall be 

parallel with the two indicators and with the photographic plate, that 
one of the indicating balls be opposite to the centre of the cornea and at 

a known distance from it, and that both indicators are at a measured 

distance from each other. The plate-holder and indicators have been 

combined into a special apparatus which firmly holds the head of the 

patient, as shown in Fig. 166. The arrangement of the parts of this 

/ 

o a 

Fic. 166.—Indicating apparatus secured to the side of the head. (Courtesy of Dr. Wm. M. Sweet.) 

apparatus is such that the indicators, while freely adjustable, are always 

parallel to each other and to the plate, and the two balls are perpen- 

dicular to the plate and 15 em. distance between their centres when the 

apparatus is in place. It is necessary that the patient rotate the eyeball 

to bring the ocular axis parallel with the plane of the photographic 
plate, and that the operator adjust the indicators so that the centre ball 

is opposite the centre of the cornea. 

“To determine the position of the foreign body in the eye, two 

circles are drawn, representing the horizontal and vertical sections of the 

normal adult eyeball, and upon these are marked the situations of the 

indicating balls at the time the radiographs are made. 
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‘í Lines are drawn through the shadow of each of the indicating 

palls on the two radiographs. On the negative made with the tube hori- 

zontal and parallel with the plane of the indicators, a measurement is 

made of the distance the shadow of the metallic body is above or below 

the shadow of each of the in- 

dicators. This distance is 

entered above or below the 

spots representing the two 

indicators on the diagram of 

the vertical section of the eye- 

ball. Thus, in the radiograph 
(Fig. 167) the distance of 

the foreign body (S) below 
each of the indicators (O S 
and N S) is entered below 

the spots A and B, front 
view, Fig. 169. A line drawn Fig. 167.—Outline drawing of a radiograph, made 

s with a tube slightly above the plane of indicators. A, ball 

through the points C and D opposite the centre of the cornea ; B, ball to the temporal 

gives the direction of the side; S, foreign body. (Two-thirds normal size.) 

X-rays at the time the 
shadow of the foreign body was cast upon the plate. Similar measure- 

ments of the distance that the shadow of the foreign body is below 

the shadow of each of the indicators are made on the second negative 

(Fig. 168), and these are likewise entered below the points A and B, rep- 

resenting the two balls on the vertical section of the eyeball. These 
| measurements are A F and 

BE. A line drawn through 

the points E and F gives 

the direction of the rays 

when the second negative 

was made. Since these two 

lines indicate the plane of 

the shadow of the foreign 

body at each exposure, the 

intersection of the lines 

must be the location of the 

metal in the eye, as meas- 

ured above or below the 
FIG. 168.—Outline drawing of radiograph, tube below horizontal plane of the 

the plane of indicators. A, ball below centre of the cornea ; 

© B, external ball; S, foreign body. (Two-thirds normal size.) globe and to the temporal 
or nasal side. To deter- 

E mine the distance of the foreign body back of the centre of the cornea, the 

negative made with the tube horizontal is taken, and the distance is 
q measured that the shadow of the ball opposite the centre of the cornea 

_ lies posterior to that of the external ball. This distance is entered directly 
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above the external ball on the diagram representing the horizontal 

section of the eyeball. A line drawn from K through the centre 
ball gives the direction of the rays at the time the radiograph’ was 
made. On the same negative is measured the distance that the shadow 
of the foreign body. is back of the shadow of each of the indicators, and 

these distances, B J and A H, are entered on the diagram. A line’ is 
drawn through the points J and H, and since this line represents the 

plane of the shadow of the foreign body, the point at which a perpen- 

dicular drawn from the situation of metal as shown on the vertical sec- 

tion of the eyeball intersects this line indicates the situation of the bédy 

A 

Name Size of body____b DY min: 

Situation 

te —— a mmback of center of cornea. 
mmbelow horizontal plane. 
mmta side ot 

vertical plane. 
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Horizontal 
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Fie, 169.—Dr. William M. Sweet's chart for plotting location of foreign bodies in the eye. 

(Two-thirds normal size. ) 

back of the centre of the cornea. If the position of the tube from the eye 

has been measured, its distance is indicated on the line drawn from K 
through the centre ball A. A line through J to this point indicates the 

divergence of the rays. This means of determining the position of the 

plane of shadow of the foreign body is more accurate than when the 

measurement is made of the shadow of the body above each of the balls, 

and should be followed, especially if the body is some distance away from 

the anterior segment of the globe or is in the orbit. 

‘Tf the foreign body has passed into the orbit, the rotation of the 
eyeball to insure parallelism of the ocular axis with the plane of the 

plate leads to a slight error in the determination of the position of the 
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metal. To eliminate this error necessitates a knowledge of the angle of 

the orbit with the plate or, its equivalent, the amount of deviation of 
the eyeball from the primary position, and the consideration of this 
angle in plotting the diagrammatic circles representing the eyeball. 

‘¢The indicating apparatus is secured to the side of the head corre- 
sponding to the injured eye, and the tube placed about 12 or 15 inches 

(30 or 38 em.) to the opposite side and slightly forward. The patient is 

in the recumbent posture, to insure steadiness of the head. After the 

€— o uo | 
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B 

Fig. 170.—Mackenzie Davidson’s localizer. 

indicating rods have been adjusted, the patient fixes an object about 5 to 

10 feet distant, so placed that the visual axis of the injured eye shall þe 

parallel to the photographic plate. An exposure of from 10 to 20 

seconds will clearly outline the bones of the orbit, and secure a shadow 
of any body opaque to the rays in the eyeball or in its neighborhood.” 

Another method of equal accuracy was introduced by Mackenzie 

Davidson,. who published a description of it in the British Medical 

Journal, January 1, 1896. | 
Davidson’s Method. (Fig. 170.)—The theory of this method briefly is 

as follows :* “The Crookes tube is placed in a holder, which can slide 
horizontally. A perpendicular is dropped from the point in the anode of 

1The Archives of the Rontgen Ray, May, 1898. 

HA A tere A o ~= 

Seeley 

= ——— 

=> ears, 



296 ELECTRO-THERAPEUTICS. 
J 

the tube where the X-rays originate on the point where two wires crosg -= _ 
each other at right angles, and one of the wires must be parallel to the 
horizontal bar along which the tube-holder slides ; so that, when the tube 
is displaced along the bar, a perpendicular dropped from the X-ray point : 
in the anode would always fall upon this wire. The wires in reality rep- 
resent two planes at right angles to each other, and the photographic plate 
representing the third plane. Eventually I obtain the three planes 
which are at right angles to each other, and whose relation to the part 
of the patient’s body skiagraphed is known. 

“For practical purposes it is convenient to have the wires stretehed 
across a flat board or sheet of vulcanite, and this can be placed on a table 
in the correct position below the horizontal bar, and fixed to the table by 
means of drawing pins. The wires being inked so as to mark the skin, a 
photographic plate, enclosed in black paper in the usual way, 1s placed 
beneath the cross wires. The perpendicular distance from the anode to 
where the wires cross each other is carefully measured and noted. 

‘‘Tt is now necessary to decide at what distance apart the tube is to be 
displaced in order to take the two skiagrams. It does not matter greatly, 
22, 5 or more inches (6 to 12 cm. etc.) of displacement may be given. 
Having decided this point, movable clips are so placed as to limit the 
sliding of the tube-holder to the required extent. The tube is then dis- 
placed to one side, and the patient places the part to be photographed on 
the cross wires, being careful not to move, once the skin has come in 
contact with the wires; because it is of the utmost importance that the 
shadow of the cross-wires on the negative should be in register with the 
ink mark left on the patient's skin. Further it is convenient to put a 
small coin on one corner of the plate, and also mark the patients skin 
nearest to it. This reveals to the operator the relation of the plate to 
the skin. | | 

““One exposure is made, and the tube is then displaced. A second 
exposure is given, preferably on the same plate, provided a suitable 
apparatus be used to enable the plates, if a different plate be used, to be 
changed without disturbing the position of the parts at all. | 

“Having developed and fixed the negative, it will show a single 
shadow of the cross-wires, but two shadows of the foreign body. In 
order to interpret this correctly, I devised the following apparatus, which 
may be called the ‘cross-thread localizer’: 

“A sheet of plate glass is fixed horizontally, having two lines 
marked upon its surface, crossing at right angles in the centre. A 
mirror hinged below it allows the light to be reflected from below, so as 
to render details on the negative visible by ordinary light. 

““A scale fastened to a horizontal bar slides up and down on two 
rods which support its ends. The scale has small notches opposite its 
marks. This is so placed that a perpendicular dropped from the O° or 
middle point of the scale falls exactly where the lines cross on the glass 
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stage. Furthermore, the edge of the scale is parallel to the line running 

joht and left on the glass. The negative is now placed upon this glass 

Bo, the operator being careful to bring the shadow of the cross-wires 

Fo register with the cross on the stage, placed with its marked quadrant 

in correct position. The gelatine surface can be protected by a thin 

„parent sheet of celluloid. 

e scale is now raised or lowered so as to bring the O° precisely 

the same distance above the negative as was the anode of the Crookes 

tube when the negative was produced. All that is now He Cet, is 

to place a fine silk thread through the notch on one side of the O° on 

the scale, and another thread through a notch on the other side, at 

exactly the same distance as that which measured the displacement of 

- tape: 

F 2 Small weights are attached to the ends of the two threads to keep 

them taut, while the other ends are threaded into fine needles fastened to 

pieces of lead. Thus the needle with the thread can be placed upon any 

point of the negative and remain in position. In short, the negative is 

now relative to the cross-lines, the scale, and the notches from which the 

two threads come, exactly the same as it was to the cross-wires and 

Crookes tube when being produced. 

« A needle with the thread is placed upon any point on one of the 

shadows of the foreign body, and the other needle is placed upon a 

corresponding point in the other shadow, and it will be found that the 

threads cross each other, just touching and no more. The point where 

they cross represents the position of the foreign body. A perpendicular 

. ean be dropped from this point to the negative below, and a mark made 

at the point where it touches the negative. Then with a pair of 

compasses, the distance of this point from the two cross-wires can be 

measured. : 

“The height of the plate where the threads cross gives one co- 

ordinate, that is the depth of the foreign body below the skin, which 

rested on the photographic plate. The other two measurements give the 

other two co-ordinates. 
““ As the mark of the wires is left on the patient’s skin, all that is 

i required is to measure the two co-ordinates on the skin that give the 

3 point below which the foreign body will be found at the depth given by 

the third co-ordinate.” 

Grossman's Method of Localizing a Foreign Body in Eye.—Karl Gross- 

man," in localizing a foreign body in the eye, utilized the eye itself for 
the purpose of obtaining the necessary parallax of the shadow; the 
Vacuum tube, the head of the patient, and the photographic plate retain 

their relative positions to one another unchanged. He describes this 

method as follows: ‘‘ Hither one or two pairs of skiagrams are taken. 

1 Liverpool Medico-Chir. Journal, January, 1899, pp. 359-361. 
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The first pair is obtained by making the patient look (a) downward, (0) 
upward, in the same plane, the X-rays coming from the other side of the 

face and somewhat in front of it. If the foreign body be in the eyeball, 

the shadow has moved from (a) to (b) as follows: upward if in the 
anterior half-hemisphere, downward if in the posterior half-hemisphere, 
forward if in the inferior half-hemisphere, backward if in the superior 

half-hemisphere ; the axis of these four half-hemispheres being as the 

same time the axis of rotation for the upward movement. 

“ If the shadow has not moved, the foreign body might still be in the 
eyeball, —viz., at any point on the axis of rotation. In this case the second 
pair of skiagrams would become necessary, the patient this time having 

to look at a point (c) temporalward, (d) nasalward, in the horizontal 
plane. A movement of the shadow from (c) to (d) would mean the 

presence of a foreign body in the eye,—viz., in the temporal hemisphere 
if forward ; in the nasal hemisphere if backward. The relative position 

of the tube, head, and plate need only remain the same for the two ex- 

posures of each pair,—viz., for (a) and (6) on the one hand, and for Ce) 
and (d) on the other, —but sl be a different one for each.’’ 

Foxw's* Method of Localization. (Fig. 171.)—Briefly this method con- 

sists first of cocainizing the eye and in the introduction, beneath the 
lids, of an appliance called a ‘‘conformer.’’ This device consists of 

an elliptical wire of gold, divided by cross-wires of gold (concaved 

on one side so as to slip over and fit the’ anterior surface of the eyeball) 

running in opposite axes, dividing the eyeball into quadrants, anteriorly. 

The next step in this method consists in skiagraphing the eye in two 

directions, so as to get good imprints on the sensitive plate of both the 
foreign body and the conformer. Thus, we produce a skiagram in the 

anterior diameter, placing a small sensitive plate in front and against the 

eyeball, and the tube in back of the head, with the target pointing in the 
direction of the eyeball. The tube should be distant from the sensitive 

plate 22 to 30 inches (55 to 75 cm.). The time of exposure is from 1} 

to 2} minutes, depending, of course, upon the thickness (or rather the 
antero-posterior diameter) of the head examined. With a properly 

exposed plate and a correctly developed negative, there will result a 

picture showing the relation the foreign body bears to the dividers of the — 

conformer. A second skiagram is produced by placing the sensitive 
plate against the temple corresponding to the side that is to be examined, 

and the tube-on the opposite side, with the target pointing in direct line 

with the temples. The tube should be from 20 to 30 inches (50 to 75 em.) 
distant from the sensitive plate. The time of exposure should be from1 . 

to 1; minutes, depending upon the thickness of the head in this diameter. 

This denen shows the depth . of the foreign body, measured from the 

peak or base of the conformer. 1 

1 Philadelphia Medical Journal, February 1, 1902, pp. 213-220. 

Fic. 171.—Fox’s LOCAITZER CRuliet in the orbit: S G shot. The wire over the cornea illus- 

trates Fox’s method of localization. 1, frontal sinus; 2, thickness of frontal bone; 3, the zygoma ; N. B., 

nasa! ‘bone. 
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This method is entirely different from any of the others, and, unless 

great care is exercised in securing the exposures at right angles to each 

other, the chance for error in localization is great. Prior to this method 

_ [placed the conformer over the closed eyelids. 

E. VARIOUS METHODS OF LOCATING FOREIGN BODIES. 

Screen Method.—This was the first method employed. In order to 

attain the best results, the examiner should have had thorough experience 

in this line of work. The fluoroscope should first be used, to demonstrate 

the presence of the foreign body. The hood is next removed from the 

screen, and the latter used sep- 

arately, in the same position as 

when first located. A mark, 

made by an indelible pencil, is 

placed on the part directly over 

the spot where the shadow of 

the foreign body presents itself, 

this mark being directly behind 

the screen. 
A second mark is made on 

the opposite side of the member 

7 corresponding to the area of the 

q pesen pony. aG merke, y Fic. 172.—THE RIGHT-ANGLE METHOD OF Lo- 
| ing in an even plane, should be CALIZATION.—P, photographie plate ; T1, position of 

- both marked “1” and oy) the tube; T2, position of the tube at right angles to 

Bethe depth of tissue in which the "PV T-A foreign body. | 
bullet lies is next ascertained by moving the sereen slightly up and 

down; if the shadow of the foreign body moves considerably, it indi- 

 eates that the foreign object is deeply imbedded. On the contrary, 

if the shadow moves but slightly, it indicates that the object is superfi- 
cially imbedded. The next step consists in viewing the foreign body at 

exactly right angles to the first position ; to do this the part under exami- 
nation, and not the tube, should be turned. The skin of the part should 

_ be marked over the area of the shadow at both sides by the figures ** 2,” 
99? Next in order draw lines from 2-2 and 1-1, and the point of 
intersection corresponds to the exact location of the foreign object. For 

marking the skin, some prefer diluted silver nitrate crayons, but, as 

‘they are more or less irritating, I employ indelible pencils. Fig. 172 

illustrates a Simple method of localization. 7 

_ Punctograph.—This consists of a stout brass ring securely mounted to 

a handle of cbonite. A pencil of aniline is attached to the base of the 
handle. The pencil is controlled by a check spring, and when the latter 

AS pressed, the pencil is released, which now jumps through the centre of 
phe brass ring, marking the skin at the point where the shadow presented 
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itself, as seen through the screen. In localizing a foreign body by this 
method, two of these instruments are simultaneously employed. The 
Screen Should be clamped to a frame, thus allowing the hands’ perfect 
freedom for manipulating the two instruments. sb 

In examining the forearm for a foreign body, let us say a bullet, the 
part is brought between the screen and the tube, and the shadow revealed. 

The first punctograph is then placed so that the opening of the brags 
ring encircles the shadow cast by the bullet. A second punctograph is 
applied similarly and directly opposite the first. The springs of both 
punctographs are now simultaneously released, and there result marks .. _ on the skin at opposite ends of a line. The arm is next rotated through É 
the quadrant of a circle, the punctographs again being applied, and the 
springs released as in the beginning. It must thus become self-evident a 
that four marks are now upon the arm, and by ordinary calculation and 
measurement the position of the bullet may be easily determined. - 

Rémy’s Method.—The Rémy localizer, which is an extremely compli- 
cated device, and is with greatest difficulty elucidated by the use of dia- ~ 
grams, is thus briefly reviewed by A. W. Isenthal, F.R.P.S., and H. Snow- 
den Ward, F.R.P.S., members of the Council of the Röntgen Society.! | 

“The Rémy localizer is a complicated apparatus, founded on the 
principle that it is necessary to ‘materialize’ those two X-rays which 
connect the anode with the foreign body and its screen shadow for two 
positions of the tube. By means of suitably placed sights and stops, one 
is enabled to bring the pointed .rods (representing the X-rays) always 
back to their proper plane, so that the latter and the depth of the 
foreign object may be marked on the patient.” ? 

Barrel’s Method.—Frank R. Barrel, M.A., B.Sc.,of the University 
College, Bristol, England, thus tersely describes his localizer. 

“* My method requires no plumb-line, no threads, and no levelling. 
My ‘apparatus’ consists of two metal cylinders whose ends have been 

_ carefully turned perpendicular to their axis. A convenient size is four 
inches long and one inch in diameter. Place these e 
the plate during an exposure, and close to the limb holding the foreign 
body. The shadows thrown indicate the focus position of the tubes. To 
secure good long shadows, place the cylinders near the end of the plate 
furthest from the tube. After the first excitation shift the tube six or 
ten inches, the cylinders are also shifted towards the opposite end of the 
plate, and then the tube is again excited, giving rise to the second set of 
shadows from the foreien bodies and the cylinders. Lines are ruled 
along the edges of the two corresponding cylinder shadows for one tube 
position, and, producing them till they meet, we obtain that point on the 

*Practical Radiography, Dawbarn and Ward, Publishers, 1901. 
*For a comprehensive description of the apparatus and its mode of application, 

the reader is referred to Archives of the Rontgen Ray, August, 1900. 
° Archives of the Röntgen Ray, May, 1900. 

ylinders upright on <y 
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which was vertically beneath the tube focus during the coi opon 

o sure. Connecting the two points thus found with the corre 

a uc Madows of the foreign body, we obtain two lines which intersect 

ee A which is vertically below the actual foreign body.’ | 

A Eaton's Method.'—For such cases as needles or bullets in the hand, 

ice —i. e., in parts easily manipulated,—no special T a 

i d d no photographie process involved. Shenton descri es 

hod as follows: ‘‘Hold the part, for example, pose eee 

“a ) Start with the screen a 
needle, before the fluorescent screen. ad 

rly parallel as possible. When ne 

a rin Be screen and hand from a de cane ey ne 

Re ch i i les. It isevident that the imag 
the change in relation of bones and need es 

j j ou and from the surface o 

a eine oe ea moves across the bones, its position iS 

E ae n the hover if bones move across needle, the latter’s position 

Rese be con fie surface of the screen and the bone. Should the 

ene appear to remain stationary, place a pointer against this image = 

ae ee and ascertain whether it moved a little or not at all. Verity 

3 these results by reversing the hand and repeating the manceuvres. A 
Sie 

little practice enables one to give as near an estimate of the needle’s real 
. ¢ . 3 

j > s ‘just beneath 
k depth as any surgeon could require, and such suggestions as `J 

the palm,’ ‘midway between bones and skin,’ ‘lower a a ti 

bones,’ ‘upper one-eighth of an inch between the skin A Pe eee 

the hand,’ are, in my experience, sufficient for any Les O o oe 

if a calculation in millimetres would be of more use. a e pe Ea 

awkward thing to apply the Agere an ane a ES ae sone 

ski little swelling beneath it, w1 | | 

o “The needle’ s on being ascertained, e ee os 

find its position in the horizontal planes, a task which prese 

st non found, this position should be marked upon the E a 

advantages of this method are its rapidity of Eta E ae ene 

taking but a few seconds, and the economy of material, both p 
; ~ eraphic and electrical. For localization in other parts of a 4 a photographically recording results, I have constructed an ins Sh A 

= which in principle is the same as the method ee peu ie er T po 
tube is swayed, while the part viewed is held in position by ban 

tension springs. The tube is moved by the observer from a side a a 

screen, the distance it travels being regulated by sliding steps. 3 

vertical wire is stretched in the centre of, and in contact with, the a 

The image of the foreign body is to correspond with this line mo ia 

tube is in the mid-position. Upon moving the tube from the extre E 

right to the extreme left, the image of the foreign body on the screen 

1 Archives of the Róntgen Ray, August, 1899. 
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seen to pass from left to right. Its relative rate of travelling, compared © 
with the same portion of bone, is noted as before. For accurate measure- 
ments the true position assumed by the foreign body is marked by 
pencil on a celluloid film in contact with the screen. This measurement © 
being secured, the distance the tube travels, and the distance from the 
mid-point of the line adjoining the two extreme positions of the tube, 
must be ascertained. A simple rule of three will now give the distance 
of the object sought from the screen.” 

Harrisons Method.'—‘‘A seven-inch square is drawn on a board and 
its centre is accurately marked ; at the ends of a line drawn thr ough the 
centre, perpendicular to two of “che sides, two upright rods are fixed (for 
convenience of carriage, these can be made to take in and out); ata 
height of seven inches on each of these pillars, a hook or loop is placed. 
Take the case of a needle in the hand. A double photograph of the 
needle and hand is taken with the light alternately right and left. A 
tracing of this photograph is then taken on the sensitive side, marking 
distinctly on the ends of the needle. The tracing is then placed so that 
its centre coincides with the centre of the square. Pins are then stuck, 
slantingly through the tracing, into the board at the ends of the needle. 
Cross threads are carried from the pins to the loops and kept stretched 
by small weights. Where these threads intersect will show the position 
of the needle relatively to the sensitive plate, which is represented by 
the tracing.” 

Double Focus Tube Localization.—This method was devised by Leon- 
ard* and is'as follows: The technic required for triangulation methods 
prevented their general employment, and to simplify the application of 
the same principles, Leonard has had made a tube with two cathodes and 
two anodes, and hence two sources of rectilinear rays. This avoids errors 
when the position of the tube has to be changed or separate plates used, 
and it has made rapid accurate localization with the fluoroscope easy. 
The fluoroscopic method is as follows: Fix the screen in a perpendicular 
position. Place the tube horizontally so that the mid-point of the. line 

connecting the two sources of rays is perpendicular to the plane of the 

screen, and at a known distance from the centre of the screen marked by 

an opaque cross. Place the limb before the screen so that the two shadows 

of the foreign body will fall equally distant on each side of the opaque 
spot and on the same line. Mark the spot in the patient’s skin with — 

nitrate of silver. By placing an opaque rod on the other side of the limb, 

where its shadows are equidistant from the opaque spot, the perpendi 

lar is found and marked on that side. The foreign body, therefore, lies 

on this line at a distance from the opaque spot, that is determined by 

measuring the distance between the two shadows with calipers and 

* British Medical Journal, April 2, 1898. 

? American X-ray Jour., November, 1899. 
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plotting the shadowy paths by the graphic process, as when plates are 

employed, or by the cross-thread method. 

Stereoscopic Method. — This method has already been discussed. I 

employ it, as it has yielded satisfactory results. 
Tr iangulation Method of Localizing Foreign Bodies with Measurement 

on a Graduated “* T” Scale. (Figs. 173, 174.)—In order to find the depth 

of the foreign body on the scale, nie the lower bar to the figure 10 on 

the upright. Connect a line at 20 on the uppermost horizontal bar, inter- 

secting at 1.6 [DE] on the middle horizontal bar, which registers 4.53 em. 

on the vertical bar, as shown in the following formula : 

— Position of the tube in the first exposure. 

Position of the tube in the second exposure. 

Distance of the displacement. 

Foreign body. 
- Shadow of the foreign body on the plate (first exposure). 

== Shadow of the foreign body on the plate (second o: 

CA = 50 cm. — CD. 
There are two triangles, = CAB and CDE. 

DE = 1.6 cm., which is known. 

NB = 20.cm. 

@D CA 20 CD = 2(50 cm. — CD) 
2 20 20CD == (100 em. — 20D) 

20 CD + 2 CD = 100 cm. 

22: CD —— 100'em: 

100 
CD = DET 4.53, distance of the foreign body. 

Orthodiagraphic Localizer of Grashey. —Frequently it is found that 

foreign bodies imbedded in the tissues cannot be located with exactness, 
even when felt beneath the skin, or when Rontgen photographs are taken 

in different projections, because of the possibility of the foreign body 

varying its position to the bony parts from minute to minute. If the 
hand during the operation is not kept in exactly the same position as 

during the taking of the photograph, then the projection will be wrong. 

Recently Dr. R. Grashey, of Munich, devised an orthodiagraphic 

localizer. (Fig. 175.) 

The operator sits before the table and is looking with one eye into 

_ the tube, and he sees an illuminated picture in the mirror of the crysto- 
scope. With the other eye (the room not being darkened) he can look 
directly at the wound. The current is interrupted and closed by the help 

of a pedal. The tube is enclosed in a box, containing below a diaphragm, 

capable of effecting so small an opening that only a limited field of opera- 
_ tion is illuminated. In this way, and by a plate of lead glass inserted in 
E the front wall of the box, the operator is protected. The box is fixed on 

_ asupport connected with one leg of the table, and revolves horizontally. 
_ Thus, it can be turned aside with a sterilized cloth, and when its use is 

SS ST ER SN, A TE CS R e 

SS eS EN 
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again required it can be turned back, and it will be at once over Ne a 
former position, above the fluoroscope. The forearms of the operator rest 
comfortably on movable supports. 

The illustration (Fig. 176) shows the path of the rays emanating’ 
from the anode of the tube R, that is in the box BK. Through the open- 
ing B, in the diaphragm, we sce the body K, containing the foreign body 

Leo | iit PLOT TST TT TTL ITS TTT elo” 6 10 ore lems 
¡| 

fangs 

160+.c.m. 

Ltt tor td tf | COLLIS LTS TTS 

Fic. 173.—““T” scale used in triangulation method. Fie. 174.—Scheme of application of the “T” scale. 

F, Upon the fluoroscope L, inserted on the table O, this picture is ob- 

liquely reflected by the mirror S, in the dark chamber D, into the tele- 
scopic tube T. In that case the anode focus and the centre of the fluo- 
roscope M, marked by a little shot pasted on it, lie vertically one below 
the other. Thus it becomes easy to adjust any other body orthodiagraph- 

ically in line with the normal ray, as, for instance, the foreign body F 
contained in the hand K. If you move the point of a knife into the 
illuminated picture until its shadow covers that of the shot and also 

the foreign body that has previously been adjusted, then the point of the 

blade must be exactly above that of the foreign body. 
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For the determination of the location of a foreign body, whether 

in the eyeball or orbital cavity, take two separate skiagraphs, with the 

| O 
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FIG. 176.—Diagrammatic view of the same. 

tube-holder and plate in the same position iu both instances ; or during 

half the exposure the patient rolls the eyeball; if the shadow of the 
foreign body appears double, the offending substance is in the eyeball ; if 

in the orbital cavity, the shadow will be single. 
20 



CHAPTER IV 

APPLICATION OF THE X-RAYS IN DISEASES on THE 

THORACIC ORGANS. 

THIS is subdivided into the respiratory and circulatory systems. 

The value of the X-ray as a diagnostic agent in thoracic examinations 

has been and is being constantly demonstrated. The thorax and its 

contained viscera are easy of examination both by the fluoroscope and 

skiagram, largely due to the circumstance that the lungs are transparent 

to the rays. By a fluoroscopic examination we observe the excursions of 

the diaphragm, the expansion and retraction of the lungs and ribs, the 

different phases of the cardiac cycle, and the pulsations of the aorta. 

The fluoroscopic interpretation is not the work of the novice. The 

beginner should first study the thoracic viscera fluoroscopically upon thin 

subjects and children, so as to accustom himself to the appearances 

presented normally. 

The two methods of examination are with the fluoroscope and the 
skiagram. The advantages of the fluoroscope are these; it is inexpen- 

sive, easy of application, the part may be viewed from any direction, 

the intensity of the rays can be altered, the position of the patient, tube, 

and fluoroscope can be changed, movements of the thorax and its con- 

tained viscera can be studied and tracings made of their shape, size, and 

position. The disadvantages are the liabilities to burns, the lack of 
differentiation of the tissues of slightly varying densities, and the fact that 

the image is only transient. 

I. Fluoroscopic Examinations. 

Anterior and Posterior Views.—The screen, in an anterior view of the 
chest, shows a dark zone extending from the base of the neck to the 
diaphragm, a little to each side of the median line of the body ; this is 

the shadow cast by the dorsal vertebree, sternum, and heart. On both 
sides of this dark zone are the much lighter shadows produced by 

the lungs; traversing the lung shadows, on both sides from the shadow 

cast by the spine, are successive darker bands, the ribs. The heart’s 
pulsations, its position, shape, and size can all be viewed by careful screen 

examinations. The ventricular chambers always present a dark shadow, 

the right auricle giving usually a lighter shadow than the left. Above 

the shadow of the ventricles and slightly to the left is the shadow of the. 
pulmonary artery. In the first left intercostal space may be seen a part 

of the arch of the aorta. The shadow of the heart’s apex will be observed 

to blend with the shadow of the diaphragm. The border of the pulsating 
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heart presents a slightly lighter shadow than its interior. The cardiac 

outline is best viewed through the anterior thoracic wall. A posterior 
view of the heart is less distinct, because of the intervening spine and 

Jungs and of its anterior position in the chest cavity. 

In a posterior view, a dark shadow corresponding to the left side of © 

the heart is seen to the left of the spine, and a smaller and slightly less 

distinct but denser shadow of the right auricle is seen to the right of that 

produced by the spine. The organs of the thorax, represented on the 

gereen, may be easily recorded in the following manner: The operator 

should employ a screen of sufficiently large dimensions to cover the entire 

chest, and upon whose dorsal aspect has been placed a sheet of white linen 

writing paper. In order to maintain a constantly steady position of the 

screen for a uniform and correct tracing, the patient should be seated 

comfortably, so that he may not move. The screen should be supported 
by a movable frame fastened to the arm, coming from a metallic upright 

free from all undue vibrations, as otherwise the examination will prove 

unsatisfactory. The screen having been placed either in front or in back 

of the patient’s thorax (leaving 1 inch (2.5 cm.) space between the screen 

and chest), we are ready to trace on the paper the image cast on the 

sereen by the use of an opaque pencil, preferably one that is indelible. I 

believe, however, that the orthodiagraph is always more desirable. 
Lateral and Oblique Views.—In the lateral view, especially when seen 

from the patient’s left side, the operator observes the heart in contact 
with the anterior chest wall, also the profile view of the heart, the aorta 

arching backward to approach the vertebral column, and an unobstructed 

interval between the posterior part of the heart and the spine. 

The oblique view, which can be antero-lateral or postero-lateral, right 

or left, is taken with the fluoroscope at an angle of about 45° to the 

vertical axis of the body. This view is of value in an obscure diagnosis, 
in furnishing additional and often confirmatory data. 

Examination of the Lungs.—The image of a normal lung, on a fluores- 

_ cent screen or fluoroscope, is bright, the rays penetrating with less resist- 

ance the spongy tissue than ordinary dense tissue. This brightness of 
_ the screen differs in degree during the various stages of respiration. 

- When the lungs are inflated to their fullest extent, there is represented 
On the screen a uniform bright light shadow. At the end of the fullest 

expiration the above degree of brightness has considerably diminished, 
as the lung tissue has become more compact. Between these two extremes 
there is a medium degree of brightness, obtained when respiration has 

y temporarily been halted midway between inspiration and expiration. 

As we would also naturally expect, in children and in thin adults the 
_ lungs appear brighter on the screen than in muscular or corpulent indi- 
viduals. In the latter class of cases, as more tissue must necessarily be 
i traversed by the ae, there is more chance for their absorption, hence 
; the giving of more “shadow.” 



308 ELECTRO-THERA PEUTICOS. 

In examining a lung from below upward, the brightness the a 

shadow very slightly increases as we approach the apex. Usually the 

right lung presents a slightly lessened degree of shadow brightness as $ 

compared with the left. The shadow of the right apex in normal cases 

is always darker than the left. No satisfactory explanation has ever 

been given concerning this difference. Some authorities maintain that 
it is due to a slight hypertrophy of the muscle tissue of the right side 

of the chest. It is more marked in right-handed people, and we might 
naturally infer that the opposite would be true in left-handed people, 

although observations on such subjects ane also proved the contrary to 

be the case. 
Normal Heart and Diaphragm.—Dr. F. H. Williams’ states that the 

radioscopic appearances of the normal heart and diaphragm as seen by 

a screen examination in the anterior view are the following : 

“í In health the diaphragm moves as follows: Quiet breathing, one- 
half inch (1.3em.); at full inspiration 2+ to 3 inches (6.5-7.5 cm. ), and 

slightly more on the right than on the left side. A part of the aorta in 

some patients may be observed in the first intercostal space ; in the sec- 

ond intercostal space a portion of the pulmonary artery ; the left border of 

the ventricle is chiefly seen during a full inspiration, when the apex and 

a portion of the lower border are also visible; the maximum pulsation 

is at a point corresponding to the cavity of the ventricle, about where its 

outline crosses the fourth rib ; during full inspiration the heart moves 
downward to the sternum. To the right of the sternum the outline of 

the large vessels is seen and, less distinctly, the right auricle between the 
second and fourth ribs. The right auriculo-ventricular line curves, with 

a slight indentation, from the second to the sixth ribs inclusive. During 
the momentary elevation of the diaphragm this line is pushed upward 

and outward. During a forced depression of the diaphragm it elongates 

and is carried downward and inward toward the sternum. Under ordi- 

nary conditions we find the lowermost portion of the heart’s shadow fus- 

ing with that of the liver and the diaphragm.?”” 
Dr. Albert Abrams? says: ‘‘The average normal excursion of the 

diaphragm in quiet breathing is five-eighths of an inch or 13 cm.; between, 

ae ee ee and expiration, on the right side, 23 inches or (about) 6.7 

; left side, 28 inches or 7 cm. 

g In long- chested persons diaphragmatic excursions are greater than 

in short persons with deep chests.?” 

Measurement of the Diaphragmatic Incursion.—Dr. H. Guilleminot i 

says: “On account of the slope of the diaphragm backward and down- 

ward, the highest point of the diaphragmatic arch is nearer the anterior 

than the posterior surface of the body. Moreover, the point of contact 

1The Róntgen Rays in Medicine and Surgery. 
2 Journal of the American Medical Association, May 3, 1902. 

3 Archives of the Róntzen Ray, January, 1906. 
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of the tangent ray is displaced with the movement of the diaphragm, 

and this displacement varies with the subject and with the distance of 

the anti-cathode. All these cases of error are avoided by the use of 

orthodiascopy.” He, in collaboration with M. Vannier, obtained a 

tabulation of 23 cases, comprising normal lungs and tuberculous lungs in 

every stage. From their observations they arrived at the following 

conclusions : 

1. ““On the right side the mean position of the diaphragmatic curve 

ig 16.5 cm. below the suprasternal line, and on the left side it is 18.5 

em. below that line. 
2. “The normal amplitude of the diaphragmatic incursion is from 

16 to 18 mm. It is approximately equal on the two sides. 

3. ““Any variation in the amount of the incursion on the right aud 

left sides is a pathological symptom, and in most cases has a serious 

clinical significance. 

“¿The ratio between the amplitude of the diaphragmatic incursion 

and the costal angle depends greatly on the type of respiration, whether 

costal or abnormal. 

““The inequality of the incursion of the mappa on the right and 

left sides is an important aid to diagnosis.’’ 

The Measurement of the Costal Angle.—Guilleminot has shown the 

possibility of radiographing the thorax in inspiration or in expiration. 

This may be accomplished by dissociating the phases of inspiration and 

of expiration by means of an automatic interrupter.’ By this means 

one can obtain a cinemato-radiograph of the respiration. On these 

radiographs one may measure the obliquity of the ribs between two 

points on the upper margin of the rib at a distance of 15 and 2; inches 
(4 and 8 em.), respectively, from the median line. If we now take any 

horizontal line and measure the vertical distances of these two points, 
the difference of the two ordinates will give us the obliquity of the 

rib for a distance of 4 cm., and this divided by 4 will give us the 
obliquity per centimetre. This is the cotangent of the angle with the 

vertical, made by a line passing through the given points. 

““ By this means it is easy to determine the costal angles of inspira- 
tion and of expiration. Their difference is the functional costal angle, 
_ which may vary from 3° to 5°. 

“The orthodiascopic procedure is much more simple. 

“With practice one is able to distinguish the projection of the up- 
per border of a rib at its position of maximum elevation and depression 

While the patient breathes rather deeply. 

““In each case it is important to note accurately the physiological 
type of the respiration, which may vary in all possible degrees between 
the abdominal and the superior costal type. For this purpose the 

1 Comptes-rend. Acad. Science, June 12, 1899. 
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tracing of the costal range should be accompanied by a tracing of the 

diaphragmatic incursion. 

“If we take the means of these measurements, we obtain the 

following results : | 

Inspiration, 774° 
Left | Mean position, 742° 

Expiration, 72}° 

Inspiration, 764° 
Right l | atean position, 742° 

Expiration, 73 ° 

“¿In these observations the mean angle is the angle which the 

rib makes with the vertical when it is in a position midway between 

inspiration and expiration. 

“The absolute coincidence of the mean angles on the right and left 
sides is certainly accidental, there being considerable divergence in cer- 

tain instances. 7 | 

““The mean costal angle may therefore be said to be approximately 

equal on the two sides, and to be about 74° to 75°. 

Left, 78.6% | 
Inspiration | } ean, (SIZE 

Right, 77.82 
t Difference = 5.4% 

| 
Mean,, 12.82%) 

| os 
““The functional costal angle, therefore, in healthy subjects is equal 

on the right and left sides, and usually varies between 5° and 6*.?” 

Causes of the Restriction of the Diaphragmatic Wave.—Albert Abrams’ 

says, in this connection: ‘‘The restricted diaphragmatic movements 

must be regarded as very suspicious of phthisis. This sign, first referred 

to by Williams, of Boston, has had no theory advanced to explain its 

eit, Fac 
Expiration 

Right, 72.9° 

existence. I will briefly summarize my investigations which gave birth - 

to the theory that an emphysematous condition of the lungs exists in 

phthisis. Rokitansky and Brehmer noted that lungs too voluminous 

coupled with a small heart characterized the phthisical habitus. If the 
physician were to depend on percussion dulness as an evidence of early 

phthisis, the affection would never be recognized ; lung resonance, not 

dulness, is the early physical sign of phthisis. The rays are invaluable 
in the recognition of emphysema; in this condition, the lungs seem too © 4 

large for the chest, the diaphragm is low and its excursions restricted.” 

Diseases of the Diaphragm. —‘‘In spasm,’ says Abrams, “ dia- 
phragmatic movements are practically suspended on the affected side. 

1Journal of the American Medical Association, May 3, 1902. 
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Suddenly the diaphragm contracts and descends several inches below its 

normal descent. Singultus may accompany the descent, whilst cyanosis 

and dyspnoa become intense. In paralysis, movements of diaphragm 

on the affected side are suspended ; during inspiration, the midriff | rises. 

In diaphragmatic pleurisy, movements of the diaphragm are very much 

restricted or even suspended. The upper part of the lung is brighter 

than normal, owing to over-distention. ; 

« Average Normal Excursion of the Diaphragm.—In quiet breathing, 

14 centimeters ; between full inspiration and expiration, 6.7 cm. on the 

right side and about 7 cm. on the left side. In long-chested persons 

the diaphragmatic excursions are greater than in short persons with 

deep chest. 
« Width of the Normal Heart.—With the screen about 75 cm. from 

the tube and with the target directed toward a point where the median 

line is crossed by the fourth rib, the right heart measures 3 cm. from the 

median line, and the left heart 8.5 cm. from the median line; a total 

of 11.5 cm.” 

II. Skiagraphic Examinations. 

The lungs may be examined in two ways, fluoroscopically and skia- 

graphically. What is stated below regarding the methods of examination 

is equally true for both the normal and abnormal lung. 

Position of the Patient.—Skiagrams of the lungs may be made with the 

patient either in the sitting, semi-recumbent, or dorsal decubitus posture. 

In my experience the latter has always proved to be the more satisfactory 

of the two. The patient is requested to remove all clothing covering the 

thorax, in some cases not even permitting the retention of a garment 

next to the skin. 

When the dorsal decubitus position cannot be taken, the patient 

‘ starting to cough, or if he is suffering from dyspnea, he should be re- 

quested to resume the semi-recumbent posture, having the head-end of 

the table elevated to an angle of 45°, so as to insure greater comfort and 

also in a measure to remove the pressure exerted upon the diaphragm 

amd the adjacent lungs. I always request the patient to elevate the arms 

amd clasp the hands over the head, in order to raise the scapule and 
_ thus remove their shadows from the shadow of the thorax. 

Place two superimposed sensitive plates, well protected by a thin 

7 layer of celluloid, under the patients thorax. The size of the plates 
employed will depend upon the size of the patient's chest; the plate 

should be slightly larger than the chest itself so as to extend on both 

‘sides about two inches beyond its outer margins. 
The tube should be placed with the target pointing directly toward 
the centre of the whole thorax and from 20 to 25 inches (50 to 63 cm.) . 
distant from the plate, depending upon the thickness of the chest and the 
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A 
penetrative power of the tube. The cathode stem of the tube should ` 
extend toward the foot end of the table, to prevent alarming the patient 
by the sparking that necessarily occurs in self-regulating tubes. 

CROOKES TUBE 

from Plate 
Degree 

of Vacuum 
POSITIONS OF PATIENT 

Current to Primary Coil during Exposure Distance of Anode Intensifying Screen 

| Time of Exposure: Seconds | No. of Experiments | Mechanical Vibration 590° p. m. | Wehnelt Volts Amperes Medium Low With Without 
| Results 

Cm. 

Self-Regulating | Variety 

II. DORSAL OR RECUMBENT 

III. Semi-RecuMBENT 

IV. SITTING or Erect Posture... 

With 

Time of Exposure.—Exposure should be as rapid as possible, other- 
wise the incessant motions of the thoracic viscera will cause a blurred 
Shadow. Formerly this obstacle was partially overcome by telling the 
patient to take a deep inspiration and to ‘“‘hold’’ the breath. I then took 
a short exposure (5 or 10 seconds), repeating the process five or six times 
in one or two minutes. But this method has been greatly improved upon, 
by the instantaneous process. Radiographs of the thorax have been 
made by Von Ziemssen and Rieder in one second of time, by the appli- 
cation of the Rosenthal method.' Rosenthal employs a Volt-Ohm appa- 
ratus, with a 60 centimetre coil, an electrolytic interrupter, and a Volt- 
Ohm tube. The time of exposure is shortened by the use of two intensi- 
fying screens, one being placed with its coated side against the coated 
side of the film and the Schleussner film then laid between the intensi- 
fying screens, the coated sides of which are toward the photographic 
film. These are then enclosed in three light tight envelopes. The pa- 
tient lies on his abdomen or back upon the photographic plate, or the 

* Münchener medicinische Wochenschrift, 1899, No. 32. 
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late is placed upon the particular part desired to be photographed, and 

ae current is opened for a moment and as quickly closed. The plates 

are then removed and developed in the usual manner.’ 

111. Clinical Applications. 

A. DISEASES OF THE BRONCHI AND LUNGS. 

The X-rays have proved themselves invaluable in diagnosticating 

pulmonary affections and conditions, affording in many cases confirm- 

atory evidence and guiding the practitioner in numerous incipient condi- 

tions into a correct understanding of the pathological changes present. 

Early in the progress of pulmonary diseases, where marked changes are 

not fully in evidence, the usual physical methods employed often fail to 

elicit the proper pathognomonic signs, and it is here that the X-rays serve 

as a most valuable adjunct. 

Bronchitis. —Most cases of bronchitis fail to show the normal bright- 

ness of the lung, when free secretion is once established. The character- 

istic clouding is usually limited to the lower two-thirds of both lungs. 

In this affection the excursions of the diaphragm are usually unrestricted, 

except where the smaller bronchial tubes are obstructed by an exudate. 

If the patient is instructed to cough, the secreted material may be expec- 

torated or else temporarily removed from the lower portion of the lung ; 

thus permitting the excursions of the diaphragm to be more perfectly 

restored. In chronic bronchitis, with considerable coughing, there is 

likely to be some dilatation of the right ventricle. If the bronchitis is of 
tuberculous origin, small shadows of the involved areas are usually con- 

fined to the apical regions. In bronchitis associated with influenza, a 
few localized shadows may be discerned, which are really the complicat- 

ing foci of a lobular pneumonia. 
Bronchiectasis. —This condition in itself does not produce any shadows 

on the screen or skiagram, unless the adjacent lung tissue is consolidated 

or infiltrated with calcareous substances. When studying this condition, _ 
the patient should be examined in various positions and from all direc- 

tions. The shadows of bronchiectatic areas are generally found in the 
middle and lower thirds of the lung, and are usually posterior. In un- 

complicated cases of bronchiectasis there are no causes for restriction in 

1 In 1905, during the Röntgen Congress in Berlin, Drs. Rosenthal and Rieder, of 
Munich, exhibited skiagrams of thoraxes which were taken with an exposure of 

one-tenth (+) of a second. ae 
In 1901, Mr. Isenthal (Archives of the Róntgen Ray, vol. v., No. 5) exhibited in 

London instantaneous skiagrams ; in 1904, Dr. Henry Hulst, of Grand Rapids, Mich., 

read a paper before the American Róntgen Ray Society in which he likewise showed 
instantaneous skiagrams of the thorax ; in 1904 I experimented with different methods 
on the same patient at the Philadelphia Hospital, and arrived at the above conclu- 
sions. See tabulation, page 312. (Transactions of the American Röntgen Ray Soci- 
ety, 1904.) | 
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> 
the movements of the diaphragm. If, however, an emphysema ¡be pres- 
ent, then the excursions will be restricted, and the midriff will be 
observed to occupy a lower position. As a result of a purely bronchiec- 
tatic condition, the heart very rarely changes its shape, size, or position. 
If sach a cavity is healing, a considerable quantity of sear. tissue’ is 
gradually developed, which, by contraction, may displace the heart 
from its normal position. In a complicating emphysema the heart is 
displaced by the latter and not by the bronchiectatic disease. If the 
chest is examined before the bronchiectatic cavity has been emptied 
by coughing (the best time for examination of this condition being 
after the patient has been resting in the recumbent position for several 
hours), a distinct shadow corresponding to the cavity is very easily 
seen, followed by a brighter appearance as soon as the contents have 
been evacuated. | 

D. B. King’ furnishes notes on 20 cases studied by the Röntgen rays, 
in addition to the other usual methods of examination. In each instance 
the endeavor was made to detect the presence or absence of (1) dilated 
bronchi. In advanced cases where the bronchi were much dilated, as 
shown by the stethoscope or at autopsy, the Röntgen rays failed to reveal 
their presence. (2) In cases of saccular cavities. Here the rays failed to 
reveal such cavities, probably because of the associated fibrosis of the 
lung. (3) The condition of the lung tissue. Fibrosis of the lung was 
shown by increased intensity of the shadows. (4) The presence of foreign 
bodies. For the detection of foreign bodies in the bronchi, the rays are 
of undoubted value. (5) Study of the action of the diaphragm. This was 
found to be impaired or obscured, depending upon the degree of change 
in the lung. King states that the general value of Röntgen ray examina- 
tion in cases of bronchiectasis is sufficient to warrant its employment on 
more than one occasion, though this may give no further information as 
to the real nature of the case than is furnished by ordinary clinical 
methods. 

Asthma. — In asthma the lungs cast a brighter shadow than the 
normal, extending higher up and lower down in the thoracic cavity. 
The position of the diaphragm is observed to be low, and its movements 
much retarded. It is interesting to study a paroxysm of asthma 
while the rays are penetrating the thorax. Such a paroxysm can be 
provoked by injecting cold water into the nasal chambers or by packing 
the nostrils with cotton. During a paroxysm, the lungs look very 
Similar to the condition seen in emphysema, differing however from the 
latter in that there is a complete fixation of the diaphragm ; the disap- 
pearance of the paroxysms being evidenced by the restoration of the 
lungs to their natural shadow brightness. The heart occupies a lower 
position and moves less frequently during inspiration than it does 

1 The Practitioner, February, 1904. 
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normally; the right ventricle is much increased in size, and the outlines 

of the heart are unusually clear cut and sharp, owing to the brightness 

os during a paroxysm. Meee 

d ona Ta ¿his Aecio the pulmonary area is increased, and 

when viewed with a screen it is much lighter than is the normal lung. 

This area of brightness reaches high above the clavicles, and a ser 

time it extends downward, depressing the diaphragm. It is sal T 

that the diaphragm presents two more or less ae curves (one O 

ide), 1 large curve as is Seen normally. 

cine ere da breathing, the diaphragm appears to descend 

very low i the thorax, though in a forced expiration it ascends to a 

isher level. In pneumonia of one lung there is generally a compensatory 

i hysema of the other, the emphysematous lung appears much brighter 

a ao screen than it does in health. The area of the heart when viewed 

aa the screen is very nicely defined in emphysema. The ee 

produced by the heart stands out boldly against the much lig af de 

produced by the emphysematous lung. The heart occupies a n 

osition in the chest and assumes a more vertical direction than when the 

sae is normal. In the severer type of emphysema the ete T 

both the right auricle and the right ventricle to be much enlarge da 

tuberculosis is a complication, the pulmonary brightness a sits 

by irregular darkened shadow ae confined to one or the 

asionally involving both. 

B cso amona —In broncho-pneumonia circumscribed secant 

widely scattered throughout the lungs are observed on the eee ee 

an occasional coalescence of the circumscribed foci. Under suc ar r 

stances the shadows are usually limited to the middle and lower lobes me 

are seldom found in the apical regions. The diaphragm ae ; 

occupies a very high position, especially during inspiration, ub eee 

restriction of diaphragmatic movements. If there are no comp de ous, 

the heart does not change its position, Shadows are occasional y pl 7 

duced in certain portions by the collapse of the lung tissue; coughing an 

ing cause their evanescence. | 

o Tuberculosis. — The a o n ee of an early 

tuberculous lesion is difficult of interpretation. 

ee, ery important signs that may be elicited by the P D i 

slightly restricted diaphragmatic movement on the involved side (W1 

| i liams' sign), and the hazy, darkened, and occasionally emphysematous 

appearance of the lungs. As restricted movements of. the diaphragm 

frequently indicate an incipient tuberculosis, they should always be re- 

garded with suspicion. ENE : 

To determine the presence of Williams’ sign, first view the excursi ae 

of the diaphragm during ordinary breathing, and mark the highest ele- 

4 vation on the lower chest by means of an indelible pencil. This tracing 

should be made on both sides of the chest wall. This quiet breathing 
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should be followed by a full, deep inspiration, and the lowest point to — 
which the diaphragm descends should be noted in a similar manner, and 
likewise on both sides. 

Two or three deep inspirations successively following one another «| 
may be necessary to bring out the lowest point to which the diaphragm 
descends. The patient next expires as deeply as possible, and the 
highest point attained by the diaphragm is traced in a similar manner. 
When the excursion from a deep expiration to a deep inspiration is 
diminished on one or the other side, there is also a diminished excursion 
of the diaphragm during ordinary breathing on the affected side. The 
fact that the diaphragm rises somewhat higher on the side of the lesion 
during a forced expiration, should not be overlooked. In advanced 
cases of tuberculosis the side of the diaphragm corresponding to the 
affected side always rises much higher than does the normal side, though 
at the same time the excursion up and down is continually diminished. 
If one lung is partially or wholly diseased, the: diaphragmatic excursion 
on the sound side is slightly increased, as compared with the affected 
side. The higher position of the diaphragm taken in advanced cases, 
would seem to be due to a degeneration or Shrinkage of the lung tissue 
on the diseased side; the excursions may also be diminished during 
respiration by adhesion between the lung and diaphragm, or by dn 
increased quantity of air entering the organ, resulting from a paren- 
chymatous destruction, ete. An exact study of the diaphragm’s move- 
ments is perhaps most satisfactorily conducted by a careful fluoroscopic 
examination. 

The hazy, darkened appearance of pulmonary lesions, especially 
of the incipient tuberculous stage, should always be studied from 
above downward, commencing at the apices. All hazy, darkened 
areas on the screen should be outlined on the skin by an indelible pencil 
or crayon. 

These are usually brought out more distinctly after a full inspira- 
tion. In attempting to detect such a hazy area at the apex or ina lobe, 
the patient should be requested to droop the shoulder on the side under 
examination, so that the shadow produced by the clavicle may be 
lowered out of the field as much as possible. A better view of the 
affected field may be obtained by having the patient stoop forward, 
allowing the rays to enter the thorax at the mid-scapular region, placing 
the screen directly over the supraclavicular Space. The examiner should 
compare the light produced by the two apices both during full inspira- 
tion and during deep expiration. The light coming from the tube should 
be so regulated, by increasing or decreasing the distance between the tube 
and patient, that the affected side is only faintly illuminated. When the 
two sides are now compared, the sound side appears slightly brighter 
than the other. The excitation of the tube may be controlled partly, by 
a speed regulator or by a rheostat, but these are seldom required. 
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When both apices are involved in a tuberculous Ca e ae 

x is more extensively affected than the other, i. e., there 1s distin El 

o haziness on the side most affected. A clouded appearance of bot 

ro is indicative of an already advanced form of tuberculosis. In the 

Ey stages of this disease, an associated emphysematous condition 

Ee ne fee occurring in the middle and lower thirds, may be 

ree value of the X-rays in incipient pulmonary tuberculosis may be 

well illustrated by the reports of the following cases in the a | 

Prof. James M. Anders, which were under my care for a sklagrap 
Mee 

isn 18 H., female, married, aged 28 years, cigar-maker, first y 

lied at Hie. Scene clinic of the Medico-Chirurgical re 

riladelphia June 6, 1899, for treatment. A brother died of acute 

Ubica The patient had had some of the diseases of one ne 

hè remainder of her history was P ae eae dal 

ins 1 recordia, an 1s laste | 

A Seer eS aun et: she had expectorated blood, which 

P ated was coughed up ; the quantity of blood was small, a ie 

and frothy. The abnormal physical signs were an a ea 

percussion-note and harsh breathing, with prolonged high-p1 es de 

piration at the right apex, with absence of the vesicular aan 7 ue 

prolonged high-pitched expirations at left APEX ; all Signs, eet a de 

less marked than at right apex. Microscopic examination O : BE 

tum gave a negative result. Later an X-ray Oe ae cee : a E 

abnormal shadow or marked haziness at the apices of both lungs, 

t the right. 

np. Ks aa 29 years, cigar-maker, applied for o 

the out-patient clinic of the Medico-Chirurgical Hospital, a cae 

1899. The family history is entirely negative as to pulmonary See ) de 

The patient suffered none of the diseases of childhood. ae a ae 

typhoid fever one and a half years previously, which confiner a 

for ten weeks. Since then he had been complaining of persis ent g pes 

disturbance, evidenced by eructations of gas and dull oe ee 

epigastrium after meals ; there had been some dyspnoea on a 10. ie 

at intervals cardiac palpitation. A few days prior to his first vis to 

began to expectorate bright-red blood. Subsequently ney was dE a 

cough nor expectoration. The amount of blood lost did not a i 

an ounce. An examination of the throat and larynx was nega ae A 

the same was true of a physical examination of the thorax, bes e 

chest was of the paralytic or phthisical type. After excluding a D 

of hæmoptysis, except pulmonary tuberculosis, an X-ray picture 

1 Journal of the American Medical Association, January 12, 1901, and reported by 

me to the American Congress of Tuberculosis, May 14, 1902. | 
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made. ‘This showed commencing consolidation over circumscribed areas — 
on both sides just below the apices. / 

CasE III.—J. O., aged 14 years, errand boy, was admitted to ¡the 
wards of the Medico-Chirurgical Hospital, November 13, 1899. ° Father 
died, in his fifty-second year, of heart and lung disease, the precise nature 
of which the patient does not know. One sister is in delicate health. 
The lad had had the usual diseases of childhood and a severe illness of 
unknown character a few years since ; had always been in delicate health. 
The present illness began about four weeks before he came under my 
observation. The first symptoms complained of were malaise, headache, 
a slight cough in the evenings and mornings, more or less abdominal 
pains, associated with slight diarrhoea. The evening temperature on 
admission was on the average about 100° F., but abdominal pain, diarrhea 
and cough had largely subsided. Physical examination showed a para- 
lytic or phthisical thorax, without any other abnormal physical sign. 
After excluding typhoid fever, latent tuberculosis was suspected ; tuber- 
culin was injected, followed by a positive reaction. An X-ray examina- 
tion was also made by Dr. Kassabian, and showed a slight haziness below 
the left clavicle. (See Figs. 177, 178.) | 

Cavitation.—As cavity formation begins in the centre of a consoli- 
dated mass, after it has slightly advanced we may observe a lighter field 
encircled by a darker shadow zone. If the outer margin of the cavitated 
mass has been infiltrated with inorganic salts, we may demonstrate on 
the screen a dark, narrow border-like shadow, encircling a larger light 
field. If the cavity is filled with exudative material, there will be no 
light reflex, presenting the appearance of a consolidated mass. This 
would also be true if the entrance to the cavity were located at the upper 
surface. In some instances this fluid can be readily removed by having 
the patient lie down and cough, when the light reflex may be noted to 
again return. A dilated bronchus, with exudative material and consoli- 
dated structure surrounding it, cannot be differentiated from a small 
cavity by means of the X-rays. Where the cavity is small and the wall 
thickened, little or no light reflex may be visible on either the screen or 
skiagram. 

As the different pictures of pulmonary tuberculosis presented by the 
screen and skiagram bear a striking similarity to other lung affections, 
the employment of special methods for more accurately determining and 
differentiating the true condition would seem of first importance. Thus, 
Dally,’ who has made a great many pulmonary examinations by means 
of the X-rays, states that the earliest indication of pulmonary tubercu-. 
losis is the unilateral limitation or loss of mobility of the diaphragm. 
Prior to any shadow production (the result of tuberculous involvement) 
the action of the diaphragm becomes gradually lessened on the affected 

1 Lancet, June 27, 1900. 

Fra. 177.—Tuberculosis of the right lung (posterior view), and a photographic tracing of the same. 

The skiagraph shows consolidation of the right apex and right base ; heart is displaced toward the 

right. A, acromion process; Sp, spinous process of scapula; Cl, clavicle; €, coracoid process; 1, 2, 3, 

4, 5, 6, 7, 8, 9, 10, ribs (posterior) ; I, II, III, IV, ribs (anterior). 

EEE AAA 



oros o... 
tio >” 

> 

a E EEE of the right apex (anterior view). Plate placed in front of chest. The 

Sa s e patient as shown in Fig. 177. The lower cut is a photographic tracing of the above. 

b, axillary border of scapula; Vb, vertebral border; S.A., superior angle; RD, right side of the 

diaphragm; LD, left side; T.S., triangular space, best seen with the screen eA bedet between 

the heart and the diaphragm (for the diameter 
OT 

s of the heart : : : 

visible on the posterior view. Ses page 80); C, cavity, which 
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side. After the tuberculous process has advanced to the point of produc- 

ing distinet cloudy shadows within normal lung shadows, the limitation 

of diaphragmatic movements usually becomes more and more evident ; 

jt may, however, decrease. : 

Cases are reported where marked limitation in the mobility of the 

diaphragm was present when only the apical region of the lung had been 

involved. He further states that the typical shadow of an early pul- 

monary tuberculous process is irregularly mottled, and that such an 

appearance may be simulated by a new growth, but the latter can readily 

be differentiated by the characteristic distribution of the shadow and by 

the peculiar physical signs. A consolidated area produces a shadow of 

moderate density, and this in itself is increased when the adjacent lung 

tissue is hyperemic. He believes that a caseating process throws a still 

deeper and darker shadow. The appearance of cavities will vary 

according to the size, position, and whether filled or empty. Those empty 

and located at the apical region of the lung are usually transradiant ; 

when filled with pus they may remain unnoticed. 
In brief, Dally believes 

that the unilateral limitation of diaphragmatic movement as seen by the 

fluoroscope is very often the earliest sign of a beginning pulmonary 

tuberculosis, and that only by the X-rays can pulmonary tuberculosis be 

diagnosticated at an earlier stage than by the other means at the disposal 

of the practitioner. 
| 7 

Dr. Dally? classifies the quality of the shadow, with the percussion 

note manifested, as follows: 

Hy per-resonance 
Normal resonance 

Impaired resonance 

Dulness 

Absolute dulness 

Brightness 
Transradiancy 

Faint shadow 
Dense shadow 
Opacity 

RONTGEN RAYS.... 
. PERCUSSION NOTE 

Vieruzhsky, of the Nikolas Military Hospital, which is devoted 

especially to the treatment of tuberculosis, reports elaborately on the re- 

sults obtained by the various methods of diagnosticating tuberculosis.’ 

He is enthusiastic at the results obtained from the use of the Rontgen 

, rays in the diagnosis of the early stages of pulmonary tuberculosis. The 

use of the spirometer as an agent assisting in the diagnosis of this disease 
s 

A 

ae 

y A 

di 

q 

has not been satisfactory, the figures obtained in the measurement of the 

respiratory capacity of the lungs being uncertain and variable. He is 

well able to realize the deficiencies and limitations of the X-rays, but 

he asserts that skiagraphy offers a means of controlling and confirming 

the data of physical examinations. 

| Acute Miliary Tuberculosis.—This disease is difficult to diagnose clini- 

cally ; and it is often overlooked by reason of the frequent absence of 

q physical signs. The only means then left to the practitioner is by an 

1 

2 Roussky Vratch, April 26, 1903. 1 Lancet, June 27, 1903. 
"i 
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X-ray examination. In this disease the screen or skiagram presents very 
small darkened shadows, scattered throughout the lung. 

Pneumonia. — The various stages of croupous pneumonia may be 
studied both with the screen and the skiagram. A central pneumonia, 
which resists detection by the ordinary physical signs may be detected 
by the aid of the X-rays. | 

In the stage of congestion there is a uniform dark shadow cast on the 

fluorescent screen ; the result of an increased quantity of blood in the 
affected part of the lung. a 

The stage of consolidation presents a still darker shadow, due to the 
increased density. $ 

A centralized consolidation, not demonstrable clinically, throws a 
shadow on the screen, equally as well as a simple superficial lesion. In 

croupous pneumonia I have observed the middle lobe of the right lung ' 

to be the one most frequently involved. In this condition the excursions 
of the diaphragm are almost entirely obliterated. In the majority of in- 

stances the right side of the heart is enlarged and displaced to a greater 

or less extent. In some cases involvement is so extensive as to shroud 

the shadow ordinarily cast by the heart. That the cardiac displacement 

is due to the pressure of the dense lung, is demonstrable by the rays. 

The stage of resolution is characterized by the lung tissue returning 
to its former normal structure, and when the shadow cast by the pre- 

viously affected side is similar to that cast by the non-involved side, we 

speak of the organ as having again returned to the normal. The 

shadow of the previously affected area may persist until complete reso- - 

lution has occurred, while continued persistence of a shadow in this 
region may indicate a thickened pleura. | 

A croupous pneumonia must be diagnosticated from pleurisy with 

effusion, from an acute bronchitis, and from pulmonary tuberculosis. 
The physical signs and clinical symptoms are frequently ill-defined in a 

pleurisy with effusion, so that it may be confounded with a pneumonia. 

In a non-encysted pleurisy with effusion, a dark shadow is thrown on 

the screen, which changes its position with the change of position of the 

patient. In a pneumonia there is no change in the shadow demonstrable 

when moving the patient. In pleurisy with effusion there is a much 

greater displacement of the heart than in an uncomplicated pneumonia. 

Lately I examined a child for an unresolved pneumonia, affecting the 

middle lobe of the right lung. The consolidated spots closely simulated 

a dry pleurisy ; but the latter casts an irregular longitudinal shadow, the 

former circular. } ; 
Atelectasis. —The shadows produced correspond to the areas involved 

in the collapse of the lung. If collapse is extensive, the shadows cast on 

the screen are corresponding in size. The excursions of the diaphragm 

are not, as a rule, restricted, and its position is normal. The heart 
does not change in its normal shape, size, and position in a beginning 
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atelectasis, though in advanced cases with fibrous tissue o ae 

lowed by contraction of large parts of lung tissue, the heart may fina y 

pe more or less displaced. The shadows may disappear if the patient is 

instructed to breathe as forcibly as he can. | 3 

Abscess and Gangrene.—The exact location of either an abscess or 

is indicated by a dark shadow. These conditions are usually 

found to involve the lower part of the middle lobe or upper part of os 

lower lobe. As an abscess cavity usual ly opens internally, and ihe F 

material is expectorated, the shadows disappear immediately after the 

gangrene 

cavity is emptied. The excursions of the diaphragm are usually ee e 

less restricted, depending upon the size and location of the abscess. e 

the diaphragm is normal, and the heart does not change in 

If the shadows are multiple, they indicate multiple abscesses. 
position of 

position. 

B. DISEASES OF THE PLEURA. 

Pleurisy with Effusion.—In pleurisy with effusion the diaphragm a 

only slightly, if at all, observed on the screen, depending upon ne 

amount of the effusion present. Because of the pressure exerted by i 

fluid upon the adjacent lung tissue, the latter 1s more dense ; hence the 

fluid throws a dark shadow upon the ais screen, usually denser 

t in any other thoracic condition. 

Bee! e ft position of the patient, the change of level is easily 

discerned by the aid of the fluorescent screen. The upper level of the 

fluid is better seen in the sitting than in the recumbent posture. With 

an abundant quantity of fluid within the pleural sac, the heart as a 

rule suffers considerable displacement, and far greater when the 

pleural effusion is confined to the left side than when it exists on the 

ig ide only. | | : 

ee do of the ribs are usually very faintly shown on the affected 

side above the pleural effusion. As a rule, the heart 1s displaced prior 

to a downward displacement of the diaphragm. The excursions of the 

diaphragm are usually much restricted, especially when the effusion 1s 

abundant. Small effusions are often to be detected in the small angular 

spaces on each side between the diaphragm and chest wall. Pleural 

© thickenings are not infrequently mistaken for small effusions. Pleural 

adhesions are indicated by limited excursions of the diaphragm. After 

y aspiration a clearing up of the previous darkened shadow may be 

q noted, the ribs may again be detected, the heart will immediately re- 

sume its normal position, and the excursions of the diaphragm are again 

increased. | 
Even though there is only a small quantity of effusion 1n the pleural 

“sac, the lung tissue above the fluid level toward the apex presents a 
darker appearance than the same field of the normal side, this being La 

all probability due to a compression of the lung on the affected side. If 

; 21 
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the right pleural sac is completely filled by fluid, this shadow fuses with 

that of the heart (in the median line or slightly to the right), liver, and 

diaphragm ; hence, all the brightness of the right side is totally lost. 

Prof. Ch. Bouchard! was the first investigator to publish observations 
made with the screen in pleural effusions. He demonstrated that the 

X-rays do not pass through the effusion. He also showed that the shadow 
indicated the upper level of the fluid, as confirmed by the ordinary 

methods of physical diagnosis. } 

Dally,” from his radioscopic study of pleurisy with effusion, concludes 

that the level of the fluid changes with the position of the patient unless 

the quantity of fluid is great and is encysted by adhesions. A puru- 

lent effusion yields a shadow of greater density than a sero-fibrinous 

effusion. The shadow is homogeneous, and in the case of the serous 
effusion the shadow gradually increases in density from above downward. 

However far the heart is displaced to the right, in most cases little 

alteration takes place in the position of the apex relatively to the base. 

Other conditions being equal, the heart is displaced more when the 
effusion is left sided. A somewhat triangular shadow, not normally 
visible, above and continuous with the shadow of the heart and pericar- 

dium is cast by the mediastinum, which is displaced by the lateral 

pressure towards the healthy side of the thorax. 

Empyema.—In empyema the displacement of the heart and liver is 
greater than with the same quantity of serous exudate. In pulsating 

pleurisy, the heart movements transmitted to the fluid may be seen as 

diffuse undulations, if the patient remains motionless for the time being. 

According to my experience, the shadow of an empyema on a fluorescent 

screen frequently seems to be a shade darker than that produced in an 

ordinary pleurisy with effusion. This may be accounted for by the fact 

that in an empyema there is usually associated a slight cedema of the 

chest wall over the seat of the exudate. When there is no such cedema- 

tous condition coexisting with an empyema, the shadow cast by the 

retained pus is of the same density as that of an ordinary pleural effu-. 

sion. An interlobar empyema (a condition very difficult to diagnosti- 

cate by ordinary means) casts a shadow of the encysted pus on the screen; 

the surrounding lung, above and below, presents the normal brightness, 

provided there is little or no compression of the adjacent pulmonary 

tissue by the enclosed fluid, the movements of the diaphragm are not 

restricted, nor is the heart displaced from its normal position. Dia- 

phragmatic pleurisy is indicative of an involvement of the pleura in 

relation to the diaphragm. There is usually a small quantity of exu- 

date present, which can only be revealed with difficulty, by a careful 

screen examination. Of several cases of this condition that came to my 

1 Archives d’ Elect. Médicale, July 13, 1896. 
2Lancet, February 27, 1904. 
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E attention, four showed very distinct shadows on the screen. Hemor- 
g. 

¿UN 

rhagic pleurisy cannot easily be differentiated from other types of 

pleurisy by the X-rays. 

A pleurisy of the sac with effusion may be complicated with an 

empyema. An empyematous condition of the left pleura would make its 

appearance on the opposite side. In case a pleurisy has been disgnosti- 

ed, complicated by unusual dyspnoea, the examiner should then look 

for an associated empyema of the opposite lung. 

Pneumothorax. — The affected side presents a very bright area and 
3 of rather large size. The lung tissue is retracted, and the diaphragm 

E occupies a lower position than normal; its movements are greatly re- 

4 stricted, and occasionally no movements are at all recognizable. The 

cardiac outlines are clearly defined, with a displacement toward the 

unaffected side. 

Hydro-pneumothorax and Pyo-pneumothorax.—In studying the affected 

q side of the chest, with the patient in the sitting posture, the fluorescent 

4 screen shows a very dark area below and a lighter one above. It is best 

demonstrated with the tube behind the patient, the target facing the 

third intercostal space (fourth rib). With the change of position of 

the patient, the fluid may be noticed to alter its level; the fluid also 

changes its level during respiration, rising during a deep inspiration and 

falling during a deep expiration. 

í The excursions of the diaphragm are usually wholly obliterated, 

‘while it also occupies a very low position, and the heart is displaced 

toward the unaffected side. The pulsations disturb the upper level of 

the fluid area, a condition which may be readily studied by the fluores- 

‘cent screen. If the lung is examined in the median line and above the 
fluid area, it usually appears slightly darker as a result of compression. 

The degree of displacement of the heart and liver depends upon the 
amount of air and fluid retained in the pleural cavity. An apical tuber- 

culosis of the affected side can very readily be diagnosed, as the 
Surrounding field usually appears intensely bright. | 

_ Subphrenic Abscess.—A subphrenic abscess gives a dark shadow in 

the lower part of the thorax, and above it there is a lighter shadow due 
to the presence of air, and, surmounting this, there will be a shaded field 
caused by the compressed lung. The diaphragm occupies a slightly 

higher position with a total abolition of its movements. The heart is 
Misplaced toward the unaffected side, though this displacement is not so 
extensive as in hydro-pneumothorax. The upper level of the dark area 
changes with the change of position of the patient, and splashing of the- enclosed fluid may be recognized when the patient is grasped by the 
shoulders and shaken, 
q mors of the Thorax.—Intrathoracic growths cast shadows upon the 
oo Screen. These masses are generally circumscribed, and are, as 
Tule, located in the upper part of the chest. Care must be exercised to 
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differentiate these growths from thoracic aneurism ; in the former the > 
tumor pulsates with an up and down movement, in the latter, the move- 

ment is expansile. 

If the tumor is not too large there is no restriction in the excursions 

of the diaphragm. The heart is generally slightly displaced. Small 

calcified lymphatic and bronchial glands are often noticeable. A 
Enlarged Glands.—Any enlargement of the thoracic, mediastinal, or 

bronchial glands is easily shown on the fluorescent screen or skiagraph. 

As the bronchial glands are usually first involved in tuberculous condi- 

tions of the lungs, a few authorities have successfully demonstrated a 
slight enlargement of the glands in the incipient stage. Any glandular 

enlargement should be viewed suspiciously as the beginning of an adja- 

cent tuberculous involvement. This condition is best viewed on the 

screen by having the rays traverse the body diagonally. 

IV. Application of the X-rays to the Circulatory System. 

In fluoroscoping the normal heart in the anterior view, we observe 

the shadow of the heart and aorta. These shadows are due to the opacity 

of the contained blood and to the superimposed shadows of the verte- 

bre and sternum. The posterior view shows the same structures in their 

posterior aspects. The anterior view, however, is preferable, as the heart 

being nearer the chest wall allows of a clearer shadow on the fluoroscope. 

Fluoroscopy is preferable to skiagraphy in the study of the circulatory 

System, as with it we can observe the cardiac cycle, the aorta and the 

movements of the diaphragm, from various positions. | 

A. FLUOROSCOPIC EXAMINATION OF THE NORMAL HEART. 
i NY 

The heart may be examined with the patient in the sitting, standing, 

or recumbent posture. The heart when viewed by the screen occupies a 

characteristic position in the thorax, when the patient is seated on a stool. 

During expiration it rests on the diaphragm, its long axis forming an 

acute angle with the imaginary median line of the thoracic cavity. In 

inspiration the heart moves downward and toward the median line ; the 
right border of this organ is plainly seen to the right of the sternum, the 
larger or left part of the heart is seen to the left of the sternum, —i.e., 

_ the long axis of the heart forms with the median line during expiration 

a less acute angle than during an inspiratory effort. During inspiration 

‘the transverse diameter of the heart is slightly decreased in length, at 

the same time the number of pulsations are lessened. In expiration, 

after the diaphragm has discontinued tugging on the heart, the transverse 

diameter is again increased, as is also the amplitude of its pulsations. 

The general contour of the organ can be more easily seen during inspira- 

tory periods than in the expiratory, because the lungs, being filled to their 
capacity, are more transparent to the rays, thus offering a more striking 

the ingenious 

pormal 

wire. 
At first t 

3 ed on. : l s 

Doe landmarks of the chest, such as the scapula, ribs, spine, diaphragm, 
mo 
3 X and upper conve? : 

al A The current is now reduced until the heart becomes more dis- 
Bul 7 

tinctly visible. 
ee spine, corresponding to the fourth intercostal space in front of the 

i chest. 
demonstrated. 
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The cardiac outline may be readily differentiated by means of 

artifice of Dr. Disan.: By this method the outline of a 

heart is traced on the chest by fixing with adhesive strips a copper 

CAS fluoroscopic examination is then made in the following way : 

he greatest strength of current obtainable from the apparatus 

The observer looks through the fluoroscope and gets the 

contrast. 

border of the liver, the wire being at the same time in 

The fluoroscope is applied to a spot marked at the left 

Any alterations in the shape of the heart can thus be easily 

The shadows of the pulmonary vessel and in many instances the vena 

cave can be recognized if the chest is made to assume a position diagonal 

or oblique to the screen and tube. 

The pulsations of the heart are less in number during a deep inspira- 

‘tion than in expiration, or even in the ordinary quiet breathing. These 

pulsations are lessened during a deep inspiration and by increase of the 

‘air pressure upon the heart,—1. e., the pressure from the pericardium, 

‘which is made more taut during the descent of the diaphragm. 

The Orthodiagraph.—This instrument was devised by. F. Moritz, of 

Munich.? (Figs. 179 and 180.) Its purpose is the bringing out of any 

object in its exact size and without distortion. By it the size and shape 

of all the recognizable internal organs, as well as other parts of the body, 

‘can be determined. As the Rontgen rays are propagated from a point 

‘on the anodal field in straight lines radiating in every direction, and as 

the image of a body projected on a phosphorescent screen or skiagram is 

a silhouette, the outline of the object presented coincides with the places 

where the rays coming in contact with the edge of the body impinged 

‘upon the screen. This outline, therefore, is the periphery of the base 

of a cone, whose point coincides with the luminous spot of the anti- 

cathode. As the object to be projected is located between the vacuum 

tube and the screen, the image on the latter will be magnified, the degree 

of magnification being dependent upon the ratio of the distance of the 

object from the image plane and the distance of the object from the 

vacuum tube. The image projected by a vacuum tube, so far from re- 

cording the true dimensions and shape of the object, will show the latter 

m ore or less magnified and distorted. In order to obtain the true shape 

and size of the object, the rays touching the body and forming on the 

plate an image of its outlines must be made parallel and strike the 

plate at right angles, —i.e., the projection from a centre must be 

* Dominion Medical Monthly, February, 1897. 
= ° Berlin Allgemeine Electricitits Gesellschaft, and Münch. med. Wochenschrift, 

April 10, 1900. 
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replaced by a projection that is parallel. With the orthodiagraph, pro- | 

jections true in shape and size are obtained in any desired position of 

the drawing-plane. 3 

The luminous screen which also carries the drawing stylus is con- 

nected with the Rontgen tube by a U-shaped frame. This frame, made 
up of a number of jointed sections, permits of any desired adjustment of 

the screen with the tube. A rod extending from the screen is longi- 
tudinally adjustable in a split sleeve on the end of a tube lying parallel 

with the axis of the drawing stylus. The tube is provided with a tele- 
Scoping member, on the projecting end of which a second split sleeve is 

adapted to slide. This screen is formed on the end of an arm which is 
thereby supported at right angles to the telescoping member. The clamp 

holding the tube has a ball-and-socket connection with a member which 
may be adjusted to any position along thearm. When properly adjusted 

the propagating joint of the X-rays should lie on an extension of the áxis 

of the stylus. This may be done approximately by adjusting the tube 

clamp and other members of the U-shaped frame. In order to obtain a 

more perfect adjustment of the tube, —+. e., such adjustment as would per- 

mit working with accurate perpendicular rays,—the screen may be ad- 

justed in one plane, by moving its supporting rod longitudinally in the 

Split sleeve above referred to, and in a plane at right angles thereto, by 

adjustment of the screen within its holder. By noting the shadow cast 

on the screen by the end of the stylus projecting there through, the oper- 

ator can readily ascertain when accurate adjustment has been obtained. 

Parallel movement of the tube with the screen is obtained by means 

of two levers, one pivoted to the other. A lever which supports at one 
end the U-shaped frame is hinged to a second lever, which in turn is piv- 

oted to a bracket on the end of the supporting column of the apparatus. 

Each lever is provided with a counter-weight, movable along its outer 

arm, and these weights serve to hold the parts in equilibrium. 3 

The bracket just mentioned also carries a rod, to which the drawing 

frame is attached by means of a universal joint. The drawing frame is 
adapted to be covered with heavy bristol-board, held therein by holders 

at the sides, and on this surface the drawing stylus is softly pressed by a 
spiral spring. 

Now the whole system so far described is movable around the axis 
in the head of the main Supporting column, and may be clamped in any 

position by means of a milled nut; an additional fixing lever may be 

grasped to prevent this system from suddenly dropping or loosening the 
nut. At the same time, the accurately vertical and horizontal position 

of the system is indicated by a spring catch. The length of the support- 

ing column is such that on turning the system round its axis into a hori- 

zontal position, the drawing plate will just be at a convenient distance | 

above a person lying on an ordinary table of about 30 inches in height. 

The heavy base plate is provided with four rollers allowing of the 

“drawing appara 
[these rollers ma 

7 of the screws, 
_ apparatus 
uneven floors. 

Bi 

pb 
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tus being readily moved. By operating special Screws, 

y be removed, and the apparatus placed on the points 

which in addition will allow of the column of the 

being given an accurately vertical position even on oblique or 

When a drawing is to be made directly on the body, the bristol-board 

emoved from the drawing frame, and a dermatograph stylus should 

B erted into the drawing stylus, instead of a pencil. The drawing 

Y 
yw 

E 
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z 

ANGER, 

Fic. 181.—Levy-Dorn’s orthodiagraph for the standing position. 

frame is provided with three pencil-holders, or ‘‘plotters,’’ as they are 
‘called, which are movable in the plane of the screen or in that of the 

“drawing plate, and provided with scales in both co-ordinates; the posi- 
tion of a person with regard to the central ray may be thereby ascertained, 
80 that on the examination being repeated the same position of the per- 

Son may be accurately secured. A fourth auxiliary plotter has been pro- 

vided with slides on a scale projecting from the extended axis of the 
lower supporting lever. 
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In addition to reproducing the true Shape and size of organs, the 
apparatus may be advantageously used to ascertain the depth of foreign - 
objects. This can be done by measuring the apparent diameter of the 
object when the Rontgen tube is stationary, and then ascertaining the 
actual shape of the body by means of parallel movement of the drawing 
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Fig. 182.—Levy-Dorn’s orthodiagraph for use in the recumbent posture. 

stylus and the tube. Now if al is the apparent length of a foreign body, 
r | its real length, D the distance of the anticathode of the tube from the 
luminous screen, and d the distance of the object from the anticathode, 

the formula Í ra 22 will give the true distance of the foreign body 
from the luminous screen. 3 | 

The Levy-Dorn orthodiagraph is shown in Figs. 181 and 182. The 
advantage of this instrument lies in the fact that during the examina- 
tion of the heart the operator measures the vertical and horizontal axes 
on the scales. 
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B. SKIAGRAPHIC EXAMINATION OF THE HEART. 

The heart can be skiagraphed with the same technic as is applicable 
to the’ lung, but the former requires more precision in the position of the 
patient, tube, distance, ete. The patient may be seated on a chair and 
the plate placed either over the chest (sternum), in the anterior or 



Fic. 184.—THE SITTING PosrT1on.—In stereoskiagraphy the plate can be changed without changing the position of the patient, 

This tube-holder can also be used for holding the fluoroscope. 

by displacing the tube-holder 21% inches, 
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ventral view, or to the back (posterior view). Ask the patient to raise 

both arms, in order to remove the shadows of the scapule from the 

thorax. Centre the anode of the Crookes tube over the level of the third 

rib in back and one inch below the upper end of the sternum in the 
median line. The distance of the anode from the plate should be from 

25 to 30 inches (63-75 cm.). An anterior and posterior skiagraph should 

be made at the same time, noting that no abnormality or deformity 
exists. Ifthe tube is placed in an oblique position the shadows will often 
mislead and confuse. Anterior and posterior oblique (right and left) 

skiagraphs should also be taken, in order to study mediastinal tumors, 

and the arch of the aorta. The time of exposure should be as short 

as possible, correspondingly to the cardiac cycle. Two methods of 

skiagraphing the thorax are presented in Figs. 183 and 184. 

M. Guilleminot, of Paris, invented an instrument by which he can 

make cinemato-radiographic pictures. The exposures can be made either 

during inspiration, expiration, or during the ascent and descent of the 
diaphragm ; and also during the systole and diastole of the auricles and 

ventricles. I have made stereo-skiagrams of the thoracic organs of 
young thin subjects, which have yielded for scientific study the true 

_ perspective and relief effects of the heart, aorta, sternum, and vertebre ; 
such results are of clinical worth in studying aneurisms and cavitations. 

Size and Measurement of the Heart.—According to Abrams,’ with the 

screen at about 29% inches (75 cm.) from the tube and with the target 
directed toward a point where the median line is crossed by the fourth 

rib, the normal heart is seen to extend from the median line 1- inches 

(8 em.) on the right side and 3, inches (8.5 em.) on the left side, the 

total width of the heart being Anat 4 inches (or 10 cm.). 
Mobility of the Heart. —Silbergleit? describes a case in which thè 

entire heart was capable of lateral displacement of several inches by a 

change from the left lateral to the right lateral position. The patient 

was a man of twenty-four years who came under observation for gastro- 

enteritis and a moderate degree of chlorosis. He had no subjective 

symptoms referable to the heart, and in the standing position or when 

lying on the back physical examination of the organ was negative. 

When lying on the left side, however, the apex beat was three centi- 

metres outside of the mammary line, and the right border one centimetre 

to the left of the left sternal margin. When on the right side, the apex 

beat appeared close to the left sternal margin and the right border was 
correspondingly displaced. This case is of scientific value, in that the 
abnormal mobility is only an index of an existing cardiac lesion. 

Sears® states that Determann’s experiments, made with the X-rays 
and by percussion, demonstrated the mobility of the heart with change 

1 Journal of the American Medical Association, May 3, 1902. 

2 Medical Record, June 20, 1903. 

3 Medical Standard, January 1, 1901. 
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of position. In the healthy individual turning on the left side produced q of malposition the heart may be displaced low down in the chest 

an average displacement of 2% centimetres to the left and 1 centimetre A a a 1 mos mav be felt behind and below the lowermost extremity of 

upward ; turning on the right side occasioned a change of 1} centimetres e 3 ea a aoe ray ee be minced to the right of the sternum or the left 

to the right and about 2 centimetre upward. In some cases the displace- J ] E- : Bide the Left nipple line, these facts peng confirmed at the same mo- 

ment was quite small, in others as much as 62 centimetres to the left and q 1 ment with the fluoroscope. Fluid in the left pleural sac causes the heart 
4 centimetres to the right, without distress to the subject. These greater i t to be pushed toward the right side, while exactly the opposite condition 

movements were found to occur, as a rule, in flabby and ill-nourished 1 ] ists when the right pleural cavity is so affected ; but in dry pleurisy the 

individuals and in those whose abdominal organs were loosely anchored. — ` j FF cions may draw the heart toward the pieced side. Distention of 

It was observed that women usually have more freely movable hearts | , 1 a e pleural cavity by gas, as seen in emphysema, also causes a displace- 

than men, especially after childbearing or from the use of tight stays. t either to the right or the left, depending upon the cavity that is 
men 

E P A i o PA soaren y any Andol y q involved. An increased elevation of the diaphragm causes the heart to 

5 naan 3 7 ey ae eS SNA ha pii and feeble muscular ’ assume a position on its long axis so that the right ventricle is pulled to 

ae are especially subject to the condition. The physiological q . the anterior position, the chief feature of recognition being the increased 

effect of the full stomach is noted, and also anything which tends to distinctness of the right side of the heart when the chest is examined from 

elevate the diaphragm. During the latter part of pregnancy the heart is l i behind 

TE a 18 ee RE showing VEY, little mobility. | | E Cardiac Atrophy, Hypertrophy, and Dilatation.—These conditions are 

ae a ee Gee 7 E at sah £ a a ian and the q j revealed by a screen examination. Atrophy presents a small size of the 

E centimetres from its original | A organ. In hypertrophy or dilatation of the left ventricle, the apex has 

osition. 
: ye e 

a 
changed from its normal position, the shadow area 18 increased, and the 

MORITZ TABLE.! 

Healthy Adult Man (Age 17 to 56). clear space normally existing between the heart and liver (as seen on a 

i TAX ae deep inspiration) is diminished in size or has totally disappeared. If the 

3, 2 if y right ventricle is increased in size the base usually appears more or less 

I S 5 5 A E 5 3 drawn down and the long axis assumes a more nearly horizontal position. 

| a PENROSE 2g 2g E E B Abdominal distention, with either fluid or gas, causes an elevation of the 

| ENE 4 E E 3 <> a : E diaphragm, hence another cause for change in the position of the heart. 

| O 5 ane E I have often noticed that the heart atrophies in advanced cases of tuber- 

| | 
y culosis. In a pneumonia, displacement is usually toward the unaffected 

Ú ae Eee TI A E cm: ; E side; in an extensive emphysema the heart naturally occupies a posi- 

153-157 cm, or average 4.4 7.9 13.0 10.2 98 | 1 4 tion lower than normal. Aneurisms, new growths, and adhesions are 

My | oy AG ee eee a a ae Oe 100 d q among the other causes of cardiac displacement. Thorne* observed a 

| | ; a heart to shrink after its exposure to the Róntgen rays for thirty minutes. 

| 
Paces In one case, the heart had shrunken in its long axis some 12 to 2 inches 

Bel NA ls EN ES a E ne he q 3 (4.5 to 5 cm.), while in its transverse diameter the contraction amounted 

6 ft. 34 inches minimum 3.5 75 12.8 9.0 87 i to 1} inches (4 cm.). Experiments in this connection have been con- 

ducted on dogs, the results in general showing a considerable shrinking. 

Ii | 171-178 cm. or average 46 8.8 140 10.3 100 Care should be taken when fluoroscoping the heart to differentiate 

| | 6 ft. 4 inches maximum 5.9 9.7 15.3 11.0 126 | 7 between true atrophy and displacement. In the Schott treatment of 

ee Nae es a CS an al 92 l i heart disease, the attendant studies the patient's heart before and after 

| 
i E each treatment. I have never observed any change in the size of the 

| | | Displacement.—In this condition the heart may retain its normal heart except an alteration in the pulse rate noted in certain neurotic cases. 

| shape, only changing its position. The most frequent cardiac displace- Acute Dilatation of Heart.—F. Moritz stated that orthodiagraphy has 

| ment is dextro-cardia, which is a congenital malposition. In the acquired failed to confirm the occurrence of any appreciable acute dilatation after 

| 3 EE Coc adbuc adem Ronnie rent A i 4 ' British Medical Journal, 1896, vol. 11. p- 1238. : J 

l (von 17 bis 56 Jahren > S e, Erwachsene gesunde Manner i E a eee ca lii., No. 15, April 11: “ Acute shea 
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physical exertion, after hot baths, the injection of alcohol, narcotic or 
other medication ; chloral, chloroform, caffein, or kola. It has revealed, 
however, that the outline of the heart is smaller in the upright position 
than when the subject reclines. He believes that an interesting field 
for research is opened by orthodiagraphy of the dilated heart, whereby 
we can study the influence exerted upon it by rest in bed, digitalis, 
carbonated baths, electric baths and gymnastics, etc. H. Dietlen! 
states that he has examined 47 out of 65 patients suffering from 
diphtheria with the aid of the Moritz orthodiagraph, the subjects reclin- _ 
ing, and he found that 20 of these 47 presented evidences of myocarditie 
phenomena. In 15 of this group (75 per cent. of the cases of endocar- 
ditis and 32 per cent. of the total number), dilatation of the heart 
was unmistakably apparent when examined with the orthodiagraph. 
Even extreme degrees of dilatation are liable to retrogress, so that the 

prognosis is not necessarily bad. | | : 

Examination of the Heart.—Kraus? has analyzed the findings of radio- 

scopy of the heart in health and disease. He asserts that the shades of 
difference between the heart shadows cast in cases of various valvular 
affections are of greater diagnostic importance than dilatation of the 
heart alone. These differences in shadows are due to changes in the 
shape of the various sections of the heart, the immediate consequence of 
the valvular defect. The consecutive hypertrophy of the musculature 

and passive dilatation naturally reinforce and emphasize, as it were, the 
differences in the outline. This is especially marked in the left convex 
protrusion of the so-called left middle arc in case of mitral defect, also in 

the varying behavior of the left lower are with mitral insufficiency and 

pure mitral stenosis, and, finally, in the outline of the shadow as it 
spreads to the right, in case of aortic and mitral defects. Radioscopy 

of the heart after artificial distention of the stomach is very instructive. 

The presystolic pulsation of the right auricle can be distinctly distin- 

guished from the contraction of the ventricle. Two and sometimes three 

contractions of the auricle to one of the ventricle are sometimes noted. 

Intermittence of the heart is seen to be by no means always identical 

with intermittence of the pulse. In cases of tachycardia and bradycardia 

radioscopy throws light on many hitherto unexplainable processes, 

especially those of nervous origin. 

Pericarditis (Pericardial Effusion).—If an enlarged shadow is cast by 

the cardiac area, it indicates hypertrophy, or a pericarditis with effusion. 

If there is presented a movement of the left border of the heart’s shadow, 

it indicates enlargement. In case no such pulsation is demonstra- 

ble, pericarditis with an effusion should be surmised. The shadow of a 

1 Münchener medicinische Wochenschrift, lii., No. 15, April 11, 1905: “Acute 

dilatation of the heart due to diphtheria.” 

* Deutsche medicinische Wochenschrift, Berlin and Leipsic, xxxi., No.3, January 

19; Journal of the American Medical Association, June 10, 1905. 
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pericardial effusion is rounded or circular, while that of hypertrophy is 

more or less pyriform. In most cases the shadow cast by an effusion is 

not so dense as that produced by the heart muscle itself, so that in view- 

ing the shadow field we may find a variety of shades ranging from a 

slightly lighter field to one that is dark. A change in the upper level of 

the shadow may occasionally be noticed by changing the position of the 

E artic Aneurism.—Cases of aneurism, unsuspected and unrecognized 

by the attending physicians, have been revealed by careful fluoroscopic 

and skiagraphic examinations. While aneurisms are sometimes un- 

detected by X-ray examinations, a large number are supposedly diag- 

nosed that in reality do not exist; an early diagnosis, therefore, 1s most 

important. The prognosis of aneurism was formerly regarded ase 

unfavorable, but in the light of recent knowledge the so-called com- 

mencing aneurisms of the aorta”? have been shown to remain often 

stationary, and that they do not necessarily proceed to a fatal termina- 

tion. They can always be studied during treatment as to their qu 

position, pulsation, ete. | 

Fluoroscopic examinations are preferred by most operators because 

they are enabled to see the tumor or pulsating condition and because the 

condition can be examined from different angles and positions. Both 

methods should be employed, although I never use the fluoroscope. | 

The skiagraphic examination is identical with the technic described 

on diseases of the lungs and heart. 

The shadow of the normal aorta (when viewed anteriorly or posteri- 

orly) is almost totally obscured by the superimposed shadows of the 

sternum and the vertebral column, with the exception of a small shadow 

to the left, cast by the left lateral a rtic bulge. | 

Aneurisms of the ascending portion of the arch of the aorta, being 

nearer to the anterior wall of the chest than the posterior wall, cast 

shadows extending to the right of the sternum and above the heart. 

Aneurisms of the descending portion of the arch of the aorta 

(Figs. 185 and 186) usually cast shadows to the left of the sternum, which 

are nearer the posterior than the anterior wall of the chest. If the 

aneurism is very large, the shadow will extend to both sides of the | 

sternum. | ¡ 

Aneurisms of the transverse portion of the arch of the aorta will cast 

shadows slightly to the left, and if large the shadow observed will extend 

up to the neck. This detection, however, is very difficult, and requires, 

in addition to anterior and posterior examinations, left lateral and right 

lateral oblique examinations. 3 

Beginning or diffused aneurisms are difficult of diagnosis, especially 

so in corpulent individuals. Gocht* declared that by means of the 

1 Lehrbuch der Rónteenuntersuchung, Stuttgart, 1898, p. 199. 
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Róntgen rays it was possible to determine the presence of an aneurism 
: 9 

where doubtful symptoms were manifested. 
Dumstrey and Metzner’ urged considerable caution in reaching con- . 

clusions regarding the existence of aneurisms by means of the Róntgen 

rays, especially where physical signs or symptoms failed to be elicited ; 

they furthermore believe that mediastinal tumors may give rise to the 

same appearance. 

Drs. Geo. Pfahler and Jos. Sailer? assert that, after a careful com- 
parative study with X-ray diagnoses and post-mortem examinations of 

supposed aneurisms, they found that the tortuosity of the aorta was 
in many instances confounded with the existence of aneurisms. | 

Dr. G. H. Orton’ says that, '“In some cases, even with these four 
examinations, the shadows of the aorta cannot be satisfactorily inspected, 

owing to complications which may mask it.” : a, 
Of late, I am making stereo-skiagrams of the chest, and find them 

valuable in differential studies involving the aorta, heart, and lungs in 
their respective relations to each other and to the bony thorax. 

In many cases of small aneurism, the oblique method of examination 
should be employed. This has been well described by Holzknecht 

and Béclere:* “It consists in rotating the patient so that the rays 

penetrate the chest obliquely. If the screen is placed on the left of the 
patient and the tube on the right side, the pericardial shadow is bounded 
by two clear spaces; the retrosternal in front, and the retrocardiac 

behind. In this position the inferior parts of the ascending and descend- 
ing aorta can be seen, but the arch is hidden by the shadows of the 
shoulder muscles and vertebral column. 

“Now if the patient is rotated so that the rays penetrate the chest . 
at an angle of 45° forward and from left to right, the best position 

is obtained. In this position the cardiac shadow is angular, the base 

continuous with the diaphragm, the superior angle prolonged into a 

vertical offshoot, caused by the superimposed shadows of the ascend- 
ing and descending parts of the arch. In this position many cases 
of supposed aneurism which show the marked aortic bulge in the 

antero-posterior examination are shown not to be true aneurisms. In 

suspected cases the examination is not complete until this method has 
been employed.” | 

Another important sign in the diagnosis of aneurism, first pointed 

out by Walsham, consists in a change in the position of the heart, which 

comes to lie more transversely, the right side being apparently pushed 

down by the aneurism, with a tilting upward of the apex. Orton, like- 

wise, regards the position of the heart as a very valuable and constant 

1 Fortschritte auf dem Gebiete der Róntgenstrahlen, vol. i. 
* The American Journal of the Medical Sciences, October 1, 1903. 

3 Archives of the Röntgen Ray, August, 1905. 
* Archives of Physiological Therapy, October, 1905. 

Fig. 185.—Aneurism of the descending aorta (posterior view). Plate applied against the back 

of the chest. 

Fig. 186.—Photographic tracing of the same. Heavy lines, outlines of normal heart; dotted lines, 
dilatation of the descending (D <——) aorta. Observe the horizontal position of the heart, due to 

aneurismal pressure. A ——> , ascending aorta; T <——, transverse aorta, 
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There are shadows that may exist either to the right or left of the 
sign. m which may be confounded with the diagnosis of aneurism. 
sternu 

1. Dilatation of the aorta (not aneurismal). 

Displaced aorta (dislocated). 
p 

2. 

3. Enlarged glands. 

4, Neoplasms. 

3 5. Pulsating empyema. | 

=]. Dilatation of the Aorta (Fig. 187).—This condition is often con- 

e founded with aneurism ; the shadow cast will be on either side of the 

sternum, the diagnostic point being that this pulsating shadow will dis- 

4 appear between the pulsations (the diastole); because with the contrac- 

‘tion of the aorta the shadow thrown will be smaller, or it will be com- 

| pletely hidden by the shadows cast by the sternum and vertebral column. 

In this differentiation the fluoroscopic examination will prove more 

useful than will the skiagraph. 2 | 

y 2, Displaced Aorta.—This condition usually appears to the left of 

E the spinal column, a pulsating shadow being evidenced as far as five or 

“six inches to the left of the border of the sternum. This is a much 

1 greater area than will be projected by the aneurism of the arch. 

E Abnormalities of the thorax and spine should be excluded. 

3. Enlarged Glands.—Enlarged lymphatic and bronchial glands 

east scattered shadows, with absence of the characteristic expansile 

_ pulsations. | 
3 4. Neoplasms.—Mediastinal growths, i. e., carcinoma and sarcoma, 

ean be differentiated, in that the latter cast darker or denser shadows, 

the edges are hazy, indistinct, and uniform, and by the absence of ex- 

_pansile pulsations. Care should be exercised not to overlook transmitted 

_ pulsations. | 
3 5. Pulsating Empyema.—Pulsating empyema and other intra-thoracie 

Fig, 188.—Atheroma of the femoral artery. 

Dotted lines show the aneurism of 

Aneurisms of the abdominal aorta cannot be well demonstrated in 

corpulent persons, owing to lack of contrast with the surrounding tissues, 

as the shadows of the aorta and vertebrae superimpose, when skiagraphed 

in either the ventral or dorsal positions. Lateral and oblique positions 
are always advisable in skiagraphing this condition. 

Atheroma.—Atheroma and calcification of the blood-vessels can be 

well demonstrated. (Fig. 188.) | | 

Y 

Fig. 187, —Dilatation of the heart, with aneurism of the aorta. 

the descending portion of the arch and dilatation of the left auricle and ventricle. Heavy outline 

10r vlew 

shows (approximately) the size and contour of the normal heart. Plate placed in front of the chest (anter 



CHAPTER V 

APPLICATION OF THE X-RAYS IN DISEASES OF THE 

ABDOMINAL ORGANS. 

F: Alimentary System. 

THE employment of the X-rays in the diagnosis of diseases of the 

alimentary system has not as yet yielded the same results or been as 

easy of application as is evidenced in diseases of the thoracic organs, 

for the obvious reason that there exist no tissue differences. 

There are various means of producing the necessary contrast or 

difference between these soft tissues: (1) by gaseous distention, which 

renders the stomach more translucent; (2) by the introduction of 

opaque instruments or mechanical methods; (3) the bismuth subnitrate 

method, by which the organs become more opaque ; (4) the transillumi- 

nation method, which consists in illuminating the stomach by the intro- 

duction of fluorescent materials, radium, etc. 

A. CHSOPHAGUS. 

In order to examine this tubular muscular organ, for its position, 

direction, etc., we may introduce a rubber sound with a metal point, or a 

rubber tube filled with mercury or fine shot. 

The fluoroscopic examination should be made with the patient in the 

semi-recumbent or standing position, so as to prevent the superimposition 

of the shadows cast by the vertebre, heart, aorta, etc. Allow the shadow 
to fall on a clear area and apply the fluoroscope obliquely over the right 

and left sides, and also in the right and left antero-lateral positions. 

Skiagraphie examinations should be made in the same positions 

as in the fluoroscopic method, but the posterior position is more com- 

fortable for the patient. 

Stricture of the Gsophagus.—Constrictions of the cesophagus can be 

best ascertained by the introduction of a bougie with metallic ends, or 

by the use of a metallic sound, and viewing its passage in the above 

Manner. 

Stenoses of the (Esophagus.—Barba* reports two cases of cesophageal — 

stenoses, in which he made radioscopic observations. The chief point 

brought out in his study is, that the ordinary methods of examination for 

stenosis of the cesophagus (the most important of which is the use of 

sounds) do not enable us to differentiate an organic stenosis of the canal 

from a narrowing occasioned by the pressure of tumors in the mediasti- 

num or by other causes of compression. The presence of these causes of -@ 

1 Riforma Medica, December 23, 1905. 
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E, ompression in the mediastinum is very difficult to determine by physical 

“examination, and only the Rontgen rays enable us to make an accurate 

d diagnosis. In the two cases reported, radioscopy showed that the ste- 

nosis, in each, was caused by the compression of tumors in the posterior 
mediastinum. In both cases, the radioscopic examination was aided by 

the passage of a sound filled with a concentrated solution of bismuth 
subnitrate, or else provided with a metallic stylet. i 

É Diverticulum.—A diverticulum may often be diagnosed by the above — 
“method. The bougie or sound may not enter into the pouch, however, 

when it becomes necessary for the patient to drink bismuth suspended in 

water ; one to two parts to 100 parts of water. When possible, skiagraphs 

should be taken, as it requires but a few minutes and the operator does 
3 not endanger his hands. 

| 

Tumors.—Dr. Hugh Walsham * reports two cases of carcinoma of the 

esophagus. He says that, “we must not expect so definite a shadow 
as seen in cases of aortic aneurism.?”? The diagnosis of an cesophageal 

growth is more difficult than that of aneurism. 
Before the screen examination he gives the patient two drams of 

E carbonate of bismuth, suspended in a little milk or mucilage. This 
will map out the seat of the obstruction, whilst the topography of the 
- esophagus can be traced by a metallic bougie. | 

TB. STOMACH: SIZE, SHAPE, AND POSITION. 

Examination by Aid of Gaseous Distention.—This method consists in 

distending the stomach * by the ingestion of certain chemical agents 

which upon reaction result in the evolution of gases. The chemical 
most frequently employed is Seidlitz powder. Upon the fluoroscope the 

stomach appears as a dark area, upon the negative as a light area. This 
method causes the distention of the stomach walls and the displacement 

of the surrounding organs, so that little information can be gained by 
this procedure. 
i Mechanical Method.—In this method, a rubber tube containing a 
‘spirally coiled wire is introduced through the mouth into the stomach. 
 Turck’s gyromele is a device employed to determine the outline of the 
stomach by fluoroscopic means. 
Neumann” uses a Politzer rubber bulb with a soft stomach tube for 
aspiration of the stomach contents. After the stomach has been emptied 
and a clean bulb attached to the tube, it is possible to determine the out- 
pne of the stomach with great precision, by listening to the sound when 
air is forced from the rubber bulb into the stomach. A small amount of 
e 1S Sufficient for the test, thus avoiding distention of the organ. 
In every instance radioscopy confirms the findings of auscultation as 

! Archives of the Röntgen Ray, April, 1903, p. 114. 
A * Journal of the American Medical Association, July 23, 1904. 
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the bulb is compressed and the air forced into the stomach. This test 

is useful in dubious cases in the differentiation of gastric from intestinal 

stenosis. 

The Bismuth Subnitrate Method. — This method consists of the inges- 

tion of subnitrate of bismuth, either mixed with food suspended in water, 

or administered in capsule fori This method was introduced and feat 

employed by MM. J. Ch. Roux and Balthazard.* In 1897, F. Williams, 

of Boston, applied this method most extensively. The employment of 

the kere test, at the present time, is universal. 

Technic of the Bismuth Method.—Chemically pure bismuth subnitratb 

should always be employed. Cases of poisoning, though not fatal, have 

been reported where the impure salt was taken. The stomach should be 

empty, no water should be partaken of, and the bowels should be 

thoroughly purged twenty-four hours prior to the examination. Roux 

and Balthazard use bismuth subnitrate in the proportion of 0.20 per cubice 
centimetre. Williams has administered as much as one ounce of bismuth 

emulsion. Hultz gives the patient the bismuth in a pint or more of 
milk. Boas advises the partaking of bread and milk or of potato soup, 

into which has been stirred one ounce, or more, of the bismuth salt. 

Fluoroscopic Examination.—W illiams recommends examination of the 

patient with the fluoroscope, as ‘‘ the stomach moves during respiration, 

and therefore its outlines are blurred on the radiograph.” ? 

Holzknecht and Brauner ® assert that the passage of a bismuth tablet 

into the stomach can be traced and its expulsion watched, and that ‘‘the 
action of massage on the stomach, displacement of the organ during 
respiration, etc., can be better studied by a fluoroscopic examination.” 

I do not employ the fluoroscope, as it is dangerous alike for the 

operator and patient, and because the taking of a skiagraph is only a 

question of seconds. A severe X-ray dermatitis occurred in the hospital 

while the attending physician and my assistant were examining ginal a 

case with the fluoroscope. ` 

Skiagraphic Examination.—The patient lies over a 14 x 17 inches 

(35 x 43 cm.) plate, a penny being placed over the umbilicus and then 

secured by adhesive plaster. The patient must remove his clothing. 

The ventral or dorsal decubitus, sitting, standing, or semi-recumbent 

position may be employed. 

In the ventral position, the anterior wall of the stomach comes in 

contact with the plate. In the dorsal position, the posterior wall will be 

nearer to the plate. In the sitting or standing position, the weight of 

the bismuth will depress the lower border of the stomach, so very impor- 

tant in the study of cases of gastroptosis. The ventral position is to be 

1C. R. de l’ Académie des Sciences, 1896. Bouchard, Traité de Radiologis Médi- 
cale, p. 995. 

* Williams, The Rontgen Rays in Medicine and Surgery, p. 367. 

3 Wiener klin. Rundschau, 1905, vol. xliv. p. 1971. | | 

7 pe the diaphragmatic movements. The exposure can be made suffi- 

7 ‘ciently short either after a full inspiration or after a forced expiration. 

“Narcotics to lessen peristalsis are seldom necessary. In corpulent 
] subjects, especially when the apparatus is inadequate, the intensifying 

Y sereen 

brought out, the a ity produced by the screen is a serious disad- 
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‘preferred, because the bismuth adheres upon the anterior gastric wall, 
i 

presenting clearly the fundus, the cardiac end, and the general Rantoul 

"of the organ. 
The Crookes tube should have a high vacuum. The anode is placed 

q erpendicularly over the third and fourth lumbar vertebree, at a distance 

E of 20-25 inches (50-63 cm.) from the plate. 

Time of Exposure. — The time of exposure should be as short as 

ible, because of the danger of blurring, occasioned by peristalsis and 

can be used; but when a fine negative, full of detail, is to be 

vantage. I employ a high-vacuum tube, with an electrolytic interrupter, 

d duration 3 to 15 seconds, thus allowing the patient to hold his breath 

after a full inspiration. 

Dr. Henry K. Pancoast' reported the cases of 40 patients, ata 
q with gastric or gastro-intestinal symptoms. The technic he employs is as 

follows: ‘‘Bismuth subnitrate held in suspension in mucilage of acacia 

4 (proportion of two ounces of the powder to the pint) (or 64 grams to 
one-half litre) was either poured into the stomach through the stomach 

tube or was swallowed by the patient; the latter method was principally 

} used. The bulk of the bismuth-acacia mixture varied from six to 
thirty-two ounces (190 to 700 grams). Immediately after the bis- 

muth had reached the stomach the pictures were taken, the patient 

being in the standing position, and the plate in contact with the anterior 

abdominal wall. 
“The rays were thrown posteriorly, the patient holding the breath 

i ‘during full inspiration for an exposure of eight to fifteen seconds ; thus 

E eliminating blurring by respiratory and peristaltic movements. Atte 

the picture has been taken, it is advisable to siphon the bismuth mixture 
out of the stomach. 

““Tn several cases as much as four ounces of bismuth: was left in the 

stomach with no unpleasant symptoms ; but on the other hand, six cases 

showed toxic symptoms after this amount had not been removed. For 

the purpose of obtaining the lower border and segment of the stom- 

ach, six ounces of the emulsion containing one ounce (32 grams) of 

bismuth is sufficient. This amount has been left in the stomach with 

no bad effects.” 

_ Dr. Joseph Sailer, of Philadelphia, has reported untoward symp- 
toms following the administration of bismuth. The symptoms varied, 

but cyanosis, dyspnea, nausea, etc., were noted in several patients. The 

! University of Pennsylvania Medical Bulletin, August, 1906. 
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presence of antimony and arsenic was excluded, and it was thought that 

the rays had a peculiar action on the trypsin, with disintegration of ‘the 

subnitrate. Undoubtedly the action only started after the bismuth had 

been for some period in the intestine, and had been acted upon by the 

ferments present.* 

Dr. Henry Hultz? asserts that: ‘‘ Immediately after the bismuth 

meal two dorso-ventral exposures are to be made, one in the standing or 

sitting position, and one in the recumbent position. Assuming that the, 

first Roéntgenographs were taken at noon, the next one should be made 

about six hours later, the patient having partaken of neither fluids nor 

solids since the noon hour.’’ | 

He employs the following technic: A 16-inch coil, Wehnelt intei- 

rupter, but one intensifying screen, a strong tube yielding Walter six 

rays, placed 20 inches (50 cm.) from the plate. He succeeded easily 

in skiagraphing the stomach of a medium-sized subject in one second, 

and obtained a very good plate taken under the same conditions but 

without the use of intensifying screens in three seconds. He prefers an 

exposure of ten seconds without the screen. A e 

Holzknecht and Brauner? recommend the following technic: The 

views are taken standing and reclining and during inspiration and expi- 

ration ; the most important information generally being obtained by radi- 

oscopy. To examine the standing patient, the Röntgen tube and the fluo- 

rescent screen are suspended by weights from a wooden standard, parallel 

to each other. The patient swallows a tablet of bismuth and, after its 

course has been traced, he drinks 50 grammes of water into which 10 

grammes of bismuth have been stirred. After the findings of this test 

have been noted, the patient is directed tọ drink a mixture of 4 grammes 

of tartaric acid and 5 grammes of sodiúm bicarbonate. On the following 

day, the patient is given 400 grammes of milk gruel containing 35 grammes 

of bismuth while he reclines on the left siđe, with the Röntgen tube applied 

to the dorsal aspect of the body ; Pab eny he is examined when 

lying on the right side and again when in the dorsal posture. | 

Hemmeter of Baltimore* has recently used the following method : 

“The dilated stomach is coated internally with bismuth subnitrate by 

means of a powder blower, after which its outline can be distinctly 

recognized through the fluoroscope.” | 

Rieder’ says: “Let the patient swallow a mixture of 10 or 15 grammes 

of bismuth subnitrate suspended in 50 c.c. of water, and observe deglu- 

tition by the fluoroscope. The act of swallowing may be studied more 

leisurely if a small quantity of the bismuth salt be given in a pill. For 

1 University of Pennsylvania Medical Bulletin, August, 1906. 
2 Transactions of the American Róntgen Ray Society, 1906, p. 45. 

3 Wiener klin. Rundschau, vol. xliv. p. 1971. 
4 Diseases of the Stomach, p. 640. | 

5 Miinchener med. Woch., epitome in Medical Record, Feb. 10, 1906. 
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oro exact observation, a bismuth meal is employed. Thirty grammes 

E of bismuth subnitrate are mixed with a littie milk and this is then added 
40 300 or 400 grammes of flour gruel, sweetened with milk-sugar to 

obviate constipation.”’ 
| 

Dalton and Reid' obtain the position of the stomach by the employ- 

ment of an cesophageal tube containing bismuth. 

The Transillumination Method.—This method consists in introducing 

some radio-active substances, or an electric light or air into the stom- 

ach, and then viewing the viscus with the fluoroscope or by taking a 

 skiagraph. 
Max Einhorn’ remarks that: ‘‘ Transillumination into the stomach 

can be demonstrated with Kahlbaum’s barium platino-cyanide, or by 

means of a photographic plate. The latter method has the advantage 

3 that no dark room is required and that the result obtained is visible to 

every one, leaving nothing for imagination or speculation. 

= In order to procure a radium photograph of the stomach I pro- 

ceed as follows: The patient should be in the fasting condition (empty 

stomach). The radio-diaphane, containing 0.05 gm. (or more) of pure 

radium bromide, is introduced into the stomach. The patient occupies 

a recumbent position, and a photographic plate is put directly over the 

gastric region and allowed to remain there for one or two hours, accord- 

ing to the requirement of the case. The plate is then removed and the 

= yadio-diaphane withdrawn. The plate is then developed. 

““Contrary to my expectations, radium enclosed in a quartz flask 

failed utterly to transmit the photographic rays, while thin ordinary 

glass answered the purpose very well. 

“The shortest time for obtaining a photographic outline of the 

stomach is one hour ; in less than an hour hardly anything is visible ; one ~ 

and a half to two hours bring out the outlines more distinctly. Insuffla- 

tion of air into the stomach occasionally aids in obtaining a good picture. 

“ A few of the better radium photographs in my possession are 

reproduced herewith and show that transillumination of the stomach by 

means of radium is feasible. It is even possible to recognize an area of 

light which had to pass through the posterior wall of the stomach and 
d the back of the thorax. One of my negatives shows a key which was 
q hanging below the left scapula and was thus photographed by the trans- 
- initted light from the stomach. 

¢ ¢ . . . 

Considerable sized tumors of the stomach or liver can, sometimes, be 
q recognized on the picture by the diminished translucency. Thus far, how- 
| ever, I have not succeeded in obtaining definite outlines of the growth.” 

Sinclair Tousey * finds the radio-active and fluorescent solutions, as 

‘Lancet, April 1, 1905. 
* Archives of Physiological Therapy, Sept. 1905, p. 115. 

"New York Medical Journal, May 21, 1904. 
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prepared by him with quinine bisulphate and fluorescin, are innocuous 

when given by the mouth or subcutaneously, but do not produce singly, 

or in combination, sufficient fluorescence to be of value in the examina- 

tion of the stomach without the use of some additional light to excite * 

their fluorescence. In some cases, however, they will be of the greatest 

assistance in the diagnosis of stomach lesions, and at times of advantage 
in X-ray treatment. 

In eases of gastroptosis, I have had experience with this method at 

the Philadelphia Hospital, where it has not afforded me any satisfaction.. 

C. THE CLINICAL APPLICATION OF THE RAYS. 

Stomach.—The behavior of the stomach during digestion has been 

studied with the X-rays on cats and dogs by W. B. Cannon.’ The out? 
line of the stomach was reproduced on the screen by giving the animal - 

small, but frequently repeated doses of bismuth subnitrate. After a 

plentiful feeding the viscus was observed to be considerably larger, 
gradually diminishing in size as the process of digestion proceeded ; at. 

the same time, the cardiac end acted as a reservoir for the ingested food 
while the pyloric region presented marked peristaltic moveménts. It was 

further noted that liquids soon pass from the stomach, while solids remain 7 

there for an indefinitely longer period. 

The activity of the digestive juices can be determined by giving the 

patient a small quantity of bismuth in a small capsule of gold-beater’s 

Skin or gelatine. As the patient swallows, the shadow of the opaque 

spot is demonstrable on the fluorescent screen so long as the capsule is 

intact. When the gold-beater’s skin has been disintegrated by the action 

of the digestive juices, the particles of bismuth become diffused and 

the black spot is no longer seen on the photographic plate or screen. 

The time occupied by the digestion of the capsule is a measure of the 

activity of the stomach and the quality of the peptic juices. 

Repeated examinations will reveal the time that is required to empty 

the contents of the stomach. The bismuth accumulates near the py- 

loric end and passes to the intestines. This consumes a period of about 

6 or 7 hours. | 

Position of the Stomach.—Butler’ asserts that: ““ The lower border of- 

a normal but much distended stomach may be found at the level of the 

navel. If below the umbilicus the condition is abnormal.” Quain believes 

that: “It is generally a little (half an inch to an inch) above the highest 
point of the iliac crest, and about opposite the disk between the third 

and fourth lumbar vertebree.'?? The shadows of the normal stomach 

being approximately known, any increase or decrease in the interval from 

1 American Journal of Physiology, vol. i., May 1, 1898. 

2“ Diagnostics of Internal Medicine,” p. 543. 
- 3 Quain’s Anatomy, vol. i., p. 679. 
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os e very small. | | 

3 nec! however, believes that: ‘A stomach which is of nor- 

size and situated in the normal position is rarely visible ; but when 

ptosis occurs the stomach becomes visible. When the walls of the 
mal 
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s will inform the skiagrapher of any abnormal gastric posi- 

the tube is at a distance of 20 inches (50 cm.) the distortion 

h are infiltrated with carcinomatous deposits, abnormalities in the 

tions of the organ are readily observed, when food mixed with 
. e 1 9) 

‘<muth is given to the patient. ; 

E Rieder had large quantities of ‘bismuth mixed with the food and 

iven in enemata, and then examined the patients with the screen. His 

E | deductions are contrary to the teachings of text-books. When the stom- 

ach is full, the pylorus, for instance, may be found to the left of the 

3 median line. The full stomach lies vertical or diagonal, never horizontal. 

There is always an accumulation of gas to be noted in the upper part of 

the fundus during stomachic digestion. He also observed interesting 

facts concerning the motor functions of the stomach and of the various 

parts of the intestines. | | 

Gastroptosis. —This condition is best shown skiagraphically (Fig. 189) 

E while the patient is sitting or standing, or in both dorsal and ventral 

q positions; otherwise the condition may not be detected. Often there 

will be a difference in the position of the stomach depending upon 

whether the skiagraph is made after full inspiration or after fall 

expiration. 

The form, size, and shape of the stomach can be ascertained by a 

] careful study of the normal stomach and then by comparing it with 

any supposed abnormality, being careful that the technic is identical in 

each case. 
-G. Leven and G. Barret? studied the outlines of the stomach by 

following the path of a bismuth pill, and came to the conclusion that : 

“ Our ideas of the shape of the stomach in life demand revision, also that - 

the lower curve of the organ does not sweep across the abdomen, but that 
1 the cardiac end has a small amplitude from which the line runs inward, 

then sharply down to, or below the umbilicus, and as sharply up again 

towards the pylorus. 
““The form of the stomach has therefore not the regular lines hitherto 

q drawn, and such as we see after death ; but the superior part is dimin- 
ished in size by the dilatation of a tube-like process going downward 

from the lower border towards the navel.’’ 

The authors aver that in the normal stomach this tubular part re- 

f ceives fluids till it is full. When more liquid is added, the tube begins 
to expand, so that the level of the liquid remains constant for a time, 

_ when the latter finally invades the rest of the cavity of the stomach. On 

1 Berliner klin. Wochen., February 28, 1906. 
2 Presse Médicale, Paris, January 31, 1906. 
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the other hand, in a dilated stomach the authors’ characteristic method. 
of filling is not evident; the fluid collects in the lower curve of the 
viscus, and the level ne slowly and regularly. 

Stenosis of the Pyloric End.—W hen the average time which is neces- 
sary for the passage of the food (bismuth) for a normal stomach is pro- 

longed (over 6 hours), it is indicative of stenosis of the pyloric end, or 
of gastric insufficiency, either caused by dilatation or atony. The ski- 

agrapher should make several exposures to determine the time r quired 

to empty the stomach. 

D. INTESTINES. 

If only the stomach is to be examined, the bismuth can be pumped 
from the stomach after the skiagraphs are made; if allowed to remain 

for three, six, or eight hours, the bismuth passes into the intestinal -canal 
in 15 or 20 hours. Itis possible to obtain skiagrams of the colon and 

other portions of the intestinal tract. 

Rieder’ declares that: ‘‘For the large intestines, rectal injections 
may be used ; and that by the use of one litre of fluid containing bismuth 
it is possible to insure penetration as far as the ileo-ceecal valve.” 

Sounding and Radiography of the Large Intestine.—Schiile’ has been 

testing various sounds, including Kuhn’s flexible spiral sounds and also 
the Kassel soft tubes with flexible metal guide, terminating in a button — 
25 to 33 inches (5.5 to 8 cm.) in circumference, thus obviating all danger 

of perforating the intestinal wall. His conclusion is, that no convincing 

proof has been obtained, to date, that a sound has been successfully 

passed into the descending colon, to say nothing of the transverse portion. 
The innumerable folds, windings, and swellings of the intestine render 

it impossible to determine whether an obstacle to the progress of the 

sound is of a natural or a pathological nature. On the other hand, the 
direct visual inspection of the rectum and the sigmoid flexure by the 
J. Schreiber and H. Strauss technic is perfectly reliable. Schiile found 
that “high injections” were practicable, the best vehicle being oil. An 

injection in the knee-elbow position of 300 to 400 e. e. of oil with 125 

gm. of bismuth subnitrate, followed by radiography, showed that the oil 

had penetrated to the ileo-ceecal valve. In two of the patients there was 
pronounced enteroptosis, the transverse colon in one hanging suspended 

like a garland from the two points of attachment at each end, the centre 

reaching far below the upper plane of the pelvis. On account of the 

small amount of the oil injected, and the fact that the subject was in the 
knee-elbow position at the time, the injection could not have been 

responsible for the sinking of the intestine. The radiograms show per- 
fectly the topography of the colon for its entire extent. They also prove 

*Munch. med. Woch., epitome in Medical Record, February 10, 1906. 

? Archiv f. Verdauungs-Krankheiten, Berlin, last indexed page 863. 
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the ileo-cecal valve is always continent. Tests on the cadaver 

ed that extreme pressure, beyond what would be possible in the liv- 

a g subject, is necessary to force it open. 

© Tntestinal Obstruction.—Rudis-Jicinsky* reports two such cases : one, 

Ebo of 10, swallowed a tin whistle, and the usual symptoms of intestinal 

3 ad etion followed. The site of the occlusion could not be determined 

Eo. usual way. On X-ray examination, the whistle was found at the 

a iction of the small and large intestine. On the third day the whistle 

E d. A boy, of 12, had symptoms of obstruction and was in a 
was passe 7 BES . ; res 

serious condition. The first diagnosis was one of invagination at the 

lower P 
found 1 i 

Performed, and the obstruction was discovered to be caused by a small 

wooden whistle. The author has produced artificial obstruction in dogs, 

and then traced a specially prepared pill to the point of obstruction by 

means of the X-rays. The diagnosis in such cases was verified. 

T T believe that the exact location of the obstruction or of a particular 
portion of the intestine cannot be determined because of the superimposi- 

tion of the coils of the intestines; but an approximate location in the 

abdominal cavity can be ascertained by the direction of the passage 

traversed by a specially prepared opaque pill. - | 
E An important case coming under my care was that of a man, 42 years 

old, suffering with symptoms of intestinal obstruction. An X-ray exami- 

nation was conducted, revealing a large-sized enterolith. The seat of 

obstruction was at the ileo-cecal valve. An operation was performed and 

the obstructing mass removed. Three years prior to this, the patient had 

been a sufferer from biliary calculi, but refused to undergo an operation 

at that time. It is very likely that this intestinal calculus was primarily | 

a biliary calculus which passed into the intestines and there remained 

fora period of three years, gradually becoming larger and larger. The 

exterior of this stone was uniformly softened, while the centre was ex- 

tremely dense. | 
Following a biliary colic, it is always advisable to ascertain, by an 
X-ray examination, if calculi have been passed into the intestinal tract. 

Rectal Imperforation.—The following case is illustrative of this con- 

dition. A child when born was observed to have an imperforate anus, 

with an absence of rectal tract. A consulting surgeon suggested an 

nguinal colostomy. The child lived with this annoying condition for 

welve years. It was then decided to try further surgical means. I 

proceeded to examine the case, as follows: Into the rectum through the 

artificial anus, I injected an emulsion of bismuth subnitrate, at the same 

Ime passing a steel sound through the anus to the point of obstruction 
Uthe lower end of the rectum. A skiagram proved the obstruction to 

that 

ortion of the ileum. On X-ray examination an obstruction was 

n the small intestine under the umbilicus. Laparotomy was 

1 Medical News, Oct. 5, 1901. 
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be two inches in length. The upper part of the rectum was anastomosed - | 

to the ileum, after first removing the coccyx. For ten subsequent days 

the fecal oda passed through the newly constructed chamnel.' ; 

Abdominal New Growths.—The recognition of neoplasms located in 

the abdominal cavity, by means of the X-rays, is a rather difficult a 

the tumor is dense, it may cast a Shadow upon the screen: if more or less. 
soft, no shadow will be cast. These pathological masses are frequently. 
recognized by their effects upon adjacent structures, as in a displacement 

of the diaphragm, liver, etc. I have made numerous examinations of 

suspected carcinomata.of the stomach, some of the results being favor- 

able, though the vast majority proved unsatisfactory. It must not be 

forgotten that in carcinomata of the pylorus there is some interference 

with the movement of the diaphragm on that side, the latter no sde- 

scending to so low a point as in the normal. 

E. LIVER. 

The correct general outline of the liver may be obtained by combin- 

ing a fluoroscopical and physical examination. The upper or convex 

border of this organ can very readily be ascertained by the fluorescent 

screen, while the lower and concave border is best outlined by palpation 

and percussion. Echinococcus cysts, when located in the immediate 

vicinity of the upper ‘border, may be easily diagnosticated by this means, 

When examining this organ, it is always advisable to have the adjacent 
portion of the stomach and intestines filled with air or gas, so as to more 

readily define the lower border of the liver. A skiagraphic examina- 

tion, especially in adult cases, is very unsatisfactory. In young children 

better results are obtained. : 

Biliary Calculi. —The results of a skiagraphic examination in this 
condition depend to a very large extent upon the chemical composition 

of the calculus. Upon the negative, only a very light shadow of the 

stone is thrown and can, by a very careful examination, be seen only 

with difficulty, even though it is of rather large size. Occasionally large 

calculi can even be detected in the heptic duct. Caleuli composed of 

bilirubin and certain other substances are not very permeable to the rays. 

Those calculi consisting of cholesterin, being largely composed of calcium _ 
salts, show more distinctly on the negative than do the others. Early 
experiments upon gall-stones have been reported by Neisser, Goodspeed, 

and Cattell.’ 
A fluoroscopic examination for biliary caleuli is thoroughly unsatis- 

factory, and until a skiagram is taken no absolute diagnosis should be 

rendered. The method I employ is as follows: The patient rests upon 

the table (upon his back) with the head-end raised and the foot-end 

1 For full report of this case see Hemmeter, ‘‘ Diseases of the Intestines,” vol. ii. 

2 Medical News, Feb. 15, 1896. 

patient may 

‘compo 

| E is very liable to be obscured by the shadow of the contents of the 

i gall- “bladder. When the stone finds its way into the intestine and there 

‘becomes coated with calcium phosphate and carbonate, the shadow cast 
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the whole top of the table slanting in a position of 45°. The 

abdomen should be bared of clothing and lightly bandaged, in order to 

n the peristaltic and respiratory movements. The patient is slightly 

a d toward the right side. A sensitive plate of proper dimensions is 

Eo fixed by a clamp and bracket to a stand in front of the affected 

A tube of the highest penetrative power is placed under the 

with the target pointing in the direction of the gall-bladder, or the 

be placed in the ventral position with the tube above. The 

shoulders should be elevated, so as to bring the shadow of the gall- 

pladder outside of the shadow of the lower lobe of the liver. The time 

of exposure varies, depending upon the thickness of the part to be 

traversed by the rays. 
The presence of calculi is very difficult to detect, because their 

chemical composition allows the passage of the rays, they being largely 

sed of the hydrocarbon cholesterin. Moreover, the shadow of the 

depressed, 

firmly 
i region. 

table, 

will be more definite, as the latter salts offer a resistance to the passage of 

the rays. 

E Dr.C. Thurston Holland * reports the following case: ““A woman, 

of 45, had two attacks of severe abdominal pain, one accompanied he 

slight jaundice. A tumor was discovered in the right abdomen and 

diagnosed as a distended gall-bladder. 

«The radiograph was taken with a 12-inch coil and a mercury break. 

oon employed was 24 volts and 10 amperes. A Cox regulator tube 

was used with a spark-gap of 3 inches (7.5 em.) and through a pressure- 

tube apparatus designed by the author. An exposure of two minutes 

was given. The stones, each three-quarters inch (2 cm.) long, were 
lying end to end, from before backward, and cast annular shadows with 

the patient feng with the abdomen downward on the plate. A second 

radiograph, taken with the woman on her back, also showed the same an- 

nular shadow, but, the stones being further from the plate, the shadow 

was larger and not so well defined. A surgical operation disclosed two 

eres of the usual type; one weighed 100 grains (6.4 grams), the other 

113 grains (7 grams), which were composed of concentric lamine of bile- 

Mens and cholesterin. Calcium was present, but greater in quantity 

al the periphery, where the stones were much harder. 

_ “The success attained in this case was due to the presence of lime- 

salts, and to the employment of a pressure-tube apparatus which fixed the 

part and cut off all except a small central stream of X-rays, and most of 

th 'e Secondary rays, and thus prevented fogging of the plate and blurring 
of the shadows.” . 

1 Archives of the Röntgen Ray, Feb. 1906, p. 241. 
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Dr. Carl Beck * made 97 skiagraphs of 28 suspected cases of.cholelithi- 
asis; in 19 of those cases the presence of biliary caleuli was ascertained 
by operation. In only two of these 19 cases was he able to obtain 
shadows on the plates. Later, had good skiagraphs of gall-stones ex- 
hibited at a meeting of the Academy of New York, held in January, 1901. 

For cutting off the secondary rays I think the compression , dia-" . 
phragm is at times useful. I have had cases where the plates showed 
Shadows of the distended gall-bladder, but not of the calculi, because 
fluid offers great resistance to the passage of the rays. In most instances 
the shadow will be too low when the calculi have passed into the intestine. 

Recently, at the Philadelphia Hospital, I was asked to take a skia:. 
graph of a very emaciated patient. I found the shadows of two renal 
calculi in the left kidney, and a round, small stone under the twelfth rib, 
on the right side, and a large one in the pelvis of the right kidney. The 
latter was subsequently removed, but the former defied surgical detection ; 
although I am sure the round shadow was that of a biliary calculus. 

I do not think the fluoroscope is as reliable in these cases as is the 
skiagraph, provided that in the latter the time of exposure is correct 
and the subject is a suitable one. I never have had a case of this kind 
where the diagnosis was solely made by the aid of X-rays and confirmed 
by operation. 

F. PANCREAS. 

On account of its peculiar anatomical situation, this organ cannot be 
easily recognized by an X-ray examination. In one instance I was able 
to obtain a shadow of this organ on a skiagram. The patient was unusu- 
ally emaciated, and from the clinical signs and symptoms, a diagnosis of i 
carcinoma of the pancreas had been made. The patient was prepared as 
usual, and subjected first to a fluoroscopic and then to a skiagraphic 
examination; a very faint shadow was discoverable, superimposed upon 
the one produced by the stomach. Since then, I have at frequent inter- 
vals tried to make similar examinations on different subjects, but have 
never succeeded in repeating or reproducing what then was considered a 
rather satisfactory image of this organ. In this instance I distended the 
stomach with air in order to allow as clear a field for this organ as possi- 
ble. Tam of the opinion that this fairly good result was due to a peculiar 
abnormal principle which is opaque to the rays, and whose nature thus 
far has not been determined. | 

G. SPLEEN. 

This organ is easily shown in children by means of the fluorescent 
screen. In adults the skiagraph only is satisfactory. The patient is best 
examined in the recumbent position, being slightly turned toward the left 

! New York Medical Journal, January 20, 1900. 

and at the s 
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The sensitive plate is placed in front of the patient in the region of 

with the tube below or behind. In those who are corpulent, 

lace the patient in the prone position with the plate beneath 

1 

side. 

this organ, 

jt is best to p > 

| be above. 
. | 

3 tor to the examination, the large intestine should be distended 

j j j re to displace all of the adjacent organs, 

T a R Me Sain of contrast between the 

f the spleen and the 2 es light ate case pe 

j er border 1s in re 

ee ond pipe rae RER the blurring of the image, the 

e old be permitted to emanate from the tube only during inter- 

- the patient has ceased breathing. The screen examination 

no bon in a child demonstrates the fact that the anterior border 

= Fe hiy more than the posterior, as though this organ were turning 
m 

lower edge 0 

on its long axis. 

II. Genito-Urinary System. 

The great strides made in surgery and surgical bacteriology within 

the past twenty years have effected a complete change in the R 

the Moses, and the treatment of many surgical affections. a E 

less or to Rontgen’s discovery positive E ae ore 

diti j j ible. The truth of this statemen 
conditions were manifestly 1mposs1 S 

j ito-uri field. Many of the patholog 
ded support in the genito urinary — 

ics of the kidney could be ascertained only by cutting down a 

that organ, especially in suspected cases of calculi, displaced ki 2 

hydronephrosis, pyonephrosis, etc., frequently forcing upon ae 

the serious embarrassment of operating upon some distant organ, Y Be 

ain was experienced by the patient, the result of reflex aa in 

a same manner invaluable assistance has been lent by this new al oF 

the diagnoses, in many of the more obscure diseases and affections 0 

E land. he ureters, the bladder, and the prostate g is 

a ‘The shadows of the Pa are most difficult to show on the negativ ES 

The upper portion of the right kidney presents an added ee me 

j j The affection oO e 
superimposed shadow cast by the liver. 

nA Fe ently brought to the attention of the skiagrapher is that of 

suspected calculus. 

A. ORDINARY METHODS. 

It is common experience that a case of renal calculus will = pee 

denced by a few of the classical signs and symptoms which no re a 

quently confuse the mind of the diagnostician. Thus, noe - 

the eminent English surgeon, found renal calculi EE two-thir $0 ae 

suspected cases. Brewer! mentions two instances wuere distinguishe 

1 Annals of Surgery, May, 1901. 
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Bevan and Franks made the same error, the former suspected a case of 
appendicitis, aud the latter ovarian disease. Jacobson! mentions at 
length the differential diagnosis between incipient spinal caries and 
renal calculi. , ; Ay 

Prior to the discovery of the X-rays, the most advanced studies in 
kidney affections were due to ureteral catheterization, introduced by 
Howard A. Kelly, of Baltimore, and to Harris’s invention of the segre- 
gator, for drawing off separate urines from each kidney. The chief clini- 
cal aids may be stated as follows: 

General symptoms, chemical, macroscopic, and microscopic examina”. 
tions of the urine with the addition of the centrifuge, percussion over the 
affected side, the ureteral catheter and sound, inspection of the bladder 
and ureteral orifices, and the segregator. With the possible exception of 
the actual finding of a stone in the urine, we are not absolutely convinced 
whether we are to deal with a nephritic calculus, if there is one or many, 
if it is in the ureter, or if one calculus is in the ureter and another in 
the kidney. If upon exploration only one stone is found, it is not 
conclusive evidence that others are not present, either in the ureter or 
some other part of the kidney. | 

B. PENETRABILITY OF CALCULI. 

The most useful and accurate method thus far advanced for the 
detection of renal calculi is by means of the X-rays. Chapius and 
Chauvel,* in Paris, were the first investigators to study renal calculi 
by the aid of the X-rays. They mention that calculi, whose chemical 
structure is uric acid, urates, or phosphates, cast shadows slightly less 
opaque to the rays than do compact bones. As the kidney substance 
is not so easily penetrated by the rays as muscular tissue, it would 
be natural to infer that the negative would show a lighter shadow than 
the adjacent tissue which is more penetrable by the rays. Dr. Mac- 
intyre,” of Glasgow, also made early and successful investigations on 
renal caleuli. | 

Dr. James Swain,* of Bristol, was the first to detect the different 
degrees of penetrability of different calculi. His method of investi- 
gation was as follows: On a sensitive plate he placed different caleuli 
of the same dimensions, exposing them for periods of one, two, four, 
eight, and sixteen minutes. He early observed that ““the more dense 

_ the object the deeper was the resulting Shadow,’’ and that the law first 
laid down by Róntgen was not true of different calculi. If tabulated 

* British Medical Journal, January, 1900. 

* Académie de Médecine, 21, iv., 1896. ` 
° Lancet, July 11, 1896. 

* Bristol Medico-Chirurgical Journal, March, 1897. 

` 

surgeons diagnosed stone in the kidney as cases of appendicitis. * - j in the order 

3 to the rays; 
as follows: 

a and a piece of kidney. 
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of their highest specific gravity, their greatest permeability 

and their greatest density of shadow, the results attained are 

DENSITY OF SHADOW. 

1. Oxalate of calcium. 

2. Phosphatic. 

3. Uric acid. 

4. Biliary. 

PERMEABILITY TO THE RAYS. 

1. Biliary. 
2. Uric acid. 

3. Phosphatic. 
4. Calcium Oxalate. 

SPECIFIC GRAVITY. 

1. Oxalate of calcium. 

9. Uric acid. 

3. Phosphatic. 

4. Biliary. 

Dr. Swain exposed one calculus of each type with a section of rib 

An increased time of exposure produced a 

adow. so that at the end of the “sixteenth minute,” the calcium 

late and phosphatic calculi, with a faint trace of rib, showed on the 

oe The conclusions reached from these experiments are that the 

a, Pe sures are better than long exposures, also that calcium 

a he and the phosphatic calculi show most plainly. ee 

y Tf the exposures are too prolonged, the less dense calculi will pro- 

duce no shadow. Likewise a calculus of uric acid gives a ae DR. 

than the rib, and in an eight minute exposure much less of a Par > 

that of a rib covered e es ere Thus we conclude tha 

j id is difficult of detection. 

nc cx amare method is that advanced by Réntgen. The many 

errors made in the diagnosis or elimination of renal calculi were Be due 

to a faulty technic, to an incorrect development of the plate, ie o an 

erroneous interpretation of the negative. It is imperative to oe oe 

skiagram that has detailed shadows of tissues less opaque than the leas 

ay ons e the X-rays we are enabled to diagnose hypertrophy, 

atrophy, displacement, tumors, hydronephrosis, Prone ph oa an ee 

nephritic abscess. Hypertrophy is a condition which is always A n i 

and, by comparison with the kidney of the opposite side, is readi T a 

nosticated. The above mentioned conditions, however, can only be. 

demonstrated in those subjects not too corpulent, when the exposure has 

been sufficiently long, and when the exposed negative has been an 

produced by the developing process. The margin of the hypertrop 

kidney is clear and sharp. If this sharp margin is irregular in a O 

its part, the examiner has found a neoplasm springing from the iy ea 

area. Atrophy of the kidney is more difficult of diagnosis. The mos 

usual cause is the existence of a calculus. | 

Displacement of the kidney is a common affection, its occurrence 

being indicated by a knowledge of its normal relations and by a com- 

parison with the shadow produced by the abnormal position. Perine- 

phritic abscess can also be diagnosticated by the rays. The conditions 

favorable for best results are found in patients of slight build, and when 

fainter sh 

the intestinal canal has been thoroughly evacuated. 
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In hydronephrosis and pyonephrosis, a shadow showing involvement. z 

of the pelvis of the kidney may be observed. ‘This condition is more 

readily diagnosticated from a good negative than is a perinephritic 
abscess. 

Cases of gonorrhcea, with pus in the region of the kidney, have been 

diagnosed with the X-rays; the skiagram showing an irregular mass on 

the convex border of the shadow produced by the kidney, the shadow 

of which is denser than that obtained from the normal kidney itself. 

C. TECHNIC OF RENAL SKIAGRAPHY. 

When renal calculi cannot be diagnosticated by skiagraphy, the. 

chief causes will be found to be under- or over-exposure and improper 

development of the exposed plate, or because the tube lacks the necessary 

high penetrative power. À 
Preparation of Patient.—In taking a skiagram see that the patient is 

briskly purged, and that he abstains from all food for at least 24 hours 

prior to the time of exposure ; in the interval, give him a high enema. 

The bladder should be emptied just before the time of taking the 

picture ; if this be impossible he should be catheterized. The patient is 
placed in the recumbent posture, and the knees flexed, so that the normal 

lumbar curve will come in closer contact with the plate. Two plates of | 

sufficient size to include both kidneys should be placed on top of one 

another, and protected by a celluloid cover, in order to prevent injury 

from excretions. The upper edge of the plate should To ue the 

position of the tenth rib, and the lower edgé to the superior part of the 

sacrum. This will include part of the ureters at the lower end of the 

plate. The tube should be of the highest penetrative power, so as to 

lessen the time of exposure. When both kidneys are to be skiagraphed 

the tube should be placed in the median line above the patient, and at 

a level corresponding to the position of the pelvis of the kidney. 

If only one kidney is to be skiagraphed, use a smaller plate, placing 
the tube in front of the patient, with the target pointing to the centre of 

the kidney. As respiratory movements interfere with the production of 

an accurate skiagram, the whole abdomen should be bandaged as tightly 

as possible. Some examiners prefer the patient holding his breath 

during exposure, but I have encountered some difficulties in attempting 

to carry out this method. . For skiagraphing the renal organs,1 always 

use the Wehnelt interrupter. | 

©. C. Slaberia and A. P. Slaberia,' of Barcelona, recommend the use 
of a moderately hard tube (except in cases of very stout patients, when 

a hard tube should be employed) and a long exposure, varying from three 

to six minutes in children, as much as thirty minutes in adults, and up 
to sixty-five minutes in very stout persons. They do not employ an 

1 Fortschritte a. d. Geb. der Rontgenstrahlen, Band v., Hefte 2, 3. 
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E i any erythema or other injurious SH 

él ectrolytic break, ee aoe es Pe A skiagraphed seven times. | 
ol h in one instance Pp ae WM 

effects, ies e of a displaced or very movable kidney, they advise E 
xcept 1 Eo of the patient. Despite some advantages, they con- i | 

the dorsal Boe eE oa inadvisable because of the increased distance | 

sider the pentra. P the plate. Dr. Charles L. Leonard, of this city, was 
of the kidney oe a low-vacuum tube, with a spark-gap of13 to 2 inches, 

the first to advoca self regulating, and which will give a large volume of 

| (45 oe Be icon discharge. He formulates this axiom, ‘‘that in a 

macnn” ssing a differentiation in the shadow of tissues less dense 

negative ee Ade calculus, no calculus can escape detection.’’ Per- 

than the leas ‘th Shenton and those other skiagraphers who advocate | i 

sonally a x tube with a short exposure. The latter is advantageous il 

e Ee o oire of suspected calculi, for these can þe applied while | Ii 
in taking sida his breath,” thus avoiding diaphragmatic moyements. AÑ 

the patient ke several short exposures when skiagraphing this region. I | 

I i a A less likelihood of penetrating the calculus with the high | |! 
believe e E exposure, than with a softer tube and a longer exposure. i 

sa of the intensifying screen, because of the gran- | 
3 cannot advise the use A, : do I ommend the compres- | 

— . sented on the negative ; neither o I ree i 

1 arity E aom. as we do not know where to apply the latter, as it covers — |, 

sion pos a at a time, and thus prevents comparison between the 

only a smal an : e onding normal part. Dr. Joseph F. Smith, in | 

4 oo cae Rónteen Ray Diagnosis of Renal Calculus,””! remarks : i) 

E Fin 1899 Abbe collected from literature and tabulated twenty-five | 

E a inna a positive diagnosis had been 
made by the X-ray and later 

Y Ba by operation. To this list of twenty-five he added two ee 

oo : . ; IN d up to that time. ese 
of his own, making twenty-seven cases reporte Hee ae 

twenty-seven cases are arranged by a oleae TPR ee 

of Glasgow, reported the first o A bes roms 

ian a a a ne Chicago ; McArthur, Chicago ; 
Hne e . e ; f 

BP on tne ; Alsburg, Germany ; mee Dean oe 

England; Fenwick, England ; Leonard, Philadeip ses a Washer. 

McBurney, New York; Abbe, New York, two cases. 

K ases.?? Se | 

phritic calculi, Dr. Chas. L. Leonard, one of the greatest authorities on this 

“subject in America, says:? “The absolute negative and ete ee 

of caleulous nephritis and ureteritis can be made with an er OS 

than 3 per cent. A statistical study of the 320 cases ae sees 

3 hat calculi have been found in 93 cases, Or a little less = : tee 

of the cases examined. In many of the cases, 10 which a negativ 

j ici 4, 1904. 
g 1 Annals of Surgery, May, 1904. 2 American Medicine, June 4, 

E z 
a ý 
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| exclusion diagnosis was rendered, the patients had such slight symptoms b) whether we have to deal with a double-sided stone formation 
as to render the presence of calculi possible, but not probable. In 47 

ot 
au 

F. E coexisting kidney disorder, or whether in the already existing 
or oth 

cases the symptoms demanded operative intervention, and in all but one l E -order only one kidney is involved. | 
the accuracy of a negative diagnosis was proved by the operation, and no 4 So The result of the negative Róntgen investigation should be consid- 

nua were shea In O ‘a the ne Sica Pas apie 7 3 ered in connection with the condition of the clearness, concentration, and 
ere was no operation e subsequent develo othe j q 3 : : ¡ j A 

lema tiat tha dingncels: had been correct. Ta Garin sete. of cc o ce areare by Baal bo af fke stones noO 
diagnosis, small calculi, that had escaped detection, were subsequently 3 3 contained only triple phosphates. All the others consisted of mixtures 

passed. Thus, there has been a total R or of but four cases in the _ i E in different proportions of calcium carbonate, calcium phosphate, calcium 

negative diagnoses, one due to defective technic, and the others to ] oxalate, and uric acid or urates. Five of the stones consisted largely of 

aren RE plates.” ia 3 i os i | i calcium oxalate, fourteen of calcium phosphate, and two of uric acid. 

n Ra a are EE E Y Sed ee O ; A E Of the two stones consisting Al of A a oe Sia of a 
: a -ray as a means ol diagnosis was to be. — EO was a mixture of uric acid with calcium phosphate, an e second, 

relied on to a greater extent in cases of kidney stone than any other means i a eure of uric acid with calcium oxalate and phosphate. : 

at our disposal. He thinks the best exposition of this entire work is to ] i Errors in skiagraphing calculi may be due to several causes,—great 

be found in “Beitráge fur Chirurgie,” from the pens of Kummel and ` q density of the parts, as in very stout persons, transparency of certain 

Rumpel. Kummel takes the position of Leonard and Bevan, and pre- 4 | i calculi, as of the uric acid type, diminutive size of the stone, faulty 

sents practically these conclusions, that the X-ray, properly used, will | 7 exposure, faulty development of plate, or any defect in the apparatus. 
detect a stone in any individual, no matter how thick, or of what chemical : q I am in accord with the view expressed by Dr. Charles L. Leonard, 

composition ; that the detection of the stone does not depend so much on i that a positive or negative diagnosis of a urinary calculus should be 
its chemical composition or the thickness of the individual, as it does on +: q based upon the findings on the negative, as the calculus should always be 

the proper use of the X-rays. | | au . Y detected, if the negative shows a shadow of the least dense tissues. On 
Kummel and Rumpel* report a series of eighteen cases diagnosed q E 4 good negative, the shadows of the following structures should be 

positively by the X-rays, all of which were subsequently operated ‘Visible: Shadows of the lumbar muscles, the transverse processes of 
upon, and stone extracted. The conclusions drawn from their work are | 4 the vertebrae, and the twelve ribs. | 

as follows : b i a 
““The exact diagnosis of kidney stone is to be made only by means © E 3 D. URETERAL CALCULI. | 

of the Rontgen procedure. | | 

“The presence of a kidney stone, whether located in the kidney 
substance, the calices, or in the ureter, will be demonstrated upon the 
plate in every case, by proper application of the Rontgen method. 

“The negative result of the Röntgen method after repeated attempts. 

allows of the exclusion of a calculus. _ 
“The demonstration of a stone shadow upon the Röntgen plate is ̀ 

not dependent upon the size and chemical composition of the calculus, 

but singly and alone upon the technic of the Róntgen operator. 
““A high degree of corpulence in the patient may render the demon: 

stration of a calculus by the Róntgen method very difficult, but in general 

does not render it impossible. 

““In every case of nephrolithiasis it is advisable to employ the 
functional methods of investigation, since they show us by combined 

application (a) whether a disturbance of the whole kidney function exists 

These are difficult to skiagraph, as the shadows of the pelvic bones 

superimpose upon the shadow of the calculi in the lower portion of the 

ureter. 

Of the 93 cases in which calculi were found, Leonard states that: 

there were four in which calculi were present in the kidney and ureter 

of the same patient. Including these cases, 33 renal calculi were found. 

and 64 ureteral. 
E Tenny! has been able to add 33 cases of ureteral calculus since the 

publication of the 101 cases collected by Schenck.’ The location of these: 
stones has been in a general way in one of three places, depending on the 

physiological narrowing of the ureter. The first point of narrowing is 

about 7 centimetres down, and has a diameter of 3.2 millimetres. The 
second is just above or below the brim of the pelvis, and has a diameter 
of 4 millimetres, and the third is at a point just above the bladder, and 
has a diameter of 2.5 millimetres. The number of stones in the series of 

1 Journal of the American Medical Association, March, 1905, p. 1062. : 4 1 Boston Medical and Surgical Journal Feb. 4. 1904 

? Beiträge für klin. Chirurg., 1903, Band xxxvii., Heit 2. 2 Johns Hopkins Hospital Reports, vol. 10 vol, 10; 
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34 cases caught in the above locations corresponds very nicely in its 

diameters, 35 being caught in the first isthmus, 18 in the second, and 73 

in the third. In the remaining cases, the locations were not given. s 

On the left side of the ureter, but sometimes on the right, is ocea- 
sionally noted a sharp, round, white shadow corresponding to the lower 

Reid’s apparatus for renal skiagraphy. 

end of the ureter. This is caused by the presence of a phlebolith, which 

must not be mistaken for a calculus. Dr. Russell H. Boggs, of Pitts- 

burg, maintains that this shadow is due to a sesamoid bone. 

E. W. H. Shenton,’ of London, believes that the fluoroscope is not 

sufficiently used in examinations for renal calculi. He advises placing 

the patient in a horizontal position, face downward, with the arms above 
the head. Efforts should be made to make the lumbar spine straight, 

even to the extent of placing a pillow beneath the abdomen. The tube 
should be placed beneath the patient 6 inches (15 em.) from the abdomen, 

the actual distance varying according to the conditions of the tube and 

the size of the patient. The sereen is placed upon the patient’s back. 

A new apparatus for skiagraphing the renal region, devised by Mr. 

1 Archives of the Röntgen Ray, March, 1902. 

lead base is raised, the arm 

| 
\ 
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A. D. Reid, of London (Figs. 190 and 191), and marufactured by Harry 

w. Cox, Ltd., of London, dispenses with the use of compressors and is 

described as follows : The patient is laid upon the couch and an air cushion 

is placed under the part to be radiographed. The plate is then placed on 

the patient’s back and the lead base with the upright arm is attached to it. 

When the patient breathes the 

moves the lever up and causes it 

to make contact. 

This contact is merely a 

switch introduced into the pri- 

mary circuit of the coil, and 

consequently when it is closed 

the current is enabled to pass, 

and the tube fluoresces, simul- 

taneously the clock shown in 

the illustrations records the 

length of the exposure. 
It is, therefore, obvious that 

the kidney—or any other part 
of the body—must always be in 

the same position whenever the 

tube fluoresces. 

Dr. Albers-Schonberg þe- 

lieves that the technic in renal 
skiagraphy has not been suffi- 

ciently studied. Hard tubes, he 
argues, should not be used. The <a =>. 

shadows thrown by the last ribs ` 
and the transverse process of the 

first lumbar vertebre are to be me. 191.—Clock arrangement and break of the same. 

taken as guides. If nothing is 

seen at the first attempt, it should not be concluded that the result is 
negative. The plate should be intensified, and allowed to dry. This 

brings out many shadow details, previously invisible. To obtain the best 

effects the plate should be examined at a distance of 5 or 6 ft. If any 

Specks are seen, which may possibly be due to calculi, another exposure 

Should be made within three or four days. In any case of doubt a sepa- 
_ rate exposure should be made. A lead pipe with an opening of 13 cm. in 

diameter is placed close to the tube, and 50 cm. from the plate, so as 
to cut off the secondary rays and obtain a well-defined shadow. (Figs. 
192 and 193.) My time of exposure in renal skiagraphy depends upon 
the corpulence of the patient, and the degree of high penetrative power 

of the tube. The distance of the target from the plate is from 22 to 30 
Inches (55 to 75 em.). 
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The method of examination of the kidney by the X-rays, when the 

organ is outside of the body during operation, has been fully described 

by the discoverer, Mr. Fenwick.! It consists in examining the kidney 

with the fluorescent screen after the organ has been removed as far as 

possible from the abdominal cavity. . In some cases, he says, the kidney 

cannot be displaced out far enough to permit of a screen examination, 

due to insufficient length of the renal vessels. An objection to this 

method of examination is that the surgeon must necessarily remain 

in darkness for at least ten or fifteen minutes before he will be able to 

successfully perform a screen examination. ~ l 

F. Voelcker and A. Lichtenberg? describe a process of pyelography.. 

The ureter is catheterized, and the instrument is advanced to the renal 

pelvis. A 5 per cent. solution of a silver salt is then slowly injected 

through the catheter. | 

There are individual variations in the amount of fluid which the 

pelvis will tolerate: in one instance 5 c. e. gave rise to colicky pains, in 

mi) Fre. 192.—Com pression diaphragm of Albers-Schónberg. (Kny-Scheerer Co.) 

others 50 to 60 e. c. could be introduced. The shadow cast by the rays 

will reveal any abnormality, such as a kin ing, bending, constriction, or 

dilatation of the ureter. , 

The authors employed the procedure in eleven cases, ten being 

women and onea man. In four of their cases, their efforts were unsuc- 

cessful. The operation is not very painful, but is more easily done after 

an injection of morphia. | 
I present the following as a few of my cases, showing the.value 

of skiagraphy in determining the presence of nephritic calculi : 

In the Medico-Chirurgical Hospital in 1901, I examined a case for 

Drs. Rodman and West, but found only an enlarged kidney. The 

1The British Medical Journal, Oct. 16, 1897. 

2 Münch. med. Woch., January and October, 1906. 
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operation confirmed the diagnosis. In 1900, at the same hospital, I skia- 

graphed a case for Dr. Elwood R. Kirby, and, instead of a calculus, I 

found a collection of pus; this was subsequently confirmed at operation. 

: THE RNY=SCHEERER CONV. 

Fic. 193.—The same, postero-anterior view. 

For several years I made an annual examination of a patient, under 

the care of Dr. Ernest Laplace. The negative showed a calculus in the 
pelvis of the kidney, which was subsequently removed. (Fig. 194.) 

In a case under the care of Dr. Alfred Stengel, I found a calculus in 
the pelvis of the kidney, that for three years occasioned an unceasing 
dull pain. Dr. Charles H. Frazier removed the stone at the University 

Hospital. ; 
At the Philadelphia Hospital in 1903, I skiagraphed a renal calculus 

for Dr. J. B. Carnet, which was successfully removed. 
In 1904, at the same hospital, Dr. Ernest Laplace operated for a sup- 

posed case of appendicitis. After the operation the pain continued, and 

three weeks later a skiagram revealed a calculus in the kidney. This was 
_ removed, and the patient at once recovered. 

; E. THE BLADDER. 

Examination for Calculi.— The preparation required is the same as 
e for a renal examination, and in addition the bladder and rectum should 

be emptied just prior to the exposure. The patient should be placed 

i upon the table in the ventral position. The plate, or preferably two, 

sra ci a PATA IR RACE ARCANO ITA DOT A A A ri me Ae == 

PTE SST TERS LEST ELIOT A e ee 
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well protected, should be laid under the pelvis. The table is tilted so - 

that the head will be much lower than the feet, an expedient for bringing 

the calculus as much above the pubis as possible, thus avoiding. super- 
imposition of the shadows of the calculus and the bone. The tube is 

placed so that the rays will be parallel with the sacrum and pass through 

the true pelvis without causing any superimposition of the shadows on _ 

the negative. Skiagrams produced with the patient lying on the back 

have been very satisfactory in my experience, especially so in corpulent 

subjects, by placing the tube above the umbilicus. a 
In Fig. 195 is shown the skiagram of a large vesical calculus. Ata 

prominent Philadelphia hospital, the case was incorrectly diagnosed as 
an enlargement of the prostate. The patient became progressively worse, 
and as a victim of neurasthenia, he applied to the Nervous Department 
of the Medico-Chirurgical Hospital, 1901. Dr. Ellwood R. Kirby sug- 
gested the wisdom of an X-ray examination, when the large calculus, here 
shown, was found. The patient was operated upon and made a perfect 
recovery. r , 

Englisch’ describes a total of 405 cases of calculi in the urethra or 
diverticulum. He classifies them in various groups, and discusses each 
in turn. The stones were in the membranous portion in 149 instances, 

and in the bulbous urethra in 68 cases. 

Closure of the Bladder, as shown Skiagraphically. — Leedham-Green ? 

found that, whether the bladder was fully distended or not, the outline 

of the organ was oval, not pyriform, and the urethra was sharply cut 

off from the bladder without a suggestion of a bladder neck. There are 
reasons, therefore, for believing that the sphincter of the bladder plays a 
more important part than Finger and Guyon credit it with, and that 

under ordinary circumstances it is by this muscle that the bladder is 
closed, whether distended or not. 

F. PROSTATIC CALCULI. 

F. Frank Lydston* reports that a farmer aged 34 was fallen upon by 

a horse, and the perineum sustained a severe blow. Hæmaturia followed, 
without obstruction of the urethra, and he was apparently well in 10 
days. Six months later there was difficulty in micturition ; he passed 
several small calculi, and has done so at intervals since. Examination 

revealed an apparent calculus at the bulbo-membranous junction, with 

enlargement of the prostate. Operation was advised, and through a peri- 

neal incision a calculus weighing 720 grains was removed from the pros- 

tate. Lydston believes that, as a consequence of the traumatic stricture, a 

certain quantity of residual urine continually remained in the canal, 

Fic, 194.—Calculus in the pelvis of the right kidney. (Case of Dr. Laplace.) 

‘Arch. f. klin. Chir., Berlin, 1906, p. 743. 
” Archives of the Röntgen Ray, May, 1906. 
3 Annals of Surgery, March, 1904. 
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CHAPTER VI 

APPLICATION IN THE SPECIALTIES. 

I. Obstetrics and Gynecology. 

OBSTETRICS. 

In radiographing the uterus and its contents much difficulty is 
encountered, as in this part of the body the rays will have to penetrate 
many thicknesses of tissues ; but, if the abdominal wall is not too fat, fair : 
results may be expected. Another obstacle is, the refusal of the patient, 
to remain in a constrained position for a sufficiently long time to obtain 
the desired results. 3 : 

The distance of the sensitive plate from the uterus, the movements 
of the foetus, and of the uterus itself, and the respiratory movements of 
the mother, are obstacles to satisfactory results. Ce 

Pelvimetry. — A new process of pelvimetry devised by Dr. Henri 
Varnier* demands brief attention. When a radiograph is to be ob- 
tained, the operator arranges the X-ray tube at a short distance from 
the part to be radiographed, usually varying from 16 to 24 inches (40 to 
60 cm.). The result is that, since the radiographie negative registers 
only the projected shadows of the object, the image obtained is some- 
what larger than the original, at least for all the parts of the latter not | 
in direct contact with the sensitive plate. . 

In order to surmount this difficulty, Dr. Varnier removed his source 
of Rontgen rays to a distance sufficient to permit them to behave practi- 
cally the same as if they were parallel. He has shown that the rays may 
come from a considerable distance and the ordinary double anode tubes 
can be employed. 3 

With a coil of 10 inches (25 em.) spark and provided with a Ducretet 
vibrator, he has been able, in an exposure of ten minutes and with a current, 
of 10 amperes at 26 volts, to obtain the outlines of a dry pelvis upon a 
photographic plate placed at a distance of 25 metres from the Crookes 
tube, and in an exposure of 20 minutes the same outlines were obtained | 
upon a plate 30 metres distant. It is usually better not to resort to such 
distances, thus obviating long exposures. 

At a distance of five metres the usual instruments of measurement 
do not show any difference between the dimensions exhibited by the 
object and the radiograph. For ordinary exigencies a distance of 2.5 
metres is sufficient, as shown in the following measurements by Dr. 
Varnier of a dry pelvis. The error found is of the Same nature and 

_ ‘Scientific American, May 1, 1901. 
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E to the long axis O 

ME ond mea 

i Maximum transverse diameter 

q Left oblique diameter 

i pelvis is then placed in pronation 

3 obstruction to the rays. 
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AS 

ieee Cael is practically nil. The modus 

j tube is placed at a distance 
j mely simple. The Crookes tul 

‘a ae cae from the plate, with its cathode PO 

te f the upper brim of a normal pelvis, taken as a poin 

er exceeds 9 millimetres, 
ev 

operandi 

of 2.5 me 

ion. : te ts of observation iled by Dr. Varnier from experimen 
The following table was Se mee am it vill be foun d the differ- 

ements with a dr l i nd i 

b Sen the dimensions of the pelvis itself and the radiograph 
ence be 

AS 
inches | mm. inches | mm. inch mm. 

| 

122, == 4,803 125 = 4.921 | +3 = +0.118 

ior diameter (the only | Listes E 

ap to the present) 114 = 4.488 by + 

n 

118 = 4.645 121 = 4.763 | +3 = +0.118 

Transverse bi-ischiatic ( the part e 
Go tn 

farthest from the plate) 

Width of the first piece of the o pay sven a ee uae 

tance of the anterior and posterior a 
o ea | 0 ee 

iliac bones 

Transverse diameter of the greater o e E a | OO 

Alone the line A B (Fig. 196) taken as a base, he eee e fe 

0x50 centimetre (15.74 x 19.68 inch) sensitized plate. e dry 

e | (i. e., with the front downward) with 

and diameter in 

fram 

the line of crests resting upon C D and its antero-posterior 

j ith E F. | te : 

E In order to operate upon a living person, it suffices to Sees 

dry pelvis by the subject to be examined, who must lie SO ca Alene 

vill assume the same position. By using the data given, the m 

| be accurately obtained. : | 

Mino vatient can be made more comfortable by eens a 

author’s tube-holder and table, placing the tube Do me R e 

having the patient assume the dorsal decubitus position are 

Se adelenburs position is useful, because of the ees oe ae 

abdominal contents toward the diaphragm, thereby les g 

Contremoulins,! of Paris, takes two skiagrams, with the tube in two 

CL 

} Bouchard, “Traité Radiologie Médicale,’ p. 1010, a contributed article by 

M. Fabre. 
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ifferent positions, without disturbin 
of projection. 

g the patient or : ‘ | 
; 'S or altering th 5 i : : i a a ae 

The first negative is taken and then ore ÓN 
may pe redrawn, their apices corresponding to the two positions of the 

$) a 3 ME Crookes tube. The intersection of these cones is an index of the position 

dl j | mn. 
Mi nd size of the pelvic inlet. 

| I} | 
| 4 Stereo-skiagraphy of the pelvis is the best method to employ in 

¡Al 
vimetry and for the study of pelvic deformities. 

pel 
The data given in the above table are those used in the special radio- 

A ; graphic department of the Baudelocque clinic, founded by Prof. Pinard 

E and Dr. Varnier. 

a Williams? says: ¿“In order to determine the transverse diameter of 

the superior prim of the pelvis, the following method has been devised 

by me, by which the two halves of the pelvis are taken separately, but 

on the same photographic plate. The patient lies on her back on a 

stretcher, with the plate over the abdomen and the inlet of the pelvis 

about parallel with the plate. When the right side of the pelvis is being 

taken, the left half of the plate is shielded by a sheet of lead placed 

under the plate. The tube is placed by means of a plumb line as nearly 

as possible directly under the right border of the superior brim of the 

pelvis, in the line of the pelvic axis—3 centimetres to the right of the 

median line. If the tube is at least 60 em. from the plate, the distortion 

in the photograph will not be great. After the first exposure has been 

made, and the left side of the pelvis is to be photographed, the sheet of 

lead is moved So as to cover the right half of the plate and the tube is 

placed immediately over the left edge of the superior outlet of the pelvis, 

| ] 3 em. to the left of the median line. Its proper position being obtained 

| | U 
Ly means of the plumb line, the photographic plate is not disturbed. 

| | | : 4 , An exposure is then made of this part, and, thus, a photograph of the two 

| i A h ] sides of the brim of the pelvis is obtained. By this method the error 

1 | due to the slanting direction of the rays falling on the pelvic brim and 

4 the plate when only one exposure is made for both sides 1s avoided, 

and no calculation is necessary to estimate the amount of exaggeration, 

as in the latter case.” This method is applicable to non-pregnant 

cases. With the gravid uterus the plate cannot be brought in contact 

with the part. 

4 A skiagraph of the foetus may be produced quite readily after it has 

been taken from the uterus. In 1896 Dr. Oliver diagnosed one ectopic 

gestation, six weeks beyond term, in a woman aged 39 years. An attempt 

was made to radiograph the mass within the abdominal cavity, but the 

result was altogether unsuccessful. Operation proved the presence of 

an ovarian sac, which contained a nine-months’ foetus. After its removal 

| by operation a successful skiagram of the foetus was produced. Human 

foetuses in various stages of development are to-day quite readily and 

successfully skiagraphed. The older the foetus the better will be the 

© resulting skiagraph. 
i 
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FIG. — ier’ G. 196.—Varnier’s arrangement for radiography 

second plate is placed i . E n the same positi : 
point of inci See ee position. In each insta ; 

Poat is o indicated on the skiagram. A cor ES ell 
, to be ultimately transferred to a zine plate. Thread: ‘a . S are Stretched from poi i rom points in the latter by which the two cones of cere 4 7 

es of projection q i i 1“ The Röntgen Rays in Medicine and Surgery,” p. 379. 
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Gravid Uterus.—I have been able to produce, in a few cases, skia. 
grams of gravid uteri. Dr. E. P. Davis! states, that his experiments 
showed that it is possible to obtain an outline of the living foetus in the 
body of the mother, notwithstanding the thickness of the tissues, and the 
distance at which the Crookes tube is necessarily placed from the foetus, 
I made several stereo-skiagrams of pregnant women at the Philadel- | 
phia Hospital for Dr. Davis, and the result was eminently successful. 

Anatomical specimens of uteri, and their contents, removed from the 
body should occasion no difficulty. By varying the current and the time 
of exposure, it is undoubtedly possible to obtain a useful picture of the . 
contents of the living womb. | i 

Drs. Henri Varnier and Ed. Pinard have diligently studied the 
gravid uterus, both in the living and the dead, by means of the Röntgen 
rays. In the case of a woman dying from uremia, they were enabled to 

t 

= 
ee = 

WWW QAR 

Fie. 197.—Author’s head rest for stereoscopic work. 

. Show the head of a seven-months’ foetus at the superior strait. In the 
: second case, after death from some form of lung disease, they were enabled 
to Show the contour of the uterus, together with a part of the vertebral 
column of the contained foetus. 

Queirel and Acquavita’ assert that the evolution of the osseous sys* 
tem. is demonstrable, at premature birth, by the Skiagraph, and hence 
the determination of the age of the developing foetus assumes an impor- 
tance in matters of medico-legal interest. 

* American Journal of the Medical Sciences, March, 1896, p. 268. 
* Bouchard, ‘‘Traité Radiologie Médicale,” p. 1009. 

© ogy: 
f. abnormal 

l | a 

e .,9. 

i q E croduced upon sensitive plates of the various conditions of the na 

7 insufficient in detail. 

== APPLICATION IN THE SPECIALTIES. 

A GYN ECOLOGY. 

So far the X-rays have been of little practical value in gynæcol- 

Before long, however, correct diagnoses of various tumors, cysts, 

positions of the uterus, diseases of tubes and ovaries, etc., will 

be made by means of the Rontgen rays. At present the 

organs (except the bladder and prostate) are 

Dr. Eden V. Delphey*' says, that the main use of 

the X-rays in gynecology lies in the treatment of malignant disease, and 

elvic and abdominal 

] when a diagnosis is made sufficiently early, the neoplasm and often all 

3 el 
A get entirely beyond the malignant growth and prevent recurrence. 

p a 

vic reproductive organs should be removed by surgical means, so 

When this can be done, the protuberant portion should be removed and 

| the remainder subjected to the influence of the Röntgen rays. 

E II. Rhinology, Laryngology, and Otology. 

The X-rays are at present coming into use in affections of the nose, 

throat, and ear. 

_ RHINOLOGY. 

A sereen examination of the nasal bones, when displaced, depressed, 

3 or fractured, is well illustrated by this means. If supports, as silver: or 

’ aluminium splints, are placed under the depressed bones, their correct 

a position may easily be ascertained bya screen examination; the same 

A holds good for exostoses and foreign bodies. Abscesses of the antrum 

and frontal sinuses may be readily skiagraphed, and I find for these cases 

head rests (Figs. 197 and 198) most valuable. aa 

Diseases of the frontal sinuses may be skiagraphed in the occipito- 

j frontal and lateral positions. The former is difficult, because of the 

thickness of the skull. By this view we note on the plate the presence 

q or absence of these sinuses, also their size, shape, symmetry or asymmetry, 

the number of septa, the presence of contained morbid products, and the 

extent of the orbital and ethmoidal recesses. The skiagraph in the lateral 

position is easier of accomplishment, but it fails to show the details above 

mentioned, because only one side is taken and therefore forbids comparl- 

son; but it shows clearly the ethmoidal and orbital recesses and the 

3 sphenoidal sinuses. Both views should always be skiagraphed. The den- 

` tiaskiascope, or endodioscope, first described by Dr. Macintyre and used 

for examining the hard and soft tissues about the bones of the face, nose, 

and larynx, deserves mention. Dr. Macintyre writes as follows :* ** The 
fluorescent screen is placed inside of the mouth and the Crookes tube out- — 

q side, or vice versá. Small disks of glass are coated with the fluorescent 

1 Annals of Gynzecology and Pediatrics, Feb., 1903. | 

2 Glasgow Hospital Reports, 1898, p. 306. 
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salt and covered with aluminium, or tongue depressors consisting of flat - 
Strips of glass covered and coated in the same way may be employed. By 
placing the tube outside, Iam able to get an image of the séptum and 
other parts of the cavity of the nose, on the fluorescent screen in the 
mouth. In the same way the roots of the teeth may be seen. If the 
Surgeon desires to examine the tissues externally,—i. e., to pass the 
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FIG. 198.— AUTHOR’s HEAD REST FOR SKIAGRAPHING DISEASES OF THE FRONTAL Sivusks.—With 
this device, the patient is seated and his head or face is applied to the board. There are two movable 
padded head rests, one on the vertex and the other under the occiput; the chin is supported on a rest. 
P. H. isa plate-holder lined with a transparent material, into which the sensitive plate can be slid or 
inserted. It isalso very convenient for stereoscopic work. This plate-holder can be adjusted according 
to the angle of the face and forehead, as shown in the scale, and fastened atany angle. I find thata 
30-degree angle is the best position for the patient. This angle is formed by the glabella G, the exter- 
nal auditory meatus, and the anode of the Crookgs tube. As the facial angle varies in different individ- 
uals, it is necessary to adjust the tube accordingly. The more obtuse the facial angle, the more acute 
should be the angle between the bundles of rays and the base of the skull, or a line connecting the 
external auditory meatus and the glabella. The more acute the facial angle, the more obtuse should 
be the angle formed by the tube. The X-rays should form as near a right angle to the plate as possible, 
always avoiding the shadow of the occipital bone. If the rays are directed through the cervical region, 
the shadows of the vertebree will throw irregular shadows over the sinuses. I find that this is un- 
satisfactory. 
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rays through the neck, —we can place a small fluorescent screen on 
one side and remove the Crookes tube to a suitable distance. By this 
means I have been able to demonstrate the presence of foreign bodies, 
and need hardly add that they are more easily photographed.”’ 

Monnier* is able to diagnose the etiological factors of a chronic 

1 Archives Internat. de Laryngologie, November 3, 1898. 
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uration associated with epiphora. He gives as the causea 

al sound which had remained in the nasal duct for some 
post-nasal SUPD 

piece of a lacry™m 
3 wenty years. 

TARYNGOLOGY. 

While the X-rays have accomplished but little in the department of 

Jaryngology, they have proved of great service in the detection and 

accurate localization of foreign bodies in the upper portion of the diges- 

tive and respiratory tracts, thus aiding the laryngologist to decide as to 

the advisability and character of operations for their removal; also in 

the determination of the ossification of structures in the laryngeal and 

tracheal cartilages. At present we can ascertain with scientific accuracy 

the time and the points at which all the cartilages ossify. The X-rays 

‘gid in the diagnosis of intra-thoracic growths involving the respiratory 

tract, either by compression of the trachea, or by some form of vocal-cord 

paralysis. They are also likely to prove useful in the earliest detection 

of any tuberculous processes in the lungs. The observer must be trained | 

to this line of observation in order that perfection may be obtained. The | 

delicate variations in the shadows that form on the fluorescent screen can | 

De properly interpreted only by practice. Fig. 199 shows the presence of 

“a tumor in the trachea. 

OTOLOGY. 

_ ‘The rays have been of slight value in otology. In two cases where | 

foreign bodies had been introduced into the ear, I was able to detect and | 

localize them by means of the X-rays. In each instance the external 

auditory canal was greatly inflamed and swollen, so as to prevent an 

ordinary examination of the part with a satisfactory result. 

The diagnosis of mastoid abscess by the X-rays is feasible. Three 

cases examined by me showed the presence of abscesses, and subse- 

quent operations confirmed the diagnoses. In all these cases the nega- 

tives showed a dense shadow instead of the porous appearance found 

normally. 



CHAPTER VII 

APPLICATION IN DENTISTRY. | 

THE employment of the X-rays in dentistry has opened up a prom. | 

nosticating perplexing conditions and in cod ] 
firming conclusions previously obtained. Thus, the position of the roots, the occurrence of fracture of a root, the presence of alveolar absorption, ] 
the existence of fluid in the antrum, and many other pathological states — 
and conditions are readily revealed to us through this method of @ 
investigation. The structure and evolution of the teeth can be studied — 

ising field.! Thus far Skiagraphy has rendered invaluable aid, assistin 
the dental surgeon in diag 

in the living subject. . | 

I. Apparatus Used in Dental Skiagraphy. 

The paraphernalia and technic employed in dental skiagraphy do ] 
not differ from those used for other regions of the body. A small coil of — 
6- or 7-inch spark length is sufficient. For the denser structures, as, for — 
instance, the entire thickness of the maxillary bones, a tube of high i 
vacuum is essential; the same kind of tube should be employed where ` 
the skiagram must be taken rapidly, and where the exposure is 
sequently short, as in cases of children. 

II. Technic. 

Fluoroscopie examinations in dentistry do not yield Satisfactory ; 
results. The two methods at present employed in dental skiagraphy are A 
the intra-oral and the extra-oral or buccal 

The intra-oral method consists in inserting a small piece of film (light ] 
and moisture proof) over the alveolar tissue where trouble is Suspected, — 
and in adjusting the tube so that perpendicular rays will fall upon the q 
teeth and film. A small sensitive plate, being inflexible, cannot be made _ 4 
to adapt itself to the curvature of the part. Rollins, of Boston, encases — 
the film in an aluminium cover, while Price, of Cleveland, Ohio, uses — 
unvuleanized black dental rubber, protecting the emulsion with a sheet | 
of sensitive bromide paper. Kodak films cannot be used for this — 

* The first skiagraph of the teeth was exhibited by Prof. Koenig, to the Society - 
of Physics of Frankfort-on-the-Main, in February, 1896. À In April, 1896, at the Congress of Erlangen, Walkoff demonstrated many skia- — 
graphs of the teeth in living subjects. (Bouchard, “ Traité Radiologie Médicale.””) | 

Dr. William J. Morton on ‘The X-rays in Dentistry,” which appeared in 
Dental Cosmos, June, 1896, reproduced from his book: “The X-rays, or Photography - 
of the Invisible.’’ q 
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Formerly I preferred a specially prepared, thick, ee 

which I cut to the required size and enclosed in a layer O 

coated o after which the paper was so folded as to enclose snugly 

plack Be tie whole placed in a yellow envelope just large enough to 

o Ft the size of the paper and film ; the smooth side correspond- 
a ecommodate nsitive side of the film. Lately I have much preferred 

oa hine transparent films, which are neatly encased and 

purpos®. 

Pastman’s 7 for use ; dy for use. ; 

ce a patient in the dental chair and adjust the tube. See that 

E j rtical axis of the teeth. If the 
the rays a o a Sie! ae shadows of the teeth will be 

adjustment ON aes RE kiagraph, the roots of the teeth E. In order to include, in the skiagrap ee 
distorted. against the hard palate. Before its introduction into the 
place ‘ne TE pea ld be reinforced by a couple of rubber auth. the enveloped film shou e a ae 
— Skiaeraphic work on the superior maxillary bone is less 

bands. than oon the inferior maxillary, as the film cannot be brought 

oa arallel with the teeth. Two films can be exposed at one 

u 7 ZN Bay one or two teeth can be included, the film should be 

E inst the affected part, the exposure varying from two to ten 
pe this method sharper definition on the negative is obtained, 
ae is skiagraphed. 
3 ae ee or pucca ee (Fig. 200) requires a plate 8 x10 to me 
brouoht in contact with the jaw at the suspected region. A block of Woo 

4 k. d between the widely extended jaws, and the patient is directed 

a a the affected side, and to incline the head and neck to an angle 

bout 45 degrees. The tube is now placed on the opposite en x _ - is protected by a sheet of lead (the tube being placed ón ne Es 

he shoulder), and the rays are sent obliquely at a Pa ees 

Aiches (50-63 cm.) from the face, to avoid overlapping o es eee 

tthe jaw. This method produces a picture of great area, a ere 

htended for bicuspids and molars of both jaws. Exposure varies Ir 

ae. mi o minutes. ; 
i: a of New York City, thus describes, “A new 

iin -carrier and indicator for dental radiography with projection upon a 

ori RY 
? 

7 E of a stiff card two and one-half inches (6 cm.) wide and 
ve inches (13 em.) long, covered at one end by a sheet of rubber dam, 

i hich forms a pocket into which the film, wrapped in ee paper, EN 

e slipped. This end is placed horizontally in the patient’s mouth, eae 

eld there, by tightly closing the lips and teeth. The part of the car 

nich projects from the patient's mouth has a clamp of aluminium, 

Wich may be turned to either side or straight, and carries a oe 
iminium rod which is always held at the proper angle to the plane o 

1 Archives of Physiological Therapy, September, 1905. 
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the film. Diagrams of the teeth are printed upon both the upper and 

lower surface of the card, and serve to indicate the position to which the 

aluminium pointer must be turned laterally. ' 

““ For radiographing the upper jaw the patient sits erect with a _film- 

carrier in his mouth. The pointer is turned to the position on the dia. 

gram where the teeth of chief interest are located, and the X-ray tube in 

a Friedlander shield is brought into a position to correspond with the 

position of the pointer. In other words, we have an aluminium rod 

which points to the spot where the anticathode of the tube should be 

placed. For the lower jaw, a film-carrier is turned down, and it will- 

often be found desirable to tilt the patient’s head somewhat, in order to 
cause the indicator to point to a spot at which it is practicable to place 

the X-ray tube. It is hardly necessary to add that, since the incisor 

teeth are an inch behind the pivot of the indicator, the anticathode must 

be placed in corresponding relation to the pointer. 

““The value of the film-carrier and indicator lies in the fact that it. A 

readily and securely holds the film in position, without placing the 

finger inside the patient’s mouth. The proper relation of tube and film 

are very readily acquired. The picture obtained gives an exact measure 

of the length of the teeth, and, most important of all, the teeth of the 
whole side or front of the jaw may be shown on one film. By using an 

unusually wide film, it is practicable to secure a picture of very good 
definition, of the teeth of both sides of the lower jaw, and also of the 
incisor teeth, but the latter, of course, would be a confused overlap- 

ping mass. The radiograph of the upper jaw may show all the front ` 

teeth, or, if taken at the side, all the side teeth and the antrum of — 
Highmore. To get the wisdom-teeth, either upper or lower, the back of + 

the film must be held far back in the mouth, but this is less unpleasant to — 
the patient than the more usual way of pressing a small film against the 

inside of the jaw far enough back for that purpose. The greater ease : 

with which it is practicable to show the entire vertical width of the lower ` 

\. = 

Y 

. . . . 9 9 4 4 \ ; 

WIS an additione! advantage. - y Fig. 200.—EXTRA-ORAL METHOD IN DENTAL SKIAGRAPHY.—LS, lead screen for the protection of 
: A the operator. The arrows indicate the variable positions to which the author's tube-holder may be 

ede be i ; 4 shifted. The illustration depicts the sensitive plate placed upon a book and the lad’s left (suspected 

III. Clinical App lications. t side) cheek resting on the plate, the dotted line shows the path of the rays. 

Unerupted Teeth.—An important condition coming under the dentist’s - 
care is,the retention or non-eruption of a permanent tooth, owing to the | 

temporary tooth remaining in the alveolar socket, beyond the age con- 

sidered normal. If the skiagram reveals the ell tooth to be of i 
normal shape and so located as to permit of its eruption, the indication 

is to remove the temporary tooth. Many cases of odontalgia are un- 
doubtedly due to an unerupted tooth ; in such cases the etiological factor 

may be revealed by the X-rays. (Figs. 201, 202, 203, 204, 205, 206.) 

Necrosis of the Maxilla.—Necrosis of the superior or inferior maxillary 
bone can readily be shown by careful X-ray examinations. (Fig. 207.) 
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i. 202 —UNERUPTED UPPER CUSPID TOOTH Fr 

ht jaw and delayed 

aw, the latter indicated by dotted lines. 
1g the lower r 

j dom tooth ae right upper 1S 

FIG. 201.—UNERUPTED TEETH.—Malposition of the wisdom tooth in 

eruption of the w 
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Fig. 203.—DELAYED ERUPTION OF THE UPPER CUSPID TooTH.—The brid 
¿ the lateral teeth on each side. 

ge is separating the first from 

Fig. 204.—DELAYED ERUPTION OF THE UPPER CUSPID TOOTH. —The temporary teeth are in situ. One of the latter was removed, when the permanen t cuspid tooth was detected. 
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and the relations of the teeth to the antrum or abscesses a them may 

clearly be demonstrated, also the position and shape of the floor of tlfe 1 
an pee the presence of fluid or pus, etc., which may be contained 

i r Abscess. —Dead pulp in a tooth indicates a break in the con. 

is y of the pericemental membrane at the apex of the root, and more — 

a ee ee of the adjacent osseous tissue, and eos of cn d 

eee gos anding cases. In the majority of instances such an absces i 
ue to imperfect treatment, but in many cases the canal of the root _ 

= Hea and irregular as to make it almost impossible to fill the and 
E soa! ie the He When a case presents symptoms of a pericemental. 

a a and the history is uncertain, the most rational procedure 
s first to skiagraph the field, thus ascertaining the exact locatio 

Seer of the lesion and often its cause. (Fig. 208.) ee 

umors, such as sarcomata or carcinomat E 
in the antrum, can in some cases be E sree ed Ba 

inations. A eavity that is free from pus, blood, other fluid or wma 
shows a clearer and more sharply defined shadow than ier on | A na 

conditions just named is present. | a 

Orthodontia.—In deformities of the jaws due to or associated wi 
unerupted teeth, the dental skiagrapher can ascertain with breat W 

ness the size, shape, and position of the teeth within the ones 78 
Occasionally the dentist is called upon to regulate teeth zal bef 

so doing itis advisable for him to know the exact position of the od 
and also to what extent the tooth canals are closed. If the apex di te 1 
root is not fully developed, the teeth can be aired ey : id - 1 

and without danger of destroying the pulp. we 

Bethe Lee 
A., ADMISSI 

CHAPTER VIT 

THE RONTGEN RAYS IN FORENSIC MEDICINE. 

al Status of the X-Ray. 

BILITY IN VARIOUS STATES. 

since Prof. Rontgen’s immortal discovery has been applied as 

A | diagnostic agent in medicine and surgery, the legal status of the X-ray 

os been argued, denounced, and defended by attorneys the world over. 

Ti seems most fitting to quote a few lines from the comprehensive contri- 

pution of the Hon. W. W. Goodrich, Presiding Justice, Appellate Divi- 

Fon of the Supreme Court of the State of New York,’ second judicial 

EVER 

E «The general rule with reg
ard to ordinary photographs ha

s long been 

that, wherever the person OF thing would under general rules be relevant 

if produced in court, or the jury would be permitted to see it if conven- 

A 
if properly authenticated, is 

jent, a photograph of such person or thing, 1 

admissible when the original cannot be seen. Whenever the jury are 

likely to be materially aided by the opinions, on matters of fact, of per- 

sons specially qualified, they should have them, and, for the purpose of 

illustrating and making clear the testimony of medical and surgical 

experts, photographs taken by the Rontgen or X-ray process have been 

admitted as evidence in the courts of several of the states. A reference 

o these cases will show the present status of the law upon the subject. 

The first case in which the question arose in this country is unreported, 

but there is a summary of it in the Chicago Legal News. It was decided 

in Colorado, in 1896, and, in admitting the X-ray photograph, the learned 

Judge Lefevre said: “During the last decade at least, no science has 

made such mighty strides forward as surgery. It is eminently a scien- 

ifc profession, alike interesting to the learned and unlearned. It makes 

se of all science and learning. It has been of inestimable value to man- 

Kind. It must not be said of the law that it is wedded to precedent ; 

hat it will not lend a helping hand. Rather, let the courts throw open 

6 e door to all well-considered scientific discoveries. Modern science has 

ade it possible to look beneath the tissues of the human body, and has 

ided surgery in telling of the hidden mysteries. We believe it to be our 

ity in this case to be the first, if you please to SO consider it, in admit- 

ag in evidence a process known and acknowledged as a determinate 

cience.? ?? | 

Probably the leading case in this country on the subject under dis- 

ssion is that of Bruce vs. Beall (99 Tenn. 303), decided September 30, 

1 Brooklyn Medical Journal, December, 1903. 
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1897. Judge Beard, writi ; E o q 

the trial, Ate: Dr. an 
ss ; ‘In the progress of 3 F to whom medical terms and expressions are often so wholly 

mitted to submit to the jury an N i See and he was per“ a “ble. A skiagram of good “' definition ” can be fairly well 

Pie o anos Odo los tlie eet ‘ aken by him, show. ` - verpreted by the average layman, and 16 will often assist an attorney in 

Ae Ge tela Hie pat iG gue ei E ae at a point where q Fotermining whether a case should be compromised or carried to court. 

counsel. This picture was taken by the eee ee es Es ‘ ‘The courts are always disposed to permit an exposition of scientific 

surgeon, not only familiar with fractures, but th =a Ta physician and E j ethods that will elucidate the intricate questions submitted for judg- 

eas Wake CaN MG at eee e new and interesting q E Ent. In certain tribunals, where the skiagram is rigorously excluded, 

p was secured. He testified, + A oroscopic examinations in the presence of the judge and jury are 

from is counted as evidence. 
and the knowledge gained there 

that this photograph accurately represented the condition of the leg at 1 
5 ; 

surgeon (and this applies especially to the 

the point of the fracture in question, and, as a fact, that by the aid of — permitted, 
The physician or 

X-rays he was enabled to se > . : > i | 

own eyes, exactly as if, e see ti ap with hig . ] peginner) should always be guarded in expressing a positive opinion, as 

uncovered to the sight. We might, if we so desired, rest ont BEN to the results that may be expected, after a difficult fracture, such as one 

on the general character of the exception taken to this testi i o ! ¿nvolving the elbow, or the likelihood of the absence of deformity in a 

prefer to place it on the ground that verified as was ASCER Rur W 4 ractured clavicle, or the prevention of limping after fracture of the 

was altogether competent for the purpose for which it was ae eta It femur, ete. In any case where serious deformity and inconvenience may 

as this process is, experiments made by scientific men, as n = Neg ‘or may not result, that physician is wisest who ventures only the truth, 

record, have demonstrated_its_ i j , as shown by this q MS iaining the probable results and informing the sufferer and his 

E Rower to reveal: to Si eye 
that he will do the very best he can under the circumstances. 

| 
and the plan 

here one is quite sure of a correct diagnosis, 

entire structure of the human body, and that its vari | 

photographed, as its exterior sur ee parts can M Jn those cases W 

It is the opinion of some of ie Tee EER 
hat X l of treatment is the one customarily followed, a prognosis may be given 

photographs are not admissible as. OS cont m se Ag 
: with a reasonable degree of certainty. All prognoses may be rendered 

scientific truths they cannot be aa > > ing. that as co slightly more favorable when the general condition of the patient is 

tively attest to the absolute PLT 
of th oe ne one can posi vood and there is an absence of any complicating conditions. 

fulness of the photograph is a matter of re He T ana The truth- q In certain cases, the lines of treatment pursued may be perfectly 

courts, the skiagram is admitted as corrob noe oe E EAS 
; proper, but if the patient is subj ect to the misfortune of having other 

orative evidence, provided that maladies, as epileptic seizures, he may, by falling, cause a displacement 

fracture, in which case the attending physician or 

it h 
| 

as been executed by an expert in the work ; the same ruling is in force — Be properly re TR 

not held responsible. 
in the English courts. In Nebraska, th i . a, the courts of final jurisdiction main- S i 

ia ne skiagrams must be taken by competent persons, who ee be _ _ 

e e . . . 

4 

oe authoritatively and indisputably to assert, that the appearances : 3 

z are accurate representations of the part. ] | ame Ou AT Ea Sieh egies 

A ot a malpractice suit, Carlson vs. Benton, in a Nebraska court, it was 

ea F e ae that a skiagram could be introduced as eviden | 

e fact that th lag j j j cio 
AS e skiagrapher was not experienced in this special 1 

In this case, an X-ray ph inj | 
de | photograph of an injured leg, taken after the — 

injury had been treated by the defendant, was offered a evidence. The : 

ao testimony of three surgeons left no room for a difference 

de aes as to the accuracy of the photograph, the court maintaining 

ae 2 cee ee such circumstances, the skiagram as evidence, on 

groun at a sufficient foundation h j | q 
a on had not been laid, was an abuse ] 

Po In medico-legal cases the X-rays are of inestimable value to the phy- 

Sa or surgeon in sustaining a diagnosis, to the patient who is insti- 

uting the suit, and, lastly, and probably most important, to the judge ` 

The technic in these cases demands special care, SO that the negative 

shall be sharp and clear. It is not only advisable, but admissible in 

many of the courts, to have a detailed history of the case jotted down, 

the health of the patient prior to the injury, the time and the manner 

in which the accident occurred, and the method of treatment pursued ; 

a well as the character and location of any marks on the patient’s 

body, the length of time that they remained, etc. 

3 The condition of the heart, lungs, and other organs after the 

accident must not be overlooked. First, the patient should be most care: 

fully examined in a darkened room by means of a sereen or fluoroscope, 

in such a manner that he and his attendants may not observe the result 

obtained by the examination. The examiner should never be alone when 

a amining the patient, but should preferab
ly have a physician or surgeon, 

3 another X-ray expert, to verify the facts observed. The information 
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thus gained should remain secret. Following the fluoroscopic exami. i | spake every effort to remain calm and PE Se 

nation, a skiagram should be taken and developed later, so that a recora ~ answers according to the findings om the a se hee He ia 

of the injury may be preserved. Two plates should be placed one on top MM E sver questions irrelevant to the subject as ae o o y 

of another, so that two negatives may be had for future reference. 3 relate to the e a the negative, the Sklagrap p 

Occasionally a plate is spoiled during developing, and the patient refuses _ Answer) «J don't know. | 
! | 4 f st f ect 

to undergo a second examination ; still the exa
miner has in his possession — In our present knowledge there are many things that dety a Corr 

a on the negative, and we must frankly admit that fact. 

A retation 
¡ a 

> hen selected as an expert witness, the skiagrapher should direct the 

a key, ring, or letters, so that the operator may be able to identify the ~ attorney employing his Sees: to inquire as to pas peta ce u
es ? 

part or side from which the negative was taken. The record should be: 1 “| employed in the production of the AEN) oe, a eet a 

kept in a book, together with the history of the case and a detailed + made the latter should be cross-examin
e de bs e a T e pa 

account of the time of exposure, the distance of the tube, the number of q ‘The subject of a differential diagnosis shou n T 8 ° 

amperes and voltage of current used, the kind of apparatus employed, — = The following are some of the coe ou Pi ate eae estao 

etc. Negatives of the part should always bé produced from directly = That the physician or surgeon faile o properly : a ae me 

opposite. points of view, and, where possible, the injured and corre- That the attendant delayed too long in the reduction E ie ante j d 

sponding normal parts should be carefully skiagraphed for purposes of dislocation oF fracture, thus seriously ORO E E ’ S SIR Bes ; 

comparison. After developing the plate, no information regarding it preventing his cae a livelihood. That A are are a so 

should be imparted except to counsel or the attending physician. E- lect of, reduction, Le Oran ot permanent 18a e Ni Hee 

The negatives should be prepared prior to going to court. To i joint. That ankylosis, neuritis, or palsies have | pen aes ie ee 

render them more intelligible to the judge and jury, the names of the i pressure, OF that irreparable damage has be
en the O 7 se 

bones seen, etc., should be written on them, whether right or left, lateral, - mation in the distribution of a important a hes ae a a 

antero-posterior, etc. An arrow, or other mark, should be on the ~ claims may be prevented O A an oe or q EN 

negative, to elucidate the seat of fracture, dislocation, or other injury, early and skilful skiagrams of his cases, if he gives gra. utes 
“ontifie in hi ment. ‘‘If 

and also the date of its taking. Under no circumstances should any other in all cases, and is careful and scientific in his methods of ee ey ae 

mark be placed on the negative. 
a physician or surgeon departs from the generally approved metno SO 

| 
a. 

EAN ; E ee | a : ; n inj thereby the medical prac- 

The injured and corresponding uninjured parts should b l practice, and the patient suffers an Injury y o, n 

a 2 ee nits Der E oner al be held liable, no matter how honest his intentions or 

and mounted side by side. The printing should be of equal and uniform j 
A E 

density, and upon it may be written any points that may be of value to expectations were to benefit th
e patien : ‘ay Nr Pcs ts 

the judge, jury, etc., as, for instance, the diagnosis of the case in The use of the X-rays 18 so universally commen ae eae 

question. Occasionally a tracing upon the print is permitted by the i works on surgery and medicine, that the surgeon who ails to apply : 

lawyer for the defendant. 
1 in doubtful cases, may justly be accused of negligent practice. In 

a 

: medico-legal cases, the X-ray diagnostician 18 likely to be asked the 

C. How THE SKIAGRAPHER SHOULD PREPARE FOR COURT. EO following questions : 

1. Does the skiagram show fractures in all cases in which they exist? 

This question may be answered thus, not only will a fracture be shown in 

almost all cases, but the texture of the bone and the relative densities 

of the surrounding parts will also be shown, and any disturbance in the 

a good record of the case. The plate should always be placed in position 

in the presence of a witness, and it should have a mark upon it, such ag 

When the X-ray witness is called to court, it is important that he 

prepare himself thoroughly with the anatomy, physiology, and pathology 

of the part involved. He should hold a consultation with the medical 

or surgical expert who has employed his services. In this way a correct A ‘a Coke e R 

opinion of the case can be imparted. The skiagrapher should have with ~ | jes bure will be noticed. Rupture of ligaments, perios Sau ae car 

him the negatives and prints, the result of his X-ray examination, to- med conditions of the bones, ete., may also be observed, but Ca | 

gether with a set of bones of the part under consideration. When on ` ga oded. ; a Yes, ib may be seen 

the witness stand, he should be careful and accurate in his statements. — a e oe re a nay a E a o e 

In order that the j full h is daa rom the sixteen ay after the fracture, an 

jury may fully compre end the statements uttered, Mon, which may be as late as three months from ‘the timo oft the 

his answers should be as free from medical terms and technicalities as 10 oth E oe Ser Acar dine ato 

possible. Answers should always be brief and to the point. The witness ie q e duration of ae ot ne aera E Haas is simple or 

under cross-examination should not lose his temper; instead, he should 3 iS” and health of the patient, whether the us 
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compound, its location, etc. When the bones are in perfect apposition, 
callus formation will be hastened. Massage will also facilitate its produc- 
tion. It will be seen from the foregoing that it is not always easy to 
predict how long it will be before callus will be strong enough to sup- 
port the parts, but by skilful X-ray examinations the amount and density 
of the callus may be determined. 7 

3. Another question often asked is, ‘‘Is the fracture united or not?” 
The answer to this question will depend upon the age, general health, 
local complications, and mode of treatment employed. By pressing upon 
the bones and at the same time viewing through the fluoroscope, we 
can tell definitely whether union is firm, and by means of the Skiagraph 
we can tell the amount of callus. | 

4. In cases of deformity, we may be confronted by the question, | 
““Was this deformity avoidable or not??? The avoidable cases are those 
resulting from an incorrect diagnosis on the part of the ‘surgeon, or an 
improper line of treatment. The unavoidable cases are those of oblique 
fracture where the over-riding of the bones cannot be prevented ; extra- 
or intra-capsular fracture of the head of the femur in the aged, where . 
shortening is inevitable; in compound comminuted fractures, where it 
is necessary to wire the ends of the bones, resulting in shortening ; and 
in intra-articular fractures often terminating in ankylosis of the joint: 

Functional disability and the degree of visible: deformity do not 
bear any definite relation to each other, as the deformity may be great, 
but the patient nevertheless have good use of the part, and vice versa. 

It is sometimes necessary for purposes of identification to reveal the 
age of the patient or of the dead body, or to tell the age of a female 
child, as in cases of rape, ete. 

Advantage is taken of the fact that the epiphyses of the various bones 
are known to ossify at different ages, and by making X-ray examinations 
of the bones, and knowing at what period ossification takes place, an 
approximate estimate of the age of the individual may be determined. 
The age of a foetus can also be discovered by this means. The hydro- 
Static test for the determination of still-born infants may be corroborated | 
by the X-rays, as the lungs will appear o paque if they have never been 
inflated, whereas if the infant has been viable for some time, they will 
present more transparency. As an evidence of the existence of death, 
the X-rays play an important part. After death, the pulsation of the 
heart is invisible and the organ presents a sharp outline. This will 
comfort those who are in constant terror of premature burial. | 

In February, 1899, Dr. J. William White, Chairman of the Medico- 
legal Committee of the American Surgical Association, sent a circular 
letter to each of the members asking replies to the following questions 
concerning the value and medico-legal relationship of the X-rays: 

1. Have you found skiagraphy reliable in the diagnosis of (a) 
fractures attended with so much swelling of surrounding tissues that 
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factory palpation of the fragments is impossible? TER 

E ‘oints? (c) Epiphyseal separations? (a) Fractures of the a 

4 > ur? (e) Ununited fractures? If, in any of the cases belong- 

; a e A or he other of these classes, the skiagraph was misleading, we 

E img a E. particularly to have a print of it and the clinical history of 
wou 

4 gatis 

me aro you any reliable cases of recognition of (a) fracture os 

4 3 se of the skull? (b) Fracture or dislocation of the vertebræ? 

3 bo ture of the sternum, scapula, clavicle, or pelvis ? 

f (e) ‘at u know any of the cases in which the testimony of the 

| " SN of supposed foreign bodies in tissues, or of tumors, E . j S ; ;  gkiagraph In case HEN! Tio efecto) or@anistaken t gall stones or kidney stones, 

l B onciusions arrived at are succinctly stated as follows: ‘‘The 

l tine employment of the X-rays in cases of fracture is not at present 
rou e nt definite advantage to justify the teaching that it should be 

E of oo ery case. If the surgeon is in doubt as to his diagnosis, he 

E” a Be ao of this, as of every other available means, to add to his 

| Mage of the ee but even then he should not forget the grave 
| SOE igi tation. | 
Mt cuero A eae in competent hands plates may be made that 

| will fail to reveal the presence of existing fractures or will appear to show 
3 ; xist. 

E o cts of thie pase of the skull, the spine, the pelvis, na 
7 the hips, the X tay results have not as yet been E nee: 

3 although good skiagraphs have been made of lesions in f ve as He 

“jocalities. On account of the rarity of such skiagraphs ES a de ee 3 
q special caution should be observed, when they are affecte ; 1 S 

q upon X-ray testimony any important diagnosis or line of Be Seal E = 

E “Ag to questions of deformity, skiagraphs alone, a a nding 
| q surgical interpretation, are generally useless and frequently ans iy : a 

; The appearance of deformity may be a in any normal bone, 

Mino ity may be grossly exaggerated. 
po 7 Tt a o ae to ia after recent fractures between ee 

in which perfectly satisfactory callus has formed and cases which w1 | go 
Don to non-union. Neither can fibrous union be distinguished from union 

‘by callus in which lime-salts have not yet been deposited. There is 
‘abundant evidence to show that the use of the X-rays in ae ee ‘should be regarded as merely the adjunct to other surgical methods, an 

that i imony is especially fallible. eee ; pa! a : a IN as ka Xray burns seems to show that, in the maj ority 
A cases, they are easily and certainly preventable. The essential ae 
‘still a matter of dispute. It seems not unlikely, when the strange carats i 

bilities due to idiosyncrasy are remembered, that in a small number of cases 
it may make a given individual especially liable to this form of injury. 

_ - e a e 

A TT 

nz 

O —— 
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““In the recognition of foreign bodies the skiagraph /is of the very, 
greatest value ; in their localization it has occasionally e The mis- 
takes recorded in the former case should easily have been. avoided ; in 
the latter they are becoming less and less frequent, and by-the employ. 
ment of accurate mathematical methods can probably in time be elimi- 
nated. In the meanwhile, however, the surgeon who bases an important 
operation on the localization of a foreign body buried in the tissues 
should remember the possibility of error that still exists. 

“It has not seemed worth while to attempt a review of the Situation 
from a strictly legal stand-point, as different states and different judges 
vary in their interpretation of the law. The evidence shows, however, ` 
that under many differing circumstances the skiagraph will undoubtedly 
be a factor in medico-legal cases. | 

“The technicalities of its production, the manipulation of the appa- 
ratus, etc., are already in the hands of Specialists, and with that subject - 
also it has not seemed worth while to deal. It is earnestly recommended 
that the surgeon should so familiarize himself with the appearance of . ] 
Skiagraphs, with their distortions, with the relative values of their 
shadows and outlines, as to be himself the judge of their teachings, and 
not depend upon the interpretation of others, who may lack the wide 
experience with surgical injury and disease necessary for the correct 
reading of these pictures.’’ ! 

With the exception of the statements that Skiagrams of fracture of 
the base of the skull are unsatisfactory, and that the detection of callus 
formation and fibrous union in recent fractures is not always possible, 
there are few, if any, surgeons who to-day would endorse any such 
conclusions. More exact methods of study and interpretation of nega- 
tives, and greater refinements in the necessary technic have made X-ray 
examinations and applications invaluable aids in medicine and surgery. 
The very men who in 1899 ascribed doubtful value to the X-rays are 
to-day its stanchest Supporters ; indeed the judge and jury will frown 
upon a practitioner for negligence who has failed to avail himself of this 
most precise and scientific method in any case of doubtful diagnosis, 
where, through its agency, practical results might have been procured. 

II. The Physician’s Responsibility in Cases of X-Ray Burns. 

X-ray burns are divided into two great classes: Those produced 
during an examination for diagnostic purposes and those brought about 
by irradiation for therapeusis. Shortly after the discovery of the X-rays, 
the use of this agent in diagnosis was not infrequently followed by a der- 
matitis, the result of inadequate apparatus, fewer refinements in technic, 
and a limited experience in the application of the new agent. But in 
spite of these various factors, the most successful, the most skilled, and 

*The American Journal of the Medical Sciences, J uly, 1900. 
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rnest student of the X-rays, with the best and most modern 

is liable at times to produce a dermatitis, for who can say 

are victims of idiosynerasy, or who knows the exact nature, 

al and otherwise, of the X-rays? 

When a patient applies for X-ray treatment, the skiagrapher should 

ntion the possibility of a burn, and he should either administer the 

tment himself or have it given under his direct supervision. 

“With idiosyncrasy and no exact measurement of dosage, the X-ray 

ialist who follows the established rules laid down by his confrères, 

d by experience, is taking the safest and the only rational course. 

a This subject is best treated of by a recital of the more important 

: s wherein damages have been asked by the complainant, urging Care- 

j “a ss, negligence, or incompetency upon the part of the radiologist. 

tn a a against Dr. Samuel Lloyd, of the Post-Graduate Hospital, 

he patient was warned of the danger of a burn. Two radiographs were 

í taken, when a diagnosis of appendicitis was made. Later the patient 

complained of an X-ray burn prior to the operation. The operation dis- 

‘closed an appendicitis of an advanced type. The suit was to recover 

850 000 damages for the “burn.” The contention of the defence was that 

Pe dermatitis from which the plaintiff suffered came from the antiseptic 

preparation for the operation for appendicitis, and not from the rays. 

The case, however, never came to trial. | 

E In October, 1897, Dr. Frank Boyd! was made the defendant in a 

damage suit for producing a severe dermatitis with the rays, the plain- 

tiff averring that carelessness was largely the cause of the dermatitis, as 

well as an insufficient understanding of the rays at that early period 

of their employment. The verdict rendered was in favor of the 

defendant, the court holding that in this, as in other cases, the physician 

was bound to use ordinary skill and judgment, placing the case upon 

the same footing as chloroform anesthesia. 

Tn the case of Henslin vs. Wheaton, the Supreme Court of Minnesota 

maintains that in an action for negligence and unskilfulness, the rule of 
liability is the same as that applied to other actions for malpractice, and 

one of ordinary care and prudence. Being the first case of its kind in 

1 innesota, the judge remarked that no rule of care in such cases had 

been laid down. But there can be no doubt that the rule applicable to. 
the care and skill required of physicians toward their patients in other 

ases applies. That rule was stated in Martin vs. Courtney, 87 Minn. 197, 
in the following language: ‘‘The legal obligation of the physician to his 
patient, where his conduct is questioned in an action of this character, 
demands of him no more than the exercise of such reasonable care and 

Skill as is usually given by physicians and surgeons in good standing.”’ 

The plaintiff testified that the exposure of his person to the rays was 

“apparatus, 

1 Journal of the American Medical Association, February 12, 1898. 
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for too long a period of time (30 to 40 minutes), and that the tube was 
placed too close to his body (two inches, except at one visit, when it wag 

placed more distant). » 
The foundation was fully laid for the opinion of an expert touching — 

the questions involved in the case. But the expert was not a physician 

and surgeon, and the defendant raised the objection that only one wag a 

qualified to testify against him, under the rule pronounced in the case of — 

Martin vs. Courtney, 75 Minn. 255, where it was held that, in an action 

against a physician or surgeon for malpractice, unskilfulness in treat- 
ment being charged, the physician was entitled to have the propriety of 

his treatment tested by physicians of the same school. The trial court. 

applied that rule to this case, but the Supreme Court was of the opinion 

that it erred, contending that the application of the rays to the complain- 

ant was not for the purpose of treating any disease or ailment from which 

he suffered, but for the location of a foreign substance, thought to be in 

his lungs (the gold crown of a tooth). ; 

In the Courtney case, mentioned above, it was contended that the 
apparatus for the generation of the rays, likewise the fluoroscope, has 

been used very generally by electricians, physicists, skiagraphers, physi- 

cians, and others for experimental and demonstrative purposes. It is a 

scientific and mechanical appliance, the operation of which is the same 

in the hands of all. It may be applied by any person possessing the req- 

uisite knowledge, and there would seem to be no reason why its appli- 

cation to the human body may not be explained by any person who 
understands it. The rule in the Courtney case could therefore have no - 

application to the case being tried. For in the latter, the rays were not 
applied as a remedial agent, but for the scientific purpose of discovering 

the presence of a foreign substance in the lungs. A physician, therefore, 

who applies the X-rays, not for medical purposes, but to locate a for- 

-eign substance, is not entitled to have the question of his care and skill 

determined only by the opinions of physicians of his own school. 

A suit of unusual interest has lately been heard in the high courts. 

A child supposed to have run a needle into his knee received repeated i 

X-ray examinations. - No needle was discovered. A severe X-ray burn, 

resulting in an ulcer, appeared on the inner side of the knee, which took q 

several months to heal. The examinations were made by a mechanic, 

under the supervision of a medical man who had not a practical knowl- j 

edge of radiography. It appears also that he did not recognize the ulceri 

as an X-ray burn, but after its formation continued his examinations. 

Discovering the cause of the injury, the child’s parents asked damages 3 

for alleged neglect on the part of the defendant. The trial lasted seven 

days. Assuming the truth of the statement of the child’s relatives, that — 

the tube had been held close to the knee for periods of a half hour, the = 

experts on one side gave their opinion that such application showed E 

negligence. On the other hand it was maintained that the tube never 
rr, 

Siam 
3 

defenda 

p 

jury 
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d me nearer the knee than eight or ten inches, and from the radio- 

E produced, it was held by experts that the distance of exposure 
graphs 
jst have been eight inches. The jury returned a verdict for the 
00 

nts on every count, finding that there was no negligence. 

In the United States a suit was brought for $25,000 damages against 

o Smith and Professor W. C. Fuchs, of Chicago.” The plaintiff, 

, broke his right ankle as the result of an accident on September 

He was able to attend his business on May 1, 1896, and was 

actically as well as ever. He only suffered from slight stiffness 

and occasional swelling in the ankle. On September 19, 1896, X-ray 

photographs were made, each sitting occupying from thirty-five to forty 

inutes, the tube being placed five or six inches from the ankle. While 

under the exposure the patient complained of sharp, tingling pains. 

mhree days after, a slight redness appeared between the big toe and the 

adjoining one, which in-three weeks had spread over almost the entire 

dorsum of the foot, later forming a blister. An intensely painful ulcer 

formed, for which condition amputation of the foot was performed. The 

ary awarded the plaintiff a verdict for $10,000. 

A rather remarkable case was that of a man named Shelly, who 

prought suit against Dr. G. W. Spohn, of Indiana, claiming $10,000 

damages for X-ray burns upon his face and left hand. The patient 

was treated for a cancerous growth on the under part of his tongue. 

He was warned of the possibility of a burn before the treatment was 

instituted. After two weeks a slight dermatitis developed on the 

patient’s face, and the treatments were then discontinued. The patient 

claimed that the doctor directed him to hold down the lower jaw with 

his left hand during his treatment. It was proved on trial that the 

only real injury was to the hand, and this was shown to be caused by 

infection of a wound on the hand. The hand became infected because 

the patient persisted in wiping the saliva from his mouth, against the 

advice of his physician. The court decided in favor of the physician.’ 

It will be interesting to note briefly the views entertained and the 

verdicts rendered by European jurists. A few are subj oined. 

Suit was instituted against “Dr. Sch.’’ by a lady whom he treated 

for a beard-like growth on the chin.? A burn developed, involving not 
nly the chin, but also the neck and part of the chest. A verdict for 
P19 was found against the doctor. He appealed, to have a truly compe- 

ent expert summoned to decide, naħing Schiff or Freund, of Vienna. 
He also asserted that he was not responsible for the devastation caused 

y the burn, as it was treated by other physicians who applied ichthyol, 

¿A summary of the case appears in the American X-ray Journal, St. Louis, Mo., 
May, 1899, No. 5, p. 566. 

_ “ Medico-Legal Bulletin, January, 1903. 
_* Allg. med. Ct.-Ztg. 
E 25 
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injurious in such cases, and that X-ray burns should be treated with 
exceptional mildness. 

In France, a trial heard before the Civil Tribunal of the Seine, on | 
March 8, 1901, resulted in heavy damages for injury following the appli- 

cation of the X-rays.: In delivering judgment the court found that: ~ 
Madame Macquaire suffered from osteitis of the femur, and was referred — 

0 Three exposures were made; 
the first lasted forty minutes, the second, which occurred eight days later, — 
to Dr. Renault for an X-ray examination. 

consumed forty-five minutes, and the third, which was given fifteen days 
subsequently, occupied a duration of one hour and a quarter. A slight . ‘ 

erythema was noticed before the third sitting. The three exposures, 

which gave a negative diagnosis, were followed by a deep burn of the 
abdomen that necessitated treatment for two years. A scientific report 
of the case was presented to the court by Professor Brouardel, who 

stated that the operator’s apparatus, which at one time was efficient, 

had outlived its usefulness, and that he had given too long an exposure. 

The court, commenting upon the defective methods employed, 

observed that the defendant was called in not as a medical man, but 
as an electrical specialist, but that, nevertheless, his medical title had | 

gained the confidence of his patients. A too long exposure was certainly 

one cause of the accident. The third exposure of an hour and a quarter 

was inexcusable, in view of the fact that the tissues had already been 
injured by a previous exposure a little over half that time. The con- 

clusion of the court was that Dr. Renault had committed a grave 
professional error, aud he was ordered to pay 5000 francs damages, 

The suit against Professor Hoffa, of Berlin, the famous ortho- 

pedist, became widely known not only because of the prominence of the 
defendant, but more so for the complicated etiology of the injury. 

The patient suffered from ankylosis of his hip, presumably after — 
coxitis, for which he was treated by the Rontgen rays under the super- 

vision of an X-ray specialist. Altogether he was exposed six times. 

carbolic acid, etc., while experience has shown that strong measures are ' 

No change for the better occurring, the patient consulted Professor A 
Hoffa, who advised a diagnostic exposure in order to ascertain the con- 

dition of the hip-joint. 

integument was 30 cm., the length of exposure twenty-five minutes. 

Ten days later extensive dermatitis set in, which caused the patient to 
bring charges of criminal negligence in the treatment. Professor Hoffa, 

The distance of the tube from the abdominal _ 

in defence, claimed that the exposure was made according to the prin- : 

ciples adopted by the medical profession, and that furthermore the sensi- 

tiveness of the skin was increased by the previous irradiations. The i 

district attorney, after having called upon an expert, who sustained ` 

Professor Hoffa, dismissed the claim. 

1 Gazette des Tribuneaux, March 9, 1901 ; and La Semaine Médicale, March 13, i 
LOO NO=0 pex: | 4 

THE RÖNTGEN RAYS IN FORENSIC MEDICINE. 387 

At present, by our greatly improved means, Hoffa would not have 

od his patient, even in spite of the preceding irritation, because he 

E not have been exposed for twenty-five minutes. 

y A may safely expect that damage suits for Rontgen-ray burns, 

during diagnostic exposures, will become more and more infre- 

ont. But with the employment of the rays for therapeutic purposes, 

ee” aro now become a rather common accident. In several instances 

2 ere brought against physicians on the ground that they did not use 

e k ay means of protection ; in most of these cases the severe 

E Bier of the diseases demanded so severe a treatment that burning 

o to be contended with. This fact alone is sufficient proof of the 

| A fidious nature of the suits. Where cosmetic considerations alone are 

nea, such heroic therapy is injudicious.* 

3 A man suffering much distress’ in the early stage of locomotor ataxia 

3 as sent by his physician to a firm of chemists for treatment with the 

: The rays were applied ten or eleven times and the physician 

was never present. The man who administered the treatment often left 

the patient during the sitting. 

i aul sed 

X-rays. 

The machine emitted great sparks and 

nce or twice gave the patient a shock, but being quite ignorant he made 

no complaint to his physician. His feet began to blister, for weeks 

he suffered greatly, and his screams were such that lodgers left the 

house. Eventually, the soles sloughed off and he became unable to 

walk. He brought an action for damages against the firm. Mr. Chis- 

holm Williams, superintendent of the X-ray department of the West 

London Hospital, was called as a witness. He said that it was evident 

that the plaintiff had been placed too near the instrument—12 or 18 inches 

being the proper distance, not 2 or 3. In cross-examination be admitted 

that the use of the X-rays is arecent innovation, and that even physicians 

are burned at times. The plaintiff's physician said that he had never 

administered the rays, and that he had only studied the subject from 
books. He said that he thoroughly trusted the defendants, who had 

often administered the treatment for him, merely telling them the part 

to which the rays were to be applied. For the defence it was urged 

that the defendants were not liable for mistakes of the physician. Wit- 

nesses were called to show that it is essential that a physician should be 

present as well as the person who administers the treatment. The 
defendants stated that they had not studied the properties of the rays or 

administered them from a therapeutic point of view. The jury returned 

a verdict for the defendants. 
~ Medico-legal Aspect of X-ray Sterility.—Destruction of the procreative 

capacity by means of applications of the Róntgen rays may perhaps 

7 1 Quoted from an interesting article on “The Medico-legal Aspect of Accidents 

caused by the Röntgen Rays,” by Carl Beck, M.D., in American Medicine, April 16, 

904, 

E “Journal American Medical Association, August 10, 1906. 
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prove of frequent occurrence if the use of the apparatus by anybody ang i 

everybody continues to be permitted. The matter was brought up by M 
Hennecart at the Röntgen Ray Congress recently held in Berlin.! He 

advocated legislation restricting to physicians the use of the rays on human f 

beings, arguing that it would be difficult to punish laymen in the event — 
Of ABI injury. He met with hearty support in his contention, 
and, on motion of Dr. Becher, of Berlin, a resolution was adopted calling i . 
upon physicians to employ only el men in X-ray work, pending = 
legislation on the subject. 

A committee was recently appointed by the Paris Académie de i 
Médecine to report on the question whether the medical use of the Rónt. 
gen rays should be restricted. They emphatically advocate that the ] 
medical application of the Röntgen rays should be legally restricted to — 
duly qualified persons. Their conclusions are based on the established - 

facts that the medical use of the Röntgen rays may lead to serious acci- 

dents, and that certain practices may prove a social danger, while, on 1 

the other hand, only qualified physicians or health officers, or regularly ] 

licensed Te (in the domain of odontology), are capable of interpret- ` 
ing the results obtained from the point of view of the diagnosis and treat- _ 

ment of affections.’ 

1 Presse médicale, May 13, 1905. 

2 Arch. d’Electricité médicale, February 10, 1906. 

PART III 
i, 

RADIOTHERAPY, RADIUM, AND PHOTOTHERAPY. 

THE invaluable services rendered by X- -rays in numerous affections, 

y sotably in epithelioma and other cutaneous lesions, are too well known 

to need. elaboration. The action of the rays upon malignant disease 

of the deeper str uctures offers to the profession less promise of marked 

good than in the superficial variety. In tuberculosis, leukemia, and in 

diseases and affections of a systemic nature, time alone will be the deter- 

mining factor. As assertions without proofs must weaken any statement, 

the following portion of the work is devoted to the therapeutic action 

of this agent, its uses, its limitations, its disadvantages, from which 

the reader can glean more information and arrive at more decided 

conclusions, than by the recital of a number of theories, that at best 

y vould be inexact, hypothetical, and abstract. 

CHAPTER I 

ACTION OF THE X-RAYS ON BACTERIA. 

THE results obtained by investigators on the question of the bacteri- 

vidal power of the X-rays seem confusingly contradictory in many ways. 

here are a number of authorities who, from clinical experience 

with the action of the X-rays on bacteria, firmly believe that the action 

of the rays upon certain of the micro-organisms is in the main detri- 
mental to their development, and that destruction results from a few or 

“a applications. 
In March, 1896, Dr. W. W. Keen’ reported the results obtained by 

he > action of lie rays on the pink-hued streptococcus, bacillus anthra- 

zosis, micrococcus prodigiosus, yellow sarcina, the tubercle bacillus, ete. 
He asserts that after exposures, first, for half an hour, and then twice for 

teen minutes, neither lethal nor inhibitory effects resulted upon the 

ultures. Dr. Davis, a few months prior to Dr. Keen’s report, published 

exactly Similar results, the latter’s report confirming what had already 

been stated by Dr. Davis. 
- Berton’ reports that he exposed cultures of the Klebs-Lóffler bacilli, 

A bouillon, to the action of the X-rays for periods of sixteen, on no 

1 The American Journal of the Medical Sciences. 

? Bull. Gén. de Thérap. November 8, 1896. 
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and sixty-four hours, but in no instance was he able to observe any > 
result on the vital manifestations of the various micro-organisms. _ 

Wittlin, Wolff, Grummach, and many others have made experiments 
on various types of bacteria, the results on the whole being negative. 

Muhsam* reports that general tuberculosis in the guinea-pig is not 
affected by the X-rays, whilst to a certain extent a localized tuberculosis 
is hindered in its development. 

Sormani’ reports that he exposed numerous cultures of bacteria 
for six hours to the action of the X-rays, at a distance of from one’ 
to two inches. No alteration in the rapidity or mode of development, 
in the formation of gas, or in their color, fluorescence, or virulence 
was noted. | 

J. Brunton Blaikie* concludes that the rays have no visible influence 
on the growth of cultures of the tubercle bacillus, and that the chemical 
constitution of diphtheria toxin, like the delicate chemical structure of 
the retina, is not affected by their vibrations. 

Gocht* reports the results of Minck’s experiments. In his investi- 
gations Minck found that sunlight, daylight, and arc-light caused a weak: 
ened condition, amounting to injury to the bacteria in cultures. - He 
exposed agar plates of typhoid bacillito the rays for thirty minutes, with- 
out any injurious effects. By these experiments he proved that a fewer 
number of typhoid colonies developed on that part of the plate exposed 
to the influence of the rays than on that portion not so exposed. In 
Minck’s later reports he specifies that no bad effects were produced on 
the typhoid bacteria when they were exposed to the action of the rays 
for eight consecutive hours. | 

H. Rieder’ reports the experiments performed by Schultze and Beck 
upon bacteria with color-producing abilities. The micro-organisms were 

| 

serve any important c 

E of sixty minutes, 
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Drs. Norris Wolfenden and Forbes Ross * conducted experiments 

hié bacillus prodigiosus. They grew cultures on potato, carrying 

o to the fifth generation. When exposed to the rays for a period 

o o was a great increase of growth as well as of the 

An 18-inch spark producing coil ie ee = 

j : to 10. The culture was place or 

stan: Pa the ee tube. The same investigators observed 

he j i in the protococcus. | 

o A eee ee the result of their experiments con- 

Ta the bacillus prodigiosus. The culture was placed 15 cm. 

k from the vacuum tube, the dishes being covered with black paper, 

Ee i exclude all possible light. They observed no changes in the 

nic ability of the bacilli; the morphological characteristics, 

ee i articular, remained undisturbed by a daily hour exposure for 

a ye days. They also performed experiments with the rays on 

q tot frog and also upon the leucocytes, failing, however, to ob- 

ee sports hanges when the exposure lasted from 20 minutes 

pigment production. 

to one hour or even longer. 

| 11 | of unicellular organisms, 
Schaudinn * experimented on various types 

q howing that the protozoa differ greatly in their reaction to the rays. 
E S 

These differences depend possibly on the varying conditions of the nuclei, 
h- 

and on the presence or absence of capsules. 

Dr. F. Robert Zeit, of the North-Western University,* gives the 

result of experiments upon various forms of micro-organisms, and arrives 

at the following conclusions : 

r 

resistant forms of bacteria, could not be killed by the action of Po 

e rays after 48 hours’ exposure, and at a distance of 20 mm. from the 

“Bouillon and hydrocele-fluid cultures in test-tubes, or non- 

planted in agar-agar soil on Petri dishes and exposed from thirty min- A l E Bee sions of bacteria in agar-agar plates exposed for a period of 
utes to two and a half hours to the influences of the Röntgen rays. It 7 d va ae to the rays, according to the plans carried out by Rieder, 
was Shown that after twenty-four hours’ exposure, the bacteria had thrived — q ee not killed. i i 
quite considerably, also that those shielded by lead, from the full action q «Tuberculous sputum, even when exposed to the Rontgen rays Al 
of the rays, produced the same color as those that were subjected to the’ — ‘six hours, at a distance of from 16 to 22 mm. from the tube, cause 
full action of the rays. In the experiments a coil of 12 em. spark length: ~ q Mate E lary tuberculosis of all the guinea-pigs so inoculated. Rontgen 
was used, and the tube containing the bacteria was 25 em. distant from | on have no direct bactericidal properties.” 7 coe 
the source of the rays. He concludes that the rays are negative as ` Lortet and Genoud,* Fiorentini and Linaschi,* report an arrest 0 
regards chromogenic or color-producing effect of micro-organisms, and q development of the bacilli in the guinea-pig. 
that they cause a more rapid sporulation of the bacillus subtilis, while 3 

retarding that of the bacillus anthracis. 
By 

1 Lancet, 1898, p. 1752. e i sheen 

2 Comptes-rend. Acad. d. Sc. Paris, , Cxxiv. p. 979-902. SA 

Eers Archiv f. d. ges. Physiologie, 1899 ; Archives d’ Electricité Méd., No. 

80, 1900. Pz A aos 

4 Journal of the American Medical Association, 1901, xxxvil. p. : 

5 Comptes-rendus, 1896. 
ê British Medical Journal, 1897. 

1 Freie Vereining. d. Chir., 1898. 

? Giorno della v. soc. it. dig., May and June, 1896. 
° The Scottish Medical and Surgical Journal, May, 1897. 
* Fortschritte a. d. Geb. d. Rúntgenstr., B. i., 1897-1898, page 34. 
* Münchener med. Wochenschrift, 1898, No. 4, 101-104. 
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Rieder! has reported quite elaborately on this subject. He used 

Volt-Ohm tubes, and a coil of 12 inches (30 cm.) spark length. ° Thes 
distance of the anticathode from the cultures was four inches, and the 

exposure was from one to three hours. The cultures were covered by — ] 

a leaden plate having a central aperture, so that the exposed part might’ 

be readily compared with the unexposed area. An agar plate culture of. 

cholera vibrio was then placed in an incubator kept at a temperature of 

37° C. after it had been exposed to the action of the rays for forty-five 
minutes. In the incubator was also placed a control culture plate, which 
had not been exposed to the rays. On the exposed plate, the colonies 

were markedly fewer in number than on the unexposed plate. Similar 

experiments were made with gelatine cultures of the bacterium coli, 

staphylococcus pyogenes aureus, streptococcus, bacilli of anthrax, and 

other bacilli. The tubercle bacilli, in meat extract, glycerin, and solution 
of peptone, were similarly affected. 

In consequence of the bactericidal action of the Rontgen rays on 

plate cultures, he made further experiments on animals. Mice, rabbits, 

and guinea-pigs were inoculated with the bacilli of anthrax, streptococcus, 

and staphylococcus, and directly after injection they were subjected to 

action of the rays. The results being negative, he believed that the rays 
have no effect on acute infectious processes. | 

In order to study its action in chronic affections, Rieder experi- 7 

mented on animals with tubercle bacilli. After subjecting them to the - 

action of the rays, necrotic destruction of the skin was observed. This 

came on very gradually, remained for a considerable period unaltered, 

and showed little or no tendency to extend. The affected skin was covered 

with scabs, and slight swelling and encapsulation of the tuberculous foci 

were likewise observed. In the control cases, the skin showed the pres- 

ence of ulcers as if made by a thermo-cautery, and these had a decided 

tendency to increase in area. Disease of the internal organs set in \ 

later, in those animals which had been exposed to the rays. That local — 
tuberculosis was arrested by the rays, and in many cases the general in- 

fection retarded, was proved conclusively, but nevertheless all the animals q 

succumbed. 

Rieder’s experiments proved that the bacteria, when grown onagar- — 
agar, blood serum, or gelatine, were killed when exposed to the action of 1 

the rays for one hour or more. When bacteria developed in suitable media — 
outside of the body, their ability to develop further can be stopped, or ab — 
least discontinued to a degree, or even killed, by exposing them to the ; 

action of the rays. He proceeds to say that it may be unnecessary to kill@ 

- the various bacteria inhabiting the human body, but only to inhibit their ] 

growth and reproduction. 

1 Münch. med. Wochenschrift, 1898, No. 4, S. 101; and No. 25,8. 773; 1899, No. 105 * 
and No. 29, 8. 250. q 

A peri 

-which ha 

E dish which proved to be quite as large as those which were pro- 

tected during the exposure from the influence of the rays, though they 

“were diminished in number. 
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Tn experiments on developed germ colonies he found that cholera 

{ micro-organisms were killed after they had been exposed to the rays for 

od of two hours or longer. Gelatine cultures of the bacillus coli, 
d previously been in an incubator for from 12 to 24 hours and 

n subjected to the rays, showed colonies in the exposed portion of 

In another experiment Rieder employed eight dishes of extract of 
i “beef, glycerin, and peptone solution, prepared with a thin layer of new 

tubercle bouillon culture, exposing four dishes to the rays for a period of 

“a little over an hour. These dishes together with those non-exposed were 
‘placed in an incubator at a temperature of 37° ©. One week following 

he observed a luxuriant growth of the tubercle bacilli in the unexposed 

dishes, and in three of the exposed dishes he observed a diminished 

growth, while in the fourth dish there was hardly any growth at all 

‘discernible. 

Rudis-Jicinsky * states that his results are similar to those of Rieder, 

H ence he also favors the theory that the X-rays have a destructive action 

upon various bacteria. In the following table are to be seen the results 

he has obtained. 

E ` UNDER X-RAY IRRADIATION. MEDIA. 
, ACID. ALKALINE. 

Bacillus anthracis Negative, Negative. 
Bacillus tuberculosis (in sputum)....Destroyed in 48 minutes, Negative. 

Bacillus tuberculosis (in flask) Destroyed in 50 minutes, Growth accentuated. 
Spirillum choleree (in flask) Destroyed in 51 minutes, 55 minutes. 

Bacillus diphtheriee (in flask) Destroyed in 46 minutes, 48 minutes. | 

Bacillus typho-abdominalis Destroyed in 45 minutes, 49 minutes. 
Streptococcus Negative, Negative. 
Staphylococcus Negative, Negative. 
Micrococcus pyogenes albus Negative, 40 minutes. 

Micrococcus gonorrhcese Destroyed in 35 minutes, 40 minutes. 

_ The destruction of bacteria in cultures studied by careful observ- 

ers, if not due to the direct action of the rays, is, he believes, brought 
about by electrical wave discharges. The effect of the X-rays on micro- 
or ganisms in tissues endowed with life, is at present an unsettled question. 
tis admitted that the effects here are different from those upon bac- 
eria in cultures. That there is a decided effect upon streptococci, 
taphylococci, and certain other pus-producing organisms when in living 
diseased tissues cannot be doubted. 
_ In the treatment of abscess, frequent irradiations cause the discharge 

€ become Sero-fibrinous in character, and greatly relieved of bacteria, 

E 1 New York Medical Journal, lxxiii., 1901, pp. 364-385. 
19 
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the germs and aids in the healing process. 

with a consequent decrease in the virulence. This proves that the 
X-rays must have an effect upon the bacteria when imbedded in living ” 
tissues. Practically similar results may be observed in a superficial 7 

ulcer, which upon close microscopical examination shows the gradual 

disappearance of the pus micro-organisms. Ullman, Sambuc, Mongour, 

and many others seem to be of one opinion, that the rays cause a phagocy- 

tosis ; but it is now generally believed that the rays produce an electro- 

chemic substance (an antiseptic) in each and every cell, which destroys - 

CHAPTER II 

THE HISTOLOGICAL CHANGES INDUCED BY THE ACTION 

OF THE RONTGEN RAYS. - 

AMONG those who have studied most carefully tissue changes the re- 

sult of the action of the rays are Gilchrist, Oudin, Barthélemy and Dar- 

ier, Unna, Gassmann, Salamon, Scholtz, and many others. Dr. Kibbe, 
of Seattle, perhaps the first investigator to report authentically upon 

this subject,’ relates the histological changes occurring in a piece of 

inflamed and discolored skin, removed without the aid of local anes- 
thesia ; the outer layers of the skin, i. e., the rete mucosum, presented the 

most striking alterations, particularly in the nuclei; the latter were ob- 

served to take haematoxylin and lithium carmin very feebly, and showed 

in addition a peculiar granularity, first indicated by the formation of a 

fine nucleolus, which was seen here and there in the process of division. 
Near the stratum granulosum, the bodies of the cells were apparently 

- becoming converted into keratin hyalin, as a first step to the increase in 

bulk of the stratum granulosum, by a development in their interior of 

coarse granules, staining deeply with hematoxylin and also with carmin. 

- The corium exhibited the ordinary changes found in mild dermatitis, 
—i. e., capillary dilatation, with collections of round cells scattered 

throughout its structure, particularly around the hair follicles. No 

blood extravasations in any of the specimens had been noted under the 

miscroscope or macroscopically. 

Gilchrist’ gives the results of his examination from dry, red, exfoliat- 

ing dermatitic areas. His report is as follows: “Two portions of skin 

were removed for microscopical study, on the first day. One portion was 

removed from the dorsum of the phalangeal region of the third finger, 

and the other from the lateral margin of the head, over the base of the 

metacarpal of the little finger. Neither stained nor unstained sections 

_ demonstrated the presence of any foreign particles, and only showed 

chronic inflammatory changes. A decidedly large number of brown 

granules of melanin were found in the desquamating or exfoliating por- 

tion. The mucous layer did not appear to be thickened, though it was 
more pigmented than normal. In the stratum corium, the blood-vessels 

appeared irregular and dilated, and the pigment cells covering the 

papille were almost as numerous as are usually found in the stratum. 

“It was suggested that particles of platinum might have passed 
from the tube through the glass bulb and have been deeply imbedded 

1The New York Medical Journal, 1897, lxv. p. 71. 
2 Johns Hopkins Hosp. Bul, 1897, viii. p. 17. 
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in the tissue, giving rise to pigmentation. Portions of the exfoliat- ; | 4 

ing skin were accordingly submitted to Professor Abel for a chemical ` pint ee 

analysis, who stated that no particles of platinum could be detected.” i ; dences of a beginning degeneration more appareat P DN re 

Gassmann and Schenkel' made histological examinations of derma- 

titic areas, and 

easily stained elements ; degenerate forms were observed like those 

found in pathological tissue, which readily took up the nuclear stains. 

These presented peculiar aspects, some being drawn out into long | E 

threads, others were branched, indented, and grouped into irregular clus- i ] E | : : : 

y 7 - the connective tissue fibres did not 

ters, while there were also a few large lymph-vessels and capillaries dis- 4 | A CON ae ral ee ee 

tended with blood. Elastic fibres were plentifully distributed, together 

with collections 

minute extravasation of erythrocytes. It is still undecided whether this 

peculiar tissue may be revarded as an altered subcutaneous tissue or as 7 me were ap ee mee ei 

a newly formed tissue already undergoing degeneration’ The healing q were only slightly intimated. Soe ares ee a. 

process, which was very slow. began at the peripheral margin of the = glands showed changes only to a 8g egree. ZENS, 

¡ US AE i © „ere swollen, projected into the lumen of the vessels, and in some places 

diseased area. 

Oudin, Barthélemy, and Darier,? in a study of alopecia in guinea-pigs, 

found the prickle cell of the stratum granulosum ten to fifteen times y 3 : . ; 

: 
| 1 . 

occurring in the larger and 

thicker than is normally the case, the individual cells being’ only Mi 4 Gassmann? described the changes g g 

; ? : jected j he X-rays, as 

slightly altered. Not a single hair root was visible, and there appeared | bos blood-vessels of a part subjected to the action of the A-rays, 4 

only slight traces of the previous hair follicles. All the hai ill | me LOLlOWS - ; A 

EA buds, and IA bis a lacking anita 4 3 “¿Important changes are noticeable in the vessels. The walls of the 

i The changes in the dermis 
were trivial, the ao fibrous and yellow 4 » small vessels and capillaries in the upper nee of an ace are 

pe 

ETE eat - 8 E i -recular swollen mass, the lumen eing sometimes entirely 

- elastic connective tissue network being normal in texture. The large and A 4 into ae ; ae ; ; 

smaller blood-vessels of both the aus and subcutis were normal nor = obliterated, and sometimes filled with corpuscles, in which latter case the 

were any changes in the structure of the nerve-fibres apparent These Eo vessel is surrounded by a collection of aaiae ae inate ue is 

= 
7 ndotheli llen. and often detached from 

writers conclude that, as a result of intense irritation, the least differen- E | ee and the endothelial. cells are SwoUen, | 

a ; 3 
A l j e wall. 

A 

tiated skin elements are apparently increased. On the contrary, the A q «fhè small vessels of the deeper tissues show similar changes of the — 

modified elemen 

and atrophy. They do not know whether these changes are due to 

eA induence, or to. Ope ie yE On ee a E 3 proliferation of the endothelial cells, filling perhaps half of the lumen. 

disturbances. 
| | ees 

da 

Unna? reports his investi ations on a b pe ted ski tained The intima shows numerous vacuoles and crevices. The muscular ayer 

from a gee who had ae revious Renee er Source ae $ also shows vacuoles ; the cells seem to be pressed together, are smaller, 

een, P ase, exposed to Civ am and the fibres between them do not stain well. 

influence of the rays, Ho states that no inerte Oe pigment was ob- 9 7 ““Leucoeytes are present in the media, and more numerously in the 

served in the ep 

matter in the h 

this appeared t 

surrounding the capillaries and the more superficial layers of the cutis. ] changes. The lumina are sometimes empty, though not obliterated, 

1 Fortschritte. 

genstrahlen, vol. 11 

2 Monatsch. f. prakt. Derm., 1897 | xxv. p. 417. i _ 2 6 

: 4 
3 ; 4 : . Ront trahlen, 1899, 11, p. 199. 

3 Deutsch. med. Ztng., 1898, xviii. p. 197. 
i A Hortschr, a. d. Geb. AAA Side acre : 
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Scholtz* says: ¿“In almost every field were cells with nuclei divided 

o two or three parts without any attempt at karyomitosis. The evi- 

outlines of the cells were hardly distinguishable, and their protoplasm 

; 
i j ; ; The nuclei were merely 

; j j j 3 appeared blended into a homogeneous mass. y 

found that the tissue was not necrotic but consisted of | E F aow. In the hair follicles and sheaths, the changes 1n the cells 

appeared entirely analogous 
; and the loosening and falling of the hairs 

can be easily understood when taking into consideration this active cell 

degeneration. 

stain well, and appeared somewhat swollen and homogeneous. The 

pasophilic reaction, of which Unna speaks, could not be demonstrated, 

though the elastic reticulum was still intact. No appreciable changes 

parent in the small vessels. Evidences of inflammatory reaction of crowded mononuclear leucocytes, and a general but ` 

E qn showed evident proliferation, with a tendeney to fall off into the blood 

current.” . 

ts. hair, nails, and glands, underg oTressi ù o E Y i : . 

i í a $ go retrogressive changes a intima, the lumen being entirely or partly obliterated. In the larger 

arteries and veins of the subcutis the intima is thickened, there 1s 

oes but that there was a decided increase of coloring | E adventitia. Neither the inner nor the outer elastic layers are compact, 

air and in the connective tissue of the papillary layer; | but both are loose, the fibres separated from each other by spaces and 

o be especially pronounced in the immediate vicinity | increased in number. Not all, but many, of the large vessels show these 

| | sometimes filled with blood.” 

Ein Beitrag zur Behandlung der Hautkrankheiten mittels Rónt- 

<p 128. 
1 Arch. f. Derm. u. Syph. 1902, lix. p. 241. 
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I. The Action of the X-rays on the Skin, or Rontgen Dermatitis. 

That the X-rays have an effect upon normal as well as on pathologi- 

cal tissues is to-day an established fact. They cause changes not only in 

the superficial but also in the deeper structures. In the former we refer 

to changes in the several parts of the skin and the subcutaneous tissue ; 

in the latter we allude to possible changes produced in organs such 

as the lungs, heart, kidneys, and other viscera. | 3 

Shortly after the discovery and application of the rays for diagnostic 

purposes, it was noted that in some of the cases, a dermatitis O yaring 

severity, with epilation of the hair occurred. This untoward incident 

was the genesis of X-ray therapy. | 

A. CAUSES OF X-RAY DERMATITIS. 

Many theories have been advanced regarding the etiology of X-ray 

dermatitis. Prominent among these are the following : 

. Flight of minute platinum atoms. 

. Ultra-violet rays. 

. Cathode rays. 

. Röntgen rays. 

. Electrical induction. 

. Ozone generation in the skin. 
. Idiosyncrasy. 

. Faulty technic. 

1. This theory lacks confirmation and is not generally accepted. 

2. Stine! and Goldstein? state that burns received on exposure of 

the body to the éxcited Crookes tube are not due to the X-rays, but to 

the ultra-violet light coming from the tube. 

8. Freund maintains that the phosphorescent glow set up by the 

impact of the cathode rays gives off a certain number of ultra-violet 

rays. This view is endorsed by Gilchrist,’ and Foveau de Courmelles.* 

Sir Oliver Lodge® asserts that cathode rays do penetrate the tube and 

accompany the X-rays. 

4. By many it is believed that the X-ray radiations are directly re- 

sponsible for the dermatitis produced. Among the authorities that favor 

this view may be mentioned Gassmann, Schenkel, Rieder, Forster, and 

Kienbock. 

5. Rollins* exposed his hand to a tube whose resistance was So high 

mMANIDmMoOFP WNW FE 

1 Electrical Review, November 18, 1896. 

2 Sitzungsbericht d. k. preuss. Akad. d. Wissenschaften, Band viii., quoted by 

Holzknecht. K 

è Bulletin, Johns Hopkins Hospital, February, 1897. 

t Congr. f. Neurolog., Brussels, 1897. 

5 Archives of the Röntgen Ray, April, 1904. 

6 Electrical Review, Jan. 5, 1898. 
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that no current could be forced through it with the generator used ; 

nevertheless, the hand was burned, in spite of the fact that no X-rays 

were produced, He therefore believed that X-ray burns could be pro- 

duced by electricity, but did not show that they could not also be 

produced by the X-rays. 
| 

Those favoring the above theory are Schall, Leonard, Bordier, 

Salvador, Gocht, and Apostoli. 

6. Tesla! believes that burns are due to the ozone generated on the 

E skin and to a small extent to nitrous acid. He therefore interposed a 

sereen made of aluminium wire, connected with the ground, between the 

tube and the person, and no burn was produced. Before he took this 

precaution one of his assistants was burned. 

Dr. F. J. Clendinnen has made some experiments on the action of 

X-rays on the air. He found that air which had been irradiated for ten 

minutes gave a slightly acid reaction with phenol-phthalein. Further 

tests with diphenyl-sulphonic acid showed this to be due to the produc- 

A tion of nitric acid. He holds that the healing and stimulating effects of 

the X-rays are partly due to this production of nitric and nitrous acids. 

This would account for the bronzing and pigmentation due to X-rays, 

since, when nitric acid comes in contact with any proteid matter it turns 

yellow owing to the formation of xanthoproteic acid, which acid would 

further be darkened by the action of the ammonia in the skin.’ 

The above theories are not accepted by Oudin, Barthélemy, and 

- Darier. 
7. Some individuals show a marked susceptibility to the action of 

the rays. All operators confirm this view. In some patients, X-ray 

burns have been recorded where a single exposure of one minute duration 

was given. 
8. The principal factors in faulty technic are : 

(a) Too close proximity of the tube to the part to be irradiated. 

(b) The degree of vacuum of the tube, the soft tube being 

most prone to produce X-ray dermatitis. 

(c) Prolonged or repeated exposures. 

The opinions held by various observers as to the etiology of X-ray 

burn, as detailed above, may not be endorsed to-day by some of these 

very scientists. As the study is being more and more unfolded, new 

theories are from time to time being advanced to account for X-ray der- 

matitis. 

B. CLASSIFICATION OF X-RAY DERMATITIS. 

__ It is customary to divide X-ray dermatitis into the acute and chronic 

forms. : 

1 Electrical Review, December 2, 1896. 

2 Intercolonial Medical Journal, October, 1904. 
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The acute form may appear 24 hours after the irradiation, or may not | 

manifest itself for two or three months subsequently ; it is characterized, 

by the presence of an erythema. This erythema is/attended with 
intense itching, which in a few days may give rise to vesicle formation. 

The erythema may be preceded by pigment formation. | 

As soon as the cutaneous pigmentation has taken place, an effect 

upon the hair may be observed. The hair loses its natural lustre, the 

individual hairs become brittle and break off close to the hair follicie 

upon the slighest friction or combing. 

It should be remembered, when there is an erythema, that this in 

itself is sufficient to cause a loosening and falling of the hair, without 

injury to the follicle, hair papilla, etc. Hair rich in pigment falls out 

more readily than hair of a sparser pigment. I have seen two cases 

where the hair had been removed from the entire scalp by the X-rays, to 

grow again, and more luxuriantly, in a short time. 

In mild cases this is simply a transient erythema, lasting perhaps a 

few days, followed by an exfoliation of the superficial epidermis. There 

may be a hyperesthesia of the skin and a mild burning sensation, though - 

no real pain is experienced. In the hairy portions, epilation may occur 

without any active inflammatory signs. 

In cases of the second degree there is a formation of serous or puru- 

lent blebs following the erythema, and bearing a close resemblance to. a 

scald, but differing from the latter, in that it is decidedly slower in heal- 

ing sind less acute in character. 

In the worst cases, the process, instead of disappearing in a few 

weeks, extends to the deeper layers of the skin and to the subcutaneous 

tissue, resulting in the formation of a leathery slough, surrounded by a 

brawny indurated swelling with ill-defined limits. The process is 

exceedingly slow and obstinate, and possesses a tendency to progress. 

It is generally very painful, usually resisting all treatment in a most 

remarkable way. 

The chronic form, found matt largely in the persons of operators { 

(Fig. 209), may be regarded as a long-continued form of the acute variety, 

and produced by the constant irritation of the action of the rays. Follow- 

ing the acute form, the nails become brittle and thinner, and show the 

presence of linear smelt and later of furrows. 
Still later onychia develops, and the nail is frequently shed. The q 

knuckles become sensitive from a chapping of the skin, serum exudes, 

and an itching sensation develops, which is often followed by numbness — 

and anesthesia. The skin becomes hard and leathery, warty excrescences 3 

form, and from the base of these excrescences a clear serum issues. Fre- 4 

quently these growths become detatched and offer à raw, sensitive sur- 

face. While the operator’s hands are most frequently ‘‘ burnt,” the phe q 

nomenon may manifest itself on any part of the body, especially the face 

and the chest. 

FIG. 209.—AuTHor’s HANps.—Showing the result of chronic X-ray dermatitis, 

(Began in 1899 and the above photograph taken in 1903.) 



~ 

ACTION OF THE RONTGEN RAYS. 

Kienbóck' classifies X-ray burns as follows : 

Those of the first degree, which appear from twelve to sixteen or more days after 

exposure. The hair loosens, falls out, and leaves the skin smooth, bald, and occa- 

sionally pigmented. | 

Those of the second degree, where the exposure has been more intense and 

appears after a briefer interval than in burns of the first degree. There is localized 

- or general swelling. The hyperemia, at first light, later assumes a darker color. 

There is marked irritation. These symptoms are followed by.loss of hair, and by 

marked cutaneous pigmentation with subsequent scaling ; the skin is smooth and sen- 

sitive, of a delicate hue, and devoid of hair; after'a time, however, the part again 

assumes its normal aspect, a slight pigmentation perhaps remaining. 

Those of the third degree. Blisters and extensive exfoliations are present, the 

hair fails to grow again, changes in the pigmented spots are permanent, and there is 

atrophy of the cutis and papillæ, with the formation of painful cicatrices. 

Those of the fourth degree. This is characterized by a superficial dry necrosis. 

After a latent period of a fortnight, the skin is darkly discolored, and is the seat of 

ulceration, which may be of an indefinite duration. The condition may be painless. 

The above methodical classification is purely arbitrary. I have seen many cases 

of dermatitis where the symptoms ‘did not follow these typical stages. 

C. THE LATENT STAGE; FREQUENCY AND SUSCEPTIBILITY IN X-RAY 

DERMATITIS. 

E. A. Codman * shows that the latent period in X-ray dermatitis 

varies from an interval of 24 hours up to the fourth week after the 

irradiation. 

In 9 instances, signs or symptoms were noticed within 24 hours. 

In 6 instances, signs or symptoms were noticed within 2 days. 

In 6 instances, signs or symptoms were noticed within 3 days. 

In 2 instances, signs or symptoms were noticed within 4 days. 

In 5 instances, signs or symptoms were noticed within 5 days. 

In 3 instances, signs or symptoms were noticed within 6 days. 

In 3 instances, signs or symptoms were noticed within 7 days. 

In 4 instances, signs or symptoms were noticed within 8 days. 

In 2 instances, signs or symptoms were noticed within 9 days. 

In 9 instances, signs or symptoms were noticed within 10 days. 

In 8 instances, signs or symptoms were noticed within 10-14 days. 

In 8 instances, signs or symptoms were noticed within 15-21 days. 

In 2 instances, signs or symptoms were noticed within 22-28 days. 

In 3 instances, signs or symptoms were noticed after the 4th week. 

From this table we may observe that it is impossible to fix an exact 

_ time when the first symptoms may be expected, but the majority of cases 

_ of X-ray dermatitis make their first appearance from the 10th to the 

Í 13th day, the cases occurring later having really started previously, but 

a the symptoms were insufficient to attract the patients attention. 

_ 1“Hautveránderungen durch Róntgenbestrahlung bei Mensch und Thier,’ 

E Wiener med. Presse, 1901, pp. 874-879. 
? Philadelphia Medical Journal, March 8, 15, 1902. 

26 



__— A _ === === 

eee ee 

402 ELECTRO-THERA PEUTICS. _ $ - ACTION OF THE RÖNTGEN RAYS. 403 

: In seven. cases, two of which came under my care, a dermatitis had += 4 Codman! says ac Many assertions have been made that the static 

/ been set up from two to eight hours after exposure. There are two cases ] q machine is less liable to the production of inj uries by the X-rays than any 

on record where dermatitis did not appear until the thirty-second day, j E- other form of apparatus; because of the low amperage required ; this 

but I believe it questionable whether the X-rays were instrumental in 1 statement, however, is not borne out by the present analysis. 

bringing about this belated condition. | 7 “¿In the cases in which the kind of apparatus is recorded, 11 were 

In 1898 H. Gocht! stated that in the Hamburg-Eppendorf Hospital, | caused by static machines; of these 3 were severe; 11 were caused by 

out of a total of over 2000 exposures, there was only one burn. 1 ‘Tesla coils; of these 5 were severe; 42 were caused by forms of in nen 

Albers-Schonberg, in the same year, was also of the opinion that the . 4 i tion coils ; of these 18 were severe. l a 

probability of a burn is only very small. He, perhaps the most compe- d 3 | «¿On the other hand, coils have been far more commonly used than 

tent X-ray expert, says that, despite his frequent irradiations for diagnos- static machines or the Tesla apparatus, probably in the proportion of 3 

tic purposes, up to that time (1898), he had never seen a burn; and that j > | tol. In the other cases in which the apparatus is not spoken of, it is 

was at a period when exposures of twenty minutes were customary, with 1 | probable that a static machine would have been used and not mentioned. 

the tube very close to the body. | 1 Y believe that X-ray dermatitis occurs with equal frequency both with 

Hoffa? says that the occurrence of the burn is in the proportion of | q the coil and with the static machine.” 

7 to 10,000, which small figure (0.7 per cent.) is not obtained in the ¡ y Codman further says: “Unfortunately, the quality of the tube is not 

statistics of even the most harmless operation. $ i = recorded often enough to give us effective data. Where it is recorded it 

It has been said, that the individual ‘‘ disposition” is an important E o g is usually stated to be ‘soft.’ It is the general impression of skiagraph- 

factor in the relative frequency of X-ray burns, and that this disposition q E ers that soft tubes have more therapeutic influence than hard. It is 

varies according to the types of the pigments of the body. Different l probable that the distance from the skin and the time of exposure are 

-~ parts of the body react variously to the rays, the hairy regions being q more important factors. | | ; 

especially sensitive. | 3 ] “¿Maximum recorded distance from tube to skin at which injury has 

| In an examination of 8000 patients for diagnostic purposes, I have =~ occurred, was 50 cm. (statement of patient). Minimum recorded distance 

met with but three mishaps,—one case each of epilation, vesication, and | from tube to skin, 1 em. Maximum recorded time of exposure, 20 hours 

ulceration. | d © (ten exposures). Minimum reported time of exposure, 5 min. (other 

Sjórgen and Sederholm ‘are strongly impressed with the fact that = = data not given). Considerable inaccuracy probably exists in the ac- 

plondes and brunettes react differently to the action of the rays, as shown _ companying reports of times and distances. One writer speaks of ‘dis- 

in the following : |  tancefrom tube to skin ;’ another from ‘tube to plate,’ or from “platinum 

A—BLONDES. terminal to skin,’ still others say the ‘tube was so many inches distant,’ 

Case 13, with 21 exposures ; reaction mild. | q or perhaps neglect the entire data.”’ Hoe 

Case 4, with 19 exposures ; reaction mild. — 4 y Leopold Freund,? whose experience in this field has been enormous, 

Cre ae ce Ue ro reaction very mild. | | says: “The dangers of Röntgen therapy are not confined to primary 

B—BRUNETTES. | í q Röntgen dermatitis, which may take months or even years to heal, but in- 

7 clude permanent changes in the integument, atrophy, scleroderma, and . 

Case 2. with 20 exposures ; reaction very strong. telangiectases, which may follow prolonged and repeated irradiations. 

Case 5, with 18 exposures ; reaction present. 1 _ The most to be dreaded is the primary Róntgen dermatitis. Its pro- 

Case 7, with 16 exposures ; reaction strong. ] 4 tracted duration, its painful nature, and the comparative uselessness of 

Case 7, with 15 exposures ; reaction ; second period, strong. _ treatment, render these cases the bane of both doctors and patients. 

Case 8, with 15 exposures ; reaction medium. 4 q “The question arises, What is the percentage of accidental burns in 

Case 9, with 18 exposures ; reaction intense. | i all cases treated by Röntgen therapy? According to Codman, up to the 

Case 10, with 29 exposures ; pronounced swelling. ` year 1902, the total number of recorded cases of severe burns due to the 
Case 11, with 35 exposures ; very strong reaction.  Ronteen ravsis 1 ] | g ysis 172. He calculates that such accidents do not exceed one 

Case 1, with 22 exposures ; reaction strong. 

1 American Electro-Therapeutic and X-Ray Era, May, 1903. a 7 : 

2Quoted by Schiirmayer, Fortschritte a. d. Geb. d. Rontgenstr., 1901, 1902, v. y Y The Philadelphia Medical Journal, March 8 and 15, 1902, ix. pp. 4-38. 

oi 7 3 f ? An address delivered before the Wissenschaftliche Versammlung des Wiener 

"Ibid: | d ] Medizinischen Doktorenkollegiums, February 12, 1906. 
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in 5000. In the hospitals of Boston there were only four cases of burns : 1 À microscopic examinations of the excised tissue agree in that the smaller 

in 20,000 radiographic exposures. ( | ] 

¿“Hahn has collected statistics from a number of sources: 
\ 

Hahn treated 303 cases, ha had 2 Rontgen ulcers. 

Schiff treated 505 cases, and had 3 Rontgen ulcers. 

Müller treated 47 cases, an had 1 Róntgen ulcer. 

de Nobele treated 42 cases, and had 1 Rontgen ulcer. 

‘‘ Holzknecht gives the number of cases in which reaction occurred, 

and not the total number irradiated. In 4872 cases of reaction, he got 

44 cases of ulceration. 

“¿Many other authors record cases of ulceration, but do not give the 

total number of cases treated. All agree that unforeseen secondary 

effects may include scarring, pigmentation, telangiectases, atrophy of the 

skin and nails, keloid, and sclerodermic changes.” 

Between the years 1896 and 1904, Freund treated 369 cases, with a 

total of 11,808 irradiations. In these 369 cases he had 

reactions. 

D. PATHOLOGICAL PHYSIOLOGY. 

| Huntington * quotes Rudis-J icins
ky in that an X-ray dermatitis con- i q L. Jankau‘ believes that an electrolytic analysis less 

sists of an acute, subacute, or chronic necrobiosis. Rudis-J icinsky, ina “@ place from irradiation, whereby the tissues are che mically affected, and 
2 

later article, states that ‘the irritation of the peripheral extremities of inflammation is provoked. 

the sensory nerves causes a paralysis of the vaso-motors of the vascular | q Gassmann and Schenkel* have examined histologically this form of 

area affected, that spasmodic contraction of the arterioles and capillaries dermatitis. They found that the tissue was eco ue pe sane 

follow, and the proper nutrition of the oe impaired. With these 4 = acceptation of the term, but consisted of various characteristic ements 

changes, which are directly dependent upon disturbance of the circula- f easily stained. The chief of these were bundles of collagen fibres 

tion, there are changes in the parenchyma cells of the affected region. of normal appearances, their nuclei being readily stained ene nal 

The death of tissue follows, caused by permanent stasis in the blood- ` methods. Here and there were seen degenerate forms, like those found 

Ais | : in pathologically altered tissu j j j i 

Lowe? mentions the fact (first demonstrated by Lord Kelvin), that a j 7 These a. of cular O 
e eR ONT: 

bar of iron, electrified and insulated, can be discharged or de-électrified others much branched, indented, or grouped in irregular huelen mene 

by means of the X-rays. He seems to be of the opinion that an X-ray MM 7 were also a few large lymph-vessels, and capillaries distended ih blood 

dermatitis depends very largely upon a similar action on the trophic ] Elastic fibres were found in abundance, with here and there collection: 

nerves of the parts subjected to exposure. 

E. A. Codman ê supports the theory that attributes the 

primary action on the trophic nerves of the blood-vessels and the skin. — 3 Unna* alone has had an opportunity of examining mi ol 

He says, “the delay in the appearance of the lesions after the exposure, i 
y ng microscopically a 

their progressive character, and their failure to react to 

treatment, are the strongest reasons for this view.” His reports of the 

1 Annals of Surgery, December, 1901. 

2 British Medical Journal, January 18, 1902. 

3 Philadelphia Medical J ournal, March 8-15, 1902. 

arterial pranches are occluded, and the appearances are not unlike those 

of necrosis and inflammation due to other causes. ; y 

Apostoli ascribes the cause of these burns to an electrical stream 

‘of high tension issuing from the Crookes tube. Ces 

Oudin, Barthélemy, and Darier ? believe that the changes in the skin 

are not caused by the local direct action of the rays on the cells of the 

cutis and epidermis, but that the influence is transmitted indirectly 

through a tropho-neurotic action, having its seat entirely in the central 

nervous system. 
| 

Destot* also regards these changes as having a tropho-neurotic origin. 

Kaposi explains them by a paresis of the blood-vessels, whilst Bordier is 

of the opinion that they originate in a disturbance of nutrition. : 

Kienbóck believes in a chemical action leading to disturbances of 

metabolism, by which the cells of the tissue are led to react in the form of 

a Rontgen dermatitis. 

Freund maintains that, through the destruetion of tissue elements 

certain products arise whose absorption leads to constitutional “Sinise 

toms. This would explain the appearance of fever at the commencement 

of severe Róntgen dermatitis, before any excoriation or ulcer affords the 

opportunity for local infection. 

3 intense 

: q of crowded mononuclear leucocytes or a slight extravasation of blood. 

lesions to a ` { The adipose tissue was unaltered. 

Buo 3 dermatitis erythematosa set up by X-rays in the human skin. He found 

stimulating 1New York Medical Journal, October, 1897. 

scort f. prakt. Dermatologie, 1897, xxv. p. 417. 

feet rend. Acad. d. Sc., Paris, 1897, cxxiv. pp. 1114-1116. 

paternal. photog. Monatsschr. f. Medicin, 1898, vol. v. pp. 1-7. 

Fortschritte, vol. xi. p. 128. i | at | 
ê Fortschritte a. d. Geb. d. Róntgenstrahl., B. xi., H. 3, pp. 118-119. 



\ 
406 ELECTRO-THERA PEU'TICS. 

the elastin altered, and the bands of collagen swollen, whence he concludes < A 

that the Róntgen rays attack even the more resisting tissues of the skin. 

He thereby explains their cumulative action. S 

Sequeira’ speaks of a few cases where the scar tissue that remained 

contained many vascular places, designating them as telangiectases. I 

have seen three such cases, though I could not study the condition in 

detail as I would have liked. 7 

In a previous paragraph it is mentioned that the changes resulting 

from the action of the X-rays are usually atrophic in form. On the 

other hand, there is a hypertrophic tendency about the joints of the 

phalanges and especially on the dorsum of the hand. The condition 

spoken of as hyperkeratosis is characterized by an over-development 

of the horny layer of the epidermis. These keratotic areas are nothing 

more than elevations that have a broadened base, and which frequently 

project above the outer surface of the skin in the form of small 

““peaks.?” 

Usually the bases of the keratotic peaks are not inflamed, though I 

have seen three cases where the opposite condition was true. Cases are 

reported where there have been three keratoses distributed over the en- 

tire anterior surface of the thorax, the dorsal surface of hands and feet, 

and over the thighs. Between the keratotic peaks, the skin was usually 

atrophied and pigmented. 

Johnston ? speaks of the keratotic peaks as ‘ precancerous patches,” 

he believing that these points are very prone to undergo epitheliomatous 

changes. He reports a case where a surgeon developed numerous kera- 

toses on the back of both hands, the result of extensive use of the rays. 

Two of the larger peaks were excised and studied microscopically ; the 

first revealed the cutis in a state of subacute inflammation, accompanied 

by an intense lymphocytosis with a proliferation of fibroblasts. 

E.- DURATION. 

The duration of chronic dermatitis is often prolonged over months 

and years, running an uninterrupted course. Cicatrices often remain 

after the lesion has healed. In the cases of X-ray operators, chronic 

dermatitis leaves the nails disfigured and deformed, and they never again 

regain their normal appearance and condition. The skin of the hand 

remains tough and indurated, with the subsequent occurrence of atrophy. 

The bones suffer no change, though the knuckles are enlarged, and 

there is hypertrophy of the periarticular tissues (as is evidenced in my 

own hands). 

Movements of the fingers, in flexion and extension, are painful and 

limited. Itching, paresthesia, and anesthesia are present to a greater or 

1The British Dermatological Journal, 1902, xiv. » 

2 The Philadelphia Medical Journal, February 1, 1902, pp. 220-221. 
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lesser degree ; this renders the operator nervous, irritable, and generally 

iJ]. Months and years of rest and change of occupation may fail to show 

any improvement in the condition, the skin remaining thickened, dry, 

and shining; there being present numerous red patches, with the joints 

flexed and sensitive. | l 

When the X-rays were first brought to the notice of the medical 

profession, the number of experimenters in this fascinating field were 

numerous. To-day, many of these enthusiastic votaries have become its 

victims, and it is a painful duty to inscribe the names of the following as 

among the more prominent workers who have perished,—martyrs to a 

noble cause: Mr. Clarence Dally, Thos. A. Edison’s assistant, of New 

Jersey; Mrs. E. Fleischman Aschheim, of San Francisco; Dr. Louis 

A. Weigel, of Rochester, New York ; W. C. Fuchs, of Chicago; Dr. os 

Barry Blacker, of London; M. A. Radiquet, of Paris. The number of 

operators that have been disfigured, maimed, and injured would form a 

deplorable list of tremendous proportions. Php? 7 

F. PREVENTIVE MEASURES AGAINST X-RAY DERMATITIS. 

As a prophylactic measure, the patient’s susceptibility should be 

carefully ascertained by interrupted small doses of the rays. The 

character of the tube must be considered. Soft tubes produce a derma- 

titis more readily than do hard tubes, because the latter afford less absorp- 

tion. Another matter for thought, is the distance of the tube from 

the patient. The more distant the tube, the less will be the danger of 

burning the patient. In treating the deeper-seated structures, the sur- 

rounding healthy parts should always be screened from the rays by thin 

sheets of lead. For filtering off the soft and unnecessary rays, advantage 

is taken of the use of a piece of leather or aluminium (grounded) applied 

over the part to be irradiated. As a prophylactic measure the treat- 

ment first employed by Dr. C. L. Leonard, of Philadelphia, may be 

mentioned. He employs the compound stearate of zinc powder, with 

ten per cent. ichthyol, in cases under treatment, believing that it not only 

relieves the symptoms of acute dermatitis, but also allows a stronger 

dosage to be employed. 

THE PROTECTION OF THE OPERATOR. 

For his own protection, the operator should never use his hand to 

test the intensity of the rays. While the patient is undergoing treat- 

ment or examination, the operator should be in a communicating room 

or behind a lead screen or in a sentry box, where he can observe the 
fluorescence of the tube from a mirror suspended at a convenient angle 

from the ceiling. The best place for the operator to have his lead pro- 

tection, is behind the anode. The absence of the operator from the room 

is always advisable because its atmosphere becomes ionized by the rays. 
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To discover the presence or absence of the rays, the operator may* q 3 Too much medication is danSerous. Dry dressings are to be pre- 

employ an electroscope or photographic plate, and wherever they:are 1 1 i ferred. My treatment of acute X-ray dermatitis consists in cleansing the 

detected that region is unsafe for the operator. (Fig. 210.) , 1 E- art with sterile water, covering it with sterile gauze, and in enjoining 

The Crookes tube should be covered with an opaque rubber shield, 4 3 psolute rest of the part. The general health should be inquired into, 

or, as some recommend, with lead glass containing an interval of ordinary i | a d the patient’s diet should be simple and non-stimulating. 

glass, for the passage of the rays. Muller paints the active hemisphere _ í E For the intense itching, immersion in hot water and the employment 

of dilute solutions of cocaine are to be recommended. If the operator 

uses a dilute solution of carbolic acid for this purpose, he should remem- 

per that its too frequent application may increase the irritation and 

even produce gangrene. Normal salt solutions and sterile gauze dress- 

ings brought about rapid relief in an acute case under my care in the 

Philadelphia Hospital. 

Treatment of the chronic form is the same as for the acute form, plus 

other measures. The latter include the employment of picric acid, 

various ointments containing boric acid, zinc oxide, calcium salts, 

aristol, orthoform, etc., with lanolin, cold cream, vaseline, etc., as a base. 

Some recommend powders of the above in place of ointments. Some 

urge the use of a poultice as an analgesic. When the warty excrescences 

appear, it is good practice to file them down with a small strip of sand- 

paper. When the knuckles are thus involved, I advise the use of a 

digital (palmar) splint, which, however, must not be worn too long, 

lest ankylosis set in. lL also advise touching the fissures in the skin with 

a ten per cent. solution of argyrol. As salicylic acid is very stimulating, 

A its use is contraindicated. Continuous moist dressings should not be used, 

Reflecting Mirror 

RIA 
To Primary core 

Spark-gap regulator 

Fra. 210,—Author's scheme for the operator's protection. q : as maceration of the skin is sure to ensue. When the skin appears dry 

a | - and parched, nothing is so valuable as the nightly application of lanolin. 

with a black opaque material and employs diaphragms of various sizes. | 4 It is worthy of remark that frequently a chronic X-ray dermatitis, 

The operator should still further protect himself by wearing special 3 apparently cured, breaks out anew and with increasing severity. In 

opaque rubber gloves and an apron, the latter to prevent injury to the ` 4 such cases I employ an application of twenty per cent. of zine oxide in 

testicles. Spectacles of lead glass are worn by some to protect the eyes. 3 lamolin for several days. If continued too long over-stimulation will 

It is far better, however, for the operator to be out of the room and dis- = occur. The internal administration of arsenic and the iodides is most 

pense with such protecting devices. 4 í valuable. Alcohol in all forms is strongly contraindicated. 

q | The following treatments are appended : 

G. TREATMENT OF X-RAY DERMATITIS. J 7 F. Engman' says that in acute cases of the second degree or milder, 

k where infection and ulceration are not complications, he has controlled 

A the intolerable itching, assisted repair, and kept the surface aseptic, 

by the employment of the following formula, which has yielded. him 

excellent results. | E 

Treatment of the acute form may be similar to that employed in any 

other acute inflammation of the skin. 

Slight erythema may disappear within a few days, but when the 

irritation is excessive and accompanied by intense itching, soothing rem- E 

edies, as, zinc oxide ointment, compresses of ice, boric acid, ete., may be i” o Boa e 12 drams (464 grammes). 

employed. When the vesicles burst and the skin resembles the lesion < S Zinc oxide, starch, bismuth subnitrate, of each, 1 ounce (31 grammes). 

of pustular eczema, a warm normal salt solution proved soothing and E Olive oil......... Pee ee A eer ies: 1 ounce (30 c.c.). 

| efficient in one of my patients. Carbolic acid, bichloride of mercury, MS Lime water.....-..--...-e-seee eee tere 3 ounces. (90 c.c.). 

‘ ; AE O OOR E E ete ent tes 12 drams (43 c.c.). 

and other antiseptics produce irritation. I used orthoform on my own ` = \ 

hand, with the result that a general inflammation resulted. | q 3 \ l Interstate Medical Journal, July, 1903. 
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The powder should be well triturated in a mortar and the lanolin + 

added. The olive oil and lime water are thoroughly mixed, and slowly 

added to the powder and lanolin, keeping constantly stirring; after 

which the rose water is added, and the whole beaten up in the mortar 

into a light creamy paste. If. there is much pruritus, 1 or 2 per cent. 

of carbolic acid can be added to the mixture. This creamy -paste | 

should be spread on several thicknesses of absorbent gauze, and applied 

to the surface, and a sheet of gutta-percha tissue placed over it, to 

prevent evaporation. It is very soothing because of the great per- 

centage of water it contains, and acts almost as a lotion without the 

disagreeable effects. os 

Mr. H. Lyle, Senior Surgeon to the Liverpool Hospital, believes 

X-ray burns to be reasonably amenable to treatment. The method recom- 

mended is the free application of an ointment, composed of one dram of 

lead oxide, two drams of carbonate of zinc, one dram of glycerin, half a 

dram of olive oil, to one ounce of benzoinated lard. 

Unna! advises that the hands be bathed from one-quarter to three- 

quarters of an hour in warm water with superfatted soap, to be followed 

by the application of one of the following ointments : y 

R Ung. Hebree rec. par 25.0 grammes (886 grains). 

Sol. calcii chlorati 10.0 grammes (154 grains). 

Glycerini 5.0 grammes (77 grains). 

Adipis lane 10.0 grammes (154 grains). 

R Ung. Hebree rec. par 35.0 grammes (540 grains). 

Acidi salicylici 2.5 grammes (39 grains). 

2.5 grammes (39 grains). 

Vaselini 10.0 grammes (154 grains). 
X 

Dr. Nogier? recommends for the burning, itching, and pain in acute 

dermatitis : | 

3 ounces (90 grammes). 

20 grains (1.25 grammes).- 

Glycerin, oxide of zinc, of each.... 3 drams (12 grammes). 

Norman Walker ° uses the following : 

R Prepared chalk 3 drams (12 grains). 

Olive oil 2 drams (8 grains). 

Prepared lard | l dram (4 grains). 

1 Fortschritte auf dem Gebiete der Réntgenstrahlen, vol. viii., No. 2. 

2 Archives d’électricité médicale, Sept. 25, 1906. 

3 British Medical Journal, 1901, ii. p. 852. 
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pr. J. Hall Edwards’ advises the use of the following : 

R Sulphate of zine 
5 grains (0.32 grammes). 

Tincture of lavender 
60 minims (4 c.c.). 

60 minims (4 c.c.). 

1 ounce (30:¢.¢,). 

Ft. lotio. : 

He likewise advises the application of olive oil several times daily to 

the hands, to be followed with hot water
 and superfatted soap. 

Since the above was written, I have been using Eichhoff”s 
superfatted 

resorcin soap, but the results are unsatisfactory, as the soap removes 

the epithelial layer and renders the irritated remaining layers most 

tender. Oudin recommends a peroxide of hydrogen dressing in cases 
of 

erythema and excoriations. 
hy | f 

M. W. Brinkmann advocates Biers method of inducing passive 

hyperemia,—. e., by constriction of the venous circulation above the 

diseased area. i 
| 

Professor Lassar, of Berlin, applied radium over the ulcerated spots 

of my hands, but I could derive no benefit from the treatment, as I could 

not continue it. But I am doubtful as to its ultimate efficacy. 

In passing, it is interesting to note that in the treatment of X-ray 

purns advantage has been taken of the caloric power of the red rays and 

of the absence in these rays of chemical properties. The experiments of 

Finsen, Schenk, and Graber have abundantly proved that white light is a 

stimulating agent of considerable power, and Bar and Boullé?’ describe at 

length, the case of a pregnant woman treated at the Infirmary of Saint 

Lazare, who suffered from blenorrhag
ia, accompanied by abdominal pains. 

She had been pregnant about three months, when the rays were applied 

to the abdomen in the hope of producing a blister and thus allaying her 

intense pains. An ulcer formed which baffled all treatment. Two months 

after delivering two healthy infants the woman was placed in a sunny 

corridor, and each day the rays of the sun were sent through red glass and 

allowed to fall on the abdomen. Over the ulcerated area was placed a 

transparent sheet of celluloid. At night the ulcerations were covered 

with an inert powder. Gradually the crusts produced by the X-rays 

sloughed off, and, fifty days after this treatment was begun, the healing 

was hastened by cauterization with silver nitrate. 

Freund and Huntington advise excision
 of the ulcer in obstinate cases 

and that the operation of skin grafting be resorted to. I concur in this 

advice. Apostoli and Oudin recommend the effluve from a static ma- 

chine and a resonator respectively. I do not believe that, at the present 

day, there is any agent known for the cure of X-ray dermatitis. All of 

the proposed measures are merely palliative. 

1The Archives of the Róntgen Ray, October, 1903. 

2 Bulletin de la Société d'Obstetrigue de Paris, 1901, vol. iv. pp. 251-266. 
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II. Remote and Indirect Action of the Rays. 

Peculiar sensations attending and sometimes subsequent to irradia- 

tion are often complained of by the patient. These include nervous dis- 

turbances,—i. e. dizziness, somnolence, and tinnitus. The circulatory 

disturbances are increase in the pulse rate, palpitation, and cardialgia. 

Digestive disturbances manifest themselves in nausea, vomiting, and occa- 

sionally in diarrhea. These symptoms may occur in both the patient and 

the operator. It is my own belief that some of these symptoms may be 

manifestations of psychical influences. 

GENITO-URINARY SYSTEM (STERILITY). 

That the Rontgen rays are capable of inducing at least temporary 

sterility should never be lost sight of. Long ago the possibility of this 
unfortunate occurrence was emphasized by Albers-Schónberg.' 

The experiments of Halberstaedter’ disclosed the fact that marked 

macroscopic and microscopic changes occurred in the ovaries of rabbits 

exposed to the rays. ‘‘The histological change most in evidence was the 

complete disappearance of the Graafian follicles, in about fifteen days. 

Whether this loss is permanent and whether or not regeneration can take 
place, has not yet been determined. It was also found that the ovaries 

seemed more sensitive to the effects of the rays than the outer skin of the 

abdomen, and, when compared with control experiments in male rabbits, 

developed degenerative changes in shorter time and with fewer expos- 

ures. How far these observations in animals apply to human beings cán- 

not be definitely stated, nor is it known how permanent the effect ‘may 
be. Of course the question of individual susceptibility must also be 

taken into account, but since the wearing of an apron impervious to the 
rays, or the encasing of the focus tube so as to prevent the escape of- all 

rays except those intended for a particular region under treatment, and 

to avoid applying the rays to ‘danger zones,’ would seem to obviate all 

danger in this direction.”’ 

Albers-Schénberg* called attention to the fact that in male rabbits 

and guinea-pigs, in which the abdomen was exposed to the action of the 

X-rays, azoóspermia was gradually developed. Frieben*‘ found that this 

was due to the disappearance of the epithelium in the seminal tubules, 

which resulted in an atrophy of the testes. 

Before the January (1905) meeting of the section for Genito-Urinary - 

diseases of the New York Academy of Medicine, the statement was made 

by F. Tilden Brown and Alfred T. Osgood that men, by their presence in 

1 Münch. med. Wochen., 1903, 1. 43. 
2 Berliner klin. Wochensch., January 16, 1905. 

3 American Journal of Surgery, April, 1905. 

t Münch. med. Woch., 1903, No. lii. p. 2295. 
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an X-ray atmosphere incidental to Pde Oy may, after a period of 

time, be rendered sterile. , ae | 

This statement was based upon discovering that ten X ray workers, 

who had consulted them, were the subjects of total azoospermia, although 

none of them had suffered from any venereal disease or traumatism in- 

volving the genital tract, none of them presented physical signs of got 

mality of these organs, and none was conscious of or gave a history 0 

‘onal derangement. 

e Since that dane the number of cases has increased and there now are 

records of eighteen cases in whom total azoospermia or oligo-necrosper- 

mia has been demonstrated. All of those examined who have done ee 

tensive X-ray work for a period of more than three years show no sper- 

matozoa in their seminal fluid, while a few of the men who have been 

engaged in the work for a shorter time and have exercised care in pong 

ing direct exposure to the active tube show varying states of oligo- 

necrospermia. Several cases have been examined whose exposures have 

peen infrequent and short (once or twice a week, for from five to fifteen 

minutes), whose seminal fluid presents normal characteristics, with 

abundant actively motile spermatozoa. 

These men are in robust health, and from 22 to 40 years of age. 

Twelve of them have operated X-ray tubes for one-half to four hours 

at least three times a week, for the greater part of each year during the 

past two to six years. Six of them are the subjects of more or less 

severe X-ray dermatitis of the hands. » ee 

This sterility has been produced without the slightest subjective or 

objective sign, illustrating its insidious development. In no case has even 

a transient erythema of the scrotum been noted, and in no case has there 

been evidence of deterioration of sexual activity. One-half of these 

men are married, and no one among them has had a child since he 

undertook this work. 

Philipp? reported the exposure of the testes of two men who recog- 

nized the danger of producing sterility. One was a tuberculous subject, 

and he was exposed for 30 days to the rays, duration of each séance 10 to 

15 minutes. At the end of this time, the semen was apparently normal, 

and the spermatozoa normal. Later a resection of the vas deferens of 

each side was performed, and six months after no spermatozoa were found 

in fluid withdrawn from the epididymis. This demonstrated merely a 

marked resistance of these organs, in this case at least, to the injurious 

action of the rays. : 

The second case was treated for pruritus ani. Total time of expo- 

sure 195 minutes. The patient then disappeared. After several months 

he had a slight recurrence of pruritus. Seven months later, examination 

1 American Journal of Surgery, April, 1905. Kio 

2 Fortschritte auf dem Gebiete der Röntgenstrahlen, 1904, Bd. viii., Heft 2, p. 114. 

— 
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of seminal fluid showed complete azoospermia. Only one examination 

seems to have been made. 

Bergonié and Tribondeau: have extended their experiments on 

the seminiferous tubes to the action of the rays on the spermatozoa 

themselves. The result was entirely negative.’ 

In conclusion, let me remark, while many operat 

workers after a time are permanently sterile, I am personally acquainted 

with six well-known active specialists in this field who during the past 

CHAPTER II 

ors say that X-ray CHANGES INDUCED IN VARIOUS DISEASED TISSUES BY THE 
RONTGEN RAYS. 

year became fathers of healthy children. í q THE following are the changes noted in psoriasis by X-ray expos- 
l E ures. We abridge the reports of Scholtz. The diseased area was ex- 

posed to the rays from May 31 to June 6, five times, of ten minutes dura- 

tion each, at 40 cm. distance. June 8, the scales had completely fallen 
off and the affected area was completely smooth and colored with dark 

1 Arch. d'Électricitó Médicale, November, 1906. 

2 For a comprehensive study of this subject, the reader is referred to the follow- 

Heineke—Mitteilung aus den Grenzgebieten der Medizin und Chirurgie, 
ing papers : 

; 3 

1905, Bd. xiv., Hefte 1 und 2, pp. 21-94; Miinch. med. Wochenschrift, 1903, No. i À TAR RS) e 

xlviii., p. 2090, and 1904, No. xviii., p. 785; Freund, Elements of General Radio- d 4 a ae The healthy skin in the vicinity was also slightly 

Fortschritte auf f colored. 18 time a piece of the cutis was excised containing both 

the healthy and the diseased tissue. 

“* Microscopically, the typical changes occasioned by the disease had 

almost completely vanished. Only the horny layer and the stratum 

granulosum were still somewhat thickened, and there was some infiltra- 

tion of the papille and also around the subpapillary vessels of the corium 

The epithelial cells themselves again showed the usual changes The 
healthy as well as the diseased tissues were peculiarly nad In 

One place in the corium, especially in the papille, were Colle some fon 

some stellate, with irregular nuclei, whose protoplasm ee rane 

4 filled with round, large, yellowish-brown particles of pigment. More. 

E over, the cells of the rete, especially in the deeper lamas contained in 
i their protoplasm fine particles of the same color; while a Ane network of 

| ae e lying close to each other, appeared interwoven 

1 Scholtz also studied the changes taking place in lupus. A rather 
4 deep area of lupus was on the breast, which was deeply infiltrated 
] thickly set with tubercles, and covered with a thin crust. X-ray eat 
1 ment, February 8 to March 7, at intervals, in all ten exposures, at 35 cm 
F distance. After a few weeks a severe dermatitis of the ed taco 
: p o with subsequent superticial necrosis. Excision March 17. 

| q icroscopic examination showed the epithelium in a 
| ny : | y i homogeneous condition. The cutis, Ee in the En ee 

a with round cells and pus cells. The form and typical ne 
E. pag disappeared, and were to a certain extent absorbed. 
oa a were collections of numerous cells, single and multiple; 
A e 4 , swollen washed-out protoplasm; and among them mono- 
Fic N Bie) Poy morpnonueles: leucocytes in great numbers. 
3 cells contained an unusually large number of nuclei, and 

therapy ; Senn, New York Medical Record, August 22, 1903 ; Krause, 

dem Gebiete der Róntgenstrahlen, 1905, Bd. viii., Heft 3, p. 209 ; Halberstaedter, Ber- 

liner klin. Wochenschrift, January 16, 1905 ; Selin, Fortschritte aut dem Gebiete der 

Róntgenstrahlen, 1903, Bd. vii., Heft 6, p. 322. 

‘Arch. f. Derm. u. Syph., 1902, lix. p. 241. 

415 
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measured 100 to 200 microns in diameter. Most of them no longer 

show regular outlines, but, instead, a pale, irregular mass of multi- 

nucleated protoplasm. The altered epithelioid cells, which are often 

polynuclear, showed the same appearance.’’ 

Grouven ! gives a report of his studies of lupus of the cheek treated 

by the rays. He studied sections of the diseased tissue which had been 

continuously treated by the rays for a period of ten weeks. He noted a 

very large production of connective tissue, some of the fibres running 
through the tubercles themselves. In brief, Grouven speaks of the heal- 

ing of lupus tissue as an active hyperemia giving rise to diapedesis 

of the leucocytes, first observed at the periphery of the tuberculous 

masses, gradually extending into the interior of the tubercles. There, is 

a conversion into spindle- cells, resulting in the complete pr oduction of 

new connective tissue; i. e., the cells of the tubercles undergo fatty 

degeneration, absorption, and finally are wholly replaced by connective 

tissue newly formed. 

Scholtz? speaks of the results of his investigations with leprosy of 
the nodular type, after having been treated by the rays. He exposed a 

leprous area until sufficient hyperseemia was produced. He believes that 

““some time after the disappearance of this reaction the part of the nodule 

which had been treated seemed to be a little sunken, but no further 

change appeared. Five weeks later the nodule was excised. Microscop- 

ically, the leprous infiltration was slightly reduced. The numerous 

bacilli seemed to show more granulations than the unexposed region, but 

were well stained and undiminished in number, the action of the rays- 

having no apparent influence upon them.” He? has also studied cases of 

cancer treated by the X-rays, and found that in one case he was able to 

obtain sections in the stage of commencing reaction, and also after the 

formation of a superficial necrosis. Under the influence of the rays the 

microscopic examination showed that the cancer cells degenerate and are 

destroyed. However, the degenerative processes are recognizable, espe- 

cially in the deeper carcinomatous points, only after a relatively more 

intense action of the rays, and the appearances were very often difficult 

to distinguish from the normal retrogressive processes. 
Freund * states that in lupus and epithelioma the improvement 

observed is due to cellular infiltration and proliferation, and to the influ- 

ence of the rays in promoting the formation of connective tissue and 

cicatrices. In his opinion the X-rays possess no bactericidal qualities. 

Chas. Lester Leonard® is of the opinion that the X-rays have both 

1 Fortschr. a. d. Gebiete d. Róntgenstrahlen, 1902, Bd. v. p. 186. 

2 Arch. 4, Derm. u: Syph:, 1902, lix? p.:241. 

> Tbid. 
t Lancet, August 2, 1902. 

¿American Medicine, October 4, 1902. 
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stimulating and ‘alterative effects on normal tissue. There may be 

caused a retrograde metamorphosis, on tissues of low vitality, ending 
in fatty degeneration. He adheres in general to the tropho-neurotic 

- theory. 
The lesions in Shand's* case were recurring superficial abscesses of 18 

months’ standing, the pus containing the staphylococcus pyogenes aureus. 

Improvement began under X-ray treatment, a relapse occurring when 

treatment was discontinued. Irradiation was again begun and continued 

until a permanent cure resulted. | 

Rinehart,’ after stating that he gets no results from X-ray treat- 
ment unless inflammatory action is induced, says: “It then remains 
to be decided whether the inflammation causes the death of the 

cancer and tuberculous deposits, or whether the effect is produced by 
the light itself. My own experience is, that it is the light. Simple 

inflammation has often been caused by caustics, in and around these 

sores of lupus and epithelioma, without producing the death of the 

process. A light sufficiently strong to produce an inflammation of the 

healthy cells of the part treated is of sufficient strength to destroy cells 

of lower vitality, aS cancer cells are known to be. Whether the effect 

upon the skin is produced by the ultra-violet rays remains to be proven. 

That the low-vacuum tube produces more effect upon the skin than 

the high-vacuum tube, might help to substantiate the statement that the | 
effect is from ultra-violet rays, as they are given off more freely from the 
low-vacuum tube.’’ 

Hallopeau and Gadaud* call attention to the sclerogenic action of 

the X-ray, to which they properly attribute the ungual dystrophies and 

the vascular dilatation produced thereby. 

Herzog* treated transplanted sarcomas in two rats. The skin over 

the tumor became necrotic in each case. In one, the tumor changed 
to a cyst filled with a perfectly clear fluid material, and after the fifth . 
exposure the whole tumor came away, leaving a clean surface. | 

Walker? has studied sections of rodent ulcer healing under 
treatment by the X-rays, and describes the new growth as undergoing 

fibro-myxomatous degeneration. 

Blackmar* concludes that the X-rays cause a breaking down of 

malignant and non-malignant growths, the disintegrated material being 

absorbed. He considers the waste products from a rapidly disintegrating 
cancer exceedingly dangerous when thrown into the general system, 
unless the patient is in vigorous health. 

1 Australasian Med. Gazette, May 20, 1902. 

2 American Journal of the Medical Sciences, July, 1902. 
“La Presse Méd., July 16, 1902. ` 

* Journal of Medical Research, June, 1902. 
5 British Med. Jour., May 10, 1902. 

ê American Electrotherapy and X-Ray Era, May, 1902. 
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Morton * believes that the effect of the X-rays in the cure of disease . - 
i 

is due to a primary chemical reaction, affecting in turn the metabolic. pro- 
| E . Vose and Howe,' from a study of the effects of X-rays 

cesses. He claims that under proper conditions the X-rays build up tis- | E believe that, “í Cutaneous cancer treated by the X-rays ada a pi 

sue, in proof of which he cites the case of a young woman suffering from j 3 ration not peculiar to this form of treatment or distinguishable hi aes 

enlarged axillary glands. In six weeks, the neck, shoulders, chest, and q cally from degeneration from other causes. The vascular ch oe 

preast of that side had developed so markedly that the patient afterward 
3 limited to an endarteritis; new formation of blood-vessels oc ang a 

desired the opposite side treated in order to restore symmetry. : 4 p ing takes place, as in the process of repair elsewhere; there e ; ee 

Beck? states that an adeno-carcinoma, subjected to the X-ray treat- ] E of elastic tissue. Taken as a whole, the clinical cases show that a ee 

ment, showed beginning colloid degeneration, changes of the same nature $ q cure of cancer by the X-ray is by destruction and exfoliatio a a 

being observed in the epithelium of the skin covering the tumor. Speci- i E once limits its value to superficial cases. . This destructive $ Sat 

mens of the affected skin showed thickening of the intima of the small i g slov one, and acts very superficially .” 
P es 

ticular arrangement being deposited. | E ; 
i | Journal of Medical Research, Boston, January, 1905. 

blood-vessels ; fibrous tissue in re 

The same observer elsewhere states that he regards as most important, the 

nutritive changes in the walls of blood-vessels and the resu
lts incident to 

such changes. 

Loeb,’ after seven exposures 

transplanted sarcoma in a rat an 

of ten minutes each during eleven days, 

d found mitoses in the cells. The tumor 

continued to grow, and pieces from it were successfully transplanted into 

in the centre of the tu- 

other rats. Degenerative changes were present 

mor, but Loeb believes that these changes occur in many tumors without 

exposure to the rays. 
i 

A. G. Ellis,‘ in regard to tissue changes, occasioned by the X-rays, 

reports upon the findings in four cases, which were carefully examined. 

He observed necrosis of cells and trabecule of a varying degree. There 

was also marked fatty degeneration. In three cases there was increase of 

elastic tissue before and after exposure. In one case there were fewer 

areas of lymphocytic infiltration after exposure, and about equal numbers 

before and after in others. A tendency to occlusion of the vessels, by 

deposits on their inner surfaces, was marked in some cases. Entire absence 

practically of infiltration of polymorphonuclear leucocytes was noted. 

These findings, he remarks, hardly warrant conclusions, but a few 

thoughts suggest themselves. The plood-vessel changes, On which Beck 

and others lay stress, seem hardly to account for the accompanying 

tissue necrosis, though endarteritis is probably induced by the X-rays. 

He thinks the possibility is suggested of their being similar lesions from 

the same influence instead of standing in relation of cause and effect. 

The presence of immense numbers of cocci and bacilli in the tissues in 

one case after twenty exposures, would argue against the bactericidal 

power of the rays. It should be said, however, that the pathogenicity of 

these organisms was not proven. 

1 Medical Record, May 24, 1902. 

2 New York Med. Journal, May 24, 1902. 

3 Journal of Medical Research, June, 1902. 

4A. G. Ellis, in American J ournal of the Medical Sciences, January, 1903, from 

which many of the above statements have been taken. 



CHAPTER IV 

TECHNIC OF RONTGEN RAY THERAPY. 

THE production of a dermatitis, the result of the use of the X-rays 

as a diagnostic measure, early suggested the possible value of the new 

agent for therapeutic purposes. Treatment with the X-rays depends 
largely upon the character of the lesion. Thus the same method of treat- 

ment would be of no avail if applied indiscriminately to the malignant 

and benign, to the superficial and to the deeper tissues, etc. Effective 
technic in treatment is dependent not only upon a good understanding of 

how to use effective apparatus accurately, but also upon the experience 

and ability of the operator to apply, to each individual case, the quality 

and dose that that particular case demands. 

In observing the progress of disease, so far as a cure is concerned, 

and also for comparative study of several diseases, a life-sized photograph 

of the affected area should be taken before the actual treatment is com- 

menced. The plate employed should be isochromatic in type, in order 

that the color value of the tissues may be recorded as exactly as possible. 

To be accurate all these photographs should be taken in precisely the 

same manner. The prints made from the resulting negatives should be 

of equal density. | | 

When an open wound is to be treated, care must be exercised not to 

infect it; if it is well protected by asterile dressing, this should not be 

removed, unless ointments are smeared thereon which might offer ob- 

struction to the rays, such as zine oxide, boric acid, bismuth, iodoform, 

ete. I would urge that all lesions be covered with several layers of gauze _ 

while treatment is in progress. 

I. Apparatus and Method of Treatment. 

The apparatus necessary for intelligent and effective treatment is 

practically the same as that employed for skiagraphic purposes. The 

current for exciting a tube is generated by a static machine, an induction 

coil of the Ruhmkorff type, or a Tesla high-frequency apparatus. Some 

operators prefer the static machine, believing that it does not produce a 

dermatitis, but this has been proved a fallacy. Regarding the size of the 

coil for therapeutic purposes, one that is of seven or eight inch (18 to 20 

em.) spark producing power will suffice. 

When using a coil for therapeutic purposes, the frequency of pro- 

longed exposures, often required, is liable to injure the insulation of the 

coil. It is considered advisable to switch off the current and allow the 

coil and the tube to cool every ten or fifteen minutes, during prolonged 
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_The whole tube is made of lead glass, except at the lower 

ALS ARD TREATMENT TUBE. Y : 
Fig. 211.—PIFF This is a protective measure for 

it the passage of the rays for therapeutic purposes. 

ning, to perm 

oa mits the area irradiated. 

the operator, and
 also li 

Fig. 212.—THE BI-CATHODE TUBE OF Kocu oF DRESDEN.—Koch asserts that where much in- 

verse current must be overcome, this tube acts both as an X-ray and a ventril tube. He believes ee 

the anode being of a heavy design, a large quantity of current may be employed with a shortene 

exposure. (Kny-Scheerer Co.) 

tubular extension, the latter 
Fie. 213.—THE KNY-SCHEERER TUBE.—The anode is placed into the 

further serve to 
being encased by a cylinder of lead-flux glass. A set of two specula of lead glass 

localize the X-rays. 
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i ; . i ep-seated, the 

treatment; but, the current being of small amperage, the injury to the a recaution, however, does not ey ee ee ee lit He es 

coil at most would be slight. The mechanical or the liquid interrupter FF risk of setting Up an o D a eee 
may beemployed, but the mechanical, being the cleaner and easy of manip- ; comparison with the le ae cto e d which conforms to 

ulation, is commonly used. The electrolytic interrupter has met with An ingenious device is the pr ) 

little favor, as the enormous current transmitted to the primary is totally | 
unnecessary, and is detrimental to the life of the tube and the coil. 

CROOKES TUBE. 

The tubes employed for therapeutic purposes (Figs. 211, 212, 213, 

and 214) are practically similar, in degree of vacuum, to those employed 
for diagnostic purposes. They are self-regulating, or those in which the 
vacuum can be altered by automatic appliances. Tubes are also classified 

according to their degree of vacuum, as “soft,” “medium,” and “hard.” 
The rays coming from a tube of low vacuum produce an early and rapid 
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Fig. 214.—Dr. J. Ronsenthal’s tube for therapeusis, as employed by him in the hospitals of Munich. 

tissue change. When a softer tube is employed more tissue change 

results, because under such couditions the rays are considerably less 

penetrating and more readily absorbed by the tissues, than with a hard 

tube. This is the accepted view of most X-ray operators. When the 

suspected lesion is deep-seated, as in cases of carcinoma of the uterus, 

stomach, or abdomen, a ‘‘medium”’ tube should be used. The connec- 
tion of the Crookes tube with the oscilloscope is explained at Fig. 215. 
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PROTECTION OF HEALTHY PARTS. ; 1G. 215.—CONNECTION OF THE TUBE AND VILLARD VALVE WITH THE Orena on a am gate 
i j FIG. 215. T i ‘ a 

Prior to the application of the rays (as in cases of superficial 3 3 New York, uses the oscilloscope as an index of the inverse current. When the inverse current 15 e 

X í - N 
q i sive, a violet glow will appear on both terminals of the oscilloscope ; if the current is pue eee 
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ulcers, L ithelioma, ete.) the surrounding normal tissue should be pro- a 3 glow will be manifest only on one terminal of the oscilloscope. The oscilloscope is 1n reality 

tected against the influence of the rays. This may be accomplished by | 4 pulp: 

shielding the surrounding integument by leaden sheets, yz of an inch eo: vee re tne Culos tube and is provided with diferent 

(1 mm.) in thickness, covered with adhesive plaster, and grounded, in 3 ee OS Bape lacie ee a large or small surface to be 
which an aperture has been cut, to permit the passage of the rays í 3 sized cylinders, or localizers, allowing el S 

; ; ) 9 > S . E. 

The aperture should be of the same size as the superficial lesion. This E E acted upon by the rays. 
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POSITION. 

The position of the tube is of little importance, except that the 

anodal field must face the lesion. The satisfactory application of the rays 

to such conditions as carcinoma of the cervix uteri, diseases of the oral ' 

cavity, the larynx, stomach, and rectum is a matter of much difficulty. If 

the tube is placed within a cavity, or in such a position as to send the 
rays directly to the seat of the lesion, better results are to be expected 

than if the rays need penetrate some intervening tissue. For this reason 

tubes of special shape have been designed by Caldwell of New York, 

and Cossar of London, for the express purpose of treating diseases of 

the rectum, vagina, and oral cavity. The tube devised by Caldwell 

has a long cylindrical projection which fits into a metallic protector. 

The latter has an opening which corresponds to the area undergo- ' 

ing treatment. The Cossar tube is constructed of lead glass com- 

paratively opaque to the rays, except at the end of the projection, 

which is made of ordinary glass, and permits the rays to reach the 

diseased area only. 

DISTANCE OF THE TUBE. 

The distance of the tube from the part depends upon the quality of 

the tube, upon the size of the area to be treated, and whether a rapid 

reaction is desired or not. It is measured from the target of the tube to 
the exposed surface. The nearer the tube, the more intense the action. 

Theoretically, some claim that the distance of the tube from the part 

should be directly as the height of its vacuum and inversely as the 

distance of the part to be affected is from the surface. Some operators 
prefer a short distance with short or less frequent exposures. This I 

believe to be a matter of personal experience, and can only be deter- 

mined by a most careful study of each and every case seeking treat- 

ment. The anode of a hard tube should usually be placed from 

twelve to fifteen inches (30 to 38 cm.) from the surface, and a soft tube 

from six to eight inches (15 to 20 cm.). On the other hand, the tube 

should be placed nearer to the body, the farther the diseased part is from 

the surface. 
Dr. William S. Newcomet* has devised a frame covered with lead, 

containing openings in three of its sides, and employed by him for X-ray 

- therapeusis. The sizes of these windows may be modified by the insertion 

of few or many lead diaphragms. The Crookes tube is placed within the 

frame, with the active hemisphere directed towards the openings. As 

- three patients can always be treated simultaneously, much time is saved 

by this device. But patients must be selected that demand the same 

quality of the rays, as exemplified in large hospitals. 

1 American Medicine, March 5, 1904. 
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Dr. H. P. Wells, of St. Louis, has very kindly sent me the following 

description of his ingenious method, for the multiple connection of 

Crookes tubes in series, aS a means of economy of time and current. 

«Tt has been found practical,’’ he writes, ‘‘to connect in series more 

than one Crookes tube to be operated from a single coil or static machine, 

and thereby increase the usefulness of such equipment to meet the needs 

of those doing much clinical work and with whom the question of time 

and expense are matters of consideration. 

«The tubes are connected so as to maintain the proper direction of 

flow of current in both of them, that is, the anode-terminal of one tube 

ig connected to the cathode-terminal of the second, ete. 

“It is hardly practical to use more than two tubes on the average 

coil or static machine, as the resistance and consequent strain on the 

machine increases by arithmetical progression with the number of tubes 

in the circuit. 7 

“It is possible to maintain each tube at any desired resistance by 

adjusting the shunt spark-gap on the regulating device of the tube, each 

tube regulating itself independently of its fellow. 

‘(The only apparent difficulty in the way of the multiple connection 

of the tubes, is the strain thrown on the interrupter, especially of the 

mercury jet type. I believe that a perfected form of mechanical inter- 

rupter will prove least troublesome and give the best results under the 

higher resistance in the secondary. | 

‘‘Beonomy of current is effected, because we use the latter in the 

second tube, which ordinarily is dissipated in the form of heat in the 

rheostat when only one tube is used.” 

This method has also been employed in the London Hospital, where 

they also run a series of coils from the same interrupter and on the same 

primary current. 

THE DURATION OF HACH EXPOSURE. 

This depends on whether a coil or static machine is used, and upon 

the patient s susceptibility and the character of the case. Operators differ 

in the length of time of exposure. Some resort to frequent but short 

exposures with ascending doses, others employ longer but less frequent 

exposures. If the integument remains normal, the séances are length- 

ened, twenty minutes being the maximum. All other things being equal, 

the usual time of exposure with a coil is less than with the static 

machine. 

FREQUENCY OF THE EXPOSURE. 

This depends upon the character of the lesion, the rapidity of action 

desired, the length of each exposure, the susceptibility of the patient, 

and on the distance of the tube. At the very beginning of treatment, 

$ 
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it is advisable to expose the patient two or three times a week for the 

first two weeks, and then to discontinue treatment for a similar period, 
watching in the interval for the development of any untoward symptoms. 

Some prefer to give a treatment every other day, asserting that this pro- 

cedure is productive of the best results. This necessitates very close 

watching of the patient’s susceptibility, but if caution is observed not to 

over-expose the seat of disease, then the applications may be brought 

more closely together for almost an indefinite length of time. Periods 

of rest for tissue restoration, other than that just mentioned, should 
never be attempted, as under this plan all is lost that may have been 

gained through the treatment of the previous days or weeks.. 

FILTERS. 

Concerning the law of the absorption of the Rontgen rays, Walters” 

finds that, after these rays pass through silver, palladium, cadmium, 

zinc, and antimony, they are soft instead of hard. In other words, 
these metals absorb the hard rays, while aluminium, copper, and the 

metals at the extremes of the scale of atomic weights absorb the soft rays. 

The second layer of any specified substance absorbs less rays than the 

first. This principle, he believes, can be applied practically in inter- 

posing a substance similar to the skin in the treatment of deep-seated 
growths without sacrificing the skin. | re 

Drs. G. E. Pfahler and J. F. Schamberg’ conducted a series of 

experiments upon rabbits, in which use was made of silver, leather, and 

aluminium, for the purpose of establishing their values as filters. They | 

found leather of decided advantage for filtering out the soft, medium, and 
hard rays. They were impressed with the fact that the susceptibility to 

the rays varied in different animals, which doubtless is also true of man. 

It has been my practice for some time past to employ aluminium and 

leather filters, but I decidedly prefer the former. 

THE DOSAGE. 

By ‘‘dosage’’ is meant the quantity and quality of the Rontgen rays 

used during each exposure. This depends upon whether the condition is 

superficial or deep, malignant or benign. Some believe in exposing the 

part until tanning or bronzing occurs, but in dark-skinned individuals, 

in negroes, and in mucous membranes no tanning is observed ; hence in 

these instances this sign cannot be depended upon. I have noticed that 

itching often indicates the beginning of a reaction within the tissue. 

If the treatment is continued after the development of these signs, 

erythema, vesication, or dermatitis may develop, whereupon the 

! Fortschritte auf dem Gebiete der Róntgenstrahlen, Berlin, April 13, 1905. 
2 Journal of the American Medical Association, September 15, 1906, p. 888. 
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erator should cease treatment. These effects do not necessarily mean 

carelessness on his part and may occur in most skilful hands. a 

Although the clinical manifestations are a guide in determining the 

amount of reaction obtained, yet they do not indicate the ae amounl 

of the X-rays used. The possible methods of determining the ‘‘ dosage 

are fully detailed and discussed in a special section. 

op 

Il. Methods of Measuring X-Ray Dosage. 

Since Rontgen’s discovery, scientists have lacked a practical and 

exact unit of X-ray dosage: The establishment of a standard unit is 

difficult, because of the idiosynerasy of the patient, and because no one 

can make any positive statement as to the number of treatments that 

any one case may demand, the personal equation entering SO largely into 

the consideration. We cannot deduce the amount of physiological and 

piological action of the rays on the tissues by the measurement of their 

chemical and physical properties. The question arises: What standard 

shall we adopt, so that the unit may be accurate, practical, and precise? 

Recently the Róntgen Ray Society of London appointed a committee for 

the purpose of formulating a standard unit for the measurement gf all 

radiations; they arrived at no definite conclusion and asked for the 

earnest coöperation of American scientists.* 

A. MEASUREMENT OF ELECTRIC CURRENTS. 

The Current going to the Primary OCoil.—The voltage and amperage of 

a current that goes to a coil depends upon the variety of the interrupter 

and the construction of the primary coil. The secondary or induced 

current depends upon the variety of the current or winding of the coil, 

because the same coil and interrupter may give a different quality of the 

rays, depending upon the make and the vacuum of the tube. Wertheim 

Salomonson’s experiments show that electric energy is absorbed in the rhe- 

ostat and in the interrupters. Wehnelt considers that 30 to 80 per cent. of 

the energy derived from a battery is absorbed by the electrolytic break. 

Salomonson’s wattmeter showed that 61.2 and 65.4 per cent. of current 

was lost. Since this percentage of lost energy evidently varies under 

different conditions of operation, it follows that the induced secondary 

current is not proportional to the primary current when an electrolytic 

interrupter is used. | 

Milliamperage of the Secondary Induced Current.—The milliampere- 

meter was first advocated by D’ Arsonval, who used it with a Villard 

tube, and proved that the production of X-rays is proportionate to the 

intensity of the current, and has shown photographs in support of this 

1 Ata meeting of the American Róntgen Ray Society held at Niagara Falls, August, 

1906, I urged the appointment of a committee to confer with a like committee of the 

Róntgen Ray Society of London, which was agreed to. 
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The dilatometer devised by Professor Salomonson measures the | == Pexerearios Meron. 

- energy expended in the secondary circuit directly. It consists of a 1 A ¡ 

paraffin oil thermometer, which is heated by the current passing through @ 4 MT a We mesauro the poneteative ceowerty Ob duality een 
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assertion. The milliamperemeter measures the current passing through q ; an electro-dynamometer and -Wa ; 

a tube; but does not tell us how much energy is expended in the E d passed Rech TCO ad 
cai a small steady current being 

production of the rays. 
| | ] Experiments with these instr ON 

Salomonson asserts that X-ray production is a function of watts ex- a 3 Ruhmkorff coil is the same for a Laren cian op a 

pended in the tube rather than of the current traversing it. If his theory A 4 provided that the resistance in the secondary circuit remains unalte ae í 

is correct, and I believe that it is, then we should know the amount 3 3 Spintermeter.—Measuring the length of the spark-ga e llel 

of energy or watts expended in heating the anges | 3 ` the secondary coil or induced current was the earliest pod a i a. 

The milliamperemeter measures the resistance of the tube. There =~ The length indicates the internal resistance of a tube to the He de Se 

are degrees of vacuum where no X-rays are produced, yet the milliam- 1 ‘ the current; the longer the spark-gap the higher will be th ee 

peremeter indicates a passing current. . The resistance of a tube often q 1 But it is a fact that the variation E Ojo pee ee as 7 VOE 

depends upon the shape and angle of the anode (platinum), upon the = i i or terrupter will chance the length of the spark-oa orm 

surface of the cathode, and upon the focal distance of the cathode. A q 3 tube in circuit. The pointed rods of the electrodes Pa = sate 

valve tube makes the current unidirectional, as shown by the ossilograph ; 3 the rods, the atmospheric conditions, such as moisture ete eae AS of 

the latter also shows absence of constant movement in the needle, whilst A : tion of the coil, interrupter etc., te sedate, ae nae aes rue- 

the milliamperemeter shows the slight changes in the vacuum by the de- | F amount of the current, will alter the length of the s rte g i x ie 

flection of the needle. It should never be forgotten that the reading of i 4 different tubes with the same current rit same sS a Two 

the milliamperemeter is not necessarily an absolute index of the amount q ! different degrees of radiation, because the size of ba Reet aay sive 

of X-ray production in the tube. Thus, we read the milliamperage and ] a diferent metal may be used vete. | Béclére, of e way þe 

we know that the current is passing from the secondary into the tube; — ME ploys a graduated rod capable of nen ee A ña fas On aa oe 

but how much of the current going through the tube is expended in the i ] bar he observes the number of O ie an a Er sel ed 

production of the X-rays? So much depends upon the make, shape, size, Í convenient form of measurement, and every coil is thus A e a 

etc., of the tube and upon the relation existing between the cathode and $ | ig universally employed. This method is often misleadi 2 PE = and 

anode that the answer is difficult, if not impossible. However, Salo- 1 seen a tube with 3- or 4-inch (7.5- or 10-cm.) spark n a Eds 

monson! described and exhibited a new instrument for measuring the rays were far less penetrating and in some A eee ere the 

energy of a variable current of high potential. The milliamperemeter produced. 
rays were 

usually used for measuring the current in the secondary circuit indi- A ] The data given by the spintermeter holds good only for th | 

cates the mean current, whereas what we really require is the mean 1 i apparatus that the operator employs and not eee y ae k ic aie 

square value, and with an oscillating current these two values are not < of this apparatus. 
y er 1orms 

i 

_ rays directly outside of the tube. 

_ The Radiochromometer of Benoist (Fig. 216).—M. L. Benoist devised 
this instrument, which is based upon the principle that different metals 

possess different degrees of transparency as regards their penetration by 

the X-rays. A silver disk in the centre of this device having a thickness 

a slate resistance. Slate has a high and fairly constant electric resistance. 

The heating effect of even a small current is therefore readily apprecia- 

ple. The heat is communicated to the surrounding paraffin, and the con- 

sequent expansion in the paraffin is shown in a capillary tube attached to 

the vessel. The rise of the meniscus in this tube will therefore be a 

As 
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measure of the total energy expended in the circuit during the time the 4 3 of 0.11 of a millimeter, is used as standard. Around this disk are placed 

current has passed through the resistance. The dilatometer sums up the layers of aluminium, beginning with one layer and up to 12, like aa dial 

values of the energy for each instant since the current was started ; its @ = 5 of a clock. These 12 sectors are designated by T BE 

readings will therefore be proportional to the mean square of the current, — E e Ecosnize them by their position without seeing the oT se This 

and the rise of the meniscus per unit time will give the mean square 4 | apparatus can be used either with the fluoroscope aie amplia 

intensity of the current. The dilatometers are standardized by means of l E ee sf the sectors will match the tint of the central disk. A 

| 4 = apo 15 pr ovided for bringing one sector into view, and the dia- 

1 Archives of the Róntgen Ray, April, 1906. 1 phragm is then rotated until the tint of the sector oda to the tint 

| 
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of the centre. M. Benoist* improved upon this apparatus. His device 
resembles a telescopic arrangement, whereby the numbers and the tints on 
the screen appear enlarged; it is also furnished with a glass to protect 
the operator while testing the rays. By rotating the lead diaphragm one 
can examine each sector successively. Dr. Geo. Pfahler? places a mirror 
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FiG. 216.—Benoist's radiochromometer. 

at an angle of 45 degrees, utilizing the principles of the reflecting fluoro- 

scope (Figs. 217, 218), thus preventing the rays being directly projected 
upon the face or hand, and in this way minimizing the danger of burns. 

Dr. Lacaille’ has devised an apparatus which is simply a Benoist radio- 
chromometer associated with a lunette, of similar disposition to that used 

1 Archives d'électricité médicale, April, 1906. 
2 Archives of Physiological Therapy, June, 1906. 
° Bulletin Officiel de la Société Francaise d’Electrothérapie et de Radiologie, 

July and August, 1905. ; 

Fig. 217.—The improved benoist radiochromometer. 

Fic. 219.—The skiameter. 



TECHNIC OF RONTGEN RAY THERAPY. 431 

by Brandt in his posometer. Such a lunette is formed of two parts: a box 

6x8x10 centimeters and an eye-piece placed close to it at an angle of 45°. 

The box in his apparatus presents two interesting points: (1), on the 

pottom and placed at an angle of 45° is a mirror in which, when looking 

through the tube, one can see the inferior surface of the upper wall of the 

pox; on said inferior surface is affixed a pasteboard disk covered with 

parium platino-cyanide; (2), on the superior surface of the same upper 

wall, exactly above the platino-cyanide disk, is the radiochromometer, the 

shade of which is projected by the X-rays on the little screen, and reflected 

in the mirror. With such a disposition the operator is not directly 

exposed to X-rays. 

All radiochromometers give only penetration power, but we know 

that there is a great difference between the penetration and fluores- 

cence, and also between photographic (chemical) and physiological (ther- 

apeutic) effects. 
Skiameters and Penetrometers.—The principle of these devices consists: 

in the use of an obstacle to the passage of the rays. (Fig. 219.) Many 

different metals have been used to determine the penetrative power of the 

rays, but as with Benoist’s de- 7 

vice these forms of apparatus 

do not indicate the intensity | 

of the rays. Two different 

tubes which have the same 

penetrative power may differ 

in their chemical and physio- 

logical effects. | 
Crypto-radiometer of Weh- 

nelt. — This apparatus (Fig. 
220) consists of a fluoroscope 

with a sliding or telescopic 

arrangement and provided 

with a sheet of lead to pro- 

tect the hand of the operator 

and a single “V” -shaped = 

piece of metal which grad- FIG. 220.—Crypto-radiometer of Wehnelt. 
ually increases in thickness. | 

It is claimed by Wehnelt that his apparatus is more accurate and allows 

_ of a wide range of comparison because of the wedge-shaped character of 

_ the piece of aluminium. | 

O. THE PHYSICO-CHEMICAL METHOD. 

4 Because of its accuracy and precision, I believe that physico-chemical 

_ measurement more nearly approaches the ideal than the other procedures 
_ ln vogue. This method has been ably illustrated by Holzknecht. He 



432 ELECTRO-THERA PEUTICS. cl -T . 

| =. 8 TECHNIC OF RONTGEN RAY THERAPY. 433 

based his theories and: constructed his apparatus upon the principle that O a e : i | 

certain salts suffer a change of color when exposed to the cathode rays. t 4 3 ag i aa ee cue : lor Bae a ti ae oa ae A 

Other substances, when heated and irradiated, undergo a change of color, UA 4 ee See Oe pee ae 

as the chloride of lithium, which becomes a greenish-yellow, and carbon- 3 3 Villard pone ie eee phe ce of increasing doses of the rays, 

ate of potassium, which changes to a heliotrope. On exposure to the air, i q Rv eam R cane bright ae to Dromir ona au tee PR 

or at a high temperature, the colors of these salts are seen to disappear q 4 time the fluor eae pe 1y decreased. Upon a two-page leaflet 1s the 

5 p E D | i a 3 standard-color pastille, marked “A.” (which is an unchanged green color), 

He also proved that X-rays and Becquerel rays possess this property, and |  andanother one marked “B,”” which is brown, and indicates the maximum 

ized scale which is graduated in NEO an T e H. to 24 e D ] 3 placed in an atmosphere artificially dried by sulphuric acid or when ex- 

enish-yellow to a deep green, wie | 4 posed to a gradually increasing temperature. Under the action of light 

Epic transformed into ultra-violet rays at the point of pas ay i 1 dose the skin oe tolerate without producing dermatitis, and causing 

= : ; ] k only epilation. The comparison should be done in a dimly lighted room 

Chromoradiometer of Holaknecht. Ido Holzknecht, of Vienna, pre- ! 3 because, if the pastilles are expose d for too long
 a period to the light ihe e 

sented this device for the consideration of the profession in 1902. Holz- ; 3 - their original 1 The bastille should es 

knecht’s studies on this subject led him to fuse certain salts and to- © 4 1 TAO es a 

wie 
o 3 tille-carrier, 8 CM. from the anode, and midway between the part under 

expose them to the action of the rays. He employs.a smal’ CSN EAE 4 q treatment and the anode. The standard color pastille '“B” corresponds 

taining the reagent covered with celluloid. This reagent, which is color- | j o a dose of 10 X, or 5 Hin Holzknecht units. Sabouraud himself ad 

IO 
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less and whose composition Inge O been kept a Beery Ines pon i A mitted that the test, however, is less sensitive than by the Holzknecht A 

analyzed by a French chemist, Mr. Lind,! and M. Bordier describes it as WSs method, and that the color may change by the action of heat, light | 

follows: “The reagent consists of 99.7 7 per cent. potassium sulphate, the, | $ moisture, etc. It is asserted by some that the location E “the | 

remainder being potassium sulphite or hypo d prre or possibly potassium. E pastille is placed under the active hemisphere may not be equally q 

bE tones) 5 A a miken AER is. impregnated and Belg | E irradiated, because the rays are unequally distributed over the active | 

together with copal varnish. This capsule (which is placed over the cuta- | — hemisphere. 
| q 

neous area to be treated) has a dirty-yellow color due to the copal varnish; ] a The Chromoradiometer of Bordier.—Bordier* describes a new method q 

pnd under tee ing uence of the X-rays mhe color arera a See
n ee | based on the principle that when platino-cyanide of barium is exposed to | 

gradually becoming deeper as the quantity of the rays 15 increased. After, 7S 2Cetthe rays, it undergoes a change of color due to the dehydrating action of | 

or often during, the irradiation this capsule is brought near to a standard- q 3 the X-rays, also that the same discoloration occurs E 
| 
| 

| 

color scale being graduated from a gre 

serves as a standard of comparison for judging the color of the capsule | @ dehydration may also occur. He describes his apparatus and reagent as 

after irradiation.. The unit is indicated by H. This method has certain @ A follows: ““The Bordier chromoradiometer differs from ifs Wredccentons | 

disadvantages: The treatment is interrupted in order to compare the color 3 a The barium-platino-cyanide, suspended in a thin layer o een da | 

of a reagent with that of the scale, and thisvis repeated until a tint is ob- q 3 placed on the skin itself, or oe all events in the same plane as the 5 Ert i 

tained which corresponds to the precise dose required. As morethanone MA to bo irradiated. The pastilles are square, with a diameter of 6.5 mili- | 

sitting may often be necessary (in the interval between the two exposures), | 7 metres. The back of the square is adhesive to facilitate its aa imont | 

this reagent must be kept in darkness. This graduated scale holding 4 q Msn. A scale of colors is supplied de A Noa Cor: } 

the numbered capsule is kept in a light-proot box. Although this method . Y k responding to the principal reactions required in oo an 

would seem very correct in theory, nevertheless, in practice we meet with | 3 “Mint No. 1, a pale yellowish-green, is the shade that the pastille 
¿ ae, 5 ) 

many difficulties. The standard scale suffers changes in color, or it may 1 q takes when exposed to the maximum dose of rays compatible with the 

fade in the course of a year. Subsequent to exposure the capsule gets | 4 complete integrity of the normal skin. With this dose of X-rays the hair 

darker and must be compared immediately. The comparison of the cap; i 4 falls out some twenty days after exposure, and grows again within the 

sule with the scale is very difficult. Different individuals and different | E succeeding twenty days. This is the eae normal ae omit of Kien 

parts of the body exhibit different degrees of susceptibility, and the e S böck’s, corresponding to a skin reaction of the first degree, accompanied 

various diseases display individual peculiarities to the action of the rays. | l by temporary loss of hair 

Radiometer of Sabouraud and Noiré.—In 1904 Drs. Sabouraud and | 3 int No: 2. of a pias yellow shade, is that color the pastille 

A : . f A reas ‘ 

Noiré introduced a method largely employed in France. It consists of a E assumes when the skin has been exposed to da irradiation cad to 

1 Archives of the Róntgen Ray, June, 1906, p. 6. 
1 Archives of the Röntgen Ray, June, 1906, p. 9. 
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produce a strong reaction, viz. erythema, tumefaction, and at the end of 

the reaction marked desquamation. This No. 2 tint corresponds to a mild 

form of Kienbóck's reaction of the second degree. 3 

«¿Mint No. 3 is almost of the color of gamboge. It corresponds to a. 

reaction of the skin of the second degree ; it is a true dermatitis. Latent 

period is eight to ten days. This is Kienbock’s strong normal reaction. 

“Tint No. 4 is of a chestnut color, and corresponds to a reaction of 

the third degree, which is accompanied by necrosis and ulcera
tion of the 

skin. This is the strongest dose ever required and should never be 

applied to the normal skin. He obtained tint No. 4 after irradiation 0 

a specimen of radium of a radio-activity of 100,000 for a week, at a 

distance of a millimetre from two pastilles.”’ 

Very soft tubes are not desirable for these reagents, as they produce 

ultra-violet rays which will be confused with the X-rays. He reports 

cases that were cured at a single séance. He believes in giving one 

massive dose rather than fractional doses, so common in this country. 

This method is also subject to the same objections that I have mentioned 

before. 

Quantimeter of Kienbock.—In 1905 Dr. R. Kienbock introduced this- 

new method of direct dosimetry, and asserted that, in 1900, he demon- — 

strated that the changes noted on a photographic plate are an accurate 

measure of the therapeutic dose ; admitting,* however, that Stern” pub- 

lished a paper on photo-radiometry, and suggested the use of photo- 

graphic films, to be compared with a ‘‘normal scale ;?? but at that time. 

(1905) Kienbock was unaware of the fact. He describes his instrument as 

follows :? ““My quantimeter (Fig. 921) consists essentially of two parts, a 

strip of photographic paper, which is easily applied to the irradiated 

skin, and a normal scale of graduated tints, with which it is to be com- 

pared. The paper is covered with a sensitized film of chloro-bromide of 

silver in gelatine. After exposure, the strip may be developed in a dark 

room or by means of a small light-proof box. The development can be 

carried on in daylight in the consulting room. The film is then compared 

with the standard scale, either at once or after drying. The developing . 

solution is of constant composition, and should be used at a temperature ` 

of 18° ©., or 64° F., for a period of exactly one minute. After fixation, 

the strip of paper may be immediately compared with the scale.” The 

unit of Róntgen light which we call X is equivalent to one-half of a Holz- : 

knecht unit and to one-tenth of the Sabouraud-Noiré maximum dose. 

The formula is as follows : 1 S-N maximal dose = 5 H or 10 X. 

This reagent enables us to measure the penetration or the degree 

of hardness of the Röntgen light. In comparison with other dosimetric 

1 Archives of the Róntgen Ray, June, 1906, p. Ti: 

2 Journal of Cutaneous Diseases, December, 1903. 

3 Archives of the Röntgen Ray, June, 1906, p. 17. 
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methods, the quantimetric method has the advantage of greater exact- 

ness and the possibility of estimating small differences of dosage. This 

method gives a permanent registered record. The disadvantage of this 

method is the difficulty which is encountered in comparing and distin- 

guishing the slight differences of tint on the scale. Careful development 

ig necessary and always tedious. When massive doses are given the 

color will be darker and will be more difficult for making comparison 

with the scale. The degree of the sensitiveness of the emulsion of the 

‘paper may frequently differ. 

The New Radiometer of Freund. —Freund's method was used in 1904, 

and is based on the color changes occurring in a two per cent. solution of 

re = 

Fig. 221,—Kienbock’s quantimeter. 

pure iodoform in chloroform. This solution normally retains its color 

unchanged for 48 hours, and is so very sensitive that a difference of tint 

may be observed between two portions of the solution, one of which is 

exposed to the rays for three minutes, while the other portion is screened 

from the action. Slight heat and light will alter the color of the solution, 

and, although this method is most accurate and sensitive, the solution is 

too unstable for practical and clinical purposes. 

The iodoform (CHI;) is decomposed by the X-rays, with the libera- 

tion of free iodine, imparting a claret-color to the solution. Freund’s 

solution shows a change of tint in six minutes, equal to that attained in 

ten minutes by the use of Holzknecht’s pastilles. 
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Precipitation Test.—Schwartz,' of Vienna, demonstrated a method 

of measuring the strength of the Rontgen rays, based on the precipita- 

tion of calomel in a mixture of ammonium oxalate and corrosive subli- 

mate. This mixture is a clear fluid which, sheltered from the light, keéps 

indefinitely. Exposure to daylight or to the Róntgen rays causes the 

precipitation of calomel. The amount of precipitation is determined by 

centrifuging in a graduated capillary tube. Three millimeters of the 

precipitate in the capillary tube correspond (approximately) to the 

strength of a Holzknecht unit. This technic with the usual methods 

of testing the strength of the latter has the disadvantage of being a 

subjective test of color. 

D. THE IONIZATION METHOD. 

Prof. Róntgen, in his second announcement, stated that he had already 

made this discovery, and, probably prior to this, J. J. Thomson found that 

the X-rays would discharge both positively and negatively electrified 

bodies, by experiments on Hankel’s electroscope or electrometer. Thom- 

son stated that the discharge varied somewhat with the intensity of the 

rays by the relative luminosity of the fluorescent sereen, and in several 

instances by the relative darkness produced upon the photographic plate. 

This method is based on the principle that X-rays have the power to 

ionize the gases through which they travel. 

The Ionization of Confined Gases.—Milton Franklin? states that, “so 

far as I have been able to ascertain, this method -has not been system- 

atically used to measure the intensity of the X-rays. This method has 

been commonly employed to measure the radio-activity of radio-active 

substances. Airis rendered a conductor of electricity by this ionizing 

agent, and the measurement of the amount of current flowing through 

it, under given conditions, gives an absolute index of the activity of the 

radiation. It is necessary only to charge the electroscope by applying a 

rod of vulcanite, sealing-wax, resin, or other suitable material, which has 

been previously electrified by friction, and then to time the transit of 

the filament under the influence of X-rays. The rate of discharge will 
4 

vary directly as the activity of the radiation.”’ 

The working of the instrument is as follows: Sees 

“The electroscope is charged by having brought into contact with 

the knob, a rod of vulcanite which has been electrified by friction. The 

knob is brought into communication with the filament while the vulcanite 

is in contact, and released as soon as the filament has assumed a horizon- ` 

tal position. The electroscope is brought to the same distance from the 

tube as the plate or patient (in any position), and, while the tube is run- 

ning, the shutter is opened, and the time, in seconds, occupied by the 

1Wiener klin. Woch., May 31, 1906. 

2New York Medical Journal, April 22, 1905. 
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filament in transit, is noted. The number of seconds is the exact 

coefficient of energy of the rays, and when compared with any other 

reading made, under any circumstances whatever, with a similar 

instrument, the ratio of energy of the two radiations will equal that of 

the two times. 7 

«¿In this method, with an electroscope of the gold-leaf pattern, 

‘the relative activities of two radiations may be compared with great 

accuracy and expedition, and if one of them is the standard unit of 

activity or bears a known ratio to the standard, the value of the other, 

in terms of the standard, will be readily deducible. Atmospheric 

variations must be. taken into consideration. The number of seconds 

which it requires for the filament to traverse the field, is the coefficient 

of the strength of the rays. All calculations and variations due to 

the atmospheric absorption must be eliminated at once.’’ 

The Radio-active Standard of Phillips. —Phillips’ utilizes the principle 

of Franklin’s method of ionization, and suggests radium as the standard 

unit. He describes the modus operandi as follows: ‘‘The method con- 

sists in attaching two similar discharge vessels one to each of the plates 

of the electroscope. The needle, a thin strip of silvered mica, is only 

electrified inductively, and the forces acting upon that end of it which 

comes to rest above the centre of the gap are able, when the rods are 

electrified equally, to produce a condition of equibirium. The horizontal 

rods are connected with the standard radium ; when the rods are equally 

charged, the needle is steady, but gives no deflection. * * *. We 

may also conveniently compare the activities of various substances, by 

noting the time taken for a gold-leaf electroscope to discharge between 

certain potentials. To do this with anything approaching accuracy, 

however, the motion of the leaf must be observed with a reading tele- 

scope.” He calls the absolute unit the Becquerel, or one Curie, while 

the commercial unit might be appropriately known as one “ray.” 

Dr. Henry G. Piffard? takes a brass ball, about one and one- 

quarter inches in diameter, and supports it about four inches from 

the wall of the tube just within the circle of rays issuing from the ante- 

rior hemisphere. The ball is then connected by a cord about eight feet 

long to the charging device of the electroscope. As soon as the current 

passes through the tube the aluminium needle or foil indicates the 
charge, and the angle is easily read off on the scale. For this purpose 

he found Braun’s electroscope (which is graduated in volts) or his 

own (which is graduated in degrees of an arc) very convenient. The 

angle varies directly with the current passing through the tube, and 

also shows whether the tube is running steadily or not, and indicates 

any notable change in the vacuum. 

1 Archives of the Röntgen Ray, June, 1906, p. 27. 
2 Journal of the American Medical Association, Sept. 15, 1906. 
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E. THE PHOTOMETRIC METHODS. 
| radium, and that then by gradually approaching the screen nearer the 

These methods consist in comparing the fluorescence of a platino- f yacuum as a ene was found at which the radium and screen were 

barium cyanide screen with an artificial light, either with a fluorescence | 4 Dort A ree 

produced by radium or a ra ic active salt. ak i 3 “Y experimented with several tubes in this way, and found that the 

The Radiometer of Courtade.—This instrument consists of a lead shield 
e at a oe ioe een ae ae ee

 bright 

containing two similar openings, and covered by a fluorescent screen. The 3 ES E a A K actres i oe E neo, anes 
ne ee E bet 

radium, which serves as a standard of fluorescence, is placed behind one . 3 an SO ne stance was constant for the same tube 

] , under the same conditions. As, by means of a photometer, the amount of 

aperture. The degree of fluorescence on the second screen, produced by 4 : ; off by the radium can be m aad Park 

the X-rays, is equalized with that of the standard by altering the dis- mee light given y ae easured in terms of a known stand- 

tance of the Crookes tube. This distance will be a measure of the amount 3 ard, so the amoun ls Oe oneal ane on a tungstate of calcium 

and the quality of the radiation. This method is not thoroughly or ab- y screen by a ao ube Ss ‘ e so en of which a given screen 1S 

solutely correct, because the intensity of the fluorescence of all the A capable may 0° Fa e pee to the same standard. ; ies 

platino-barium cy anides is subject to great variations, when exposed for a 7 Hugrometer ea aes y a
 with a given apparains, eas 

long time to the action of radium or the X-rays. 
| i oi bet i oF D ES Be at need es es agent, and 

The Guilleminot- Courtade Method.—Founded on the same principle as t SS a 2 a a ne or bee radiographs. 

the radiometer of Courtade, Guilleminot employs a sample of radium as il: = eS. anal ee e objection that the durability of tungstate of 

his standard of comparison, whose activity is 50,000. He considers the.. E en Ma ie E se 
ee and also because) tor Les hanes of tho 

unit of quantity of the X-ray is, that quantity falling on one square centi- | 4 gibe < “ae y O o a ae eae o 

metre of the surface in one minute of time. This unit he calls the unit f E ; ee i n > oe mee mg method, instead of employ- 

““M.” For example, if the Crookes tube has to be placed ata distance | 3 Bee he: . oa mae a Ee is illuminated by an acetylene 

of 3 metres, in order to produce an equal illumination of the screen, E a 7 OS or ernie’ a
 FE Sa EN 

; 

then the intensity of irradiation of the field at 3 metres from the tube is 1 Y © i À ae A anen £ E ees a ee at the Berlin 

said to be unity. From this it is easy to calculate the number of units = 3 SI”. Se or aS ak ere selenium cell 1s 

‘WE? absorbed per minute at a distance of 10, 15, or 90 centimetres. 1 clamped in position at a fixed distance from the anode, a current from a 

Thus, in the above example the number of units absorbed per minute at j coupa of Ory ee a 
es aus Hea SUR Us 

Bag i 
300 cm i i read off on a milliamperemeter. The X-rays alter the resistance of the 

10 centimetres distance is 900, «M =3 metres (300 em.) ; then ~io ee == > 3 selenium, and the variation of the current is therefore a measure of the 

30 cm., therefore 30 cm. x 30 cm. = 900, while at 15 em. it is 400, etc.’ “7 quantity of the rays. 
| 

"This is open to the many objections mentioned before, the platino- q 7 y Dunham’s instrument’ consists of a selenium cell, which is placed 

barium-cyanide changing its color of fluorescence, etc. This does not E ae inside of a wooden pill-box and surrounded by tungstate of calcium. 

give us the amount of absorption in the tissue, but we infer that from | 3 This and a voltmeter are placed, in series, in a direct current of not less 

calculations deduced. 
f E than 60 volts. When this is placed before an X-ray tube, the tungstate of 

The Fluorometer of Williams. —This 
instrument? depends upon the dis- j calcium is caused to fluoresce and the light

 derived from the fluorescence 

tance that a tungstate of calcium screen must be held from a given q q causes the resistance of the selenium cell to be reduced. The fluorescence 

vacuum tube, in order that the illumination from it may equal that from | $ ue ieee powerful than a 15-candle-power lamp. This lowering of 

a radio-active substance which has been measured by a standard source | 7 resistance in the cell allows the current to flow more readily, and this can 

of light. T found,” says Williams, “that when a tungstate of calcium | a be directly measured by a very sensitive voltmeter. The next instru- 

sereen with the radium (Curie) lying upon it was placed over a vacuum 3 pont a aer ue action on the fact that a 2-per cent. OM 

tube in a dark room, and the X-rays allowed to strike it, the radium was E = ee in chloroform is very easily and uniformly affected by the X-rays. 

less bright than the luminous screen ; but that as the screen was moved E. |g ts appearance when so treated varies from a light pink to a very dark 

farther away from the vacuum tube, the brightness of the screen diminished 
3 reddish brown. The second instrument is as follows: The selenium cell 

antil a point was reached at which the sereen was less bright than the @ A pe voltmeter are put in series as before, but no fluorescent salt is used. 

ne wooden box is removed and the cell placed in a light, tight box. The 

1 Archives of the Róntgen Ray, June, 1906. 
“| _ 

| 

2 The Röntgen Rays in Medicine and Surgery, 1903, p. 640. : 3 1Lancet-Clinic, Cincinnati, August 25, 1906. 
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resistance of the selenium cell is reduced by the electric lamp beyond a | a E 
PTV- 

partition. The light must pass from a lamp to the cell through the bottle. | E stream of ee ae ora ae ge ine ae ae ae Do 

because of the small aperture. To make this doubly certain the opening l S heat at the 4 ar a a oo Ta e r ne eae fees 

is fitted with a small cylinder so that the rays must pass as desired. . E Taye o fe dae E ti ‘ Bee ot the apa aan and the 

When it is desired to measure a given dosage, all that is necessary to do is i q this will OA a en a ald not be ace that the same tube. 

to fill the bottle, place it in the box, and make the reading. The solution j a gur ength o ie a ae e different pee ounta of current, which 

is clear and practically all the light passes to the cell. The resistance q 3 ei te 0 Ge x ne rays | a 

drops and the voltage as read on the meter goes up. The bottle is now q E P a E od eee injaces a thermiometer into a 

removed and laid on the surface of the patient near the part to receive q a me P Crookes A whereb ae pane the ation of 

the irradiation. After the treatment it is quickly placed in the box and a ovi a in E a Ca ee A ite pa ae 

the reading taken. The quantity of X-rays will be read by the difference 3 temperature as q y q y | ys. 

of the voltage before and after the exposure. 3 
; is 

Dr. George C. Johnston’ takes advantage of the fluorescence pro- | = iil. Natural Fluorescence in the Human Body and ite Arta 

a F cial Production.” 

duced on the tuugstate of calcium or other screen as indicating the 
Fluorescence may be defined as a property possessed by certain sub- 

quantity of the X-rays emitted. The fluorescing screen is placed in a 

light, tight box, and facing it is a selenium cell. Such a cell, when kept — E 3 stances of absorbing visible or invisible rays and emitting visible light. 

in total darkness, may have the resistance of several hundred ohms, yet 7 | __ FJuorescence and phosphorescence are not, however, synonymous, in that 

on permitting light to strike the cell resistance falls almost instantly, = q the former is evidenced only when the exciting cause is acting, and that 

and this alteration bears a direct relation to the intensity of the light. If 3 the latter continues after the cessation of the exciting force. Long ago it 

there is placed, in series, with such a cell a galvanometer or ammeter. of was asserted and proved that a natural fluorescence existed in the tissues 

sufficient delicacy, a series of current such as an ordinary dry battery of the human economy. The crystalline lens, the cornea, the aqueous 

and a variable rheostat providing a means of introducing more or less q 3 and vitreous humors are all fluorescent. Again, it has been demon- 

ohmic resistance into the circuit, and the rheostat, the measuring instru- ~ 4 strated repeatedly that the liver, heart, lungs, spleen, kidneys, brain, 

ment, and the selenium cell be balanced, the point will be found at which’ muscles, nerves, etc., contain a fluorescent material, in many respects 

‘resembling quinine, to which the name of ‘‘animal quinodin” has 

the ohmic resistance of the rheostat, the communicating wires, the 

selenium cell, and the measuring instrument will exactly balance the peen applied. Half a century ago the view was advanced, and still very 

electro-motive force of the battery. | largely obtains, that an intimate relation exists between the decrease of 

If, however, the container, having within it the sereen and cell, be animal quinodin and malarious affections ; therefore the apparent wisdom 

placed in the path of the X-rays, the screen will become luminous in pro- of exhibiting quinine to augment the fluorescence of the devitalized tis- 

portion to the distance from the source of the rays and the quality of sue to its normal point. Based upon these views, experiments were 

rays striking it. The container will be illuminated ; the selenium cell instituted and malarious patients were treated in darkened rooms with 

under the influence of this light will change its ohmic resistance in pro- purple hangings, in the belief that the sporulation of the plasmodium of 

portion to the light, and the current flow will be measured and indicated malaria could not occur in the absence of light, and especially red light, 

on the dial of the galvanometer. 
3 corresponding to the Finsen treatment of smallpox. Thus, from the de- 

Fluorescence of the Tube and the Appearance of the Electrodes. —This ductions of various observers and experimenters, the administration of 

method does not afford a reliable means of determining the penetrability fluorescent substances has been tried, and the blood thus affected has been 

of the rays, as the fluorescence depends upon the kind of glass composing ~ the subject of an interesting study both by the X-rays and with radium. 

the tube. Ina dark room this fluorescence will be more clearly discern- The fluorescent substances must of course be harmless, and a radiation 

ible. Behind the anode there may often be noticed annular patches of employed capable of offering a fluorescence deep within the tissues. 

fluorescence, indicating a high vacuum. In studying the appearance Sunlight, electric discharges, the ultra-violet rays, the X-rays, and the 

of the electrodes, a phenomenon sometimes noticed is, the emission of a fine | 3 ON í ; 

smoky stream around the edge of the cathode ; indicating a high degree d q aan This subject has been most exhaustively and elegantly investigated by Dr. 

| k illiam James Morton, of New York City. Fora clear exposition of the study, the 

of vacuum. A low vacuum in the tu j j i F 3 Si Sage 

v e tube can be recognized by a conical q q reader is referred to Morton’s original paper, ‘‘ Fluorescence Artificially Produced in 

“a the Human Organism,’’ Journal of the American Medical Association, April 1, 1905, 

1 Journal of the American Medical Association, September 15, 1906. q q from which parts of the above article have been taken 
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Becquerel rays are all capable of exciting fluorescence and phosphores- 

cence within the human body. For a study of the physiological action 

of light upon animals and plants, the reader is referred to tne chapter 

devoted to ‘‘ Phototherapy.”’ 

APPLICATION IN DISEASE. 
X 

As a therapeutic agent, Dr. Morton says : “I employ quinine bisul- 

phate in doses of from five to fifteen grains daily, according to the 

natural physiologic tolerance of the patient; fluorescin, a 1 to 30 

aqueous solution, from six to twenty drops, three times daily, one’ hour 

after meals ; esculin, from five to fifteen grains daily. 

‘Tn treatment of an extremely obstinate case of lupus, one patient 

has now taken ten drops of the fluorescin solution three times daily dur- 

ing the last three months and, employing the X-ray, not only has his 

lupus healed over large areas, but he also has gained thirty pounds in 

weight in the three months. Both in hospital and in private practice my 

cases of lupus heal more rapidly and get permanently cured by this 

method and in less time than by any other method I have used. 

«I have ready to report six patients with tuberculous glands of the 

neck, two already subjected unavailingly to numerous surgical operations 

for removal, who are now perfectly well. One case of tuberculosis of the 

hip-joint is making marked improvement. 

‘Tn tuberculosis of the lungs the method is giving good results, not 

yet ready to be reported on in extenso. 

«In from one to three days after beginning treatment a reaction 

occurs. The afternoon temperature in a recent case rose from normal to 

103° F. The cough, night sweats, and lassitude increased. Examination . 

of the sputum at this time revealed an enormous increase of’the number 

of tubercle bacilli. This reaction lasted about a week and then the tem- 

perature gradually fell to normal, with corresponding improvement in 

the other symptoms. The patient then entered on a stage of steady 

gain in weight and comfort and personal appearance. The case 18 

under most rigid observation by skilled consultants and will be reported . 

on later.?? 

Morton asserts that the fluorescence is much increased if radio- 

active water is used to prepare fluorescent solutions. He administers 

a half ounce of radio-active water in the morning, and again in the 

evening, believing that this liquid absorbs and holds the emanations of 

radium, becoming a secondary source of radiation; the charged water 

exciting the fluorescence. He successfully combats those scientists who 

deny the possible existence of a radio-active fluid. 

As is usual in such studies, the mass of literature, good, bad, and 

indifferent, upon the subject in hand is most confusing. I append Dr. 

Morton’s résumé: ‘‘The excitation of fluorescence within tissue is a 
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species of phototherapy and dependable on the same basis for curative 

effects. The term sensitization is not accurate, for it is not known what 

the term means. There is no proof that fluorescent substances make 

the cells or other micro-organisms vulnerable to the exciting radiation. 

«What the fluorescent light lacks in intensity is compensated for by 

propinquity to tissue. 

«The method here outlined consists of a medicinal saturation of 

the entire blood system with a fluorescent solution, and submission of 

parts or of the whole of the patient to the Róntgen and Becquerel 

radiations, and to electric discharges. 

«The method naturally includes filling cavities with fluorescent 

solutions, as well as using these solutions medicinally. 

«The curative effects obtained by this method are probably due 

to the fluorescent light. This method permits of an improvement in 

skiagraphic effects and of fluoroscopic examinations. 

“¿Following the suggestions of the use of fluorescent solutions in 

diagnosis and treatmeut, the method has proved of value in determining 

the position and size of the stomach and other cavities of the body. 

«The thoracic cavity presents on the fluoroscope a degree of illumi- 

nation greater than that produced by the X-radiation alone. 

«The method is useful in tuberculosis of the lungs, and in other 

cases of tuberculous deposits, as well as in cancer.’’ 

Influence of Photodynamic Substances on the Action of X-Rays.—Kothe” 

is enthusiastic over the enhanced action of the X-rays after the tissues 

have been previously injected with a one per cent. or per thousand solu- 

tion of eosin, an hour before exposure. He describes experiments on 

animals, and with lupus and warts in the clinic. The injection of eosin 

enables the course of X-ray treatment to be much shortened, the expo- 

sure need not be so long, and the reaction occurs sooner and is more 

intense than without the eosin. The eosin injections also permit the ener- 

getic reaction to be restricted to a circumscribed area, while the unin- 

jected, sound tissue around or above scarcely feels the action of the rays. 

Theoretically this method of treatment seems very plausible. Prac- 

tical tests of its value have fallen far short of the early expectations. 

This is probably due to the fact that such quantities of fluorescent salts 

as can be absorbed are so widely distributed and diluted in the fluids of 

the body that no appreciable effects can be produced. The same dilu- 

tion, approximately, employed experimentally outside the body fails to 

give any reaction on photographic plates. The effects produced on the 

patient by the administration of quinine are probably due to its anti- 

toxic action, counteracting the toxins resulting from efficient Rontgen 

treatment and the consequent break-down and absorption of diseased 

tissues. 

1 Deutsch. med. Woch., Berlin, vol. ix., 1904. 
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due to an augmented blood supply, which is suc- 

e masses. With the swelling of the tuberculous 

swelling of the already infiltrated lymphatic 
. MN 33 } jnerease in their size, 

0 E ceeded by a shedding of th 

nodules there is set up a 

CHAPTER V | | ME is se 
ee ‘ glands in phe Neary a the a aa on a T 

E q E Birkett! treated a boy, aged 15, with a 1411 y istory of tuberculosis, 

THERAPEUNO VALUR ee | 3 who had two distinct primary lupus growths in the oro-pharynx, each 

| i » 1 A “ated partly on the lateral and partly on the posterior pharyngeal 

O 
2 q E 8 The tt were distinctly nodular in appearance, about the ie of 

Lupus ERYTHEMATOSUS. 
| | 3 a swollen sago grain. Medical and surgical measures were inefficient, 

In the first case of lupus erythematosus treated with the X-rays,* and resort was made to the X-rays. A regulating tube with a vacuum 

the method employed was precisely the same as that used in cases of equal to a 3-inch (7.5-cm. ) spark-gap was employed. Twenty-three daily 

lupus vulgaris. The result was a rapid disappearance of the cellular 4 exposures were given. A oe eae ais was treated in the same manner, 

infiltration in those areas exposed to the direct action of the rays.. Im- 4 | 3 and the results at the present time are most satisfactory. 

mediately surrounding this area a ring of pigmentation forms, which, q E In cases of lupus the reaction always runs a similar course, the 

however, quickly disappears. The skin remains perfectly flat, regular, — i 3 tubercles gradually swelling, turning dark red, and becoming turgescent ; 

and practically normal after the rays have been discontinued. _ 3 at the same time irregular dark spots develop 1n regions previously unaf- 

Jutassy ? reported a case of lupus erythematosus in which he effected 1 fected, which subsequently take on the character of lupus nodules. These 

an absorption of the infiltrating cellular elements, deposited: by the capil- . : nodular masses subsequently drop out, leaving behind cavities with a 

- laries of the corium and of those of the corpus capillare. A partial recur- < e. circular punched-out appearance about the size of a pin-head. 

rence of small extent was observed in those portions which the rays had. . E The results are on the whole aS satisfactory as those obtained by 

difficulty in reaching. | ] A E Finsen’s method. The latter may give better results, but the procedure 

Hahn and Grouven* report successful results obtained in cases of E MN is more or less tedious, the apparatus is expensive, and often falls to 

lupus erythematosus, as do likewise Sjógren,* Sartin,® and Torok and i = work satisfactorily. With the X-rays a larger field of affected skin can 

Schein.* | 
: 3 Í q be treated at one exposure than with the Finsen light. 

a A M. Morris and S. E. Dore? state that “the X-rays have a sphere of 

LUPUS VULGARIS. 
q = usefulness, but in cases of lupus they are much inferior as a curative 

rik 
| agent to the treatment advanced by Finsen. However, the rays can be 

ae That the X-rays are most beneficial in the treatment ot pu yugan 7 1 ' applied to cavities which are inaccessible to the Finsen light.” 

a ey une) Concent Oe Dera EV dermatologists. Freund A 3 E. Smith ° reports a case of lupus vulgaris, of fifteen years’ standing, 

ane Schiff, were’ the arr to Bias detailed account of the favorable i successfully treated and apparently cured by X-ray irradiations. The 

influence of the X-rays in this diseage. The rays seem to. have,a q T patient was a man of eighty, who had been told that he was suffering 

COIs action on the tubercles, and in continued treatments canna í with a cancer of the right side of the nose, the inner canthus of the right 

a sloughing off of the hardened, gare ey yine ee ume a q eye, and the inner thirds of the lids. Twelve treatments were given, 

replaced, Dy ee Se aS ane O of RA uag in pwo cases SE marked improvement being noticeable on the second treatment, which 

treated by him as early as 1897 is, “ that there 18 primarily set upian i = was interrupted until the affected area was entirely healed. After the 

inflammatory reaction within the already discovered diseased tissue by 1 q second treatment, healthy granulations appeare d and healing promptly 

the Tass a : l ] followed. | | 

After irradiation there results a specific reaction, causing the tubercles ! 3 The following case came to me for treatment. The patient was a 

to become visible ; this is followed by a loosening of the tubercles with an | l young man in whom lupus had developed very slowly upon the CE 

to ake Hon ieeasttnhlen, volvi by Dr E Sent - E the nose, extending over the bridge to the inner canthus of the opposite 

2 Wanderversammlung Ungarischer Aerzte, Aug., 1899. d E oye. There was no pain and little or no exudation. Small nodules 

3 Aerztl. Verein, Hamburg, 1900. 

4 Fortschr. a. d. Geb. d. Róntgenstrablen, 1901, v. p- Bis 

5 Lancet, 1901, ii. p. 144. 

6 Wiener med. Wochen., 1902, lii. p. 847. 

1New York Medical Record, December 24, 1904. 

2 British Medical Journal, June 16, 1903. 

3 Buffalo Medical Journal, January, 1901. 
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distinctly separated from one another were noticeable on palpation. 

Microscopic examination of the diseased tissue confirmed the diagnosis. — 

After twelve treatments he was permanently cured. Re 

Dr. H. W. Van Allen” reported fifteen cases of lupus vulgaris, with 

80 per cent. cures. The average time since treatment was discontinued 

is from one year to eight months. The average time of treatment is six 

months, the shortest period being three months, and the longest nine 

months. The most recent case was treated three months ago. The ` 

longest time that has elapsed since treatment is three years. Eleven 

cases were cured; in one there was an apparent cure; one is returning, 

and two cases were not benefited. 

NÆVUS. 
l 

The removal of hair from hairy nævi was successfully accomplished 

by Freund? (in his first case of hypertrichosis treated by this method) 

and likewise by Pusey.” 

Vascular Nevi.—J utassy * h
as given a very interesting report of the. 

successful treatment of an extensive vascular nevus of the face. Over’. 

part of the area involved the nevus was flat, but on the cheek and nose. 

there were dilatations forming angiomata from the size of a hemp-seed to 

that of a bean. The exposures were carried to the point of producing a © 

very acute dermatitis with free vesication ; aS a result the growth was 

practically destroyed. ‘There remained over the area a smooth sear of 

almost normal color. No trace of the angiomata remained. A year and 

a half later the improvement had been maintained. 
| 

Pusey believes that «(it is possible that, by setting up an acute 

reaction in a vascular nevus, there may be produced scar tissue which 

will be of such a character as practically to destroy the lesions. OF za 

course, the likelihood of so doing is greater the less the dilatation of the 

plood-vessels. It is surely true that where there are large angiomata the 

method will not be very effective, though J utassy's case seems to show : 

that it may be possible to deal with superficial angiomata.”’ 

Lassar, of Berlin, states that applications of radium give better s 

results in cases of nævus than do the X-rays. I am using radium and the 

X-rays alternately, with apparently good results. At present I am 

treating a young boy who has a nævus covering most of one cheek. 

For a control test, one-half the growth below the eye is exposed to the 

rays, the upper part being shielded by lead. No dermatitis has resulted ; 

the exposed area is changing from a deep red to a brownish hue, and 

offers as a result of lessened vascularity a lighter color on pressure. 

1 Journal of the American Medical Association, September 15, 1906. 

2 Wien. med. Wochens., 1897, xlvii. p.428. 

3 Röntgen Rays in Therapeutics and Diagnosis, p. 339. 

4 Pest. med. chir. Presse, 1900, xxxvi. p. 73, quoted
 by Pusey. 
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ALOPECIA AREATA. 

Ullmann treated a patient by two exposures of fifteen minutes each, 

on alternate days, the tube being ‘‘ medium soft,” at a distance of 15 em. 

The hair in the vicinity fell out; but at the end of three months it began 

to grow, but was of a darker color. The treatment had evidently stimu- 

lated both the growth and pigmentation of the hair, and this result has 

been permanent. 

The treatment of alopecia areata by the X-rays has been reported by 

Kienbock * and Holzknecht.? Kienbéck reported a case of a young man 

in whom the affection had existed for three years. After two months of 

X-ray treatment dark-colored normal hairs appeared, while upon the 

affected surfaces the growth of hair did not occur. 

Holzknecht used the method with some success in several cases. In 

one case of alopecia areata that had progressed steadily for five months, 

after six months’ treatment with the rays there appeared a fine growth . 

of hair.* 

Parasitic Alopecia. —In alopecia areata of mycotic origin it is possible 

that the X-rays may prove of use, and in cases of tinea tonsurans simu- 

lating alopecia areata this treatment would probably be successful. That 

X-rays, however, cause temporary atrophy of the follicles is not a valid 

reason for believing that they would be contraindicated in alopecia 

areata, for unless a reaction is produced several times, the healthy hair- 

follicles regenerate. 

In treating certain cases of epilepsy, I observed in one bald-headed 

patient that the application of the rays was followed by a growth of 

short, stiff hairs. 

HYPERTRICHOSIS. 

Freund was the first operator in the field who employed the X-rays 

in dermatology with success. He artificially produced an alopecia in a 

case of hirsuties. The patient had previously undergone the usual course 

of treatment when Freund experimented on the case with the rays. In 

the beginning, the field was exposed two hours each day, and within 

twelve days the hair commenced to fall out in large, thick tufts, and a 

few days later the part was completely bald. This was the first case of 

this kind cured by the X-rays. It is recommended that any type of 

hirsuties should be given more numerous but less intense exposures. 

Jutassy * states that he has employed the treatments as outlined by 

Freund and Schiff with similar results. In the process of epilation there 

are four stages prominently defined. 1. In the stage of exposure nothing 

of any importance is discernible. 2. During the hyperemic stage there 

1 Wien. klin. Wochens., 1900, xiii. p. 1053. 

2 Ibid., 1900, xiii. p. 1177. 3 Orvosi Hetilap, 1898. 
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may be a scattered or even a complete shedding = the hair, but this is — q Gg After the treatment all the cutaneous roughness and unevenness dis- | 

only temporary, as the hair roots are not destroyed. 3. In the inflamma- | E appear, and likewise the scarring resulting from a previous folliculitis. | 

tory stage there is an acute inflammatory process, With an accompanying = | he integument becomes smooth and free fron all blemishes. Occasion- | 

slight, transient hyperemia. Not infrequently this process advances toa 
3 ally there may be noted a few flat, colorless depressions, very similar to | 

pustular stage, and falling of the hair is in many cases complete and per- í © those following a treatment by electrolysis. The shedding of the hair | 

manent. 4. Regeneration of the hair occurs after a period of from two to 
after a long series of exposures would indicate accumulative action of the il) 

three months and in those insufficiently treated. The absence of any | x-rays. Forster algo expresses a sim
ilar belief. 

| | 

signs of recurrence after a period of about three months indicates that the E q ` Grunmack has conducted experiments to ascertain the epilatory | 

treatment has been satisfactory, and a prognosis of a permanent alopecia 3 effects of the rays, put with varying results, due to lack of necessary i | 

may be rendered. In one case there was produced a perm
anent alopecia 7 q p recautions. 

| 

in less than three weeks ; s
even treatments were given with a 20-minute a 4 - J have treated several female patients who were disfigured with M 

| growths of superfluous hair. One woman presented a growth of hair on W 

exposure at each sitting. 
; 

Barthélemy and Oudin* remark that their conclusions are directly he neck and forearm. I treated the forearm first, to determine the 

opposed to those arrived at by Schiff, Freund, and a number of noted q Y dosage and the patient s susceptibility, 
and after ten treatments of 5 

American and English observers. 
minutes each, covering a period of ten months, the hairs were removed, 

Two series of experiments were conducted on women, the hairy field AM. without even a vestige of erythema. In one patient the growth of hair 

of the pubic region being the part selected. The hair of each of the l 5 returned, but subsequent treatment permanently eradicated the growth. 

patients presented dissimilarities in color and thickness. In the first. y | This X-ray treatment obviates the pain of electrolysis. 

series the exposure was of short duration, while in the second series the - 

exposure was of long duration. In the first two cases, with exposures of © q 4 FAVUS AND TINEA TONSURANS. 

ten minutes each, and repeated daily or every other day for a period of L 3 
i : j 

from two to four weeks, no satisfactory results were obtained: The third E O A The use of the es in the treatment of tinea tonsurans and favus 

case, frequently exposed for a long time, was followed by an erythema í = „as suggested by Freund.? 
Cases of tinea tonsurams successful

ly treated 

and a profuse shedding of hair. The exposure of the cases of the second j me by the Sly have been reported by Schiff and Freund,* Tórók and 

series extended from ten to thirty minutes. The results were negative in q E Schien,* and others. Cases of ve successfully treated . have been 

three of the cases, while in the other three cases there was only a slight Y _ reported by Schiff and Freund,’ Hahn and Albers-Schónberg,' Torok 

loss of hair, which came out very readily upon combing 
or by pulling upon. 

: and Schien, Kienbóck, and others. One case of Schiff and Freund 

it. In only two of the cases treated 
as above was there a complete falling = has remained cured for a year. In these cases the reaction needs to be 

of the hair, one of these cases being accompanied by a wide-spread Y E- carried to the point of causing complete alopecia and slight cutaneou
s 

erythema. 
i 

q ; inflammatory reaction. Theoretically the treatment is ideal. It causes 

Schiff and Freund? reported that in three cases a slight erythema l y af alling out of the diseased hairs, at th
e same time destroying the organ- 

was the sole visible result of the exposures. Prior to the falling out of Y O upon which the disease 1s dependent. The alopecia which it causes 

the hair, the skin was visibly undergoing the process of bronzing. The _ 1 E ENE porary unless accompanied by a greater reaction i the skin than 

pigment continued to accumulate until the hair fell out, followed by its i A a a ae } eee 
| 

rapid disappearance. Previous to shedding, the hair turned snow-white, | 1 a te ° a Lae oun He a oe ae cee ae pe core 

lost all its pigment, and microscopically exhibited vacuoles. Ina single q EE tonsurans = A e pie f PR. Er 5 i = Ban ER 

case this phenomenon had been repeated three times, when the recurring tion, All that 3 a ; iis ae Ne abies unless carried out 

dry hairs were again submitted to the action of the rays. 4 y 7 A ae at is said of the treatment of tinea tonsurans applies 

Sjogren ° observed a rapidly disappearing pigmentation in a brunette 
q equally well to the treatment of favus. | 

of 25 years who was subjected to treatments similar to those outlined by gq 3 Eee sc Woebandeliritt, 1697, No. 8. 

Schiff and Freund. | | 
4 2 Wien. med. Wochens., 1897, xlvii. p. 856. 

, 3 Fortschr. a. d. Geb. d. Róntgenstrahlen, 1899, iii. p. 109. 

4 Arch. f. Derm. u. Syph., 1901, lvi. p. 182. 

5 Wien. med. Wochens., 1902, lii. p. 847. 

6 Münch. med. Wochens., 1900, xlvii. pp. 284, 524, 363. lLa Radiographie, 1900, xxxix. 

2 Wiener med. Wochenschrift, 1898, xlviii. p. 1058. 

3 Bibliotheca medica, Heft 8. 
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centimetres). When the thin sensitized paper has » 

X-rays we can make the hairs fall from the | e. : 

difficulty of treating this ~~ . distanc® CON eee aay of : 

dinary olose- a E changed to the tint ‘‘B’’ of the radiometer, the exposure is terminated. 

; f E g observing, that the shade of the sensitized paper is below the tint 

five Holznecht’s units, the operator can be confident that there 

Batten! proved that wit
h 

bottom of their follicles, thus overcoming the 

disease. His method of treatment is as follows : A boy’s or 

fitting cap is covered on the outside with a continuous, fairly thick layer ` E 

of white lead, and the latter with linen or muslin; holes are then cutin Y E P ag 

this white-lead screen to correspond with all the ringworm patches to ] p is 10 danger ot ae A bara Ori permanent baldness. After the 

i © exposure the part 1s treated with an 

be treated ; through these holes the scalp is exposed to X-rays froma | | la 
ointment containing the oil of cade, 

hard tube for ten or eleven minutes, six times = which 18 washed off each morning. The entire scalp is then rubbed with 

l i = aten per cent. alcoholic solution of tincture of iodine, to prevent reinfec- 

ed patch. Each patch 

medium or moderately 

within a fortnight. The scalp should be six to eight inches from the 7 q 
| tj they d t 

anticathode, and the ears, neck, and face protected from the rays by the MA won oe a 
Tey STOP T oL tba eee 

i my requires a separate exposure. 

white-lead cap or similar shield, or by a diaphragm over the tube. Next p 

a simple, penetrating parasiticide lotion should be applied morning and 1 k 

n 

night over the whole scalp, during the period of the treatment. When q BOZEMA. 

the patches are quite bald, a mild parasiticide ointme
nt should be rubbed 

Dr. R. Hahn claims priority in radiotherapy of eczema, especially 

into the scalp once a day, applying the lotion also to the entire scalp. the chronic type. At a meeting of the Medical Society of Hamburg, 

The hair usually begins to grow within seven or eight weeks from the July, 1898, he reported t
wo such cases that he successfully treated. Both 

commencement of treatment, and by the end of the third or fourth month 
patients suffered from eczema of the thighs for periods of two and four 

it is fully grown. 
; years respectively. In the first case a cure was effected after twelve 

Adamson? states that, when the X-rays are used for the treatment of. i 3 applications of the rays. In the second case, after four exposures, the 

ringworm of the scalp, the hair of the part exposed to the rays may be MY © pyperemic condition of the affected part appeared, followed by a slight 

made to fall, leaving a smooth, bald area, entirely free from stumps, and dermatitis, which, however, disappeared in three days. 

when this grows again, after an interval of some weeks, the new hairs are Dr. Margaret Sharpe* reported a case that affected a small area of 

found to be free from ringworm. The fungus has not been killed, but the hand, following a burn, which occurred three years previously. The 

has come away with the old hairs, and ‘py the time the new hair grows part had been exposed eleven times, each irradiation consuming fifteen or 

Those using this method have, however, always Be twenty minutes. The lesion faded away gradually, the part appearing 

But now, by: | more and more pallid as the result of each exposure. There was abso- 

j | _jutely no soreness or any inflammatory reaction. not a trace of it is left. 

been chary of its application, fearing burns or baldness. 
d Grmsby? state that several cases of chronic 

t excellent results. In one case 
means of Sabouraud’s radiometer,

 such accidents can be readily avoided. i E- 

11 about fourteen days after the application, and MN E Drs. Montgomery an 

Ww eczema treated by the rays had giv
en mos 

The hair begins to fa 

continues to do so for a few days longer. It begins to grow againin from 
| q 

six to eight weeks, and is fully grown at the end of three months, E 4 of eczema which was exceedingly stubborn and of many years’ standing, 

provided that the length of exposure is not allowed to exceed the limit located in the skin of the scrotum, in which a vitiliginous condition had 

that no area or part of any surface is 7 appeared on the infiltrated skin, ten daily treatments gave the patient 

z relief from the itching ; the infiltration gradually disappeared, and later 

set by the right use of the pastille, tr 

exposed more than once, and that the part expose
d is kept at the proper = | 

: / the normal pigment returned. 

fixed distance from the anticathode of the tube. By this method there ] f 

is no danger of permanent baldness or injury to the tissues. i i y Hahn? believes that if eczema is a germ disease, then, as demon- 

f the X-rays in the treatment of tinea, Sabou- E strated by Rieder, we may expect the X-rays to influence the bacteria 

directly. If, on the contrary, it is a nutritional disease, the action of the 

Concerning the value O 

raud? says that ambulant treatment is to be recommended, and instead of = 3 

the two years formerly required, the cure is complete in three months. s q rays in setting up a dermatitis leads us to hope that the reactions of the 

ed area, and at the i = tissues will cause alterations in the circulation and nutrition with conse- 

` quent healing. The point of most interest is the rapidity with which the 

entimetres from the diseas 

should be exposed to the A ; ; 
z lesions improved (usually after ten to twelve exposures). The effects 

some cases an absolute 
The tube should be fifteen € 

same time a Scrap of platino-cyanide paper 

centre of the tube (equal to five Holzknecht’s units), but at a shorter | E |. 

| 
= $e immediately observed were a decrease and in 

i f f 2 
4 e 

: o a eae Ray, August, 1905. $ 1 Archives of the Róntgen Ray, February, 1900, p. 5260. 

e , ae , a Recon Des. 71004 - e 3 2 Journal Amer. Med. Assoc., Jan. 3, 1903. 

a Presse Me ia e Paris; Nongo TARO . 
3 Fortschritte a. d. Geb. d. Röntgenstr., 1901, 1902, v. pp. 39-41. 
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al le EIA 2 F Hahn e C niné of | 3 Acne Vulgaries.—This chronic inflammatory disease, which involves 

e wasable to effect abso mie CETT he remaining cases three q T the sebaceous glands, usually appears in the form of papules, tubercles, 

pined, and chiefly affecting the head, face, and 

failed to materialize after three, four, and eight exposures respectively ; of A 4 or pustules, simple or com 

the other two cases, one died of pneumonia, and the remaining One was f E neck, and occasionally the chest. 

Dr. Joseph Zeisler 1 reports thirty-four cases of acne of different vari- 

treated eighteen times with apparently no improvement. | 

Tn cases of eczema, UE 
short and frequently repeated i i eties and of different degrees of severity. Five of these were instances 

d four were indurated cases with pustules of the back 

exposures—t. €., every other day—for the first two or three weeks. After, q q acea an 

this period I expose the parts every third or fourth day. By this pro- À 3 a 3 a : 
` 

; : Y E an ; 

ained very good results. For a further | | uhe bulk of them were, of course, of the ordinary type of acne 

cedure I have in some cases att 

e oF sai Beirne: puccesstuny treated py he may ne veado
 i > of the face, many of them of the very severest and most rebellious na- 

Sane X articles by Abem Bohgpbere Meek,? Scholtz,” Sjögren and MEE E ure. The exposures were rather mild in character, the distance of the 

E 

E tube, according to its light, being from twent
y to forty centimetres. 

E «J usually start in these cases with three treatments a week for from 

two or three weeks. After this exposures are given twice weekly only 

ACNE. 
Dr. R. R. Campbell * reports fifteen cases more or less completely í A for a time, and later about once a week. A beneficial action can usually 

cured by the X-rays. He used a medium soft tube, moderate illumina- | pe noticed during the second week, when few new pustules are noted and 

tion, about fifteen centimetres from the patient, with exposures of ten. q the comedones seem to shrink and dry up. The accompanying seborrhea 

| MS cleosa of the face is very promptly influenced. Some of the severest 

d in from four to six weeks, 

minutes each, usually every other day. : | 

‘(Miss E. R., age 20, had been und
er constitutional and local treatment

 | cases which 1 have ever treated were cure 

for three months, without any appreciable improvement in the local — | and have so far remained well.” i 

Early in January, 1902, X-ray exposures were begun. She A minimum reaction to the rays is not always ac 

but a moderate degree of dermatitis shou 
companied by the 

ld be aimed at. 

condition. 

was given three exposures weekly of ten minutes each, with the tube i 4 eure of acne, 

fifteen or twenty centimetres distant. After two weeks there was mani- WW he disadvantages of the treatment are the pigmentation liable to follow 

fest improvement, and the exposures were reduced to two sittings weekly ; i ¡in brunettes, occasionally the slight cutaneous atrophy, and the excep- 

e lesions or comedones could be detected, “a = tionally severe dermatitic reaction. The X-rays cause the hairs to drop 

| 
of sebum. The parenchyma of 

by the end of February no activ 

and the exposures were further reduced to once weekly until'the end of. ] out, and evidently check the secretion 

March, when all treatment was discontinued. No relapse has taken 7 the sebaceous glands becomes more in 

place. No dermatitis or erythema was produced in this case at any time.’ 3 q lasting benefit derived in nearly every case from X-ray treatment. 

Altogether I have treated ten cases of acne. In one patient, a girl of q E Dr. Gautier,” of Paris, reported sixteen cases of acne vulgaris and 

nineteen, whose face was covered by the eruption of eighteen months’ » acne rosacea which had been successfully treated by X-rays. 

duration, I succeeded in completely curing the patient in thirty-two treat- In hospital and private practice I have had numerous cases of this 

ments. These applications were made three times weekly for two weeks 7 E disease. In general the results of radio-therapy were successful when 

and thence once weekly. The tube was fifteen inches from the face, three. | a combined with other remedial
 measures. Ihave noted that frequent five- 

inches spark-gap, duration of each treatment, two minutes. The applica- minute exposures are more satisfactory than longer and less frequent 

tions were just stimulating enough not to produce an erythema. I do i 4 applications. The tube should be of ‘‘ medium vacuum,” so that the 

| d most beneficial results may be obtained. 

durated, and this explains the 

not believe in the production of an erythema in the facial region. Seven | 3 
| 

of the other cases are apparently permanently cured, and recurrences f A Acne Rosacea.—Jutassy was the first to treat acne rosacea by the 

occurred in the other two, after a period of two years. In one case an 4 _ X-rays. Hahn* reports two cases of acne rosacea in which he obtained 

| satisfactory results. The redness of the nose and of the adjacent parts 

atrophic condition of the pitted area resulted. 
7 È ; 

Y disappeared, and had not returned after an interval of several months. 

1 Münch. med. Wochens., 1900, xlvii. pp. 284, 324, 363. 

2 Boston Medical and Surgical Journal, 1902, exlvii. p. 152 = 3 1 Journal of the American Med. Asso., February 21, 1903. 

3 
. 

, e i 3 

Arch. f. Derm. u. Syph., 1902, lix. p. 421. 
3 2 Compt.-rend. du xii. Congrés international de Méd., Moscow, 

1897, pp. 385-386. 

4 Fortschrit. a. d. Geb. d. Róntgenstr., 1901, 1v. pa 149. 

5 Journal of the American Medical Association, August 9, 1902, p. 343. 
3 Aerztl. Verein, Hamburg, 1900. 

vol. iv., August, 
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Hyde and Montgomery and Ormsby’ state the following: ‘In a 

few cases of acne rosacea our use of the X-rays has been followed by a 
very marked improvement. In two very extensive and very severe Cases 

of acne, which had resisted for months all our efforts at treatment, the 
eruptive symptoms disappeared completely under the use of the X-rays. 

In other cases a few exposures have seemed to materially aid the other 
treatment employed. ee 

«The cases of acne in which radio-therapy is of unquestionable 

value are those in which the disease is limited to a small area. Here the 

treatment may be pushed, if necessary, to the point of producing atrophy 

of the affected glands and follicles. When many scattered glands are 

involved and new lesions are constantly forming, radio-therapy gives 

temporary benefit, but could not be expected to prevent recurrence of 

the lesions unless the treatment be carried far enough to produce general 

atrophy of the sebaceous glands of the face. But the sebaceous glands 

have a function to perform, and to produce a general atrophy of these 

glands of the face must be a questionable procedure until we can deter- 

mine what effect such a course would have on the skin ten, twenty, or | 

forty years later.” (Figs. 222, 223.) 

SYCOSIS. 

J. F. Rinehart? speaks of the advantages of the treatment of these 

cases by the X-ray. The treatment is thorough, painless, and there is 

but little scar tissue left after healing. He reports a number of illustra- 
tive cases, and urges that too much haste to obtain reaction is often 

productive of marked inflammation. 

The treatment of sycosis by X-rays was suggested and first carried. — 

out by Schiff and Freund,” and there are numerous reports in the litera- 
ture testifying to its success. Successful cases have been reported by 

Hahn,‘ Spiegler,> Rinehart,* Scholtz," Gassman and Schenkel,* Torok. 
and Schein,’ and others. The treatment has proved equally efficacious in 

parasitic and non-parasitic sycosis. In some of the cases the patients i 

have remained well a year after the cessation of treatment. A typical 

successful case of parasitic sycosis is that reported by Zechmeister.” In 

1The Journal of the American Medical Association, January 3, 1908. 

2 Philadelphia Med. Jour., 1902, ix. p. 221. 
3 Wien. med. Wochens., 1897, xlvii. p. 856 ; Fortschr. a.d. Geb. der Rontgenstrah- 

1899, iii. p. 109. 
t Deut. med. Wochens., 1901, xxvii. V. B., p. 29. 

‘Arch. £. .Derm. u. Syph., 1901; Ivi. p. 131. 

6 Philada. Med. Journal, 1902, ix. p. 221. 
1 Arch. f. Derm. u. Syph., 1902, lix. p. 421. 
8 Fortschr. a. d. Geb. d. Röntgenstrahlen, 1899, ii. p. 121. 

2 Wien. med. Wochens., 1902, lii. p. 847. 
10 Monatsheft f. prakt. Derm., 1901, xxxii. p.. 329. 
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«< case the face was covered with deep follicular pustules. | Hyphomy- 

e. had been demonstrated around the roots of the hair. After five strong 

o there was a slight reddening and scaling of the pustules. Ten 

e later the pustules had vanished, and in two weeks more the disease 

a E ely disappeared. Three months later there was no recurrence. 

E Dr. J. Zeigler* reports very good results with the X-rays in four 

cases of sycosis ; after two or three radiations, pustules ceased to form, 

here epilation had taken place new hairs began to show after two 

Be ths, and no relapse has since appeared. 
! ae i 

Schiff and Freund? speak of X-ray treatment of sycosis as 10 OWS ; 

«¿When the rays were applied seven times, complete recovery was 

obtained, leaving the skin smooth and free from all inflammatory con- 

tractions. The action of the rays seems to be anti-parasitic, as no 

recurrence had appeared after the second month.?” 3 

PRURITUS ANI AND PRURITUS VULVA. 

Dr. J. Rawson Pennington* has treated several cases of pruritus ani 

with the X-rays. In one case, after the third treatment he began to 

notice a change for the better. The exposures were continued, and the 

tough, leathery condition soon began to disappear. As it passed away 

the itching subsided. There has been no itching for the last four months, 

and the skin is normal to the touch. | 

In another case the patient had previously undergone treatment for 

hemorrhoids. Pruritus followed the operation and had been very 

obstinate since. A few exposures to the X-rays eliminated the trouble. 

He also reported a series of thirteen cases of pruritus ani wherein 

most of the cases were cured by the rays and, though still under treat: 

ment, all improved. The skin is left smooth, soft, clean, and pliable. 

While there is no objection to the use of other procedures in con) unction 

with the X-rays, none was employed in these cases, proving that the 

successful results were entirely due to radio-therapy. 

Scholtz‘ has seen improvement in a case of pruritus vulve, and 

Sjögren and Sederholm* have reported seven cases of pruritus vulve 

which were decidedly relieved by this means. 

XERODERMA PIGMENTOSUM. 

At the Edinburgh Medico-Chirurgical Society, Dr. Allan J ameson ° 

exhibited a little girl suffering from xeroderma pigmentosum which had 

1 Journal of the American Med. Asso., February 21, 1903, p. 518. 

2La Presse Médicale, May 27, 1899. 

3 New York Medical Journal and Philadelphia Medical Journal, 
February 20, 1904. 

4 Arch. f. Derm. u. Syph., 1902, lix. p. 421. 

5 Fortsch. a. d. Geb. d. Róntgenstr., 1901, iv. p. 135. 

6Journal of the American Medical Association, February 14, 1903; Lancet, 

London, 1903, i. p. 105. 
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been treated by the X-rays. At the age of twelve months she began to- 
develop freckles at the side of the nose. Later telangiectases and whitish 
Spots appeared on her face. The disease had extended to the hands and 
wrists. When first seen, there was an epitheliomatous growth the size 
of a sixpence on the tip of the nose and numerous warty excrescences 
on the face. Thirty-four exposures to the rays, of five minutes each for 
the face and thirteen minutes for the right hand, were given. The growth 
on the nose and the warty growth both disappeared. The nose is now 
whiter than the rest of the face, and there is a marked improvement in 
the right as compared with the left hand. ee 

PSORIASIS. 

Attempts to employ radio-therapy in the treatment of psoriasis have 
thus far given positive results in the hands of Ziemssen and Albers- 
Schonberg. Jutassy has also made experiments in this direction, but his 
results are as yet incomplete. Grouven and Hahn! have reported most 
favorable results. D. 

Hyde and Montgomery and Ormsby? report their experiments with — 
this disease as follows: ‘‘ We have treated thirty-two cases of psoriasis _ 
with radio-therapy, causing in each case a temporary disappearance of 
the lesions. From four to ten treatments on a given group of lesions were 
usually sufficient to cause them to disappear entirely, except for a certain 
amount of pigment. In lesions in which the thickening was but moder- 
ate, the scales often disappeared after the second or third treatment. 
Relief from itching, when such is present, occurs about the same time. ' 

“In the treatment of psoriasis we use a fairly soft tube and very 
short exposures, at a distance of ten or twelve inches. It has not been | 
necessary in any case to produce any visible evidences of reaction, not — 
even in erythema or pigmentation. The influence of the rays on psoriasis 

| | is in keeping with the fact demonstrated by one of us (Hyde) twelve 
| years ago, and frequently since, that some psoriatic patients can free 
E their skin of all lesions by prolonged baths.” 
i F. S. Burns? states that the treatment of this disease by means of 
| the Röntgen rays has been thoroughly tested, and no lesion has failed to 

disappear under this form of treatment, even though the cases have 
resisted all other forms of treatment for a considerable period of time. 
He bases his conclusions on a series of 150 cases. | 

Morris and Dore * state that they have seen good results in chronic 
patches of psoriasis. From four to ten treatments were usually sufficient, 
in a given group of lesions, to cause them to disappear entirely. 

: : : ¡ a. Fre. 222.—Profile and full view of a patient at the Philadelphia Hospital with acne rosace 

- ivalent to No. 2 scale of Benoist. : : sots q 3 i 8em.). Secondary current 2 ma., equiva ? Journal of the American Medical Association, January 3, 1903, p. 4. q 3 15 inches (38 cm.) 
* Boston Medical Journal, October 23, 1903. 

; 5 a : : ; 7, Distance of tube (soft), 
; ae È . ; y 3 3 : iati which I employed thrice weekly. 

| * Niederrheinische Gesellschaft fiir Natur- und Heilkunde in Bonn, 11, ii., 1901. MN FIG. 223.—The same after fifty irradiations, 

| | 4 145 | 3 eas Sarek Med. Journal, June 6, pee 
| $ 

| 
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Fig. 226.—Epithelioma of 15 years 

7 test, by shielding half the growth w 
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Fic, 225,—The same after I irradiated the growth at the Philadelphia Hospital. 



Fig. 227.—Epithelioma of the dorsum of 

the hand, before irradiation. 

Fic. 228.—The same after irradiation. 
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pr. E. S. Ferris” relates the following case: Patient, age 50, has had 

“psoriasis as long.as he can remember. At intervals he has undergone ~ 

d poth local and constitutional treatment, the only result of which was an 

q apparent lessening of the scales for a short time. Occasionally, even 

M ile under treatinent, there was diminished activity manifested by dis- 

4 appearance of scales and a pallor of the red patches, but the papules 

never disappeared. On October 1, 1902, he presented himself for treat- 

rent. “I found the disease involved the skin covering almost the entire 

body. After trying various treatments and brush discharges, I gave him 

sixteen X-ray applications to his back only, consisting of three expo- 

ures of ten minutes each. On the day following the sixteenth sitting, I 

found the skin tender and of a dusky hue; later a more marked reaction 

was manifested. After ten days all traces of the disease except slight 

* redness had disappeared from the part treated. Even this redness was 

gone in another week, and the lesion on the chest vanished at the same 

time. This success encouraged me to. apply the X-rays to. the other 

q parts involved, with the same happy results. At present there is 

absolutely no trace of the former trouble; the skin is smooth and soft 

and of normal color.’’ | E 

E Drs. Sjógren and Sederholm, of Stockholm,” state that two cases 

of psoriasis treated with the X-rays were not in the least benefited 

thereby. 
eas 

M3 

Ad 

| SENILE LEG ULCERS. 

E In 1904, in the service of Dr. Ernest Laplace at the Philadelphia 

Hospital, I exposed twenty senile leg ulcers to the action of the rays. 

The patients’ ages varied from 50 to 65. Before treatment the ulcers had 

an angry appearance and an offensive odor, with no granulations. They 

were treated through sterile unmedicated bandages. NG: 

q In most of the cases, after several months’ treatment, a slight der- 

matitis resulted, and the applications were discontinued. The secretion 

was checked, the odor disappeared, and granulations began to sprout. 

_ The areas, which previously had been measured and photographed, 

showed a decrease in size. Three of the patients are still at the hospital 

and are almost cured. Of the other seventeen some have since died and 

others have disappeared from observation. 

q VARICOSE VEINS. 

A McGuire? reports two cases of varicose veins. The first patient was 

A woman, aged 45, with eczema of both legs, complicated with varicose 

1 American Electro-Therapeutic and X-Ray Era, May, 1903. 

2 Fortschritte auf dem Gebiete der Rontgenstrahlen, June, 1901. 

3 Medical Record, September 1, 1906. 
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veins and an ulceration on the right leg. The ulcer resisted all treatment | 

until the application of the X-rays. This caused inflammation of the 

skin, which extended over the whole surface of the leg. The treatment 

was stopped for four days, when it was again tried. Inflammation 

resulted, but during the next five days, without the application of the 

X-rays, the dermatitis gradually subsided and by the end of the week had 

disappeared. The ulcer completely healed and the varicose veins disap- 

peared. The second patient was a man, 50 years of age, with a large 

bunch of varicose veins on the right leg. Treatment by the X-rays is 

eradually reducing the tumor and without causing any great reaction of 

the tissues. The rays cause contraction and atrophy of the tissues and 

those of low vitality easily break down. 
| 

| 

HYPERIDROSIS. / 

Dr. J. T. Dunn’ has treated a number of cases of hyperidrosis, 

and asserts that it is necessary to produce reaction, by short repeated 

treatments, until complete destruction of the sweat follicles has 

occurred. 

In treating cases of hyperidrosis involving the palmar surface of. 

the hands, it is necessary to be exceedingly cautious, as the reaction is. 

usually easily produced and pain is very severe in such cases. It is his 

experience that reaction appears after six or eight treatments of ten 

minutes each when applied to the palms of the hands ; and on account 

of the density of tissue involved, pain is severe if the reaction is, _ 

excessive. 

KRAUROSIS VULVZ. 

Dr. G. H. Stover? reports the case of a woman, aged 50, who had 

suffered severely from kraurosis vulve for several years. She was told 

that we knew nothing whatever of the effect of the X-ray in this 

condition, and with that understanding an 

tube of medium vacuum being employed. The exposure was made 

at 2 P. M. in March, 1903 ; that evening her suffering was so great 

that her family physician was called. Some hours after the raying — 

he found the diseased area redder than common, swollen and cedem- 

atous, the appearance being much like that of erysipelas. Further 

radiation was decided against, and after a week or two, when the 

inflammation had subsided, the affected tissue was excised. Possibly 

the rubbing and cleansing which the patient had given the parts may 

have had an unfavorable influence. 
| 

1 American Electro-Therapeutic and X-Ray Era, December, 1903, p. 450. 

2 New York Medical Journal, February, 1904. 
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LEPROSY. 
| 

H. B. Wilkinson, who has had the good fortune to study exten- 

sively the subject of leprosy, reported upon a series of thirteen cases 

to the Manila Medical 
Society, October 12, 1905. 

He began the treatment of leprosy with the X-rays during January, 

1904, with a ten-inch spark machine, with which he used a bifocal tube. 

That portion of the patient which presented the greatest amount of infil- 

tration was exposed to the direct rays of the tube ata distance of about 

ten inches. The exposure lasted about ten minutes and was repeated at 

intervals of several days. His object was to approach as near as possi- 

ble to the purning point without actually producing a burn. He called 

particular attention, however, to the fact that a cure resulted in the two 

cases Which were acciden
tally burned. After two or three successive treat- 

ments, a plushing of the skin is often observed, which is later followed 

py scar formation. A tabulated statement of the thirteen cases treated 

showed that three were cured, seven improved, and three not improved. 

He is inclined to believe that, when a local lesion of leprosy is treated 

with X-rays, the organisms there localized are killed and their bodies 

absorbed by the system, thereby producing an immunity against the 

living organisms. This, as may be seen, would be practically analogous 

with the immunization of individuals against bubonic plague by inj ecting 

into them killed cultures of plague organisms. In his cases he simply 

grew the culture of lepra bacilli in the human body as a culture medium 

and then killed them by t
he use of the X-rays. In support of this theory, 

he cites the following facts: 1. The treatment of one leprous spot on a 

patient produces improvem
ent in spots at a distance from the one actually 

treated. 2. The cure in the distant spots seems to progress parallel to— 

and to be just as complete as in—the one treated. 3. The best results 

geem to be obtained only when treatment is pushed to the point of killing 

or beginning to kill the tissues, which would also probably be to the 

point of killing the organisms. 4. Cases in which there are massive 

localized leprous deposits are most rapidly improved. 
There is an abun- 

dance of culture on which to operate and thereby produce immunity 

more rapidly. 5. In diffuse general involvement of slight degree or 

atrophic character, where there are only a few scattered organisms, little 

success is to be expected. 

Sequeira? reports a nodulated form of leprosy of the skin which has 

shown marked improvement
 ; the hard masses became soft and flat. 

Scholtz* treated two cases of leprosy with X-rays without results ; 

de la Camp also obtained negative results. 

1‘ Some Observations on Leprosy in the Philippine Islands, with an Account of 

its Treatment with the X-ray,” Medical Record, December 9, 1905, reported by a 

special correspondent at Manila. 

2 British Medical Journal, September 28, 1901, p. 851. 

3 Arch. f£. Dermat. u. Syphilis, vol. lix., 1902, pp- 443-444. 
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II. Malignant Growths. 

A. EPITHELIOMA. 

In the X-ray treatment of epitheliomata a number of circumstances 

must be considered,—the rapidity of the growth, its character, location, 

and glandular involvement, age of the patient, and the state of health, 
When the epithelioma has grown rapidly, I advise an immediate — 

operation and subsequent X-ray treatment. In cases of slow growth I 

am in favor of X-ray treatment only. (Figs. 224, 225, and 226.) The 

severity of an epitheliomatous growth is largely dependent on the proxim- © 

ity of the lymphatic chain of glands. Thus, such an ulcer of the upper lip 
is far less likely to produce metastases than one of the lower lip, and con- 

sequently irradiation of the former will yield the better results. Likewise 

the anterior portion of the tongue affords better results in treatment than 

the posterior part. Again it is easier to irradiate the external than the 
internal canthus of the eye, because of the excess of lachrymation pro- 

duced when the latter is treated. In making a prognosis it is essential 

to differentiate between the forms of epithelioma very carefully, since | | 

these neoplasms vary in their malignancy according to their locality and _ 

the depth of the tissues involved. 

The results obtained in the treatment of epitheliomata by the Ront- 
gen rays have more than satisfied its most sanguine advocates. That 

these malignant cutaneous growths can be made to disappear entirely has 

been the common experience of Rontgen therapeutists. 

Carl. Beck, of New York,’ and others make a statement which is * 
slightly at variance with the views of certain noted investigators in this 
line. They deem it essential to remove surgically all such diseased areas. - 

This they regard as the most valuable form of treatment; notwithstand- 

ing this fact, they assert that it is proper to employ the rays after the 

growth has been excised. It is my belief, and which I have abundantly 

confirmed, that the X-rays should be applied without any surgical i 

intervention. 

W. Merrill and W. Johnson? were the first in this country to report — 
the results obtained in malignant diseases by treatment with the X-rays. 

Their first case, one of cutaneous cancer of small dimensions, was cured 
in October, 1899. The discharge soon ceased, pain was relieved, and in 

general the result was satisfactory. | 
Another case reported was an epithelioma affecting principally the 

nose and involving the nasal septum. The case was carefully watched, 

and one year later no apparent sign of recurrence was demonstrable. — 

In the third patient the cutaneous cancer affected the lower part of 

the bridge and tip of the nose. The treatment was the same as was — 

1 Medical Record, February 7, 1902. 
2 Philadelphia Medical Journal, December 8, 1900, vi. p. 1089. 
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A plied in the other two cases, except that the exposures were shorter 

in duration and more frequent. After an interval of three years the 

atient has no sign of a recurrence. 

They also reported sixteen additional cases! regardless of their length 

of existence, extent of tissue involved, and previous treatment received ; 

ten patients, or 62.5 per cent., are apparently cured ; four other cases, or 

25 per cent., show improvement, and three of these give promise of 

ultimate recovery under further treatment. 

Sjogren * states that in nearly all his cases of epitheliomata treated 

by means of the rays, a change for the better might be observed even 

though apparently no inflammatory reaction developed. He seems to be 

‘convinced that in order to bring about an absolute cure one must set up 

an inflammatory reaction of intense severity. This causes a degenera- 

tion of all (or at least the majority) of the embryonic cellular elements, 

which is the aim. | 
Wm. Sweet, of this city,? reports most satisfactory results obtained 

from his treatments in three cases of epitheliomata involving the tissues 

surrounding the eyeball. 

William Allen Pusey‘ reports having treated several cases of epi- 

thelioma, in which there was no involvement of the deeper orbital tissues, 

and all resulted in cures where sufficient treatment was permitted. No 

relapses have occurred, and some of the cases were treated about three 

years ago. 
| 

Wm. M. Sweet’ believes that it is no longer right to resort to plastic 

operations in cases of epithelioma in ocular affections, basing his judg- 

ment on the successful results of eighteen out of twenty cases treated. 

Allen® treated five cases of Jacob’s or rodent ulcer, which were 

entirely cured by the application of the X-rays. Two of these involved 

the lower eyelids, two the nose, and one the centre of the cheek. All 

these were of long standing and very slow development: one of them, at 

the side of the nose, had been developing for fifteen years. When once 

cured by the X-rays, these lesions seldom recur. 

De Schweinitz” has had four cases of ““entire and rapid cicatriza- 

tion,” with no relapse. In two additional cases the results were entirely 

q negative, or possibly the condition was aggravated. In one of the latter, 

= excision was practised with subsequent application of the rays, without 

1 American Medicine, August 9, 1902. 
2 Fortschritt. a. d. Geb. d. Róntgenstrahlen, 1901. 

3 American Medicine, December 13, 1902. 
*Chicago Medical Reporter, April, 1902. 
5 Medicine, April, 1904. . 
ê Trans. Amer. Derm. Asso., 1903. 
"Personal statements made to Dr. G. Oram King and embodied in an article, 

A “The Value of X-rays in Ocular Therapeutics,” Journal of the American Medical 

_ Association, September 29, 1906. 
“ah 4 
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recurrence. De Schweinitz concludes the rays should be tried for a cer- ' 
tain period, and, if the results are not good, then excision with or without 

plastic operation should be practised. | 

Charles Lester Leonard,! whose experience has been extensive, in 
treatment of epitheliomas and various skin lesions involving the eyelids, 

regards it as uniformly and permanently successful. Baker’ writes that 

he has had five cases of rodent ulcer, with perfect recovery. One case 

of special interest had been under observation for ten years; all this 
time the disease was slowly progressive ; not only the eye, but the cheek 

and temple were involved. The eye was enucleated and, later, X-ray 

applications were made for a year or more less regularly, resulting in 

complete cicatrization, with no evidence of recurrence at the end of four 
years. In a sixth severe case, in which both X-rays and radium were 
used, a complete cure has been effected, the curative agent being, in 

Baker’s judgment, the Róntgen rays. In eight cases of epithelioma the 

results have been entirely satisfactory, although in most of the cases the 

knife was used and followed by the X-rays. There have been no recut- 

rences. Baker had two cases of lupus involving the eyelids, that have 
been “very greatly improved if not entirely cured by the X-rays.” 

Hermann Knapp* has seen ‘‘four temporary results in epithelioma 

and the like.” Stevenson * has used the X-rays with success in treatment 

of lupus of the eyelids only. Newcomet* advises me that he has treated 

about thirty cases, few of which have shown any disposition to recur. 
The names of a host of foreign and home workers in ophthalmo- * 

logic lines or electrotherapy could be added if additional testimony — 

were needed. 
J. F. Schamberg * treated a case of marked interest,—an epithelioma 

involving not only the lids, but the conjunctiva as well. A perfect cure _ 
was effected, and after two years Schamberg reports no recurrence. | 

Drs. Hyde, Montgomery, and Ormsby’ have been very successful 

in treating fifty-five cases of epithelioma; in a number of the cases 

the major part of the growth disappeared, in twenty-five cases the 

lesions have been entirely replaced by scar tissue, and there has been > | 

no evidence of recurrence during periods varying from two to nine 

months. 

In surface carcinoma involving deeper tissue their results have not 

been uniformly satisfactory. | 

Dr. W. B. Coley* reports that out of forty-four cases of epithelioma 

of the various regions of the face and head only four cases were cured. 

1 Personal statements made to Dr. G. Oram King and embodied in an article, 
“The Value of X-rays in Ocular Therapeutics,” Journal of the American Medical 

Association, September 29, 1906. 

4 Thid. > Tbid. t Ibid. Garo 6 Thid. 

"Journal of the American Medical Association, January 3, 1903. 

8 Annals of Surgery, August, 1905. 
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Dr. A. D. Rockwell’ treated two cases of epithelioma, giving 

forty-five and forty-seven exposures respectively ; recovery occurred in 

a. e G. Burdick? reports 80 cases of epithelioma, involving the 

skin only, treated by the X-rays. There were no recurrences. In cases 

of epithelioma situated at the muco-cutaneous junctions, he advises 

removal of the glands in the vicinity. After an interval of two years, 

this method was in 23 cases followed by no recurrence. 

Dr. Chas. L. Leonard* reported a case of epithelioma of twelve 

years standing, which has remained healed for two years. 

Dr. Russel H. Boggs* treated 12 cases of primary epithelioma ; 9 of 

them were apparently cured, 1 almost cured, 2 very little improved. 7 

Dr. G. P. Girdwood® reports 8 cases of typical rodent ulcer; 4 of 

nan completely healed and the other 4 did not. He treated all with the 

same apparatus and technic. He asks, “Is it simply the difference of 

constitution, or is there some difference which the microscope does not 

reveal that should make so great a difference 1n the result? 22 

I have had similar failures, and am of the opinion that previous 

surgical treatment and the special location of the growth are important 

governing factors. French pathologists believe that different epitheliomas 

present different histological characteristics. . a 

In the above reports we notice a great diversity of opinion. Some 

prefer the soft and others the hard tube. Views also vary as to the dura- 

tion of the séances and their frequency. It is asserted by some that a 

slight dermatitis is always to be aimed at, in order to obtain the proper 

action. The great variety of cases encountered will allow of no special 

technic; the peculiarities of the epitheliomas themselves will frequently 

dictate the method to be pursued. 

Sequeira,’ who treated 45 cases of rodent ulcer since June, 1901, 

states that the ulcers healed rapidly and large cavities filled up, but that 

he had had difficulty with the hard, raised edges. He also observed 

slight recurrences. | | 3 

He likewise reported 83 cases of rodent ulcer, 34 of which were 

healed, and the majority of the remainder were still under treatment. 

He found that when cartilages of the nose and bones were involved, 

the condition was unfavorable. | E i 

He observed, microscopically, a destruction of the epithelial cells, 

and in some of them a fatty change occurred and the connective-tissue 

elements were also stimulated, and this stimulation caused the filling of 

1New York Med. Journal, April 7, 1906. 

2 Transactions of the American Röntgen Ray Society, 1905. 

‘Thid. 

+ Tbid. 

5 Transactions of the American Röntgen Ray Society, 1906. 

6 British Medical Journal, September 28, 1901. 
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ation of healthy scar tissue. He also recommends. ] use of ineffici E to the use o inefficient apparatus and to errors in diagnosis (benign 
dS 

cavities and the form 

autery when there is difficulty in causing the hard j : : 
S ard ’ growths being mistaken for malignant ones), which point to the imper a- 

the use of the actual c 

edge of the growth to disappear. 
| 

e necessity of examini 

Joseph T., aged 63, with evative family histo 1 mauve "> 5 ining microscopically, before, duri 

SR ere a 1 ry, presenton a  jrradiation, sections or scrapings of the pane ee ae 

hand the size of a half-dollar. i q - 

e ollar. (Figs. 3 The vacuum of the tube is a matter of prime importance, especiall 
9 la y 

epithelioma of the dorsum of th 

227, 228.) Two months before, —i.e., in October, 1902,—after two years . 
| | f. ¿no the deeper- ee 

the lesion became painful, ulcerated, and began to g” kE i T seated cancers ;—i.e., the vacuum should be high in 

i 
7 order to allow Ot a deeper penetration. In the body cavities aa the ? 

of apparent cure, 

spread. The trouble began twelve years ago with a small papule on th 7 i : 

S g9, e -pouth, rectum, vagina, etc.,—I believe. in the direct application of the 

back of the right hand. This grew steadily and slowly, and defied local > E 4 not by special 

measures. Patient was subjected to X-ray irradiation, and about two ye, bl y pecia cavity raper 

and a half or three years later I reported the lesion healed, but it subse- l lapba yi a too much on the side of safety; apparently the 

red, and at the beginning of the last t
reatment the ulcer- A 7 Begaces are Po rief, we too often fearing the production of a severe type 

| "of dermatitis. An erythema or slight dermatitis is unavoidable ; ae 
? 

quently reappea 

a dhickened edges. After Ne eee ara single acces ba 

irradiations the patient improved, put slight dermatitis forbade further < common with our own See tee oe E nee single doses, but in 

treatment. Subsequently the growth was agan irradiated, and, at the © and frequent Ie coeated cz da i ngly advise and always use short 

tient made a perfect recovery. aa 7 I do not confine ee to the involved area, as the disease may 

expiration of sixty treatments in all, the pa 

The technic that I usually employ is to irradiate thrice weekly f A q ; a 

y employ y tor have invaded surrounding territory. Thus, in treating a mammary 

three weeks, duration of each séance about eight minutes. Crookes | © carcinoma I irradiat th : 

(soft) tube, 10 to 1 9 inches (25 to 30 cm.) BIO! 
E i E a e the axillary and subclavian glands on the diseased 

| 1 - $ side an also e opposite breast. This applies to cancer of the ton 

| | with its associated cervical lymphatics, etc. ie 

i Cancer of the Breast.—Perhaps, as far as violent malignant disease is 

concerned, cancer of the breast is more favorably influenced by the 
B. CARCINOMA. 

of carcinoma depend upoh MN | 
| X-rays than the same disease occurring in any other part of the body 

The results sought for in X-ray treatment 

several factors : 

Depth and rapidity of growth, age and health of the patient, and M a F e ly, have encountered quite a large number of cases of 

technic employe i 
. 3 ‘ carcinoma in various regions. The results obtained varied considerabl 

h the fewer the rays that will reach the cancer- i Boome of the cases showed absolutely no effects under the most Sec 

i treatment, others showed slight improvement, while in only four cases E 

The deeper the growt 

ous part, most of the rays being absorbed
 by the skin. We cannot push 3 ; 

| “mammary carcinoma I succeeded in bringing about changes for the better 

the treatment as we should desire, for to do so would be to cause a 1 E. ; ; 

dermatitis that would eyentuate in gangrene and necrosis. ] | poe Mee cosie nated absolute: Cures. I shall report only th 

ae pa | saan - which gave very good results o hee 

n cancers of rapid growth the knife should precede irradiation. — me CASE I.—A 7 

To do otherwise is to sacrifice needed radical treatment and perhaps life. MN a lef. .—A woman, aged 34, had rapidly developed a carcinoma of 

After operation I advise irradiations through the dressings, in order | E.. : "| el gland. She readily consented to undergo an operation 

a i left by the surgeon. Tf small subcutaneous | a pa Bee tien oe a discover any enlargement of the calla 

-S 2 . ; woun j j 

nodules should ap poan four or more months after the operation, they Y ently healed in the course of fi o ea 

should be irradiated. I have seen very many of these nodules com- | nt portion as an a a pathologist diagnosed the 

: ma. Two months after the opera- 

pletely removed by this means. Of course the younger and the more 4 Ste small nodular m q nor 

robust the patient, the better will be the results of treatment. 4 Moc Gn size and ulti asses developed within the old scar; they 

I cannot agree with those physicians and pathologists who assert that — undergo X ano ano e rrea y E DA ew 

their statement, that the rapid E A de e was brought to me th 

; Operation. I exposed the diseased area eure daily (op ae Tin- 

the X-rays hasten cancerous metastases ; 

disintegration of the cancer-cells (that cannot be eliminated by natural — aici 
j lucing by these frequent applicati i : 

| | pplications intense inflammation, and f ) rom 

means) must invade surrounding tissue, I believe to be faulty. =- general appearances the ar i i 

Reports of X-ray therapeutists are widely divergent as to the value i > cient minutes ae a A rapidly worse. The exposures 

d i each, the tube being twelve inches (30 cm.) 

of X-rays in the treatment of cancer. I believe that this 1s largely due f distant. The second i 
| _ : week all treatments were discontinued. I started on 

A 3 

DE yo 
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the third week giving a six-minute exposure every third day, the tube q f November 27, 1905, for cancer of the rigkt breast, and referred to me by 

being fourteen inches distant in the beginning, and gradually brought ~ ] Dr. Taylor. I began X-ray treatment one month after the operation, and 

down to eight inches (20 em.), until the last exposure had been given, A d A her three exposures weekly for three months, duration ten minutes. 

The wound had been treated sixteen times before we were able to note 4 foda distance ten inches. Both breasts and axillary regions were 

any changes. These changes were a lessening of the discharge and the ] i irradiated. At present I treat her once monthly. She is perfectly well 

formation of a scab from the drying exudate. The patient suffered abso. MY and there is no sign or symptom of a recurrence. 

lutely no pain in the beginning of the treatments, but about three weeks 4 Case VII.—Mary Moore, age 51, single, housewife. Family history 

subsequently she experienced most excruciating agony. This would E negative. Duration of the present disease ten months (secondary). 

lessen considerably after each treatment, and again become worse, when — he trouble began as a small white papule under the left axilla. Three 

it would subsequently be relieved, and so on. When the discharge had months later the patient was operated upon for the growth, which had 

all discontinued, the pain almost entirely subsided. The ulcers seemed a | 3 increased greatly in size and extent; surgical measures were only partly 

to be healing at the edges and the intense induration present also gradu. successful. The patient was treated for three months, thrice weekly. 

ally disappeared. In all I gave forty-five treatments and effected a cure. ~ Eventually the part healed, but the patient died from metastatic 

I have watched the patient for nearly sixteen months, and up to the o. involvement. 

present time no signs of recurrence have been noticed. E A Case VIII.—Kate Quinn, age 61, married, housewife. She was run 

Case 11.—The patient was a woman of 62, from whom carcinoma _ | down by a bicycle eleven years before coming to me, and a year later 

of the breast had been removed. On operation no tuberculous glands there appeared over the site of the traumatism a small growth, that 

could be detected. Six weeks after operation, before the wound had. — increased in size until 16 involved nearly all of the right breast; ulcer- 

fully healed, the disease recurred, near the seat of the former nipple. a ation occurred and spread rapidly. There was no apparent involve- 

The patient received in all thirty-three treatments ; irradiation was given - i ment of the adjacent lymphatics. Treatment was instituted June 22, 

every fourth day, lasting six minutes. The disease has not recurred now MN 1904; forty-five exposures were given, each of ten minutes duration. 

for eleven months. The pain, discharge, ete., disappeared, but four months later the patient 

Case III.—A multiple carcinoma occurring in a woman 63 years of | y expired. Death was due to general infection. 

age, affecting the breast. The involvement had not been extensive, | 3 HI. Gocht' reported two cases of carcinoma of the breast exposed to 

though sufficient to cause alarm. The tissue between the ulcerated the influence of the rays. Both of these cases had been regarded as 

nodules was normal, though the skin was slightly inflamed. The patient d : inoperable. No cures, however, were effected, though in one of the cases 

had an epithelioma of the lip, fourteen or fifteen years before, operated = pain was almost entirely relieved. The other case died before any 

on, with no signs of recurrence. The patient had been actively treated — 3 i ] improvement had been discerned. 

George G. Hopkins’ reported two cases of carcinoma of the mam- 
for four months, and occasionally for the four succeeding months. Ate 

first the treatments were given every fourth day, each one lasting from ~ mary glands treated by the rays. The first case was entirely cured after 

three to eight minutes. By the end of the first four months the carcinom- | T thirty-two treatments had been given. The second case only showed 

atous field had entirely disappeared, leaving small scars very difficult — | improvements, such as lessening of discharge and pain and partial 

of detection. ' y healing of the ulcer. 

Case IV.—Mrs. B., carcinoma of the right breast. She was operated TE 4 = Ayers? also reported the results obtained in two cases of mammary 

upon by Dr. M. P. Warmuth, on September 29, 1908, and X-ray treat- carcinoma. The first had been operated on, and, before healing had-been 

ment was instituted January 1, 1904. I gave her twenty-five treatments, completed, areas of recurrence of the disease were noticeable. These» 

thrice weekly. Up to the present time there has been no recurrence. areas were exposed daily for four minutes during three and a half 

Cask V.—Miss J. L., age 24, a nurse, with cancer of right breast; = months. Healing was absolutely complete, with no symptoms. The 

her mother died of mammary carcinoma. Dr. Warmuth operatedin ~ _ second case had a great deal of induration, ulcerating at three areas. The 

November, 1904, and I instituted X-ray treatment in January, 1905. In axilla had also been much involved. The results obtained were a 

the meanwhile she married. On October 10, 1905, she noticed a swelling — decrease in size of the induration, considerable lessening of the ulcerating 

on the left breast. I gave her ten treatments before the operation and ia _ discharge, and the disappearance of all pain. 

subsequently the left breast was also removed. Post-operative treat- A ] 1 Fortschr. a. d. Geb. d. Réntgenstrahlen, 1897, i. p. 14. 

ment was given for a period of three weeks. She is now in good health. — E 2? Philadelphia Medical Journal, 1901, viii. p. 404. 7 

Case VI.—Mrs. C., was operated upon by Dr. John B. Deaver, on 1 3 3 The Kansas City Medical Index-Lancet, 1902, xxiii. p. 18. 
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Chisholm Williams” reports a woman, 42 years old, single, havinga _ 

scirrhous form of recurrent ulcerative carcinoma of the breast treated by 

X-rays, twice a week, five minutes each sitting; in all 28 exposures 

were given. There has been no recurrence during the past four anda 

half years, and the patient is still in excellent health. He also reports 

a similar case (in which lumps in the axillary region disappeared and 

remained cured for three years. a 

Dr. S. M. McCollin? reports a recurrent carcinoma of the breast 

with an ulcerated surface five by eight inches. The patient was relieved 

of all pain, skin formed over the ulcer, and life was prolonged for nearly 

one year. 
3 

‘Dr. G. H. Stover says that in his own experience prophylactic 

treatment has resulted in failure. He believes that this may be due to 

the treatment not being sufficiently vigorous or continued long enough. 

He thinks anti-operative treatment is of benefit. Nor is Stover alone in - 

this view, a number of skiagraphers sharing the same opinion. 

Dr. R. H. Boggs‘ observed 23 cases of carcinoma of the breast; 15 

of these patients were operated upon and a recurrence had taken place. 

when they.came for X-ray treatment. Up to the present time, 8 patients . 

have died, 2 have been lost sight of, and the other 13 are living; 7 of. 

these are apparently cured, 2 are under treatment, and the other 4 are 

gradually becoming weaker. Some of them were treated three years ago, 

but, of course, this is still too short a time to say that there will be no | 

recurrence. 

Dr. Joseph F. Smith” says that in carcinoma of the breast he has q 

seen small recurrences along the line of incision or small nodular involve- 

ments disappear under the use of the rays. He has not seen any patient A 

in whom a large primary carcinoma of the breast disappeared under the a 

use of the X-rays. 

Dr. G. G. Burdick ê reports a cure of 18 cases of carcinoma. In 14 

cases the tumor and enlarged glands disappeared. 

Dr. W. B. Coley” treated 36 cases of carcinoma of the breast. In @ 

only one instance did the tumor disappear, while in every other case ` ) 

there was a recurrence. 

Dr. A. D. Rockwell® reports that in a case of scirrhus of the breast, 

after 24 post-operative exposures there was no evidence of return three 

years later. | | 5 

1 Archives of the Rontgen Ray, October, 1906. 

2 Proceedings of the Philadelphia County Medical Society, October 31, 1904. 

3 Transactions of the American Rontgen Ray Society, 1906, p. 150. 

PADIA: 

5 Ibid. 

Ibid. | 

7 Annals of Surgery, August, 1905. 

8 New York Med. Journal, April 7, 1906. 
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Dr. Lassar’ stated that he had had only three failures out of 

pundreds of cases of cancers that he submitted to the rays. 

He recognizes” the limitations of treatment, stating that one-fifth of 

an inch is the extent of its effective therapeutic p
enetrating power. 

Comas of Liston has had similar favorable results. 

Wohlgemuth * witnessed the disappearance of a cancer of the breast 

in a woman of 75 after 72 exposures thrice weekly. 

Unger, of Berlin, and Sjögren, of Stockholm,* know of no case of 

cure of mammary cancer. | 

Djemil Pasha’ treated six cases of cancer ; three cases were cured 

and three improved. 

W. Johnson and W. Merrill® treated seven cases of carcinoma, all 

of which were inoperable ; none showed any improvement beyond relief 

from pain. They all ended fatally. 

Cancer of the Sternum. —Ferguson 
' reported a case of scirrhus of the 

sternum, which had been declared inoperable. The Rontgen rays were 

applied nineteen times, each exposure lasting twenty minutes. Three 

weeks after the last treatment the growth had almost entirely dis- 

appeared. After the sixth treatment the excruciating pain wholly 

ceased. Following the healing of the ulcerated field, there was noticed 

a slight involvement of the axillary glands. 

Cancer of the Cisophagus. — Pusey ê records the following case of 

carcinoma of the cesophagus, treated by the X-rays: «Man, age 56, 

referred to me by Professor W. S. Halsted, of Johns Hopkins University, 

May 7, 1902. An obstruction in the cesophagus had been located nine 

inches from the teeth. At first a clinical diagnosis of carcinoma 

was made. Subsequently, Dr. Halsted informs me, a piece of tissue 

was removed through the cesophagoscope and the diagnosis of adeno- 

carcinoma was made microscopically. Vigorous X-ray exposures were 

begun over the upper part of the chest May 7, 1902, and from that 

d time to the present he has had exposures daily except Sundays, either 

over the chest or back, the exposures being changed as erythema devel- ' 

oped. ‘There was prompt disappearance of the discomfort and pain 

in the chest, and there was a gradual improvement in his swallowing. 

Six weeks after beginning the exposures, he had gained nine pounds 

in weight, his pain had disappeared, and he was having no difficulty in 

swallowing.?” 

1 Röntgen Congress, Berlin, 1905. 

2 Journal of American Medical Asso., p. 79. 

3 Röntgen Congress, Berlin, 1905. 

t Ibid. 

5 Revue de Chirurgie, Paris, XXV., No. 1. 

6 American Medicine, August 9, 1902. 

"British Medical Journal, 1902, i. p. 265. 

8 The Röntgen Rays in Therapeutics and Diagnosis. 



ja 
470 ELECTRO-THERAPEUTICS. 

THERAPEUTIC VALUE IN DISEASE. 471 

a distance of eight to ten inches (20 to 25 em.), thrice weekly, exposure 
Cancer of the Larynx.—W. Scheppegrell * report ir ; neer of ry cheppegr eports a case of carcinoma minutes’ duration. The Crookes tube with the speculum attached, 

of the larynx in which a complete cure was obtained by the rays aloni ; g ten i, ; . . . 

The growth involved the left wall and left vocal cord. A high ten 3 encased in a shield (Fig. 229), GEN EEE o a R cee 230, 

coil was employed, and a tube of medium vacuum was selected in order 3 a 931), as the latter Tack une A BS SE r ra ae n th ee 

to gain some penetration. The face and chest were protected, but the i © workers, however, employ these tubes. E sa me 1 iS E a reat- 

neck was freely exposed in the hope that any involvement of surround. ened, the rays may be passed on alternate ays throug e lower abdomen. 

Dr. James P. Marsh,’ of Troy, N. Y., cited a case of a woman, aged 

ing glands might be influenced by the treatment. At first the exposureg 

lasted ten minutes and were repeated daily for twenty days. The anode 

was brought to a dull-red heat, and the vacuum was maintained about 

the same, from the beginning to the end of the treatment. At the end of 

three weeks, congestion seemed more marked and the tumor unchanged ; 

pain, however, had disappeared after the second exposure. Ten days 

| later it was found that the tumor and most of the symptoms had dis- 

| appeared. Treatment was carried on for ten days, by which time the 

ulcers were healed. The patient, when seen three months later, seemed 

in good condition; the aphonia had been practically. overcome by 

compensatory over-action of the other cord. | e , 

Dr. D. Bryson? believes that not a single case of laryngeal cancer 

has been reported cured, but few cases have been thus treated. In one 

case treated by Dr. W. J. Morton for the author, apparently good results 

were produced on the growth, but the patient died of Bright’s disease 

after twenty applications of the rays. Bree 

Cancer of the Stomach and Bowels.—Dr. P. M. Pilcher? reports an 

inoperable carcinoma of the stomach in a woman of 56. Three treat- 

ments of fifteen minutes each were given weekly ; they began August 1, 

1903, and at the time of the report the patient was able to eat and was 

free from pain. 3 

Dr. S. M. McCollin‘ reports a case of carcinoma of the stomach in 

which the swelling entirely disappeared and the patient was. relieved of 

all clinical evidence of the disease. | | =Y/) 

Dr. Finley R. Cook* reports that in carcinoma of the intestines, q S ; <I ; 5 : 

where life had been threatened with intestinal obstruction, all symptoms | Fig. 229.—TUBES AND RUBBER TUBE SHIELDS FOR THERAPY OF THE Bopy CAVITIES.—A, the 

of obstruction have been relieved, the tumor reduced in size, and life A rubber tube shield, encasing the tube and tied toit; B, showing the size of the opening governed by 

; te the diaphragm ; C, showing speculum attached. (R. V. Wagner Co.) 

prolonged for variable periods. 

Pusey says that in carcinoma of the rectum the only hope in the 

application of the rays lies in the decrease of pain, the checking of the 

discharge, and the shrinkage of the growth. | 

Cancer of the Uterus.—In applying the rays for cancer of the uterus, 

I introduce a speculum and protect the thighs and lower abdomen with a 

sheet of lead, exposing only the vulva. I employ a medium tube, at 

p5, referred to him for hysterectomy because of an extensive carcinoma 
Y) : 

of the cervix. He applied the rays alternately over the suprapubic 

region and the vagina, using a very soft tube. The treatment was given 

for ten minutes. After twenty or thirty treatments there was a marked 

improvement in her condition. All of the symptoms had disappeared ; 

she was feeling well and gaining in weight. 

Therapeutic Action of the X-rays in Cancer.—Dr. John G. Clark,’ at a 

1New York Medical Journal, December 6, 1902. PEN E P meeting of the Medical Society of Pennsylvania, said: ‘‘ During the 

2The Laryngoscope, December, 1902. 3 k 7 | 

3 1 1 4 = 

proce Ma Jounal Apr ae , . 3 3 1 Journal American Med. Association, Jan. 17, 1903. 

Proceedings of the Philadelphia County Medical Society, October 31, 1904. 3 2 The Pennsylvania Medical Journal, April, 1904 
a j ’ ) ° 

5 International Journal of Surgery, October, 1903. 
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last year Dr. Matthew D. Mann, in a personal recital of his own experi- 
ence, first directed my attention to the possibilities of Róntgen-ray 
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treatment in inoperable cases and in those in which there is a recurrence 

after operation. In the literature, which as yet is not at all well defined 
concerning the active effects of this agent, there appears a diversity 

of opinions; some claiming that the curative action arises from a 
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stimulation of the nutrition of the part rather than from an actual attack 

upon the cancer-cells, whereas, others believe that the rays act destruc- 

tively upon the cells by diminishing their growth, thus permitting 
the underlying connective tissue to reassert its functional activity. 

and reconstruct the deficiencies produced by the invasion of the new 
growth.”’ 

Codman, in commenting upon an extensive number of cases treated 

in the Massachusetts General Hospital, claims that the beneficial effects 

of this form of treatment arise from the stimulation of the nutrition of 
the surrounding parts, rather than from a direct specific effect upon the 
growth. 

In the microscopic study of the tissues after the Röntgen- -ray treat- 

ment, a number of observers agree in general as to the structural changes. 
They have found a necrosis of the cancer-cells and trabeculæ, at times 

fatty degeneration, an increase of elastic tissue, and a tendency to the 

occlusion of vessels by a thickening of their inner walls. To the latter 

effect is probably attributable the diminution of hemorrhage frequently 

noted in these cases after the treatment is well under way. 

4 

C. SARCOMA. 

What has been said relative to the results obtained in epithelioma 

and carcinoma applies with equal force to sarcoma. I cannot believe that 

many X-ray operators have achieved brilliant results with the rays in 

this disease. I have found that irradiations in sarcomatous affections are 

too often futile. Below are given some of the more interesting reports 
upon the subject. | 

Ricketts* reports a case of melanotic sarcoma of the chest wall. The 

tumor had much decreased in size and the pain had almost totally disap- 

peared. The patient died in the mean time. 

Carl Beck” reports a case of melanotic sarcoma of the groin and 

the thigh, recurring after operation. Vigorous X-ray treatments checked 
the course of the disease. | 

S. W. Allen? reports a case of sarcomatous growth of the tonsil. The 

operator exposed the swelling to the influence of the rays, with a result- 
ing decrease in the size of the tumor, and at the same time the patient 
could articulate words with much greater ease. Entire cure had not 
been attained when this report was made. 

F. Williams* speaks of a patient who had received fourteen treat- 
ments for sarcoma of the arm, each exposure lasting from twelve to 
twenty minutes, the tumor being exposed twice in one week. The 

* Journal of the American Medical Association, 1900, vol. xxXiv. p. 76. 
* New York Medical Journal, 1901. 

- 3 Boston Medical and Smee Journal, 1902, p. 431. 
*The Röntgen Rays in Medicine and Surgery. 
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induration had disappeared almost entirely, the swelling had dimin- 1 f applications of the X-rays before the disappearance of the growth. There 
ished considerably, and the venous discoloration over the tumor had E 4 was no recurrence. 

given way to the normal hue of the skin. y E J. G. Chrysopathos! operated on a woman who had a large, rapidly 

Scholtz’ reports the results obtained in the treatment of two cases : growing tumor of the right ovarian region ; finding it to be a sarcoma (a 

of multiple sarcomata of theskin. He states that under active applica- j f diagnosis which was confirmed by microscopic examination), he began to 
tions small nodules of the integument disappeared entirely. Jamieson’ s l treat it with Röntgen rays. She was treated two or three times weekly, 

case of mycosis fungoides which was treated with the X-rays showed i and after about eight months was discharged as cured. Neither abdom- 

very marked improvement in every respect. | q = jpalnor vaginal examinations offered the slightest abnormality. She is 

Dr. George Erety Shoemaker * reports the case of a woman who had now treated about once every two or three weeks, and has been well for 
sarcoma of the abdominal wall, and probably also of the pelvic viscera, q gome months. 

= which disappeared under treatment. On operation it was found that the | 7 The tumor in the case cited by Skinner? was situated in the lower 
rectum, the uterus, and the left tube and ovary were massed together by part of the abdominal wall, in the region of the cicatrix resulting from a 
an apparent infiltration, but had a certain range of motion.’ The tumor l i laparotomy, performed hee years before, for what was regarded asa 

in the lower abdominal wall was united to this mass by a process of”: | fibroid uterine tumor. The fibro-sarcoma was of the size of a cocoanut, 
thickened tissue a little to the left of the median line. The whole filling up the entire iliac fossa, extending nearly to the umbilicus and 
appearance suggested a new growth, which it was thought unwise to ‘ two inches beyond the median line to the left. The tumor was very 

remove. The incision was closed, and a cut made directly into the firmly fixed and seemed to involve the abdominal wall. Erysipelas toxins 
suprapubic growth. Examination of the piece removed for that purpose f = were used for ten months. During the first two months the growth 

showed that the mass was sarcomatous. Treatment by the Röntgen rays decreased more than half in size, and for a long time thereafter, while 
was begun after the healing of the upper wound. This treatment con- there was no decrease, there was no distinct growth. Later on the 
tinued for about nine months'in all. The total number of exposures was influence of the toxins seemed to have become lost, and there was a slow 
forty-nine. The improvement was remarkable. A year after coming — q but gradual increase in size. X-ray treatment was then begun. The 

under observation the infiltration of the ao ona ie wall, the pain, and : T patient received one hundred and thirty-six exposures within seven 

the soreness were entirely gone. ' hundred and thirty-nine days ; two applications were given in the course 
In a case reported by Richmond,’ the patient had a swelling which A Tof every five days at the beginning of the treatment, and later on, one in 

crowded the liver and other organs nad and inward. A diagnosis of — five days, fifteen days, and thirty-seven days. Twenty-eight months 

sarcoma was made. After treatment with the X-rays for nineteen — after beginning the treatment, the patient had increased considerably 
consecutive days the temperature had decreased to normal, night-sweats in weight and the tumor had entirely disappeared. 

were lessened, the tumor had apparently ceased to grow and seemed ~ q Béclére* reports the case of a patient affected with sarcoma of the 
softer, and the patient was generally improved. She was then sent tothe » floor of the orbit who was cured by X-rays. The disease had lasted four 
hospital, where the treatment was continued, and at the end of nine ` _ years. Two operations had been performed, the last one including 

weeks the growth had entirely EES as far as could be determined : ` i removal of the eye. All other methods of treatment had failed, but 

by bimanual examination. q improvement set in as soon as radiotherapy was employed. Histologi- 

McMaster* reports five cases of sarcoma in which treatment with cally, the tumor was found to be a malignant sarcoma. Béclére reports 
the X-rays proved entirely successful. f © an additional case of orbital sarcoma cured by X-rays. 

Dr. L. Webster Fox,’ of Philadelphia, had his attention called to + j Kienbock * reports a sarcoma cured by X-rays. This case is of very 
X-ray treatment in epithelioma of the lids. A year and a half ago he ` unusual interest. A growth, having appeared in the nose seven years 

had a case of sarcoma of the orbit; the diagnosis was confirmed by + = before, in spite of operations oft repeated, had invaded the adjoining 
several colleagues and by the microscope. The case received forty-eight _ Structures and produced exophthalmos on both sides, with subsequent 

4 optic atrophy. Pain ceased after the first treatment, and after thirteen 

1 Archiv f. Derm. u. Syph., 1902, lix. p. 42. 3 q 1 Münch. med. Wochens., 1, 50. 
2 American Medicine, December 26, 1903. i q * Archives of Electrology and Radiology, October, 1904. 

3 Journal of the American Medical Association, June 10, 1903. J | *Gaz. des Hôp., June 14, 1904. 

t Canada Lancet, February, 1903. i E * Quoted by Dr. G. Oria Ring, ‘‘ The Value of X-Rays in Ocular Therapeutics,” 
5 Journal of the American Medical Association, December 17, 1904. q A Journal American Medical Association, September 29, 1906. 

| 
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applications the growth (an endothelial sarcoma) entirely disappeared. 

The eyes resumed their normal appearance and vision partly returned. 

Grossman! reports a similar case which had almost entirely disappeared 

under the X-rays. Theobald? has had one case of marked exophthalmos 

(unpublished) with the diagnosis of inoperable sarcoma of the orbit—a 

diagnosis in which two other surgeons concurred. Under the X-ray 

treatment the case rapidly improved and after a lapse of seven months 

seemed to be cured. | i 

W. B. Coley? treated 167 malignant growths, scattered over many 

parts of the human body, and arrives at the conclusion that, while the 

X-rays are of inestimable value in skin cancers, nevertheless the latter 

often recur, and that undoubtedly surgery is in these cases far preferable. 

He is opposed to the use of the rays in deep-seated carcinomas and 

sarcomas, believing their value very slight and temporarý.. Where the 

neoplasm had apparently disappeared, metastases quickly occurred. He 

believes that irradiation is palliative in those cancers that are for any 

reason inoperable. He asserts that post-operative irradiation rests 

purely on theoretical grounds and needs further study as to its value or 

usefulness in these cases. 7 | 

I believe that in many instances, where brilliant results were 

achieved in irradiation of sarcomas, in all probability there was 

a mistake in the diagnosis and a less malignant affection was present, 

or else the operators were a little too enthusiastic when making their 

reports. | | 

George C. Johnston * reports three cases of inoperable and recurrent 

sarcoma successfully treated by the X-rays. The diagnoses were made 

clinically and pathologically. No auto-intoxication occurred. 

Djemil Pasha, of Constantindple,® reports that a case of sarcoma of 

the breast seemed rather aggravated by treatment. 

Dr. W. B. Coley * treated 68 cases of sarcoma. He obtained complete 

disappearance of the tumor in five of them. 

Dr. Russell H. Boggs’ treated five cases of sarcoma. In two of them 

the growth was reduced in size,. but improvement was temporary. Later, 

both patients died. | 

G. G. Burdick* treated 34 patients; 18 are considered cured. The 

tumors disappeared completely and are giving no trouble whatsoever. 

1 Quoted by Dr. G. Oram Ring, “The Value of X-Rays in Ocular Therapeutics,” 

Journal American Medical Association, September 29, 1906. 

2 Ibid. 

3 New York Medical Journal, April 7, 1906. 

t Journal of Advanced Therapeutics, 1904, p. 648. 

5 Revue de Chirurgie, Paris, xxv., No. 1. 

6 Annals of Surgery, August, 1905. ; 

"Transactions of the American Röntgen Ray Society, 1905, p. 115. 
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FIG. 232.—SARCOMA OF THE LEG.—1 and 2 show areas of recurrence ; 3 indicates the part that I irradiated. 
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The patients are following their usual vocations. I think Dr. Burdick 
has overstated these facts. 

Dr. Charles R. Dickson,! of Toronto, exposed within one year a case 

of recurrent sarcoma 48 times to the rays. The symptoms disappeared 

completely and, though the case was discharged about one year ago, the 

sarcoma has not shown any signs of returning. 

All of my cases ended fatally, although I have seen the same tem- 

porary improvements. In one of my cases a sarcoma of the leg showed 

the slow progress of the disease, and repeated recurrences even under 

vigorous X-ray treatment were noted. | 

I treated a patient, aged 30, who in the spring of 1900 noticed a 

small tumor of the right leg about two inches above the ankle. The 

neoplasm was removed one month later and diagnosed microscopically as 

asarcoma. Three years later there was a recurrence. I then proceeded 

to irradiate the part. I treated him for six weeks, thrice weekly, each 

treatment of ten minutes’ duration. The patient completely recovered. 

In June, 1905, the vicinity of the scar became sarcomatous and was 

operated upon by Dr. Babcock. In September, 1905, he returned to me, 

as the sarcoma was again recurring around the former seat, and, | because 

he complained of pains in the chest, I skiagraphed the latter and found 

in the lung sarcomatous metastases. The patient became very despondent 

and ended his life. (Figs. 232 and 233.) 

ITI. Constitutional Diseases. 

A. TUBERCULOSIS. 

The value of the X-rays in tuberculous affections is at present unde- 

termined. The varying stages of the disease, the inexactness of the 

reports recorded, and the particular behavior of the malady in the differ- 

ent structures invaded, make it advisable to append the following reports 

from experienced investigators. 

Bergonié and Teissier? give some of the results obtained in experi- 

menting with the X-rays upon tubercle bacilli. They conclude that 

animals infected with tuberculosis and subjected for varying periods of 

time to the action of the rays die, for the most part, without any appre- 

ciable change in the lesions and without any retardation in the course of 

the disease. 

= Dr. Kennon Dunham’ said that he had found that the X-rays do 

not affect the tubercle bacillus to any appreciable extent. He believes 

that the favorable results obtained by treating tuberculous patients are 

not due to a destruction of the bacillus, but to the stimulation of 

1 Journal of Advanced Therapeutics, 1904, p. 654. 
2 Arch. d’Electricité Médicale, 15, xi., and 15, xii., 1898. 
3 Proceedings of the American Röntgen Ray Society, 1903. 
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the tissues. He had obtained good results by simply wrapping the 
patient in a coil of copper wire connected with one more: of a high- 

frequency current. 
Chisholm Williams,’ in an article read before the members of the. 

Electro-Therapeutic Sub-section of the British Medical Association in 

1901, stated that, of the forty-three cases of pulmonary tuberculosis 

treated by the X-rays, only three had died, the immediate cause of death 

being pneumonia, tuberculosis of kidney, and lardaceous disease. During 

the treatment the temperature of the patient uniformly rose, the rise 

depending upon the duration and strength of the treatment. Night- 

sweats increased at first, but gradually disappeared. The number of 

bacilli in the sputum increased early in the treatment, but later on 

formed clumps, became.short and stumpy, took a stain more read- 

ily, and later in the treatment began to decrease. The disease has 

been arrested when the patient can take daily treatments of half 

an hour or more without showing a rise of temperature during the 

treatments. 

Dr. Russell H. Boggs? cited six cases of tuberculosis treated by him 

with the X-rays. One of the cases has remained cured for over a year. 

One case died from an intercurrent affection, and the other four are 

decidedly improved in every way. 

Dr. J. D. Gibson? cited a case of tuberculosis complicated by a very 

large cirrhotic liver. After a treatment of six weeks the symptoms were 

markedly improved. The treatment was discontinued ; the patient went 

home and died. While the rays do not cure, yet they improve every 

case, even the most desperate and hopeless. 

Rudis-Jicinsky * states that he has employed the X-rays together 

with other forms of treatment in 19 selected cases of pulmonary tubereu- 

losis. Of these he states, in one year, one died. 

Drs. Boido and Boido* report fourteen cases of tuberculosis treated 

by means of the X-rays. The treatment had been conducted in Tucson, 

Arizona, which has an altitude of 2300 feet, and a climate that is warm 

and dry. The fourteen cases reported were all Mexicans, afflicted with 

pulmonary tuberculosis in varying stages of disease. It is their opinion 

that in treating such cases it is beneficial to the patient to employ a tube 

which produces rays that induce a dermatitis, claiming that such rays are 

of real therapeutic value. In making the exposures the vacuum tube was 

placed 3 to 4 inches (8 to 10 cm.) distant from the skin. Exposures were 

made both anteriorly and posteriorly, allowing five minutes for each side 

of the chest. After these exposures ten of the fourteen cases had been 

1 Archives of the Róntgen Ray, August, 1903, p. 48. 

*T ord: “pid: 
4The New York Medical Journal, March 2, 1901, pp. 364, 365. 

5 American Electro-Therapeutics and X-Ray Era, February, 1903. 
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relieved of the pulmonary pain. The number of exposures varied in 
each case. Their reports show that three deaths occurred in three years, 
and the remaining eleven are still living. 

J. B. Ransom’ reports treatment of forty cases of tuberculosis in 

the lungs and other parts of the body. He specifies that the Rontgen 
rays, and also the ultra-violet rays, are especially indicated for treating 
tuberculous lesions located more or less superficially. As regards deep- 

seated pulmonary lesions the number of such cases treated is entirely too 
small and the time that has elapsed is too brief to arrive at any definite 
conclusions. He believes that the Röntgen rays may soon prove to 
be a valuable therapeutic agent in this class of diseases. He also asserts 
that pain is relieved and sleep is permitted; the local circulation is 
stimulated and expectoration is considerably lessened. 

Hahn? states that Rieder had applied the X-rays to the thorax of a 

patient suffering with a chronic form of pulmonary tuberculosis, and the 

results obtained were not encouraging in any way aS was primarily 

expected. | 

G. E. Pfahler* says that early in the history of the X-rays physi- 

cians noted relief from pain, and to a degree from other symptoms, la 

cases of tuberculosis of the joints which had been examined repeatedly 

by means of the rays. He says that J. B. Murphy treated two cases 

of tuberculosis of the knee-joint in which the synovial membrane was 

involved. Both of the joints had been treated by injections without 

improvement. One patient in whom the effusion had persisted nine 

months was discharged as recovered after 21 days in the hospital, the 
effusion having disappeared. Murphy also reports three cases of spinal 

tuberculosis treated with the X-rays. The first case was one in which 

the patient developed paraplegia. Pus and tuberculous débris, which 

established the diagnosis, were removed with a hypodermic needle. 

After the third application of the rays the pain disappeared, and after 

twenty-five applications the paraplegia was cured. A second case was 

one in which laminectomy had been performed a year before. ‘The 

patient was worse after the operation, and a sinus was left, but this healed 

completely after twenty applications of the rays. The paraplegia in this 

case was not improved. The third case was that of a paraplegic, whose 

pain was controlled by large doses of morphia. Two exposures relieved | 

pain, and after the twenty-third irradiation he got about on crutches. 

Henry K. Pancoast* mentions the results obtained in the treatment 

of deep-seated lesions of the larynx, lungs, peritoneum, joints, and spine 
with the X-rays. He found that tuberculous laryngitis may be aided and 

even cured by X-ray treatment, provided there can be brought about an 

1 Medical Record, February, 27, 1904. 
2 Fortschritte a. d. Geb. d. Róntgenstr., B. iii., H. 3, p. 119. 

3 Philadelphia Medical Journal, February 14, 1903. 

4Therapeutic Gazette, August, 1905. 
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improvement in the primary pulmonary condition. Too vigorous treat- 
ments will cause a reaction which may be carried to an unfavorable 
degree; therefore, great care is necessary in determining the proper 
dosage in each case. Pulmonary lesions in selected cases may be bene- 
fited probably, but even greater precautions should be observed. He 
does not consider Finsen-light applications of any value in treating 
laryngeal lesions. Only the most powerful lamps need be tried, and such 
exposures are of value only in lessening or retarding a skin reaction from 
the X-rays. | 

Ausset and Bedart' treated a case of tuberculous peritonitis in a girl, 
nine years of age, by tapping and abdominal section, but with negative 
results. During this treatment her condition grew steadily worse, and 
the tuberculous masses in the abdomen steadily enlarged. On March 7, 
she was first subjected to the X-rays, the Crookes tube being placed 20 
cm. from the surface of the abdomen for ten minutes, two days later at 13 
cm. Throughout the month the treatment was continued every two or 
three days. During most of the following month the treatment was 
unavoidably discontinued. During the latter part of May there was 
absolutely no abdominal effusion. From this time on, she steadily im- 
proved, gaining in weight and strength, until she became apparently well. 

Southgate Leigh? cites a case of tuberculosis of the elbow-joint. The 
joint had been exposed to the rays for a period of two hours, and as often 
as two or three times in a week. After twelve hours’ exposure the 
inflammatory process entirely disappeared ; no recurrence appeared in 

- the eighteen months that had since elapsed. : 
Dollinger* reports for Kirmisson a case of tuberculosis of the wrist- 

joint. The part had been exposed for ten minutes daily for a period of 
two and a half months. The result was an improvement, and by the 
subsequent application of electricity the part was absolutely cured. 

| Tousey * is of the opinion that judicious application of the X-rays, or 
of the ultra-violet rays and high-frequency currents, is indicated in every 
case of tuberculosis, especially tuberculosis of the larynx. One case, in 
point, is reported in which the treatment was remarkably successful. The 
expectoration ceased in three weeks; there was great improvement in 
the voice, marked gain in strength, normal temperature, and a gain in 
body weight of about three pounds. The local condition also has im- 
proved, an area of infiltration has diminished, and the abrasions have 
healed with a whitish appearance, which may be due to cicatricial tissue. 
The treatment consisted first in exposure to the X-rays once every 

! L'Echo Méd. du Nord, No. 46, 1898. 
? Reported by Werner in the Fortsch. a. d. Geb. d. Rontgenstrahlen, B. iii., H. 3, 

pp. 122, 123. 
° Fortsch. a. d. Geb. d. Réntgenstr., B. ii., p. 72. 
t Medical Record, September 3, 1904. 
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ak or five days; exposure to the Cooper-Hewitt light and application 

of high-frequency currents once in each interval between the X-ray 

lications. 

3 Dr. M. ©. Rice* reported the case of a woman, whose mother and 

sister had both had enlarged glands, suppuration having occurred in the 

case of the mother. The patient had a chain of enlarged glands extend- 

ino from the ear to the clavicle; the largest one, situated below the ear, 

was the size of a hen’s egg. These glands had been somewhat enlarged 

for five years, but had been growing rapidly for four months. The patient 

had been taking iodides for some time. After three months of treatment 

with the high-frequency current, by means of the Tesla coil and static 

machine, with only slight improvement, Róntgen rays were substituted, 

after which the patient improved. After five months’ treatment the 

glands could searcely be felt. 

Dr. E. H. Grubbe? has had under treatment more than thirty cases 

of tuberculosis of the cervical lymph-glands, most of them in children, 

and superficial. From the results he obtained, he feels that he can make 

great claims for the Rontgen-ray treatment of this condition. Of course, 

he prefers to treat them when they are primary cases, because one cannot 

get such good results after the disease has extended to the deep glands 

nor after surgical interference. ae 

Dr. Russell H. Boggs’ asserts that the results obtained by the Ront- 

gen rays in the treatment of tuberculous adenitis compare favorably with 

those obtained by any other method. A large proportion of the cases can 

be apparently if not permanently cured. Several cases have remained 

cured for over four years. Improvement is not attained, as a rule, until at 

least twelve treatments have been given. There are exceptions, however, 

one patient being improved after four treatments, and others not improv- 

ing until after twenty-five or more exposures. A permanent cure should 
not be expected until after at least three months’ treatment. He advised 

that in treating these cases the apices of the lungs should also be rayed. 

To be beneficial, treatment must be energetic. 
In tuberculous adenitis that has advanced to suppuration, my prefer- 

ence is to have the patient submit to surgical interference and to the 
subsequent employment of irradiations. Early in tuberculous adenitis, 

the rays are useful in aborting the affection by the formation of fibrous 

tissue within and around the gland. 

Dr. James B. Bullitt,*in a ‘‘comparison of Rontgen-rays and sur- 
gical treatment of tuberculosis,’’ says: ‘‘I have collected 518 cases of 
Surgical forms of tuberculosis, reported by forty-eight observers ; most 

of these have come through personal communication ; a few have been 

Transactions of the Röntgen Ray Society, 1905. 2Tbid. 
3 Journal of the American Medical Association, September 15, 1906. 
* Transactions of the American Róntgen Ray Society, September, 1904. 

31 



482 i ELECTRO-THERA PEUTICS. 

collected from the literature. The following is the tabulated list showing ~ 

the number of cases of each kind and the number and percentage of cases 

in each of the three divisions of the classification : 

No. Patients Unim- 

treated. Oo Improved. proved 

Tuberculosis of long and flat bones.... 71 26 (86%) | 25 (385%) | 21 (29%) 

Tuberculosis Ol JOLIS eee. = caren 141 54 (38%) | 53 (37%) | 34 (25%) 

Tuberculosis of tendon sheaths........ Rca 19 (70%) | 6(22%) | 2(45%) 

Tuberculosis of peritoneum........... 32 13 (40%) | 8(25%) | 19 (35%) 

Tuberculosis of testicle............... 21 7(33%) | 10 (48%) | 4(19%) . 

Tuberculosis of lymphatic glands...... AO 79 (35%) | 92 (40%) | 55 (25%) 

518 i 

Tuberculosis of skin (lupus) .......... 616 420 (68%) |148 (24%).| 48 (8%)” 

Drs. P. Ridard and Barret’ report successful results in treating osteo- 

arthritis and tuberculous osteitis; also they noticed improvement in 

several cases of arthritis accompanied by fibrous ankylosis. Irradiations, 

lasting seven minutes, were given with intervals of twelve to fifteen days; 

by using a thin leaf of aluminium filter no dermatitis was produced. 

I treated a number of cases of large areas of tuberculosis of the skin. 

In Figs. 234 and 235 are shown the ravages of cutaneous tuberculosis in 

a youth of 21. In the left-hand photograph is the view of the face and 

neck when the patient first presented himself at the Philadelphia Hos- 

pital for treatment. In the right-hand picture are shown the results of 

X-ray treatment in the disappearance of all the elevations, white areas 

replacing the former sites of tuberculous deposits. 

B. LEUKZIMIA. 

The value of the X-ray treatment of leukemia is a matter of dis- 

cussion. Many authorities assert that cases of this disease have been 

permanently cured by the repeated application of the rays; other inves- 

tigators, equally distinguished, maintain that Rontgen treatment is a 

valuable adjunct only to the usual remedial agents employed. At the 

conclusion of this article, some views on the subject, which are worthy 

of perusal, are appended. 

Fried? stated, that in a case of inoperable carcinoma of the mammary 

gland and ina eoad case of intra-abdominal sarcoma, treatment by the 

X-rays showed a great decrease in the number of white corpuscles and 

an increase in the reds. 

Inseen * reports two cases of pseudo-leukeemia treated by the X-rays, 

1 Arch. d’Electricité Médicale, February, 1906. 
2 American Medicine, June, 1902. 
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in which marked improvement was noted. On account of the toxemia 

set up in each case, the treatments had to be suspended for a short period. 

He believes that the rays will prove to be a means of curing a heretofore 

incurable disease. 

: Nicholas Senn! reports the treatment with x. rays of two patients, 

far advanced in pseudo-leukemia. In the first patient, after 34 applica- 

tions of the X-rays, all the enlarged glands had almost entirely dis- 

appeared and the general condition was much improved. When dis- 

charged, no glands were palpable; the blood, however, did not show any 

characteristic changes. The second patient showed universal enlargement 

of the lymphatic glands. The blood examination revealed a well marked 

anemia and a leucocytosis of 208,000, the increase being most marked in 

the lymphocytes (78.75 per cent.). This patient was also treated with 

the X-rays, and after fifteen exposures he developed a slight toxemia ; 

treatment was then discontinued. However, the general condition of the 

patient was much improved ; all palpable glands were diminished in size 

and the number of leucocytes was reduced to 76,000. The treatment was 

again renewed, and progressive improvement continued, the patient being 

discharged pr aci cured. 

Meyer and Eisenreich? reported two cases of mivaloid leukemia 

treated with the Rontgen rays. They differ in several points from others 

that have been published. The first patient, aged 31, was a machinist 

by occupation. Blood findings altered completely under the influence- 

of the rays, and a marked leucocytosis followed, with mast-cells predomi- 

nating. By the end of four months the oa had fallen from. | 

165,000 to 6100, but then rose again to about 22,000, and later to 35,000. 

The blood findings altered so materially under the influence of the rays 

that no one would have suspected leukemia from the blood picture. The 

spleen returned to normal size in the first case, but remained enlarged in 

the second case, in which the leukemia was of longer standing and 

the symptoms more serious. Since suspension of the treatment, the blood 

findings have displayed a tendency to return to the leukemic picture, so 

that the hope of actually curing leukemia by this means is not very 

promising. 

‘Wendel, of Marburg, has collected from the literature 38 cases of 

leukemia Here with the X-rays and adds another to the list. He 

tabulates the details of the various cases and states that more than 

90 per cent. were favorably influenced. In two instances no appre- 

ciable benefit was observed, and in two, the disease rapidly progressed 

notwithstanding the treatment. l 

Dr. Steinwand,* of Selma, Cal., reports a case of pseudo-leukæmia 

1 New York Medical Journal, April 18, 1903. 
2 Münchener medicinische Wochenschrift, January 24, 1904. 

3 Journal of the American Medical Association, March 26, 1904. 3New York Medical Journal, April 8, 1903. 
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successfully treated by the X-rays: “The patient, a school-girl, aged 

15. Family history: Mother died from heart disease two years ago; — 
father well; three brothers, two of them are well, one has chronic » 
stomach trouble; three sisters, all well. No tuberculous or syphilitic 

history. | 

“* About five or six years ago the glands on the left side of her neck 

became enlarged, but were not painful. During the succeeding years 
they increased slowly but gradually, and there were occasional sharp 

pains in the splenic region. ‘Two years later the glands along both 

borders of the sterno-mastoid muscle began to coalesce and rapidly 

increase in size. The supraclavicular glands also became prominent, and 

later the axillary glands were involved. | 

“The patient came for treatment April 1, 1903. She presented all 
the symptoms above enumerated, with rapidly increasing nervous 

phenomena and steady loss of weight. All the treatment she had 

received was ineffective in checking the course of the disease. There 

had not been any definite diagnosis. 

“There were large glandular masses on the left side of the neck, 
anterior and posterior to the sterno-cleido-mastoid muscles, the larger 

ones about the size of a hen's egg. They were movable under the skin, but 

bound down more or less to the deeper structures. The spleen was some- 

what enlarged and tender to pressure. Temperature was 100° to 101°. 

The hemoglobin index was 70 per cent. The differential leucocyte count 

was negative. The pulse was 115 to 120. I failed to make a blood count. 

At no time did I detect the temperature lower than 100° or the pulse-rate 

less than 102. 

““On April 20, I advised the use of the X-rays and gave the first 
exposure. The neck measured 133 inches over the most prominent por- 

tion. I made one exposure each day, of a duration of fifteen to twenty 

minutes. After the exposure on the second day the patient complained 

of feeling much worse. After the third exposure splenic tenderness was 

greatly increased, so that gentle percussion caused considerable pain. 

‘¢ April 24th her neck measured 123 inches and had visibly decreased 

in size. Two days later it measured 12 inches. The temperature was 

103°, the pulse 115. 

““On April 30 the neck measured 11 inches. The supraclavicular 
glands were much shrunken and becoming hard, nodular, and more freely 

movable under the skin. Temperature was 100°, pulse 100. 

“May 1 I stopped X-ray treatment, as there was some evidence of 

dermatitis. On May 5, temperature was 98.4°; pulse 100, this being the 

first time I found temperature normal in three months’ observation. 

“May 12. The dermatitis was fully developed and the skin was 

sloughing in some places.” 

Until the latter part of July, treatment could not be directed to the 

local seat of disease, because of the dermatitic area. 
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“July 24 the glands were still receding, and the neck measured 

11 inches. The contour fairly matched that of the opposite side. She 
stated that she felt in the best of health, and her appearance fully bore — 
out her assertion. 

““ As treatment progressed, the spleen increased in size. This phenom- 

enon was also noted by Senn, but I have not seen any mention of the 
distinct rise in temperature after each treatment, encountered in this 

case. The only explanation that I can offer is that there must have been 

certain toxic products,. liberated through the influence of the X-rays, 
which were at once taken up by the circulation, causing also the acute 

exacerbations of ill feeling following each exposure. This condition of 

elevated temperature and ill feeling lasted from ten to fourteen hours, 

and was so severe at times I thought of abandoning treatment had it 

not been for the steady reduction of the size of the glands.’’ 

In my own cases, however, I have never encountered this so-called 

auto-intoxication resulting from irradiations. It would seem that the 

subject needs much further investigation. 

At a meeting of the Chicago Medical Society held January 25, 1905,* 

Drs. Joseph A. Capps and Joseph F. Smith reviewed the advancements 

made in the treatment of lymphatic leukemia with the X-rays. 

The first case was treated by Dr. Pusey for one month, but without 

improvement. In 1903 Dr. Nicholas Senn reported a case of leukemia 

symptomatically cured. The patient presented the typical symptoms of | 

spleno-myelogenous leukemia and had been ill for fourteen months. 

Treatment was begun daily, and was given every other day through the 

latter part of January and during February, March, April, and May; at 

the time of Senn’s last observation the white-count came down to 10,000 

and the spleen was almost of normal size. The patient felt perfectly 

well, but died later with symptoms of toxemia. Cases of lymphatic leu- 

kemia treated by Senn, Churchill, and Pusey died within seventeen 

mouths. 

The authors reported three cases of lymphatic leukemia treated by 

the X-rays, two of which were of the acute form. One patient died in 

six days, and the other in ten days. Of the subacute cases there were 

two. While the X-ray exerted a beneficial effect, it did not control the 

disease. Better results were obtained in treating chronic cases, of which 

the authors reported three. They stated that patients with spleno- 

myelogenous leukemia should receive X-ray treatment, because they are 

greatly benefited thereby. They respond more slowly than do patients 

with chronic lymphatic leukemia. These patients feel that they are 

cured, but in the light of cases reported as symptomatically cured, some 

of which have since died, physicians must not be too sanguine in regard 

to pronouncing cures. 

1 Journal of the American Medical Association, February 10, 1905. 
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Arneth! made a careful study of the blood findings after exposure 

to the Róntgen rays, and analyzes all the testimony thus far offered. His 

final verdict is that the Rontgen rays have an undoubtedly favorable 

action in leukemia, but that it is indirect. They do not cure the lesions, 

but they destroy the parasites which are causing the lesions. The action 

of the Röntgen rays in leukemia is like that of quinine in malaria. Both 

cure the patient by killing off the micro-organisms causing the trouble. 

This assumption entails the necessity for more thorough and: more gen- 

eral exposure to the rays. They should be as extensive and as protracted 

as possible, to seek out and destroy the causal germ in its remotest 

lurking-places, not restricting the exposures, as in the past, to the blood- 

forming organs alone. This conception supplies, for the first time, an 

etiological treatment for leukzemia and one that is proving more successful 

than any in the past. 
: 

/ The clinical and histologic findings in leukemia after Rontgen 

treatment were observed by Lossen and Morawitz.? The patient was a 

man of 36, previously healthy, with myeloid leuksemia for two or three 

years before it terminated fatally. Forty Rontgen exposures were made, 

but did not seem to arrest the progress of the disease after the first 

transient improvement. The composition of the blood and the blood 

findings changed under the exposures, finally presenting the picture 

accompanying aplasia of the blood-forming organs, and the anatomical 

findings were those of hypoplasia. It was most pronounced in the bone- 

marrow, but was also unmistakable in the spleen and lymph-glands. It 

was accompanied by pronounced proliferation of the interstitial tissue. 

Lossen and Morawitz are inclined to regard the hypoplasia as favored and 

possibly originated by the three weeks of rather intense Rontgen treat- 

ment given in this case. Of 7 leukeemic patients treated by Róntgen expos- 

ures, 3 were materially improved, and the others are still under treatment, 

with the exception of the fatal case mentioned above. In one case of 

myeloid leukemia the leucocyte formula became normal, and the elimina- 

tion of uric acid also returned to normal proportions. This suggests an 

increased new formation of leucocytes as probable. In the first case 

with extreme leucopenia the amount of uric acid eliminated remained 

abnormally high throughout, 

While Drs. David L. Edsall and J. K. Pancoast, of Philadelphia, ., ! 

believe that X-ray treatment of leuksemia is unsatisfactory because of 

secondary results, Musser? is of the opinion that the reason for this is 

that the treatment was undertaken in old cases in which secondary 

changes had occurred before the use of the X-rays, which only served to 

stimulate the progress of such changes. In one case of his own, treated 

1ı Münch. med. Woch., August 22, 1905. 

2 Deutsches Archiv f. klinische Medizin, Leipsic. 

s New York Medical Journal, April 7, 1906. 
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by the X-rays, there had been an entire disappearance of the leukæmi 
and the patient had been restored to a normal condition generally me 

leucocytes had been reduced from 6000 to 4000, and he a 

that a cure had been effected. At the same time, he thought it would be 

Eoo to resort to the X-rays from time to time in order to pre 

vent a recurrence such as had taken place in anothe 1 | : a r case which he had 

; ay, 

IV. Miscellaneous Affections. 

A. TRACHOMA. 

My technic in treating cases of trachoma consists in covering the 

Crookes tube with a dark cloth, excluding all light from the room 

because Of the excessive photophobia. With adhesive plaster I ate 

the everted eyelids to the skin, and expose the surface of the eye; thus 

preventing burning the fingers of nurse or assistant. I cover the face 

with a leaden sheet, and treat one eye at a time, through an aperture in 

the lead. Rapidity of action is obtained by getting the patient to 

keep the eye open while under treatment. There is less danger of 

burn to the cornea than there is to the skin of the eyelid, but should 
a slight corneal haziness result, it quickly disappears aad the. corneal — 

scar will be absorbed. I had two acute and two na cases of 

trachoma at the Philadelphia Hospital. The acute cases had severe 

photophobia and lacrymation, which disappeared after four or five 

exposures. | 

Sydney Stephenson and David Walsh * report the results of treat- 

ment of trachoma or granular lids by the X-rays and by brush discharges 

obtained from a D’Arsonval high-frequency apparatus. The nie 

treated a Single eye in four cases of severe bilateral trachoma in children. 

Two eyes were cured, that is, the granulations and conjunctival hyper- 
trophy disappeared, and have not returned after a period of several 

months. The remaining two eyes were greatly benefited and are recov- 

ering. The cures were effected by 17 exposures in one case and but 6 in 

the other. The average time was ten minutes. The good effects were 

a to be equally marked with closed as with everted eyelids. ante 

eo ane a e ee brush, using a vulcanite elec- 
ee a rsonval apparatus, cured a severe case of 

Radiotherapy in trachoma presents advantages over the ordinary 

It is more rapid and is painless. The fact 
that equally good results were obtained with an active focus tube, and also 

| by a high-fre 4 quency brush discharge, suggests that the c j 

; may be identical in both instances. urative agency 

1Lancet, January 24 1903. 
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At a meeting of the Philadelphia County Medical Society, Novem. 
ber 23, 1904,* Drs. W. S. Newcomet and J. P. Krall presented a girl of 
18, whe had been subjected to all the operations for the cure of trachoma, 

hon success. She was treated with the X-rays from J uly, 1903, until 

January 1, 1904. The inflammatory reaction was so intense that it was 
thought better to abandon the treatment. Later, however, it was found 
that she could count fingers at close range. The cornea was entirely 
clear, and only with special illumination could there be seen fine blood- 
vessels. The eye not treated with the X-rays showed all the symptoms 
that the treated eye formerly exhibited. The condition of the patient 
had been present since infancy, and she had been unable to see across the 

room. Treatment was given every other day for five minutes for about 

six weeks, when a burn developed and treatment was withheld. Dr, 

Newcomet believed the result to be due to the accidental burn produced 

in the course of treatment. 

Ruggero Pardo? describes two cases of trachoma ef long standing, 

rebellious to treatment. Six exposures, with a total of 44 minutes in one 

case and of 47 in the other, caused so marked an improvement that a 

permanent cure is anticipated. The tube had a spark length of 2.5 to 2.7 

inches (6.5 to 7 cm.), the distance varied from 12 to 15 inches (30 to 

45 em.), the applications were from 4 to 10 minutes at a time, and only 

one eye was treated ; the eyeball was protected by a sheet of lead at some 

of the séances. 2 : 
Geyser? maintains that a few exposures, six to eight, will suffice to 

bring. about a perfect cure. An important consideration is to cause 

absorption and stimulate normal nutritional processes ; nothing seems to 

answer the purpose any better than the direct contact of the tissues with 
a high-frequency vacuum tube, generated by a static machine or X-ray 

coil. Complete details of technic are given in the article. 
H. N. Bishop* gives the results of electrical treatment of trachoma 

at the Middlesex Hospital. Cases had been treated with well-equipped. 

apparatus, with rays, high-frequency currents, and radium. With regard 

to the X-rays he explains that there were two sets of rays emanating 

from the tube, (1) the X-rays proper, (2) the overflow rays that cause 

the severe burning of the skin which sometimes occurred. ‘The former 

of these rays were used. Four cases of trachoma were treated in this 4 

manner. Two were young women. In one, fifty applications were made 

in five months. The right eye showed changes that might reasonably 

have been produced in this time without treatment, while the left, which 

was at first unaffected, steadily got bad. The disease subsequently 

1 Journal of the American Medical Association, January 14, 1905. 

2 Gazzetta degli Ospedali, Milan, last indexed xiii., p. 1193, April 10, 1904. 

3 Journal of Advanced Therapeutics, May, 1904. 
4 British Medical Journal, August 26, 1905. 

Fre. 234.—Tuberculosis of the skin. Fig. 235,—The same after irradiation. 



FIG. 236. 

FIG. 237. 

FIG. 238. 

Groups of patients that I irradiated for epilepsy at the Philadelphia Hospital. Upper two rows 

(Figs. 236 and 237) show alopecia produced by X-rays during three months of treatment for epilepsy- 

No. 8 on the second row was not thus affected. Fig. 238, taken six months later, shows the regrowth 

of the hair. No. 7 was previously bald, but upon application of the rays the growth of hair appeared. 

k 
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cleared up in the ugual manner with bluestone. None of the three other 
cases did any better. The seven cases treated with high-frequency 

currents did not improve at all. 
Vassiutinsky* asserts that the rays diminished the infiltration in 

trachoma, caused the disappearance of the granulations and of the 

pannus, and produced a pronounced improvement in the subjective signs 

of the malady. As a rule, however, trachomatous granulations dis- 

appeared but slowly under the influence of the Rontgen therapy. The 

rays proved to be harmless in treating the eyes, and no evil effects were 

noted in any case, nor was pain experienced by the patients. The author 

thinks that the rays are of service in cases in which ordinary methods of 

treatment fail. 

I treated a case of chronic conjunctivitis of both eyes referred to me 

by Dr. T. B. Schneideman. The patient had been a sufferer for fifteen 

years. I exposed the eyes, once weekly, to the action of the rays. The 

treatment was not continuous, as I feared a constant and frequent appli- 

cation of the rays. I began treatment with a one-minute exposure twice 

weekly, tube fifteen inches from the part. Within two years sixty appli- 

cations were made. The first fifteen treatments were of one minute 

duration. I then increased treatments gradually up to five minutes. The 

conjunctivitis is practically cured, and the blood-vessels of the part have 

become small and shrunken. | 

B. KELOID. 

Dr. William H. Harsha? reports the case of a young man, eighteen 

years of age, who had a small growth behind the right ear for ten years 

that microscopically proved to be a keloid. It was excised, but in three 

or four months the tumor was as large as ever. X-ray treatments 

were then begun and were given at intervals of two or three days, 

but were not kept up regularly. He had not frequent treatments by 

the X-rays in the last six months. The growth now showed not more 

than one-sixth of its size when the treatment was begun and it was still 

getting smaller. 

Dr. A. J. Ochsner asserts that the treatment of keloid by means of 

the X-rays is worthy of attention. In several cases the improvement was 

very marked after operation by the subsequent X-ray treatment. He 

believes that before removing any keloid one should treat it thoroughly 

with the X-rays. . 

Dr. H. R. Varney’ reports a case of keloid of the foot, caused by pas- 

sage of a rifle-ball. Eight treatments were given; complete disappear- 

ance of the keloid with development of normally appearing scar tissue 

1Roussky Vratch, January 8, 1905. 

2 Chicago Surgical Society, December 7, 1903. 

3 The International Journal of Surgery, October, 1903. 
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resulted. The patient had also a keloid the diameter of a silver dollar at 

the site of vaccination. 3 3 

Dr. G. P. Edwards! reports three cases of keloid cured with the 

X-rays. ae 

Morris and Dore? report that they have treated a few cases of keloid 

with the X-rays, in some of which there had been a decided increase in 

the growth. Pain was in all cases completely relieved. 

Dr. Henry K. Pancoast* reported two cases of keloid treated by the 

rays. In one case there were multiple keloids following a burn. The 

other patient had a large keloid involving the ear, neck, and angle of the 

jaw. Both patients were colored. In the first case six treatments were 

given, and in the second forty-three treatments. The results were nega- 

tive, probably because the treatments were not pushed. 

Drs. Fordyce,‘ Fox, and H. R. Barney * report favorable results. 

Dr. O. S. Barnum’ uses an abundance of rays emanating from a tube 

of high resistance and excited by a large coil. He believes that it is 

better to have the tube too high than toolow. The tube’s distance should 

be fifteen to twenty inches, depending on the thickness of the tumor. 

The thicker the tumor, the higher the tube, the greater the distance and 

the longer the exposure. He usually exposes the growth for from fifteen 

to twenty-five minutes on alternate days for ten days, and then stops 

treatment for ten days, repeating the procedure until the tumor has dis- 

appeared. He has had excellent results in the treatment of keloids by 

this method. é 

Drs. Boggs, Pancoast, and others favor preliminary excision of 

the tumor, whenever this is possible, following this with Rontgen treat- 

ment. The tumors disappear more rapidly and are not so liable to recur. 

C. EXOPHTHALMIC GOITRE. 

Dr. Charles H. Mayo,* in a paper entitled “Thyroidectomy for 

Exophthalmic Goitre,” says: ‘‘It has been our fortune, or misfortune 

from its difficulties, to operate on several cases of cervical adenitis which 

had been exposed for many times to the X-rays. It was noted that the 

lymph system was greatly sclerosed. As this was in line with the 

reported action of the X-rays upon glandular activity, we applied this 

treatment to ten cases of very marked exophthalmic goitre during the 

1The International Journal of Surgery, October, 1903. 

2 British Medical Journal, June 16, 1903. 

3 Proceedings of the Philadelphia County Medical Society, November 30, 1903. 

4 Journal of Cutaneous Diseases, April, 1904, p. 187. 

5 Tbid., July, 1903, p. 323. 

6 Journal of the American Med. Association, June 6, 1903. 

Transactions of the American Röntgen Ray Society, 1906. 

8 Medical Record, November 5, 1904. 
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past year, to first reduce glandular activity, and second, reduce absorp- 

tion by its possible effect upon the lymphatics. While I would not 

as yet say that any of these cases are cured, they have certainly been 

markedly benefited ; first, in the general nervousness ; second, in tremor 

of the muscles; third, in tachycardia; and last, in the exophthalmos. 
The benefit is sufficient to give this method a place in the treatment of 

Graves” disease, or at least make it a preparatory treatment to a prospec- 

tive surgical method at a later period. | 

“ Our rules, concerning: the cases of Graves) disease which come to us 

for operation, are to operate, if their condition is fair, but if the pulse is 

from 130 to 160, or if it suddenly fluctuates in tension and rapidity, if 

there is anemia, with swelling of the feet, the patients are placed upon 

the belladonna treatment for some days. The more severe types are also 

given X-ray exposures in addition, which are continued from two to six 

weeks.?? 
Górl! has tried radiotherapy in goitre with what he considers very 

encouraging results. Seven cases were treated, and in all there was 

marked diminution in the size of the growth, as well as improvement in 

the other symptoms. The author believes that it is primarily the paren- 

chyma cells that are affected by the rays, and not the blood -vessels, as the 

diminution in size of the gland begins so promptly and takes place so 

uniformly. Medium soft or soft tubes were employed, and at a compara- 

tively short distance from the skin. Care is necessary to prevent burns ; 

in one case the author found the patient's skin was unusually sensitive to 

the rays, and he suggests that this condition may be one of the symptoms 

of the disease. | 

G. E. Pfahler? speaks of 31 cases that he collected, with an im- 

provement in 28 of them. Stegman’ speaks most favorably of X-ray 

treatment in 35 of his goitrous patients. 

Widerman‘ has noted improvement in some of the symptoms in his 

` five cases. : 

Dock * treated 32 patients with exophthalmic goitre, and be believes 

that X-ray treatment is only an adjunct to other therapeutic measures. 

Pfeiffer * describes his experiences with Röntgen treatment of goitre — 

at von Bruns’ clinic at Tiibingen. The particulars of 51 cases are given 

and the histological findings in 8, with the results of experimental re- 

search. The general conclusion is to the effect, that Rontgen treatment 

of goitre is ineffectual as a rule and should not supplant the better-tried 

methods. | 

1 Münch. med. Wochenschr., vol. lii., No. 20. 
2 Therapeutic Gazette, March 15, 1906. 

3 La Tribune Médicale, January 27, 1906. 

t Ibid. 
5 American Medicine, February 24, 1906. 

- 6 Beiträge R. klin. Chirurg. von Bruns, Tübingen, P. 1149. 
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Dr. Charles Lester Leonard! noticed marked improvement in four 
cases of goitre. One of the patients has had no recurrence for a period 
of three years. 

Dr. T. V. Crandall had a patient, aged 22, suffering with a unilat- 
eral goitre. I irradiated the tumor twenty times within sixty days, and 
the goitre became markedly decreased in size. The previous nervous dis- 
turbances at once abated. I believe the action of the rays in these cases 
is quite analogous to its action in tuberculous adenitis and other 
glandular affections. cae 

D. HYPERTROPHIED PROSTATE. 

Carabelli and Luraschi? report two cases of hypertrophied prostate © 
treated by X-rays after one year’s observation. They were the first cases 
properly treated by this method. The patients were respectively sixty 
and sixty-five years of age. They were placed on a Sloping table, the sur- 
rounding parts carefully protected, and the Róntgen rays applied to the 
perineum, with the tube from 20 to 25 em. from the skin. Carabelli did 
not think it necessary to introduce a tube into the rectum, as the atro- 
phying action of the Róntgen rays on deep-lying glands, like the ovary, 
spleen, and lymphatics, had been amply established. It is evident, also, 
that the action of the rays on the prostate iS more pronounced when the 
hypertrophy is in the first stage. The relief of the pain was marked 
from the very first. The rays were applied fifteen times, at first two or 
three times per week and then once a fortnight. The sensory symptoms 
vanished and urination became very much easier. 

In the second case the prostate was much enlarged and hard, and 
there were about 200 gm. of residual urine and evidences of chronic 
catarrh of the bladder. After six applications of the X-rays, the urine 
became clearer, the pain subsided, urination was much easier, and the 
residual urine was only 40 gm. After the tenth application, there were 
only 10 c.c. of residual urine, and the patient was dismissed as practi- 
cally cured. The treatments were from three to seven minutes in the 
first case and ten minutes in the second ; the current 13 amperes and 100 
volts. After one year the results are permanent. 

In view of the fact that hypertrophied prostate in most instances is 
due to a glandular proliferation, and therefore contains epithelial ele- 
ments very susceptible to the Róntgen rays, Dr. Moskowicz, of the 
Rudolph Hospital,* has treated a number of cases of this kind by radia- 
tion through the rectum. After a few treatments the patients were able 
to urinate spontaneously, and the improvement has persisted. Large 

! New York Medical Journal, April 21, 1906. 
” Gazzetta degli Ospedali Milano and abstracted from The Jour. of the Am. Med. 

Asso., Sept. 2, 1905. 

"Semaine Médicale, April 5, 1905. 
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indurated prostates became smaller and softer. Tt is the intention of 
Dr. Moskowicz to try radium in other cases, as Sbeing more suitable and 

probably more efficient. 

E. ANALGESIC ACTION OF THE RAYS. 

Neuralgia.—It would seem almost a certainty that the X-rays pos- 

sess an analgesic action. In carcinoma the pain is frequently alleviated 

after the first few exposures. The analgesic action is less potent in deep- 

seated cancers than in superficial ones. Freund, in 1899, reported that 

Grunmach had most excellent results from the use of the rays in neural- 

oia and articular rheumatism. Gocht found marked temporary relief in 

a case of obstinate trigeminal neuralgia. Dr. William M. Sweet,* of Phil 

adelphia, believes that X-rays exert a peculiar action on the nerve tissue, 

as the skin after intense irradiation becomes quite anæsthetic. In con- 

nection with this interesting subject are appended the views of Dr. 

Charles Lester Leonard, of Philadelphia,? who reports eight cases, SIX 

of neuralgia, one of neuritis, and one of scar tissue of the brain follow- | 

ing the removal of a cyst from the motor area five years previously, in 

which the Rontgen rays formed the principal treatment. 

All of the six cases of neuralgia were due to impaired metabolism 

of the nerve tissue. The first was infra- and supraorbital neuralgia fol- 

lowing an attack of influenza; the pain was relieved by the first treat- 

ment of three minutes and cured permanently by four more such treat- 

ments. The second was a severe neuralgia of both inferior and superior 

dental nerves, which had lasted seven months and was accompanied by 

loosening of the teeth; three five-minute applications upon each side 

of the face every other day relieved the pain entirely; the teeth 

resumed their proper place, and at the end of eight treatments the patient 

was entirely well. He has remained so for the past two years. 

The third was a case of migraine which had existed for ten years, 
resisting various kinds of treatment. The first application lessened the 

intensity of pain, and at the end of the course of treatment (number of 

applications not stated) she was entirely cured. 
The fourth case was trigeminal neuralgia and was much relieved, | 

but the patient discontinued treatment after four weeks and has not since 

been heard from. | 

The fifth was a case of brachial neuralgia; this patient also discon- 

tinued treatment prematurely. 

The sixth was a «case of severe tic douloureux with crises almost 
every five minutes. The first application relieved the pain, but the 

patient left town after four treatments, promising to report if he had 

any further attacks ; he has not since reported. 

1 American Medicine, Dec. 13, 1902. 

2 Tbid., July 8, 1905. 
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The case of neuritis occurred in the facial nerve, and evidence of de- 
generation was shown by areas of local anesthesia over its entire distribu- 
tion, the point of most intense pain being over the mastoid region and ‘the 
lor surface of the ear in the distribution of the posterior auricular. 
nerve. This patient was greatly relieved, but not entirely cured, possibly 
because the treatments were not applied ol sufficient regularity. 

The patient in whom it was attempted to produce absorption of scar 
tissue had complete paresis of the right arm, with glossy skin on the 
fingers and absence of wrinkles ; the arm could not be raised voluntarily. 
Right leg was also somewhat e Slight epileptiform attacks which 
had occurred recently were attributed to a recent blow upon the occiput. 
As a result of the X-ray applications the epileptiform. attacks became 
less severe and less frequent, and the patient gradually gained control of 
the arm and hand, so that he could raise the hand to his head and mouth 
and could grasp obj ects of moderate size. There was also decided improve- 
ment in his gait and speech. He received 12 applications in 6 weeks, the 
rays being applied through the trephine-opening in the skull. As the 

. bromides were continued in increasing doses with the Röntgen applica- 
tions, it is considered possible that the results cannot be attributed 
exclusively to the rays. 

Leonard appears to believe that successful treatment of such cases is 
very largely dependent upon a proper technic. 

Haret' treated successfully with X-rays an obstinate case of trigem- 
- inal neuralgia after all other methods had proved unavailing. The pain- 7 
ful region was irradiated through the mouth, the neighboring parts be- 
ing protected by a tube of lead glass. The Seer were directed on the 
alveolar border in the region of the first and second molar teeth. A dose 

of four Holzknecht units was given daily, using rays corresponding to 

number seven or eight on Benoist’s scale. After the first and second 

séances there was no noticeable change. After the third irradiation the 

patient asserted that there was some diminution of the pain. There was 

slight reaction of the skin on the border of the upper lip, which had been 

imperfectly shielded from the rays. After the fourth séance there was a 

complete cessation of all pain. Since then the patient has remained free 
from any recurrence of the affection. 

For four years Faber’s? patient had suffered from trigeminal neu- 
ralgia, with two intervals of a few month’s freedom from pain after oper- 
ation. As the neuralgia recurred with increased intensity and frequency, 

ten Rontgen exposures of ten minutes each were applied to the upper 
half of the face within sixteen days. Improvement was evident at once 

and the patient was soon entirely free from pain. There has been no 

recurrence during the few months since. . 

1 Archives of the Röntgen Ray, May, 1906. 

* Hospitalstidende-Copenhagen, last indexed page 813. 
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Dr. E. B. Bondurant! reports that one application of the X-rays 
apparently cured facial and intercostal neuralgia. Dr. S. W. Allen re- 

ports several cases which show that neuralgic pains ceased even when the 

X-rays were used for making the diagnosis. I have noticed that many 
cases of neuralgia were temporarily cured when the X-rays were used for 

diagnosing dental conditions. 

F. EPILEPSY. 

Four years ago I examined a boy’s skull for depressed bone, the lad 

being a sufferer from epilepsy. His physician informed me that since his 

X-ray examination there was a complete absence of epileptic seizures ; 

this suggested the treatment of epileptic cases by the X-rays. 

Two years ago, through the courtesy of Dr. W. W. Hawke, Superin- 

tendent of the Insane Department of the Philadelphia Hospital, twelve 

patients were selected, the youngest being six and the oldest sixty, the 

attacks varying from a very mild type to a severe epileptic seizure. (Figs. 

236, 237.) 
X-ray treatments began in February, March, and April, 1904 ; treat- 

ment three times a week, exposures five minutes, distance of the anode 

8-10 inches (20 to 25 em.). Various parts of the skull were exposed. 

After two months’ treatment alopecia was produced. 
The results and improvements from the X-ray treatment were quite 

satisfactory, aS will be noticed from the lower group of photographs. 

(Fig. 238.) | 
The following table exhibits the number of attacks in 1903 and 1904, 

showing the improvement due to the rays: 

CASES. RESULTS. 

it Number of attacks in 1903 were 68. ' 

Number of attacks in 1904 were 41. Decrease of 27. 

. Number of attacks in 1903 were 845. 

Number of attacks in 1904 were 412. Decrease of 433. 

No attacks during October, November, December. 

. Number of attacks in 1903 were 59. 
Number of attacks in 1904 were 14. Decrease of 45. 

Attacks ceased two months after treatment, but patient died on May 7, 1904. 

. Number of attacks in 1903 were 85. 
Number of attacks in 1904 were 80. Decrease of 5. | 

Patient died five months after the beginning of the treatment. 

. Number of attacks in 1903 were 144. 

Number of attacks in 1904 were 120. Decrease of 24. 

No attacks during October, November, December. 

1 New York Med. Jour., August, 1902, vol. lxxvi. pp. 194-196. ` 
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VI. Number of attacks in 1903 were 209: AE ee 1 gases the bromides can be dispensed with ; in others, small doses prove 

Number of attacks in 1904 were 191. Decrease of 18. 3 pen eficial. In young subjects a gain of weight soon results, and a marked 

No attics during October, November, en | | q i jmprovement in the mental faculties takes place. The impediment in 

VII. Number of attacks in 1903 were 69. i A a | speech, which occurs in severe cases of long standing, has been removed. 

Number of attacks in 1904 were 4 during the same months. | ] by raying, and the attacks, which numbered from 6 to 10 a day, were 

reduced to one every 2 or 3 weeks. | | 

It is to be hoped that these results will be confirmed by others. 1 

recall a case where I took two radiographs of the head, with a view of 
VIII. Number of attacks in 1900 were 6. . 

Since then no attacks. \ 

IX. Number of attacks in 1903 were 148. ? E : 

Number of attacks in 1904 were 164. An increase of 16: | f = Jocating the cause of the seizures. The patient had no attacks for over 

Number of attacks increased during the treatments, but during October, = two months following the exposures. 

November, December, there were no attacks. 

X. Number of attacks in 1903 were 61. 

Number of attacks in 1904 were 77. Increase of 16. 

Increased during the treatment. 

These results of X-ray treatment of epileptics, I believe, are encour- 

aging when we notice the decrease in the number, duration, and severity 

of the attacks. I cannot think that any harm can be done, except the 

alopecia that may be produced. : 

The sudden death of two young patients during and immediately 

after the treatment was not the direct result of the X-ray treatment, 

although the autopsy showed congestion of the brain, which might have 

been due to some other cause. _ 

Horace Manders! states that it is only two or three years since Branth 

conceived the idea of using the X-rays for the relief of epilepsy, on the 

theory that these rays stimulate protoplasm into greater vital activity. 

He gave three treatments a week, beginning with five minutes’ exposure 

at 15 inches distance, and increased to ten minutes’ exposure at 10 inches 

distance. A different part of the skull was exposed at each sitting. A 

hard or high-vacuum tube, backing up a spark-gap of 5 to 8 inches, was 

used. One objection to this treatment is the alopecia which follows 16, + | 

but the hair will return in a stronger growth than before. It may also 

be desirable to continue the use of the bromide with the X-rays. This 

treatment is usually followed by a gain in weight, by improvement in 

enunciation (if that were faulty), and by lighter seizures of shorter dura- 

tion and at longer intervals. This treatment is not available if 

degenerative processes of the brain have begun. : 

Dr. J. H. Branth? gives three treatments a week, beginning with 

5-minute exposures at 15 inches distance, and by degrees increases to 10 

minutes at 10 inches. A different part of the skull was exposed at each 

sitting, and a tube of high penetration used. The hair drops off usually 

near the parts exposed, but returns later in stronger growth. In some 

1 Archives of the Rontgen Ray, April, 1905. 

2New York Medical Journal, June 11, 1904. 



CHAPTER VI 

RADIUM AND OTHER RADIO-ACTIVE SUBSTANCES. 

THE remarkable chemical body radium, discovered some years ago 

by Prof. and Madame Curie, belongs to the alkaline group of elements, 

Madame Curie makes the atomic weight 225. We know that barium hag 

an atomic weight of 136.4 and thorium 230.8; thus, according to the 

periodic law of atomic weights, first outlined by Mendeleeff, radium would 

stand between the two just mentioned. Demargay first demonstrated | 4 

that radium was an element, being characterized by a spark spectrum of 

14 or 15 lines. | 

OCCURRENCE. 

Radium is a very rare element and has for its source ordinary pitch- 

blende, occasionally spoken of as uranium. An abundance of this. q 

mineral is found in various parts of the world, chiefly in Cornwall, 

Colorado, Nevada, Saxony, Bohemia, and Thibet. ee ee 

Pitch-blende is a mineral of a ‘‘ pitchy’’ appearance ; chemically, it 

consists of the double oxides of uranium, the oxides of lead and zine, in 

combination with more or less rare and peculiar metallic bodies in smaller 

quantities. Uranium, a commonly used body, the salts of which are of 

beautiful tints on the border of yellow, has been for years extracted from 

pitch-blende. What was formerly cast off as the useless substance of i 

pitch-blende is to-day saved for the purpose of extracting therefrom 

radium, helium, etc. 

CHEMICAL AND PHOTOGRAPHIC EFFECTS. 

Professor Henri Becquerel, a noted French physicist and chemist, — 

learned that the compound potassio-sulphate of uranium was endowed — 

with properties similar to those manifested by zinc sulphide and other © 

bodies. He discovered that when uranium or any of its salts was © 

exposed to helious radiations, they became endowed with the faculty ` 

of absorbing the rays, which in turn could be induced. to act upon the 

film of a sensitive photographic plate. That this phenomenon was dis- — 

played by metallic uranium caused him to believe that the same result q 

might take place if he used the ore from which it was derived primarily. — 

Following this line of reasoning, he employed ordinary ore (pitch-blende), — 

desiring to influence a sensitive plate by exposing the complex ore to the 

rays of the sun. The sun was obscured by clouds ; so he removed the 

ore, also a key (that he desired to image), and the sensitive plate to & 
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closet, intending to conduct the experiment at some future day. Fortu- 

nately for science, he forgot the experiment for several days, and, upon 

examining the plate after developing, he observed that the image of the 

key had already been imprinted into the sensitive coating of the pitch- 

plende. Thus, accidentally, he discovered that uranium ore, the pure 

metal and also its salts, would cast an image on a plate, and that a previ- 

ous exposure to sunlight was not essential to the evolution of these dark, 

invisible rays. Even though a uranium salt be crystallized out of its 

solution in the dark, and allowed to remain there, it still possesses the 
property of emitting rays which affect ordinary photographic plates. 

Photographic paper becomes brittle after prolonged exposure. Ozone 

is formed in the air about radium. The rays are not affected by the 

extremes of temperature. 

Like Elster and Geitel, who observed that certain substances which 

had been exposed to light emitted radiations capable of discharging 

negatively electrified bodies, Becquerel observed the same quality in the 

radiations that bear his name. 

Sir William Crookes, soon after the discovery was made public, 

subjected the salts of uranium to a close examination, and he theo- 

rized that these radiations were not due to the uranium itself, but to 

contained impurities in the salt. He crystallized repeatedly the sub- 

stances, exercising care to separate the crystals into two portions,—on 

one side he placed those crystals which formed with greater ease, and on 

the other those which formed slowly. He observed that one set of crys- 

tals possessed the power of readily emitting rays,—.e., they were said 

to be radio-active,—while the other lot of crystals were devoid of such 

phenomenal activity. 
At the outset Professor and Madame Curie reasoned, and correctly 

so, that the largest percentage of the radio-active substance, as yet 

unknown, was found in the ore (pitch-blende) and not in uranium. They 

undertook the task of extracting the unknown body from the ore, and 
they discovered that they had now to deal with two distinctly different 

bodies, the one substance was that which gave off the Becquerel rays, 

and the other, since those days, has been termed radium, actinium, and 
polonium. Radium is present in pitch-blende in larger quantities than 

any of the other radio-active substances. | : 

After the oxides of uranium have been separated from the ore, the 

= residue remaining behind constitutes little more than three-quarters of 
its weight. This residue contains all the other metals entering into its 

complex construction, and from these the newer radio-active substances — 
have to be separated, requiring severest attention. Thorium, one of the 
radio-active elements, extracted from the refuse ore, is not new; having 

7 been known by chemists for years. Polonium is contained in the ore in 
3 only the minutest quantities. Prof. Markwald was able to extract only 

_ 15/100 of a grain of this element from two tons of refuse ore, from which | 
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uranium oxides had been extracted. It seems to be somewhat related. to 

bismuth. Radium usually accompanies the barium obtained from pitch- 

blende ; it resembles it in its reactions, and is separated from barium by 

the differences of the solubility of the chlorides in water or alcohol con- 

taining hydrochloric acid. Radium, in the metallic or pure state, has 

not up to the present time been isolated. It could, however, be isolated 

with practically no difficulty whatever, according to the opinion of Prof. 

Curie, by carefully treating the chloride part of the salt with sodium 

or potassium, forming a chloride salt of either one or both of the latter 

substances. 3 7 

PHYSICAL PROPERTIES OF RADIUM. 

| Radium appears like ordinary table salt, with a slightly yellowish 

tinge. It is weighty and non-deliquescent. It continuously emits a 

feeble light, which is only recognizable in a darkened room. All the 

bodies coming in combination (or otherwise) with radium have imparted 

to them radiations, which are in turn given off. Zinc-blende is especially 

able to take up these radiations. Radium also constantly gives off heat 

rays, so that the temperature is always 1.5° C. above that of surrounding 

objects. The view that the ray and heat emanations from a radium salt 

do not cause a decrease or loss on the part of the salt, is incorrect, the 

opposite being the case; although we must bear in mind that this loss is 

very minute. | 

Penetration. — These rays, like the Röntgen emanations, traverse 

wood and the lighter metals. By placing an aluminium disk on a 

black paper envelope, covering this with a card, over which are 

sprinkled crystals of the double sulphate of potassium and uranium 

that had never been exposed to light, Becquerel was able to obtain a 

radiograph. | 

Fluorescence and Luminosity.—This is well illustrated by the spin- 

thariscope of Crookes. This consists of a brass tube, having at one end 

a fluorescent screen and in front of this a little movable arrow. On the 

under surface of the tip of the arrow, that is just opposite the screen, is 

a minute particle of radium. At the opposite end of the tube is an 

adjustable lens. Upon going into a dark room and adjusting the lens to 

suit the eye, one can see minute particles of light flying off from the 

screen in every direction, and dancing around at a rapid rate, suggesting 

a shower of shooting stars. Slight phosphorescence is also produced by 

radium. | | 

Greef discusses the fact that the rays of radium are visible to the 3 

naked eye in the dark. It is not a phosphorescence, as radium maintains — 

this property indefinitely when kept exclusively in the dark without — 

exposure to any light. It induces fluorescence in other objects, and also — 

emits the radium rays proper. 

s RADIUM AND OTHER SUBSTANCES. 

THEORETICAL CONSIDERATIONS: CLASSIFICATION OF THE RAYS. 

What are the emanations (radiations) from radio-active bodies? Like 

the problem with the Röntgen rays, the very same state of affairs exists, 
and is yet to be solved in so far as radium and associated radio-active 

bodies are concerned. A number of authorities are of the opinion that 

the radiations are minute particles given off, and not the undulations in 

the surrounding medium (ether). 
Crookes speaks of three kinds of radiations: Similar or identical 

with the cathodic emanations, free electrodes, or matter in the ultra- 

gaseous existence. Distinct atoms, electrified positively, the air being 

rendered a conducting medium, and affecting photographic plates. Rays 

of avery high degree of penetration accompanying the others ; Crookes 

believing them to be identified with the X-rays. 
Taking the first group, we may state that the rays are strongly devi- 

ated in a magnetic field, the second rather slightly, and the third not at all. 

They all produce effects on photographic plates, and excite phosphores- 

cent bodies, though all with variable differences. The former and the lat- 

ter affect strongly platino-barium cyanide ; the second have no such effect. 

Some speak of three kinds of radio-activity : alpha, beta, and gamma. 

The alpha rays are easily absorbed and carry a positive electrification ; 

the beta rays easily penetrate solids, and carry a negative charge; and 

the gamma rays have a very intense penetrative power, but carry no 

charge. Some state that the gamma and the Rontgen rays are identical, 

though Strutt, of Cambridge, is of the opinion that there is a vast differ- 

ence. Crookes maintains that they are actual emanations,—the projec- 

tion of minute particles from the radio-active body into adjacent space. 
Rutherford asserts that if the radiant particles were ejected with 

slightly less velocity, they would neither ionize the air, affect a photo- 

graphic plate, nor cause fluorescence ; in truth, there would be absolutely 

no effect capable of detection by our apparatus. 

BIOLOGICAL EFFECTS. 

| Bactericidal Action.—Crookes exhibited a number of plate cultures 

and photographs illustrative of the bactericidal properties of the ema- 

nations from radium. Various cultures of bacteria were exposed to the 

action of ten milligrammes of bromide of radium, through a mica screen, 

at a distance of one inch from the surface of the plate. After having been 

Subjected to the action of the radium emanations, the plates were incu- 

bated for 24, 48, or more hours. In every case it was found that the mi- 
crobes were killed where they had been exposed to radium, so that on 

Incubation, a bare space, free from bacterial growths, was left on the 

plate opposite the point where the radium had been placed. Among 

A the bacteria experimented upon were the bacillus coli communis, the 
bacillus prodigiosus, etc. 
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The Influence of Radium on Agglutination. — P. P. Jagn tested the q 

effect of radium on the specific properties of blood serum in typhoid fever, 

It was found that after an exposure of the typhoid blood serum to 4 

radium bromide, lasting 2 or 3 days, the serum completely lost its agglu- 

tinating properties. An exposure of shorter duration does not destroy 
the agglutinating power, though the latter undergoes a considerable 

reduction. These phenomena the author is inclined to attribute to the 

so-called “beta rays.’’ ; 

Frederick Soddy? states that five minutes’ application of radium ig — 

equivalent to ten years’ application of thorium, although both instanta- 

neously produce radio-active emanations of gases in infinitesimal quanti- 

ties. He believes it possible to inhale the emanations of both these | ] 

substances in the treatment of pulmonary tuberculosis. The maximum 

dose of radium solution should be the gaseous contents of a bubble ; a 

few bubbles every 24 hours. 
Physiological Action.—Heineke* believes that the action of radium 

rays is approximately the same as that of the Rontgen rays. Lymphoid 

tissue is affected in the same way, but not to the same extent as with the 

Röntgen rays, unless the radium is brought into close contact, when a 

brief exposure will astonishingly induce extensive changes in the 

lymphoid tissue, apparent in a few hours. | aa 
Effects on the Nervous System.—The effects on the nervous system are 

interesting and have been chiefly studied in young mice. London found 

that mice exposed to a strong preparation of radium were killed. There 

was first redness of the ears, then blinking of the eyelids, then drowsi- 

ness, slowness of movement and feeble response to stimuli. This was 

followed by paralysis, then coma, and finally death. The symptoms 

developed about the third day of exposure, and the animals died on the 

fourth or fifth day. Along with these nervous symptoms were well- q 

marked effects on the skin. The hair and epidermis were loosened and 

the subcutaneous tissue was greatly congested. 

Effects on the Eye.—Radium produces luminous effects on the retina 

even when the eyes are closed. This is due either to fluorescence of the 

tissues of the eye, or to direct effect on the optic nerves, probably the 

former. This effect has been taken advantage of by Javal,* London, and 

others, in experimenting on the blind with radium. In his experiments 

Javal found, in two cases of blindness in which there still remained a 

slight perception of light, that the patients perceived a light sensation 

when radium was held before the eyes. In two other cases of blindness, 

one due to optic atrophy, and the other to glaucoma, both patients being 

absolutely blind, there was no perception of light from exposure to 

1Roussky Vratch, December 6, 1903. | 
2 Nature, vol. 78, July 25, 1904, p. 266. 

3 Münchener med. Wochenschrift, vol. li., No. 31, 1904. 

4 Physikal. Zeitschr., 1900, i. p. 476. 
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radium. London's results are to the same effect. Blind patients who 

still retained a slight perception of light were cognizant of a visual sensa- 

tion when radium was applied to their eyes. In those totally blind the 

results were negative. 

RADIUM AND THORIUM AS THERAPEUTIC AGENTS. 

The attention of the medical world is at present directed to the 

therapeutic experiments with radium, and so far the results lead us to 

hope that it will prove of value in the treatment of certain skin 

diseases and malignant conditions. It is still too soon to pronounce 

authoritatively upon the permanency of the cure in malignant cases. 

Already many instances are recorded in which the use of radium has 

effected complete disappearance of carcinomatous growths, especially 

the epitheliomata. 

Radium does not give so good a differentiation of the tissues aS can 

pe obtained by the X-rays, it is of little value in taking radiographs or 

in making examinations with the fluorescent screen; but on the other 

hand, radium is far more convenient ; it can be easily transported, and 

can be applied in positions difficult of access with the X-rays, and its 

action can be readily controlled. It is not so convenient as the X-rays 

when large surfaces require treatment, but this objection may be over- 

come by the fact that the emanations from radium salts which will pass 

through the air, but not through glass, are taken up by rubber and 

other articles. The absorbed rays are given off slowly from the articles, 

and apparently have the same effect as those directly derived from the 

radium salts. Williams! remarks that his clinical results with the beta 

_rays have been very good, and he is now trying the effect of the gamma 

rays upon deep-seated growths. 

The gamma rays are the fewest in number, but are deeply pene- 

trating ; the beta rays are more numerous, but act very superficially, 

and are probably instrumental in causing the burns that have been re- 

corded. The action of the gamma rays alone can be obtained by inter- 

posing an aluminium screen, which intercepts the beta rays, but allows 

the gamma rays to pass through, if the screen be not too thick. 

Diseases of the Skin.—Scholtz* has been testing 25 mg. of radium bro- 

mide in the treatment of various skin affections and in tumors, and in 

conducting experiments on animals. The treatment proved particularly — 

effective in lupus and superficial cancer. The results indicate that 

radium rays produce effects closely similar to those of the X-rays. The 

radium can easily be introduced into the mouth, nose, throat, and vagina. 

F. Williams? bases his conclusions on the study of fifty cases of 

1 Medical News, February 6, 1904. 

2 Deutsche med. Wochenschr., vol. xxx., No. 24. 

3 Boston Medical and Surgical Journal, Feb. 25, 1904. 
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various diseases, treated with radium bromide, in quantity about 50 

milligrammes, and of a radio-activity of about 1,500,000. The author 

presents the following summary of his observations: * 

“4. The rays from radium salts, unlike the X-rays, are not service- 

able in diagnosis, either by means of radiographs or of fluoroscopic 7 

examinations. 2. The beta rays are useful as a therapeutic agent in 

certain skin diseases and new growths, if the diseased tissues are Super- 

ficial or are not more than about 1.25 cm. (1-2 an inch) below the surface 

of the skin or accessible mucous membranes. 3. The beta rays from 

radium salts will heal some cases of new growths that are not healed by 

the X-rays, and they act more promptly, but not over so large a surface 

at one time as do the X-rays. 4. Radium salts of an activity of 8000, 

or considerably more, are not sufficiently strong to be efficient. Pure 

radium salts, which have a radio-activity of about 1,500,000, are not too 

strong for the work to be done. 5. The radiation from radium salts, 

unlike that from the X-ray tube, is uniform. 6. Great care should be 

exercised to avoid burns.” 

Dr. Meyer and William J. Hammer treated favorably a large axil- 

lary cancer with radium of 300,000 activity. The exposure was one 

minute daily. While this case was incurable, the cancer grew smaller 

and less painful under the rays. 
. 

Lovell Drage! believes that, in cancer, radium first produces a leuco- 

eytosis, and then a fibrosis. In the case of pulmonary tuberculosis there 

is no difficulty in producing these conditions; in that of cancer much 

greater difficulty is experienced in advanced cases than is the case with 

tuberculosis. Ci ; 

Professor Havas observed a necrosis after the application of radium 

to a nævus pigmentosus, and considered its action similar to that of the 

Röntgen rays. 

Mode of Retrogression of Cancer Metastases under
 Radium Rays.—Exner 

was able to trace histologically the retrogression of carcinomatous nod- | 

ules in the mamma in one out of the two cases described. The findings 

were controlled by histological examination of excised, non-exposed nod- 

ules. He found that exposure for a single half hour was able to induce 

complete retrogression of a nodule. The retrogression was complete in 

five weeks. The most remarkable feature of the phenomenon is that while 

the cancer cells retrogress, none of the other cutaneous elements was de- 

stroyed. Within a week of the exposure there was a new formation of 

connective tissue, while at this time the cancer cells showed no change. 

There are numerous new formed capillaries in the new connective tissue. 

No change appears in the cancer cells until two weeks have elapsed. . The 

rapid proliferation of connective tissue seems to diverge the cancer cells 

and overwhelm them by its growth, actually squeezing them to death. 

1 British Medical Journal, December 12, 1904. 
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Holzknecht treated several cases of cutaneous affections with the 

radium rays, of one application each. One was a case of psoriasis gyrata 

of the entire body, which had been nearly cured with the X-rays and 

the cure was completed by the application of the radium. Very slight 

and brief applications of the X-rays are enough to cure psoriasis. The 

patches heal, while the sound skin is not affected by the applications. 

The same is true of the radium. 

Francis H. Williams” has employed radium in forty-two cases, and 

states that of the patients treated, 9 were suffering from acne, 2 each 

from eczema and psoriasis, and 4 from lupus vulgaris. Of the 33 re- 

maining, 1 was keloid, 5 were cases of rodent ulcer, 23 of epidermoid car- 

cinoma, and 4 were cancer of the breast. The keloid case has improved, 

9 of the 5 cases of rodent ulcer have healed, and three show improve- : 

ment. Of the cases of epidermoid cancer, 11 have healed and 12 are 

improving. - The author made experiments to test which were the more 

peneficial, the beta or the gamma rays from radium ; these showed that 

the beta rays do not penetrate, and are therefore suited for superficial treat- 

ment, while the gamma rays have a marked power of penetration. His 

conclusions are as follows: That there is much similarity between the 

action of the radiations from radium and the Rontgen rays ; that if the 

results obtained by radium prove permanent, this new therapeutic agent 

may be largely used instead of th
e Róntgen rays ; also that certain diseases 

promise to yield more readily to treatment by radium and others to the 

Róntgen rays. He argues that a disease that has attacked different parts 

of the body of a given patient may be better treated in certain regions 

by radium, and in others by the Rontgen rays. And, lastly, that it is 

quite possible that, in some cases, the two remedies used together on the 

same area and at the same sitting may accomplish better results than either 

employed alone. 

Lassar? gives illustrations of a number of patients with melanoma or 

caneroid cured by application of 1 mg. of radium bromide, in a small cap- 

sule of lead foil, upon a sheet of mica. He thinks that his experience 

justifies him in proclaiming that neoplasms can be cured with radium 

in the hands of any physician. 

M. Danlos* reports a case of lupus of the face exposed to the action 

of a salt of radium, at two points, which had a radio-activity of 19,000 

from 24 to 36 hours. The result was disappearance of the disease, with 

the formation of a smooth, white cicatrix, plending into the surrounding 

normal tissue. 

MM. Hallopeau and Gadaud * report that too prolonged exposure 

to the emanations from radium led to ulcerations which lasted from five 

to six months. Dr. Blandamour has also used radium in lupus. His 

1 Medical News, Feb. 6, 1904. 2Dermat. Zeit., Berlin, p. 1599. 

3 Revue d’Electrothérapie et Radiothérapie, Nov. and Dec., 1902. 4Tbid. 
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best results followed the use of salts with a radio-activity of 5200 and y 

19,000 respectively. : | 

The exposures were made for from twenty-four to forty hours, and 

were followed by marked erythema with maceration of the tissues ex- 

posed, and even ulceration. The recovery was perfect and the cosmetic 

effect good, the resulting scar being white, smooth, and soft. By modify- 

ing the power of the radium and shortening the exposure, he expressed 

the hope that the desired effect might be obtained without ulceration. 

Two cases reported to the Viennese Society of the Imperial Academy 

of Science! had been submitted to the action of radium. One, a man aged 

62, had been repeatedly operated on for cancer of the palate and lip,- but 

with no benefit. Further operative measures had been declared useless. 

In the published report, the radio-activity and technic were not given, - 

but a bromide of radium was used. The tumors gradually and com- 

pletely disappeared. The patient was treated in the clinic of the late 

Prof. Gusenbauer. The second case was one of melano-sarcoma which 

was also reported cured. 7 

Wm. Allen Pusey’ believes that the effects and the therapeutic uses 

of radium are in some respects inferior but quite analogous to the action 

of the X-rays, and that radium finds a promising field in the treatment 

of lupus and cutaneous cancers. | 

Einhorn? makes some observations on the method of radium treat- 

ment, its physiology and diagnostic value, and on the therapeutic results 

he has obtained in the treatment of carcinoma of the cesophagus. Nine 

cases of cesophageal cancer were treated, of which six showed some 

improvement. Three cases were not improved. None of these latter. 

received adequate treatment. Pain was diminished in some of them. 

Dr. John B. Shober has devised the radiode, for radium applications to 

the less accessible cavities. (Fig. 240.) 

Dr. Mackenzie Davidson, * of Charing. Cross Hospital, London, re- 

ports a case of cancer of the nose cured by the same means. Four ex- 

posures, aggregating an hour altogether, were given at intervals of a few 

days. Inthree weeks healing was progressing satisfactorily, and in six 

weeks the growth was all gone. | 

Foveau de Courmelles® describes numerous experiences to show the 

- great sedative power possessed by radium. - It soothes pain, whether or- 

ganic or cancerous, nervous or neuralgic. Some cases of facial neuralgia 

and one of sciatica, long rebellious to other measures, yielded to the 

action of the radium rays. The girdle pains in two cases of ataxia were — 

1New York Medical Journal, August 15, 1903. 

2 Journal of the American Medical Association, July 16, 1904. 

3 New York Medical Record, July 30, 1904. 

4Journal of the American Medical Association, June 25, 1904. 

5 Progrès Médical, May 28, 1904. 
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cured, one by the radium and the other by the Röntgen rays. The subjects 

were not informed in regard to the nature of the treatment, so he thinks 

that suggestion may be excluded. 

Robert Abbe! employs only large quantities of stronger radium. 

15 centigrammes Curie radium, strength : 300,000 

21 milligrammes German bromide, strength 1,000,000 

100 milligrammes German bromide, strength 1,800,000 

The working unit of the most powerful and pure radium manufact- 

ured is 10 milligrammes radium bromide 1,800,000, and is best used in a 

small cell covered by a thin layer of mica. l 

He puts 35 of his cases in the lupus type, including the epithelio- 

mata, and asserts that not one failed to show a marked improvement. 

Twenty have been cured, at least for the time, and with the proba- 

bility that many are permanent, but with a slight point or two of recur- 

rence in some, which always have yielded to a short secondary treatment. 

Many of these were distinctly malignant epitheliomas. | 

His results have been so uniformly excellent in the treatment of the 

sarcomata, that he unhesitatingly advocates radium therapy in these 

cases with the utmost confidence. 

Exophthalmic Goitre.—Robert Abbe’ reports a case of goitre undesir- 

able for operation. An opening was made in the tumor, into which a tube 

containing radium was inserted and retained there for twenty-four hours. 

At the end of four months there was still a certain degree of tachycardia, 

put the tumor had contracted to one-sixth of its former size. Two possible 

explanations of the favorable action are given; there may be retrograde 

changes in all overgrown tissue, or there may be irradiation of the 

ganglia of the sympathetic, even of the thoracic and cardiac ganglia. 

Rabies. —Tizzoni* describes two series of experiments which have at- 

tracted much attention. In the first, the virus was exposed in vitro to 

the action of the radium rays; in the second, animals were inoculated in 

the eye, or sciatic nerve, or under the dura mater with virus, and the 

part was then exposed to the rays, an hour a day for eight days. The 

results indicate that the radium rays destroy the virus of rabies both im 

vitro and in the living animal. | 

Nevus.—Hartigan* reports a case of nevus successfully treated by 

radium bromide. The first was a large port-wine nevus affecting the 

whole of one cheek in a woman of twenty-six years. The treatment 

lasted nine months, during which time thirty-nine exposures were given, 

varying from half an hour to an hour. The nevus entirely disappeared, 

1 Journal of the American Medical Association, July 21, 1906. 

2 Archives of the Röntgen Ray, March, 1905. 

3 Riforma Medica, Palermo and Naples, last indexed vol. xliv. p. 1818. 

4 British Journal of Dermatol., December, 1904 ; Treatment, April, 1905. 
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with the exception of a few untreated areas. The amount of radium used 
was 10 milligrammes. Usually within twenty-four hours an erythema oc- 
curred, followed by vesicles, which fell off as scabs in a few days, leaving 
behind a thin white skin. 

Radio-Active Treatment with Thorium.—Tracy' illustrates the radio- 

activity of thorium and calls attention to its anti-fermentative property, 
He suggests two methods of using radio-activity in tuberculosis. One ig 
by using a saturated solution of nitrate of thorium in a large shallow re- 

ceptacle. A slight current of air can be caused to pass over the solution 

from a compressed air tank, while the patient is inhaling. With the 
nitrate of thorium there may be more or less free nitric acid; this must 

be neutralized by passing the emana- — 

tions, before inhalation, through a wash- 
bottle containing a saturated solution of 
sodium bicarbonate. The more satisfac- 

ari tory way, he thinks, is by heating the 

Son ket oxide of thorium by the Lieber appa- 
ratus. The procedure leaves in the 

lungs a fine film of radio-active matter, - 

which in turn produces the phenomenon 

of induced radio-activity in the same 
Fig. 239.—HARTIGAN’S Rapiun Ap- parts, which may last for one or two days. 

PLICATOR.— The applicator figured here- This is Shown by the patient, after inhal- 
with has been made at the suggestion of : thor ations hal i 

Mr. Hartigan, F.R.C.S., Assist. Surgeon, mg orium eManatlons, exa mS on a 

Blackfriars’ Hospital, and permits of the photographic plate which produces the 
application of radium to hitherto inacces- : : 
sible situations, e.g., oesophagus, larynx, oT dinary effects on the silver salts. An 

bladder, etc. It is practically thesizeofa inhalation giyen every day or every 
No. 12 catheter for the bladder, suitable other day EN says will keep the lune 
carriers being provided for internal and ) f ) À : 9 

external application. The applicator has cells constantly in a radio-active and 

a spherical front of a material allowing of antiseptic condition The heat emanat- 

the utilization of the maximum efficiency . | ; 3 
of the radium. ing from a Lieber apparatus can be 

cooled by passing through a glass and 

rubber tubing, and the inhalation may be given for a period of fifteen 

minutes at the outset, gradually increasing to half an hour. This 

method of treating tuberculosis will not interfere with medical, dietetic, 

or other treatment. 

Sharp ? reports two cases of pulmonary tuberculosis treated by inha- 

lations from thorium nitrate solution. In both cases there was marked 

improvement, the patients being enabled to return to work. The appa- 

ratus employed consisted of an ordinary gas washing bottle, holding 500 

c.c. of water, in which were dissolved 100 grains (6 grammes) of thorium 

nitrate. When dissolved, any excess of nitric acid was neutralized with 

1 Medical Record, January 23, 1904. 
2New York Medical Record, June 4, 1903. 
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ammonia. Two patients may inhale the emanations continuously for an 

hour a day each at an interval of eleven hours, it taking about half that 

long for the gas to collect. 

Rheumatism.—Manders,! in choosing a radio-active substance for the 

relief of rheumatic pain, favors thorium, because ; (1) Its radiations are 

spontaneous and are not destroyed by a physical state or by chemical 

transformation ; furthermore, they are practically inexhaustible and do 

not need stimulus from any outside source of energy; (2) though infi- 

nitely less radio-active than radium, thorium is much more active than 

uranium ; it is rich in the penetrating beta rays, which are required for 

deep therapeusis, and poor in the X-rays, which provoke a destructive 

molecular change in the elements of the superficial tissues. 

Hartigan,? who employs his radium applicator (Fig. 239), treated a 

woman of 66, with a scirrhus of the breast of 16 years’ duration. She 

received forty applications of radium bromide, lasting twenty minutes 

each. Twenty milligrammes of radium were used. The pain disap- 

peared, hemorrhage ceased, and the ulcer began to heal. Later the 

growth disappeared and the ulcer vanished. 

I have made a comparative study of the values of radium and the 

Röntgen rays on a series of epitheliomatous cases. Half of the lesion 

was covered with lead when exposing to the X-rays, and, conversely, when 

the other half was exposed to the radium emanations, the remaining half 

of the face was shielded. From clinical and microscopic observation no 

Fig. 240.—SHOBER'S RADIODE.—This radiode is especially designed to facilitate the application of 

radium for medical purposes, especially in cases where applications are made in tbe smaller cavities of 

the body. The radium is contained in an aluminium capsule shown on the tip of the radiode at * T2 

This capsule is attached to a slender rod. To prevent the capsule and radiode becoming fouled in use, 

a glass protecting tube or shield, with one end closed, is made to fit snugly over the radiode, as 

shown in Fig. '*G”. The radiode can then be inserted in a cavity without danger of contamination in 

any way. Instead of the glass protecting tube as shown in cut “*G”, we can supply a similiar protecting 

tube of aluminium. Itis known that glass has the effect of cutting off some of the radium rays, and for 

this reason some operators prefer to encase the radiode in an aluminium protecting tube. A lead-lined 

box is supplied, as shown at “H” in cut, for containing the capsule of radiode when not in use, thus 

protecting the operator. (Courtesy of Williams, Brown, & Earle.) 

improvement or changes were evidenced from the radium therapy. The 

results from the use of the X-rays were in every way superior and gave 

good practical results. Further experiments are needed, and the possi- 

bilities of the radium are promising. In this country Piffard, William J. 

Morton, Dieffenbach, Rollin H. Stevens, and many others report favorable 

results from radium therapy. 

1 Archives of the Röntgen Ray, September, 1905. ) | | 
? British Journal of Dermatology, December, 1904 ; Treatment, April, 1905. 
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different wave lengths, diminishing from red to violet, so that those color 

| 4 q rays in relation to the violet end of the spectrum are designated ‘rays 

CHAPTER VII : y E of lesser wave length,” and vice verså. l 

q 1 | At the extremes of the solar spectrum are additional rays. Beyond 

PHOTOTHERA PY. Eo- E the red rays lie the infra- or ultra-red rays ; beyond the violet are found 

| j the ultra-violet rays. | | 

The luminous rays of the sun are accompanied by others, possessing 

heating powers, the temperature increasing from violet to red. In the 

spectrum obtained by passing sunlight through prisms of rock salt, the 

highest temperature is manifested at a position far beyond the extremest 

visible red rays. From these facts, it is inferred that the great thermal 

rays of the solar system are at the same time the least refrangible. 

Directly opposed to the heat-rays are the so-called chemical or 

actinic rays. The latter rays are capable of effecting both chemical 

combinations and chemical decompositions, as is evidenced in the black- 

ening and decomposition of the silver salts in photography. As before 

intimated, these chemical rays lie beyond the violet end of the spec- 

trum, and are the rays that are instrumental in effecting dermatitic 

changes. (Fig. 241.) 

In order to grasp the principles involved in the study of photo- 

therapy, it is necessary to understand the more simple elementary facts 

concerning the physics of light and the spectrum. 

Regarding the nature of light, two theories have been advanced. | 

Newton asserted that luminous bodies emitted infinitely small particles 

in parallel lines, which produced in the eye the sensation of light. 

Huyghens, whose view now generally obtains, formulated the theory that 

light is produced by waves or undulations, that are transmitted with 

inconceivable velocity through the atmospheric ae | 

All light, whether natural, as that from the sun and other celestial 

bodies, or artificial,—i.e., the electric spark or ordinary flames, —1s of a 

THE ACTION OF LIGHT ON PLANTS. 

ELECTRIC 
WAVE UNKNOWN . 

UNKNOWN J i Plants cannot exist without light. Through its agency they extract 

á— ] CO: and by means of chlorophyll assimilate it. Light is not necessary 

for the germination of plants and seems to exert a retarding effect upon 

growth. This would seem to account for the varying rate of growth at 

different hours of the day. Indeed it has been shown that all light rays 

except the red and ultra-red retard the growth of plants, and that the 

effect is most pronounced in the rays that suffer most refraction in the 

MOTO: PHOTO- PHOTO-CHEMICAL (PHOTON 
ON 

Hyper- 

Ultra Violet Rontgen Rays ? Infra Red Becquerel Rays ? Ultra Violet 

3 Å spectrum. | 

INVISIBLE VISIBLE RAKS We 4 ‘ ““Heliotropism ” is the faculty, possessed by many parts of plants, 

Fig. 241.—SOLAR SPECTRUM.—Scheme of the wave lengths of different radiations. A BC is the d 7 of. turning toward and away from the direction of greatest light. Stems 

curve of thermal action; D EF G is the curve of chemical action; HI K is the curve of light action, i A S ; j E 

4 = and leaf-stalks are positively heliotropic (growing toward the source of 

with a maximum at yellow. 
i 

light, in the direction of the light rays), while roots and rhizomes are, as 

compound nature. If a ray of sunlight be suffered to fall upon a glass - a rule, negatively heliotropic. 

prism, it is diverted from its original direction, and, as its constituent 

colors are bent unequally, they are separated. When the transmitted light ACTION OF LIGHT ON BACTERIA. 

falls upon a white surface, the colors become visible, the tints blending ~ F That diffused and also direct light can destroy the bacteria of putre- 

where one color merges into another. This zone of blended tints is called + = faction was first enunciated by Downes and Blunt in 1877.’ They like- 

the spectrum. The colors seen are violet, indigo, blue, green, yellow, — Í wise showed that the effect is the same whether the bacteria are moistened 

orange, and red. | | q or dried, that the presence of oxygen is requisite, and that the manner 

According to the undulatory theory of light, each of these constitu- in which light acts in these experiments is not to be sought in a modifica- 

ent colors has its own rate of vibration. Red has the lowest and vio- 8 tion of the nutritive basis. These data are now accepted by all scientists. 

let the highest rate of vibration; the former is least refracted or retarded ; 

the latter undergoes most refraction or retardation. Different colors have 

510 

1 Proceedings of the Royal Society of London, December 6, 1877, vol. xxvi. p. 488, 

and December 19, 1878, vol. xxviii. p. 199. 



512 ELECTRO-THERA PEUTIGS. : Bb 3 | i i PHOTOTHERAPY. 513 

G Dieudonné observed, Sn a series of most elaborate experiments, that -~ Finsen proved that acquired pigmentation may also have protective POWSE 

teria were killed in thirty minutes by direct light, in six hours fee the injurious action/of Bent rays. He painted with black. pig! bacter! a davlicht, in eight hours by the Brush light of 900 candle- — - ent aring around his arm. He next exposed the part to strong sun- 
by diffuse ray, X a TR by the electric incandescent lamp. It is = jight for three hours. After a time the skin appeared normal save at 
power, and in e es very many observers have conclusively demon- — : the edge of the painted belt, where some slight erythema was noted. A 

oe oe only is de nutritive basis of bacteria unfavorably + i few hours subsequently a violent erythematous eruption developed in the 
strated tha ae a rata eos itself suffers a direct injury; it is A exposed part, but the painted zone appeared unaltered. Again Finsen 

CO foe t a et dust is in a great degree disinfected by its ME ocd thie unpainted” part to the sunlight ; the result was bhe reverse, in this way ees T s of TG sun i | i = _4,€., the white zone was destined to suffer an erythematous change, 
exposure to the direc kay | > | E the remaining parts undergoing no alteration. Many observers have 

| , t SL : io io ion re due to the 

THE EFFECT OF LIGHT ON ANIMALS AND MAN. í } ert cave ana o 

It is a recognized fact that many animals can develop only in the 

presenee of light, and that its absence causes either a delay or a complete 

suspension of development. But not only is the general growth affected 

Blood absorbs light in a high degree, this being especially true of 

hemoglobin. Oxyhemoglobin gives a different absorption spectrum from 

7 ETES. methemoglobin. Quincke* showed that hæmoglobin gives off its oxygen 

by varying the pee of Ligh, but ee itt = more quickly in the light than in the dark; hence light augments ae 

organs and parts of organs. a LN oxidizing power of the blood and, correspondingly, the processes o 
those parts constantly exposed to i 

acquired a thicker growth of hair on i oxidation in the human economy. 

the powerful electric rays. > 1 | Godnew’ found that persons and animals to whom daylight was 

"The stimulus given to change of torm ee Benen oi accessible excreted more urine, urea, and chlorides than those remaining 

energy through the agency of light is indeed remarkable. It is well A he dark. | 

known that the change of light causes change of form in the cutaneous 

contracting pigment-cells of many amphibians, reptiles, ae 1 THERAPEUTIC ACTION OF LIGHT; ITS USE AMONG THE ANCIENTS. 

That ciliary movement is regulated or modified by varying the Color ais Be i ee ae are ee 

j loved, is asserted by Uskoff, who observed that the epi- had A a YA eh O ooh oh AOE dl Sea Eis ea eT OS VATS 

oi me light emp y : : ually swift in red and violet light, but is S = almost as old as civilization itself. Historical records show that light 

thetiun gi a SETE P ER for previously acting violet. De IS _ was valued as a remedial agent centuries ago in China, Mexico, Japan, 

suspended a S ed that the red end of the spectrum is nerve i = the West India Islands, etc., the patients being subjected to sun-baths for 

Parv 2 a cet nerve soothing. On the higher animals, ! l therapeutic purposes, and others placed in total darkness as a means of 

ae eee ated effects on the cuticle. Those parts constantly 3 i poh ment. a f | 

isht become coarser and harder, the protoplasm becoming =~ The ancient Greeks, who lived in flat-roo ed houses, were accustomed 

exposed to the "g deed Moeller! demonstrated that light produces Ta _ to expose their entire bodies, after anointing them, to the sun, believing 

seman magus se a o process of the skin. Finsen and Moeller — _ that its powerful rays acted very beneficently in bringing about and main- 

a hyperplasia and a aie ie which has been exposed to powerful E taining both health and beauty of the body. In the essays of Cicero and 
proved by experiment tha E eh retains for a long time (months and $ _ Vestricius we learn that the Romans were accustomed to sun-baths, these 
chemical eo (blue, od A uickly (by ia to mechanical, being frequently followed by cold sponges. Solaria, or out-buildings de- 

years) a peculiar LN a x | _ voted to these baths, were quite common before the fall of the Roman 

ee pais cae otective to the skin against the action i | Empire. Herodotus recommended sun-baths for those who were feeble 

W ae gai eae the case of a dark-complexioned a - and in debilitated health, and Antyllus also gave elaborate descriptions 

pe en eee h T d the presence of many vitiligo patches, 3 of the effects of the sun’s rays upon the human body. Not only was the 

man whose body and face $ ne : G E glacier, developed a vio- | _ Skin treated by ‘‘heliosis,’’ but also such diseases as jaundice, nephritis, 

who, after a ong pe ee F Š of the white patches on the face, `  SClatica, rheumatism, nervous and mental diseases. During the Middle 

aoe ee ae a o of the skin was unaffected. Ages this form of treatment was consigned to the limbo of oblivion. It 
ut in the g ° ; 3 k 

: ; NE ., Stuttgart, 1900, p. 18. | i ! Pflüger’s Archiv, 1894, vol. lvii. p. 134. 

Taree Ose Sanne : eee ne a : d : a aa Lehre v. d. Einfluss d. P auf die Thiere. Kasanche Dissert., 1882. 
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was during the 19th century that the parasit
icidal action of light engrossed 

the attention of bacteriologists, and it is due to their labors that the 

hidden secrets of light have been seized by eager experimentalists in the 

hope of discovering a reliable therapeutic agent. —/ 

TREATMENT WITH SUNLIGHT. 

Sunlight is the most natural source OÍ light, but its use depends on : 

the weather, and upon other circumstances which affect the chemical 

intensity as well as the optical brightness. Long ago 16 was indisputably 

shown that the chemical intensity of light does not coincide with .optical 

brightness. 

the sun’s height in the heavens. In the summer the chemical action of 

the sun and the blue light of the sky is far greater than during the winter 

season. The extent to which the air absorbs light varies with the amount 

of vapor, carbonic acid, and suspended dust in the atmosphere. | 

` The chemical intensity of sunshine increases proportionately with a 

decrease in the atmospheric pressure. . Thus, Timony found that the 

ultra-violet end of the solar spectrum extended much further toward the. 

‘more strongly refrangible end at a height of 3500 meters than on the level 

of a table-land. = de | | ; 

Ordinary sunlight is used as a remedial agent in the form of baths. 

The following is the modus operandi: Place the patient on a rug, ele- 

vate the head, and protect him from the wind, in a veran
da entirely open 

to the south. Shield the eyes with dark glasses. The bath is best taken 

during the warm season. The first bath occupies a duration of fifteen 

minutes, which may be subsequently lengthened. During the bath the 

position is 

be exposed to the light. Maintain these positions until violent perspira- 

tion occurs on these parts. This is to be followed by the usual water | 

bath (70° to 80° F.). Have the patient massaged, and advise him to 

exercise thereafter. 
E 

TREATMENT WITH THE INCANDESCENT LIGHT. 

The incandescent electric light is poor in violet and blue rays, and | 

rich in yellow, red, and green. Its chemical action is, therefore, slight, — 3 (Kny-Scheerer Co.) 

but this, as well as its brightness, may be materially increased by 

strengthening the current. By this augmentation we not only affect the 

optical brightness, but also its blue and violet rays. Of normal power, 

380 incandescent lamps have the same chemical effect as natural light at — 

a distance of one metre. This form of treatment is of paramount value 4 

where the longer-wave rays are to be applied. 
y 

The modern incandescent baths are made for connection with the — 

street electric wires. They consist of octagonal boxes supplied with panes * 

of mirrors, 

ELECTRO-THERAPEUTIOS. 

The chemical light-intensity of the sun’s rays varies with 

changed at intervals so that different parts of the body may 

FiG. 242.—Cabinet for the treatment of diseases by the employment of incandescent lights 

with a movable lid above, for the patient’s neck. (Hig. 242. ) l 
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Forty to sixty lamps, of 16 candle-power each, line the inner walls, and 

are so arranged that they can be put in, or withdrawn from within or 

Hos 

without, by means of several switches in series, along vertical, horizontal, 
or spiral lines. The lamps are protected by a lattice work. A thermom- 

eter for measuring the inside temperature is fixed on the wall. A win- 

dow is sometimes made in the wall of the chamber, through which the 
pulse and the course of the perspiration may be observed. 

The patient is divested of his clothing and placed on a stool in the 

cabinet. All external light is excluded by a towel placed around the 
neck opening. An ice-cap is applied to the head. Begin the bath at a 

temperature of 110° F., and, if the patient reacts, gradually raise it to 
155° or 165° F. The bath should be of a half-hour’s duration. Increase 
the temperature by increasing the number of lamps, and also the 

strength of the current. Observe the pulse carefully, and after the light- 
bath employ the ordinary water bath or douche. The incandescent bath 

acts beneficially by radiating heat. In this way heat can be made to 

affect the deeper structures, and is more advantageous than the Turkish 

or Russian baths, which at best only exert an influence on the surface of 

the body. The most striking effect of this treatment is its action on the 
secretion of sweat, probably due to stimulation of the peripheral nerve 

endings, or by an elevation of the patient’s temperature, or by a com- 

bination of both these factors. The incandescent electric light is of 
great value in muscular rheumatism, in the various forms of anemia, 
in arterio-sclerosis, in valvular heart disease, in neurasthenia, migraine, 
tuberculosis, ete. | 

TREATMENT WITH THE CONCENTRATED ARC LIGHT. 

Actinotherapy, or the treatment of disease by the application of 

light, was inaugurated by Finsen. Triumphant over the intense resist- 

ance that greeted his earlier efforts, the world to-day rings with his 

praises. j 

Sunlight is undoubtedly the best source of light, but, as it is not 

always available, it is necessary to have recourse to artificial illumina- 
tion, especially to electric light. It is better to use the voltaic arc, for 
the light given by incandescent lamps contains too few chemical rays.. 

Finsen's method (Fig. 243) consists in concentrating actinic light, 
through rock-crystal lenses, on any desired part, rendered as exsanguine 

as possible by means of pressure, because the presence of blood acts as a 
barrier to the passage of the chemical rays to the tissues. 

When the voltaic are is used, 60 to 80 amperes of current are 
employed. The apparatus consists of the light, the cooling apparatus, 

E and the light-concentrating apparatus. From the source of light there 
radiate four telescopes, for the four patients. The active rays are ob- 
structed to a very slight degree by the lenses of rock crystal. The space 
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between the lenses is filled with water to moderate the temperature, and ` j long and about 3 cm. in diameter. One end, the upper, is enlarged into 

a surrounding water-jacket still further accomplishes this purpose. As 4 E a bulb, and contains a cup-shaped iron electrode which becomes the anode 

the rays from this artificial light are divergent, the lenses are s0 arranged q of the device. A small amount of mercury at the lower end is the 

as to make them converge. The rays are brought to a focus by a water- i i cathode. In series with the lamp and connected at the anode end are a 

cooled lens, held by the assistant, who presses the latter firmly on the part ] resistance and an adjustable self-reductor. 

to be treated. 7 : Y ] The well-known greenish color of the light given by mercury vapor 

The applications are of about one hours duration, and repeated | a when glowing under an electric discharge is spoken of by Leblanc. He 

daily. A few hours after treatment, erythema with some tenderness is 4 also mentions some experiments of de Recklinghausen in mixing some 

often manifested, but there is no actual pain. . other gases, such as argon and helium, with the contents of the tube. 

The reaction varies in different cases, but it is always seen in lupus These were conducted with a view to correcting this serious defect, but as 

vulgaris, perhaps never in lupus erythematosus. Following a low A yet have not been successful. | 

applications, most remarkable improvement This lack of red is not entirely without advantage in some situa- 

frequently results. Twenty or twenty-five 7 tions, however. The Hewitt light has been found admirable for its non- 

applications should always be given ; after “7 - excitable character, and it is also excellent for photographic purposes. 

which the skin will usually present a soft, + | As glass absorbs ultra-violet rays, lamps have been made of quartz 

pliable, scarless condition, save where destruc- i for special use in phototherapy in the treatment of lupus. 

- tion of tissue is marked by the earlier ravages ] q | Most normal lamps take from 3 to 5 amperes of current, and have an 

of the disease. q efficiency of about 0.45 watt per candle-power. Several special forms of 

Y bulbs have been devised. 

THE DERMO OR IRON ELECTRODE LAMP.— 

(Fig. 244.) : - y THE FINSEN OR RED LIGHT TREATMENT OF SMALLPOX. 

As the chemical composition of the mate- ] To Niels Finsen (Fig. 245), more than any one else, the civilized 

rial composing the electrode defines the quan- . world owes a debt of gratitude for his untiring industry and indefatigable 

tity of the ultra-violet rays, experimenters + research in bringing the subject of the therapeutic action of light to the 

have been on the alert to turn this principle | notice of the medical profession, and for having established his teachings 

to advantage. Although many electricians i upon a rational basis. So profound an impression did he make upon the 

battled with the problem only to find disap- E minds of scientists that, in 1896, the government of Denmark founded a 

pointment the price of endeavor, it remained ` A public institution for the purpose of carrying out the principles of photo- 

for Bang, of the Finsen Institute of Copen-. — j therapy, and especially for the treatment of lupus and other cutaneous 

hagen, to successfully construct a lamp with: affections through the ageney of concentrated chemical light. 

metallic. electrodes suitable for phototherapy. < : From 1893 until almost the very day of his death, Finsen had been 

By using iron electrodes, and tempering their 3 busily engrossed in the study and action of light treatment, but it is his 

heat by water-circulation, a lamp is produced — labor to prevent the pitting from variola by excluding all but the red 

BS eae ion that yields a maximum of chemical rays with — light that has won him deserved renown. 

3 a minimum production of heat. This lamp < i From his experiments at Copenhagen, he was able to prove that the 

is only adapted for the treatment of superficial skin diseases, as the rays | blue, indigo, violet, and ultra-violet rays of the solar spectrum are the 

are not penetrative but diffusible in character. 3 ] ones, and the only ones, that produce chemical effects upon animal 

| 3 | tissues. 

THE COOPER-HEWITT MERCURY-VAPOR LAMP. > | ] As far back as the sixteenth century, it was empirically recognized 

Worthy of mention is the O ooper-Hewitt lamp,’ described by — | that the pitting from smallpox could be obviated by shading the doors 
Maurice Leblane, and which briefly is as follows : | | 1 and windows of the room with curtains of red material. Indeed, the use 

The ] Tip at its simplest form consists of a glass tube about 70 cm. — _ of this color fabric was first suggested by John of Gadesden in the four- 
dl = teenth century, of whom Gregory remarked, ‘‘ What think ye of a man, 

1Le Radium, Paris, June, 1905. | A pa prince, of royal blood of England (John, the son of Edward the 
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Second), being treated for smallpox by being put into a bed surrounded 
with red hangings, covered with red blankets and a red counterpane, 

gargling his throat with the wine of the mulberry, and sucking the req 

juice of the pomegranates? Yet this be the boasted prescription of J ohn 
of Gadesden, who took credit of no meanness to himself for bringing his 

royal paient safely through the disease.” 

In 1867 Black had published in the London Tanter ” an essay on 

the peculiar influence of light in smallpox, asserting that the complete 

exclusion of light, in spite of the fact that the patient had not been pre- 

viously vaccinated, effectually prevented pitting of the face. In 1871 

= Waters published in the same journal a declaration that the severity | 

of a case of variola was markedly modified by the exclusion of ae 

daylight. 

In the same year, Barlow stated that he was able to distinguish a pro- 

nounced contrast in the two sides of a patient’s face, one half of which 
had been covered with colored gelatin to exclude all actinic rays, while 
the opposite half of the face was allowed to remain exposed to the 

influence of these rays. 

Finsen, a poor and obscure medical instructor in a little Danish 

town, devoted his spare moments to experiments and observations upon 

light, with a hope of preventing the ugly disfigurement of smallpox. 

What he aimed to ascertain was the physiological effect of light on 
animal and vegetable tissues. As the result of the experiments he soon 
arrived at very important conclusions so far as the influence of light was 
concerned in the eruptive diseases, and notably so in smallpox. By 
simple reasoning he reached his first great discovery. He observed, 

when earthworms were placed in an oblong box covered half with red 

glass and half with blue glass, that they would invariably crawl away 

from the blue light, seeking shelter under the red light. In the light cast. 
by the blue glass they were intensely active, restless, and ill at ease; in 

the red light they lay quiet, apparently perfectly contented. 

With a chameleon he conducted a peculiar experiment. He placed 

the little reptile in such a position that one half of its body was under 

the light cast by blue glass and the other half in that cast by red. He 

noted that the parts of the animal’s body covered by blue light turned 

almost black, while the half covered by the red light presented .an 

almost white color. From this he concluded that the creature had in its. 

integument movable pigment-cells which acted as a barrier against the 

blue light. 
Whilst in the midst of his experiments and researches Finsen wan- 

dered one day into a medical library in Copenhagen, where an article of 

Dr. Pitcoe, published in 1832, attracted his attention. In this pamphlet » 

it was mentioned that during an epidemic of smallpox among soldiers, 

those confined in dungeons suffered from the disease less severely, and 

recoveries occurred without any attempt at suppuration and consequent 

Fig. 245.—THE LATE PROFESSOR NIELS R. FINSEN:—(Born in Faróe Island, Iceland, December 15, 

1860. Studied medicine at Copenhagen University and received his doctor’s degree in 1890. Awarded 

the Nobel Prize and the Cameron Prize for studies in practical therapeutics from the University of 

Edinburgh. Died September 24, 1905.) 
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scarring. Finsen grasped its meaning. ‘‘Red light contains no actinic 
rays,’’ he reasoned ; ‘‘ why not use red glass in the windows?” this being 
physiologically ane Same as darkness. Thus, he suggested, the windows 

of the wards or rooms in the hospitals dre by sufferers from 

smallpox should have the white panes removed and replaced by dark- 

ruby glass panes. Personally he had never seen a case of smallpox, but 

he based his reasoning on theoretical grounds. 
In 1893, the first trial of this therapeutic agent was made at Bergen, 

in Norway, by Dr. Lindholm, chief physician of the military service, 

_and by Dr. Svendsen. Eight cases, four of them being of a severe type 
in children who had never been vaccinated, were treated, the results being. 

a triumph for Dr. Finsen. Dr. Svendsen remarked, ‘‘'The period of sup- 
puration, the most dangerous and most painful stage of the disease, did 

- not appear; there was no elevation of temperature and no edema. The 

patients entered the stage of convalescence immediately after the stage of 

vaccination, which seemed a little prolonged. The hideous scars were 

avoided.’’ 

Control tests showed that smallpox cases exposed to daylight after 

beginning the red-light treatment invariably suffered suppuration and 

scarring, only a trifle of daylight sufficing to do harm, the irritated 

integument being almost as sensitive to the actinic rays as a photo- 

graphic plate. A clear. red light of such intensity as to permit the 

patient to read in the room is sufficient in ordinary cases. If the case be 
a very severe one, it is necessary to employ a red light of deeper or 

darker appearance. 
The treatment of smallpox by the exclusion of the chemical rays of 

the sun has now been tried by a number of physicians, chiefly in Den- 

mark, Sweden, and Norway. Practically all of these men have been 

favorably impressed with the results. 

Mygind (Denmark) treated 22 cases (variola 12, varioloid 10); one 

died, the remainder upon leaving the hospital had hyperemic spots only. 

Abel (Bergen, Norway) had 23 cases, 8 of them very severe. One 

case, admitted very late, terminated in recovery, but with suppuration. 

In the others there was no suppuration and no scarring. 

Backman (Fever Hospital at Koliikomaki) treated 62 serious cases, 

with 7 deaths ; the remaining 55 recovered without scars. 
Feilberg (Copenhagen) used the method in 11 cases. There was no 

Secondary fever and no pitting. Pigmented or hyperemic spots were 

present. 

Strangard (Denmark) had 4 cases ; all recovered with no pitting. 

Benckert (Gothenberg, Sweden) treated 16 cases (5 were varioloid 
and 11 were variola); 3 died; one of the deaths was due to suppura- — 
tion. Benckert remarks, alos is usually abolished, scars are 
extremely rare, and the duration of the disease is shorter.’’ 

Finsen, in summing up these cases, says that out of a total of 140 to 
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520 ELECTRO-THERAPEUTIOS. Y vaso-motor nerves, are sedative and analgesic in nature. He asserts that O enalivos ik One case only (that of DN a the most beneficial results are to be found when the source of light 150 cases 0 eels ats, is at a considerable distance from the area to be treated, thus refut- 
Done ne Success by Finsen’s Method.—Two conditions are _ q ing the hypothesis that the action produced is dependent upon residual bsolutely indispensable to obtain good results : | i thermal energy. Minin’s view now generally obtains, that by the agency 
absolu a SS | Bae should be placed under treatment sufficiently early. of isolated visible frequencies, constriction of the vessels and pronounced 

ae the patient comes under treatment early enough,” Finsen anesthesia result ; while white light effects directly opposite results. dea hetero! te: fourth onlin day of the disease, suppuration of Mr. H. Hilliard, aneesthetist at the London Hospital, has used blue pie oe even in unvaccinated persons and in cases of ‘confluent light as an anesthetic * after M. Redard’s method.’ He says: “ Following ) 

ill be avoided. Should the patient come under treatment 1 | M. Redard’s plan, I have out of a total of thirty-two cases had twenty 
a dav of the disease, it is uncertain whether suppuration can i absolutely successful results, eight failures, and four cases in which the 
ue E ca ae ie s this is the case, sometimes not.’’ | ] patients stated that they felt pain, and yet showed no sign of doing so 
pe ace A ee ae rays of dash should be absolutely. shut out. — À beyond ‘screwing up’ their eyes during the operation. Most of the A ee ee methodisiso Berne that, in case suppuration should E - Y i failures can, I think, be explained on the grounds that the patients were 
the ed ient who has been placed under the treatment in proper ~ highly nervous, that they had while waiting their turn been told by others 
ot dal RA thought of is that, from want of care either on i that some new experiment was being tried, and that they did not carry y b 5 

th t of the patient or of the nurse, daylight may have penetrated. out my directions and keep their eyes fixed upon the light. The 
f before the method can justly be declared a failure, the remainder may be explained, perhaps, by the fact that a different reflector moen ore, be ith which it is carried out should be tested by exposing — was used, whereby the rays were not concentrated upon the patient’s 

Halden ol t y sensitized paper as a means of control in different eyes, but were more widely diffused. 

D n If these photographic plates show the influence = i a by M. 

slo white light, the technic of the treatment has been imperil i A 

few of those who have applied the method have at the same time treate 

Redard against the 
view that the influence of the light is hypnotic, Ido not believe that so 
large a percentage of ordinary persons are so easily hypnotized, and I 

‘ent by other remedies as well. Such a course is objectionable for _ find that the results vary with the technic. I do not agree with M. 
a ee r oses. as it is then impossible to decide which agency is. = i Redard in the opinion that a general anesthetic effect is produced, for I eu E tie results. In order to give the experiments decisive | _ have found that, although sensation in the extremities is temporarily im- 
Senay E a the Aa be carried out under strict control, and the ` | paired, yet there is no real analgesia, this apparently only existing over eres ase a Bee the treatment in proper time.” E _ the area of distribution of the cranial nerves. parvient p i a i ““In all the successful cases dilatation of the pupils was observed, 4 3 | a = andin two or three, the eyes became fixed and the lids drooped, the pa- 

E ino. I wi llude to the therapeutic use of blue and ] _ tient developing a somnolent condition ; but in those instances in which 
BETO: Se d wa X A Bae still in its infancy, and much 4 4 the patient moves his eyes constantly and blinks, the pupils will not | ultra-violet light. The subject 1s evi y ; have followed. its 4i dilate, and no analgesic effect should be expected. ” 

may be expected from the successes that are said to have | | 

employment. Already there are many authorities who extol the w | 

of the concentrated actinic rays in the treatment of chronic ulcers, — 

lupus, and other destructive cutaneous lesions. A 

A Bu Light as an Anæsthetic:—W ithin recent years it has ne oe j 

feasible to employ the visible chemical frequencies of ue spec ; a i 

the use of screens of blue glass. This glass acts as a barrier a = a A 

sage of the frequencies of the ultra-violet portion of the spectru a aa 

shields from the frequencies beyond the blue or the yellow, the gree l 

ed frequencies. ny ; O 

: AGnin, of St. Petersburg,' believes that the visible chemical oe ; 

cies of the spectrum from the blue to the ultra-violet, by acting 0 d 

* British Medical Journal, July, 1905. 
? Lancet, May 12, 1905. 

1 Journal of Physical Therapeutics, January 16, 1902. 
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TECHNIC OF RONTGEN RAY THERAPY 

Durine the preparation of the present volume, I conceived the idea of address- 

ing letters to some of the better known Róntgen therapists, asking that they supply 

the data of their technic on the blank enclosed for that purpose. — A 

I was gratified by the cordial responses that my communications elicited, and 

interested in the widely divergent opinions, that have their adherents in this 

country and abroad. 
: | 

| The statements offered, in several instances, were 80 comprehensive that space 

was lacking to record the data. In those cases, an asterisk (*) has been placed, 

j j ion in the addendum. 
referring the reader to a detailed explanation in 

a 

the following abbreviations have been employed, which, like the tabulation 

itself and the addendum, are arranged in alphabetical order. 

COILS. 

A-N.=Apps-Newton. 

C.=Caldwell. 

Fes.=Fessenden. 

K. & K.=Kelley and Koett. 

K.=Kinraide. 

L.=Leeds. 

L. & N.=Leeds and Northrup. 

Q.=Queen. 

R., G. & S.=Reiniger, Gebbert and Schall. 

Ruhm.=Ruhmkorff. 

R: Röntgen. 

R. M’f’g. Co. =Röntgen Manufacturing Co. 

Sch.=Scheidel. 

Sn.=Snook. 

W. & B.=Waite and Bartlett. 

Will.=Willyoung. 

STATIC MACHINES. 
INTERRUPTERS l 

j 
Columb.=Columbia. 

E ae 
_fVan Houten and 

ee Pa 
NS Ten Broeck. 

A en i a ; 
Wag.=Wagner. ; 

Se eat: 
W. & B.=Waite and Bartlett. 

VACUUM TUBES. 

F =Friedlander. 

G. & B.=Green and Bauer. 

G.=Gundelach. 

- M. & W.=Macalaster and Wiggin. 

Mach.=Machlett. 

Mon.= Monell. 

M.=Miller. 

Q.=Queen. 

W. & B.=Waite and Bartlett. 
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ADDENDUM TO THE SYNOPSES ON TECHNIC IN RONTGEN 
a RAY THERAPY 

BAETJER, F. H. He uses 20 volts, ten amperes on two small coils ; 110 volts 
direct current. He employs different makes of coils: Heinze 20-inch, Queen 9-inch, 

and Biddle 9- and 18-inch, respectively. He uses a hammerless interrupter on each 

9-inch coil; the Wehnelt on the 18-inch. Vacuum tubes include: Queen, Heinze, 
Swett and Lewis, Müller, etc. He employs large (110 v.) and small (20 v.) coils ; and 

believes that an erythema is necessary in all cases, except those of very superficial skin 

lesions. 

Barnum, O. SHEPARD. Barnum uses his own penetrameter, and remarks that 
his average length of. treatment is entirely too variable to state. He protects the 
healthy part by placing a shield around the tube and lead-foil on the patient. 

BRENEMAN, Park P. Breneman varies the frequencies of his irradiations, giving 

treatments twice or thrice weekly and then again only three times every two weeks. 

| CALDWELL, E. W. Ten-inch coil of his own design, rotary mechanical break, 20 
breaks per second ; “break ” lasts jy second and the “make” %. Uses the alumin- 
ium screen for deep parts. For lupus, low penetration and no screen. He writes: 
“T use any old tube that is not good enough for radiographic work or that needs 
conn for that purpose.” He declares that the static machine, for X-ray work, is 

useless. 

Dunnam, Kennon. He believes that a French tube is best ; he also employs the 
Friedlander and the Gundelach. He has not found self-regulating tubes valuable, 
unless personally regulated. He says that the distance of the anode from the patient’s 
skin varies, because he brings the glass to within one inch of the cutaneous surface. 
His voltage (primary) is 40 to 90, with load ; 115, without load ; and he has the anode 
red hot (usually), before treatment is finished. He regards the spintermeter and 
penetrameter as inaccurate, so that he prefers a new method. He protects the parts 
very carefully, but not close to the lesion. An erythema, he asserts, is necessary in 

lupus, mycosis fungoides, epithelioma, etc. He often gives daily treatment ; at other 
times only once in two weeks. 

| FRANKLIN, Miuron W. He estimates the degree of vacuum of the tube by both 

the spintermeter and the penetrameter ; preferring Holzknecht’s method of standard- 

ization of the electroscope and the Franklin electroscope for general use. It is his 

practice to cover everything with lead except the lesion. The best indication to 

cease the treatment is the presence of any inflammatory sign on the healthy skin ; his 

only other rule is, when excessive sloughing occurs on an open lesion. 

FREUND, Leopoty. For superficial lesions, a soft tube (Wehnelt-skiameter), 

5-12 cm. ; for subcutaneous and deep-seated lesions, a hard tube (Wehnelt-skiameter), 

10-15 cm. In treating the more deeply seated affections, Freund is guided by the 

green-blue light of the tube; in superficial affections, by a deep yellow fluorescence. 

He emphasizes the question of individuality, idiosyncrasy, etc., and advocates repeated 

small doses until slight reaction—+.e., swelling, redness, pigmentation, etc.—ensues. 

He protects the patient with lead-foil or mercurial plaster and urges the operator to 

seek his own protection in a lead apron, spectacles, etc. He believes that treatment 

should temporarily cease when inflammatory signs, with pigmentation, epilation, and 

subjective symptoms are evidenced. He formerly condemned the employment of 

Liquor Burowii as being an irritant in acute cases,’ but recently he advocates the 
treatment, which I have appended, in his technic. 

Gisson, J. D. Gibson brings the anode close to the affected area in cutaneous 
lesions, and as distant as 18 inches for deep-seated influence. Amperage for deep 

penetration, 5 to 10, superficial, 1 to 2. For pulmonary cases, he employs a quantity 

of rays equivalent to that required to take a skiagraph in from 30 to 60 seconds. He 

bis Elements of General Radiotherapy, by Leopold Freund, translated by G. H. Lancashire, 1904, 

p. o 
: 
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he fluoroscope and spark-gap. He ceases treatment at the MN 3 “ith the anode dull | é 

3 A -red. At the appearan f sli cee . 

| He approves of the a i ment.« N ht RE ce of slight dermatitis he discontin 

e ot a Oena m malenan and suerte lion ee ere ie a emo eo 
Girpwoop, G. E: Current of 220 volts from the street ; in the hospital 110 v. ra Econ opia to which he is the radiologist, fee sae ae Ri

os me that 

For hospital use a 12-inch Biddle coil and a 10-inch Leslie Miller. In the office a 6- \ E and constit ie teres ulcer, in the department of dermatology ; cases of e heart 

inch (Chadwick) mercury dip and a 12-inch Apps coil. He varies his interrupter y AA a utional disease are cared for in the electrical department ee se ignant 

according to his coil and tube, from 300 mechanical to 3000 electrolytic. ' He em- k ; 
DE UDOT 

ploysa voltage of 220 cut down by the rheostat to 200. He is guided in his dosage 

measures dosage by t 

appearance of an erythema or an elevation of temperature. 

Morton, Wm. J. His guidei ! 
; de guide in dosage is the fluorescen : a ¢ 

doubts if an erythema is ever really necessary ; asserting Hee ise oe fare 

by a greenish-yellow fluorescence of the tube. 
i j 

ji | a mild eryth 
; 

GRUBBE, EMIL HA subdued fluorescence of the luminous hemisphere of the E a vacuum he eT pay oe by tanning. He employs only high- 

vee is his. gues nae Salas 18 eS aS by the eae ots ee
 as Co a ) Í ray, in contradistinction to the quality of T x ae F o ‘therapeutic’? X- 

with air resistance between e prime conductors O e generator. e protects e 4 i skiagraph.” He believes that his m A -ray best adapted to making a d 

A ; . ethod is much safer as regard E gards X-ray burns. 

of Grubbe’s X-ray foil. He believes that an erythema is 
healthy parts by means 

E 
EWcoMET, Wm. S. He estimates the degree of vacuum by the appearance of 

necessary in the treatment of all superficial lesions. : Y le. ea 

eat | | e tube and spark- j z . ; 

HaLnL-EDwARrDs, J. He uses German and French makes of vacuum tubes, and = | the treatment ene are Ca anne to discontinue treatment is when 

finds the non-regulating best for radiography, the self-regulating for treatment. — He : rotnaricoe Wate RES on er en that an erythema is not necessary. He 

uses all tubes, no matter what the vacuum, at from 4 to 12 inches. He employs O 2 ythema 1s not necessary—it is accidental. 

the radiochromometer, radiometer, etc. for experimentation only. He protects the | ANCOAST, HENRY K. Pancoast use ; 

, , 
a ; SR \. s the mech i a 

of Paris masks and a bandage covered with lead-foil. ieee 
ach tubes for superficial treatment ; the Queen, Macalaster and Wiggin tubes for deeper 

He writes me 
Department of the Birmingham General Hospital and late of the Imperial Yeomanr á f = work. With the mechanical spring i . DO. 

Hospitals in South Africa—he has found nothing to relieve the painful, . chro 4 E to 3; on 18-inch coils it is See E ei F Aan coil, his amperage is 2 

dermatitis, from which he is a sufferer. 
q d equivalent spark length when the tube is known ae i; e vacuum of the tube by 

Eo ; wise he resorts to the Benoist scale in additi e reliable and constant ; other- 

HETHERINGTON, J. P. He uses his own water-cooled interrupter or the Kin- Í i a D abl n addition. He tells me that his average length 

raide, the number of interruptions in either being about equal HS me Vt a -15 minutes three ee ete nee ise ue average case of epithelioma lies 

. e Queen, Volt- i E ada e week. e protects the healthy parts b 

phragm of the tube shield, lead-foil or wet leather. He remarks sina Re 

Ol IM Friedlander , YN € g : 2 i ? Ü E 3 | | E | | | 

fers the non-regulating and the self-regulating, to the osmo-regulating, variety. For 3 roduc ti 

cutaneous lesions, he brings the anode as close as possible to the part, unless the E against A a de Sis os eo er or stearate of zine is recom- 

affected area is very large ; in deep-seated conditions, as low a vacuum as will pene- a mended 

trate to the desired depth. ” He only uses lead to protect special parts, such as the =| E- lotion of Here a ea meen aes of the first degree, or an evaporating 

hair ; and discontinues treatment at a commencing erythema, or disappearance of the E | the second degree: dry powder ; Ded. sea Ta en dermatitis. For burns of 

| ) audanum ; zinc oxide ointment ; 

thema is necessary to obtain rapid results, or to remove 3 Oat > ; 
| | picric acid solution 1-1000. .For burns of th i ee e third degree: zinc ointment , or 

. . : u a um hs 

hair. It is his aim to produce ery 

Houpine, A. The indication to discontinue treatment is a “slight erythema.” | of the fourth degree : the same ; to be treated more as a i aie 

He says that oe slight erythema may at times be necessary in superficial skin lesions, q ulceration of the patient, Pancoast regards as a o ae o 

but even then it is to be avoided if possible.” He believes that prevention is better | E Lo acid has been satisfactory. If healing is obstinate, excise, allo Lera 
: | eal, or skin graft, or suture the edges together. i i peas ileer ito 

than all the cures for X-ray dermatitis. 

Krenpock, Ropert. He approves of the Benoist-Walter radiochromometer, 

average penetration 4 to 6, mostly 5. He uses his quantimeter in conjunction with 

Sabouraud-Noiré radiometer for dosage, and for comparison by artificial illumination 

he takes advantage of Scheiner’s benzine lamp. He believes that a complete Meat , 

ment by massive doses, once or twice monthly, is the most effective method. is 

much opposed to frequently repeated irradiations. 

LAQUERRIBRE, ALBERT. The milliamperage in the secondary is measured by 1 Price, Weston A. He uses a large number Aes 

Gaiffe’s milliamperemeter, the length of fee spark by the spintermeter. The pene- A A put fails to give their make or names. The sae Ea Ae eee ane tubes, 

tration is determined by the radiochromometer of Benoist, and the dosage by the skin varies ; usually it is from 6 to 10 inches. He states that his v utes 

radiometer of Sabouraud and Noiré. The occurrence of erythema causes him no teak very much in superficial, subcutaneous, and deep-seated AA des also 

fear, indeed he often looks for a certain determinate degree of it; he believes that ae work,” he writes, “I use very high amperage and ver hi ee For my 

its Likelihood can never be rigorously excluded, as idiosyncrasy plays so largely the modifying these with different conditions.” y high penetration, 

role. He asserts that an erythema is beneficial in certain rebellious cases of. lupus | RUDI- IGIN 1 Wi j 

and in some of the epitheliomata. The various kinds of apparatus. devised by Gaiffe minute for thera y, 200 f e a e gO go O pee 

are much in vogue in France. 
8 In therapy he a Gone Re pene of spark-gap, 18 inches aren 

; : -inch coil wi ; ee 

| LEONARD, CHas. L. Leonard uses, as protective measures, a lead-covered box, series ; interruptions, 10 per second; primary e o connection in 

a lead-glass shield, and an aluminium screen. He believes an erythema necessary when | | 110 volts. For superficial lesions he is guided b i peresi abs cuir at 

the tube ; for deep affections, by what h ¿by a yellow-green fluorescence of 

, by what he terms “a perfect green.” He varies his 

PrAHLER, G. E. He empl j i 
> a a ee ploys a 7-inch Leeds coil and a n 

od 
aE Wa and Bauer, Green and Bauer, Miiller, Friedlander, Mochlott 

Macolarer and Wiggin, He is of the opinion that a dermatitis or omni iza danger 
$ ) 1 

except when irradiating superficial eS om necessary to produce an erythema 

the disease will not yield without. 
ee: ae rae 

; 
. | gth o ee E 

Morton, ReaInaLD. He advises the employment of the Apps-Newton coil.. “am 3 i and the OR ire vege Tene are ree the condition of the patient, 

He finds that the best results in his work are accomplished by two ten-inch coils a 4 | should undergo a “tanning ia qs ae that in his belief all “deep” cases 

lor of the tube a ! able in a few obstinate diseases. OS 

one eighteen-inch. He estimates his dosage by the apple-green co 
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F. He uses Queen, Múller and Gundelach (regulating) tubes. 

ere with medium high tubes ; three-fifths to one and 

For accurate dosage Schamberg depends upon 

No. 3 as fairly exact for superficial lesions, 

The average length of treatment in cuta- 

neous affections is 5 to 6 minutes twice or thrice weekly. He asserts that erythema, 

especially if it occur early following vigorous treatment, is an indication that the 

‘radiations should be discontinued. It is his belief that in ordinary cutaneous 

affections, such as acne, an erythema is not a sine qua non; but that its production 

acts as a remedial measure. 
a 

Scorr, J. N. Scott says: “Y try to use the same tube on the same patient. 

Upon beginning treatment, {T record the length of treatment, amperage, number of 

interruptions, spark-length that the tube will ‘back up,’ etc. I gradually lengthen 

the treatment until an erythema, is evidenced, basing future treatments on the 

above data.” He irradiates epithelioma every day, and deeper growths every second 

or third day. He protects the patient by a metallic box which has adjustable 

openings for the passage of the rays. He believes that an erythema is necessary in 

every case, except when the eye is involved. 

SHoBER, Jonn B. He judges o 

fluorescence of the tube ; the anode normal to cherry-red. He estimates the degree 

of vacuum by the spark-gap on the coil and tube, the amperage in the primary 

current, the degree of the fluorescence in the fluoroscope, etc. He discontinues treat- 

ment if the case is getting worse, instead of better (“toxemia ”). He says: “ Of late 

I prefer to use Curie 300,000 radium bromide, 20 milligrammes in two aluminium 

capsules, 2 to 3 times weekly, from 1 to 3 or 4 hours; valuable in furunculosis, boils, 

carbuncles, moles, warts, nevi, ep1 thelioma, sarcoma, etc.” 

Smiru, J. F. Dosage is determined by a light to dark green fluorescence of the 

tube ; “the heavy anodes,” he asserts, “do not get red hot.” He believes that the 

best time to discontinue treatment is at the appearance of any erythema, taking into 

consideration the duration and number of the exposures. 

STEWART, THos. J. For superficial conditions he uses a Queen tube or one that 

can be kept low. In his work he employs the Gundelach, Queen, and Müller tubes ; 

using the first and last for therapy. He believes that the maximum quantity of 

rays is emanating from the tube when the anode is of a dull red color. He thinks 

it necessary to produce an erythema to determine the maximum individual dose. 

Srover, G. H. Stover uses a great variety 

Among the coils may be ment 

etc. The vacuum tubes include Green and Bauer, 

Lewis, Müller, etc. In estimating the vacuum of the tube he takes into consideration 

the primary current, the appearance of the tube, and the spintermeter-gap. He gives 

ten minutes’ treatment to cutaneous diseases and from 10 to 15 minutes’ for sub- 

cutaneous and deeper affections. He believes that the best time to discontinue br 

ment is at the approach of cure or transient or definite erythema. He asserts that in 

lupus vulgaris and cutaneous epithelioma, the production of an erythema is necessary. 

Walsh writes me that of lat 

beyond treating a 
He remarks that his 

SCHAMBERG, J. 
One-fifth to two-fifths milliamp 

three-fifths milliamperes for low tubes. 

Benoist’s radiochromometer ; regarding 

and from 6 to 8 for the deeper varieties. 

of coils, interrupters, and tubeés. 

Warsa, DAvID. 
peutic aspect of the X-rays, 

carcinoma, and rodent ulcer. 

technic. 

few cases of ringworm, recurrent 

f the dosage by a whitish-yellow to a light green 

ioned : Heinze 12-inch, Scheidel 12-inch, Meyer 6-inch, | 

Macalaster and Wiggin, Swett and ' 

eat- 

e he has not followed up the thera- 

publications contain much of his ) 
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1 

2 

3 

4 

| 5 

6 

7 

8 

9 

19 

20 

21 

22 

23 

24 

25 

26 

27 

32 

A. STATIC OR INFLUENCE MACHINE 

| 
1. Variety and Make 

Diameter 
i olving Plates 2. Rev g of the Plates op eng 

3. Revolutions per minute 
park-Gap 

e renee Oe A 

NAME Residence 

AA A 

Baetjer, F. H 

Barnum, O. S. ...........- Los Angeles, Cal. . 

Breneman, P. P 

Caldwell, E. W 

Lancaster, Pa. 

New York, N. Y 

Cincinnati, O. +... 

New York, N. Y... 

Dunham, Kennon 

Franklin, M. W 

Freund, L Vienna 

Gibson, J. D 

Girdwood, G. P 

Denver, Col. .....- 

Montreal 

Grubbe, E. H. ............ Unicas, A IE 

Hall-Edwards, John 

Hetherington, J. P 

Holding, A 

Jones, H. Lewis 

Kienbóck, Robert 
800-1200 

Laquerriére, A 

Leonard, Chas. L. .......- Philadelphia, Pa.. 

Morton, R 

Morton, Wm. J. ........-- New York, N. Y... 

Philadelphia, Pa 

Philadelphia, Pa.. 

Philadelphia, Pa.. 

Cleveland, O. ....- 

Cedar Rapids, Ia.. 200-300 * 

Philadelphia, Pa..¡.......- acta Id A toros oro eee tere eter opero | 

-Newcomet, Wm. S. ......- 

Pancoast, H. K 

Pfahler, G. E 

Price, Weston A 

Rudis-Jicinsky, J. ......-- 

Schamberg, J. F. .......- 

Scott, J. N Kansas City Mo |. oieee aaaeeeaa 

Shober, John B. .........- 

Smith, J. F 

Stewart, Thos. J. ........- 

Stover, G. H. ..oooo.ooooo.. 

Philadelphia, Pa..|.-..e+sssseeeelereces ASA
 SAS SAO > 

Chicago aos
 well create lie oe eS 

Philadelphia, Pa... erines eeaeee eneee ae e Va BS ooo 

e .... 
os Cea cle LOOCoo0 99 

eet 

A A A O O (ole tl lal ; 

Walsh, David London 

E 1) 
o \ 

E) 70 volts 

..-@) 110 volts 

«i 110 volts 

110 v.; (4) Rotary- 

OOOO a. ' 110 volts 

ye 

Y 

¡SOURCE OF CURRENT 

, ccumulator, Capacity 

f jrect Current 

\Jternating Current 

(ran sformer 

410 volts 

Ye 110 volts 

i 

) 110 volts ...........- 

“Wy i4v 30a-h. (2) 110 
Ng) 220. - 

) 220 volts 

i) 10 cells 21 volts. 
1 100 volts. 

E 110, (4) valve, K.k.. 

¿Ey 100 volts 

ip) 110 volts 

EN) 110 v. ; (4) Gaiffe.... 

8] 10-20 volts 

l) 110 volts 

1 80 volts 

l) 16 volts; (2) 110 v. 

Miro. ooo bo. co n.n..ror...one.». 

) 110 volts 

l) 20 volts ... 

Mercury. 

> 

THERPAY. 

Length 
of Spark-Gap 

Variety (Parallel) 
or Make 

12, 16, 18130, 40, 45 

15 38 

10 

Sch., Kát K.. 

Will., W. & B. 

40, 20 | 90, 50 

12, 1514 | 30, 4% 

. (18,12, 12/45, 30, 30 

8,12 | 20, 30 

12 

16 

10 

30 

40 

25 

4,7 [10,17% 

12 30 

10,18*| 25, 45 

18-20 | 45-53 

18, 20, 12 45, 51, 30 

18, 24 | 45, 61 

9,18 | 28, 45 

16 40 

20, 12, 8 |50, 30, 20 

20, 12 | 50, 30 

20,18 | 50, 45 

9 23 

|12, 14, 2230, 35, 55 

12,18 | 30, 45 

D. INTERRUPTER 

1. Mechanical 2. Mercury 

3. Wehnelt 4, Caldwell 

5. Simon 

6. Interruptions per minute 

i 
— 

1,* 3,* (6) variable 

1, K., 3,4 

1, 2, 3, 4, (6) 300-3000 * 

1, 2, 3, (6) 120 to 3000 

1, 2, 3, (6) D., Gai 

K. and my own 

1, (6) 600-2000 

1, 2, 3, my own, (6) 3000- 
40,000. 

E. CROOKES VACUUM-TUBE 

1. Non-regulating 

2. Self-regulating 

3. Osmo-regulating 

4, Variety and Make 

£? 23. 

2, (4) M., F 

1, 2, (4) Q., M., G 

G ME eee aes e cutee 

T (4) Fe Ga E 

2, (4) G., G. & B 

oS (A O M eante te 

(1) some, (2) prefer, 3, 4,* 

2, (4) W. & B..... 

(2) Q, M., (8) G 

2, (4) Q., M., F 

2; Sk ...... o... n..o. . ..eo. nep. ee oe 

|| Bi-anodal......ooooooo.o... 
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TECHNIC OF RON} THERAPY—Continued. 

| 2. Ty Dosage. 
; E 
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3 : VI. CuEmIco- | VII. PHOTOMETRIC COMPARI- 

I. VACUUM TUBE EMPLOYED IL. DISTANCE oF ANODE FROM PATIENTS SKIN TL oe ps” ME | IV, CURRENT V. PENETRATION)” PHYSICAL SON DY 
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| s A : é al Primar Secondary oa itn DA EA SA 

: Se fon Svan | v Mediums: |) Saa a Deep-seated may Pe | g | BEES | eeeaese | sesos | mee 

Y ¡Superficial per PA i Aoun CA © S382 03582072588 | 183288 Boke ge 

| cutaneous| seated 
I SEBS aooga | SEARS 2330 

: 
3 [| SÍ | ebedege | SEeSee | ao 

El 

A US S A E mom A me 4 E 

= | 
ll — g 

a E A O > . . . re) . . . . . 

Z Inches| Cm. | Inches | Cm. | Inches| Cm. || Inches | Cm. 
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TECHNIC OF RÖNTGEN! HERAPY—Continued. 

3. PRACTICAL y ICATION. 
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Dosace AND CLINICAL ASPECT - 
y | RóyrcEN Ray DERMATITIS 
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oe 
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4. Whatis the best in- 

= 2. What is your aver- 
AR > 
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A 
y tect dicat scon- 5. When d 

O 1. ono ape age jenet of treat- 3. DO EE pact ERAS a lieve an ai a 
What is your treatment for the acute and chronic forms of the above? 
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| ment? . ment? How often and how? Is it a mild ery- . ma is necessa $ 
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per week ? 

thema? 
Ty? 
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A a AS 
A AAA A ee ae 
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EAA AR O j : thrice. ...- a a ES ae ETA E O the acute form, a non-irritating unguent,
 as lanolin, prevents incrustation and is strongly recommended. 

lee 5 ann u ne se eae O 
for deep, sloughing burns, clear up, and stimulate with the galvanic current. If rebellious to treatment, 

i 
xcise and skin grait. 

DQ | VOS e eee ee aae ee Varies; daily to 3| Yes Nro too eres ...| Mild erythema ...---- Malignancy+...... is depends entirely on the severity of the dermatitis and the idiosyncrasy of the patient. 

weekly. 

Ro 

SUES AS EOS SUE Gtr ara SIIC Yes, shield..........-> Erythema 
generally ..| Superficial cases... , gcontinue treatment. 

Meliss se Mota tava. ete UO OO e ets Tinto taste A A RUA Lupus aR y heat. Simple ointments, sparingly. Salicylic collodion for scales; for ulcers, argyrol (20 to 30 per cent. 

: 

‘++. @olution); cover latter with silver-leaf. 

UNOS e eee eE Seiso 19 minutes ro. inerea A Ea S ttle Tanning sometimes. .. ee o lave none, nor do I know of any. 

6 | When indicated ....| 5 minutes; 2t03.....- Lead * ...ioooooooom..: KV ES ace Very rarely. .... i > e-water, lanolin, lard, equal proportions (Dr. C. W. Allen’s formula). 

Plt Mes ire shies o eS Wiese sie Lala Dejalo: da 
OOo loidance of the X-ray atmosphere. For acute cases, Liquor Burowii and 15 per cent. boracic lanolin— 

‘++ uspension.* 
: . 

ES eaaa de des cio 74% minutes ; thrice ...| Yes, for eye and hair .|* Very mild........+--| Foodrossos A ver had any case of dermatitis to treat. Have nothing specially adapted to recommend. 

EMD Warley alas a -10 ; daily to month] Ubica. casal Sin redness ienei Lupus *....oo.oooms des: Ll superficial and painful, I use liq. plumb. subacetat. dil.; much pain, lanolin with a trace of 

9 Yes Sal Gary: . Yr GENEE 
i jocaine and surrounded by an oleaginous material on lint, the whole protected by absorbent cotton. 

10 | Rarely ...-+-seeeeee: 10 minutes ; daily... Ves la tes DermatitiS...........: A o e... Aute : Cease treatment; allay itching with a saturated solution of sodium bicarbonate. Chronic: Cleanse 

i 

‘vith a saturated solution of potassium permanganate and apply plain sterile vaseline on sterile gauze. 
E 

11 VOS coco cren rm... 5 minutes; thrice ....- Ea are ale j=tojets Slight dermatitis. ....- Always 0... uae __ jr the acute form, a lead lotion. Have found nothing satisfactory for the chronic form.* 
| 

19 | YES c.oooomooomooo.»” 3-5 minutes ; 1-3 days. | Lead. ..oooooorrerteros” 
* Prefer. ANEA ants y SA Usually *..... CN stor oil and Basham mixture. 

| 

e SODA j -3 times.... A E
 merece ote lsc rt. : a inte: Lanolin and picric acid. Chronic: Excision and skin grafting for ulceration, Lanolin in cases of 

13 Xes UN ta Ue Hee 
E jarched condition, for circulation and cutaneous nutrition. High-frequency currents, for stimulation of 

ine circulation, locally. 

Adal otitis eee 10 minutes; twice...-. Lead tol iia: Nest cada a dale need ome ls eo, ir the acute form, protection from air and mechanical injury. 
| 

ITE E eee teo VATIOS ceive keen eos e 
REI SEN Usually ...... seee iiie usual methods in vogue. 

E E A A E N A taney A N a eTe sS A Ro 00: eee le lesion should be unexposed and be kept away from the rays. The application of a thick ointment of the 

l 

ide of zinc. Theeffuve from a high-frequency machine. 

17 | YES cooooommmmocomo”” 10 minutes; thrice ....| Llad..ooooocrrrrrtesos PYES N RR Kaeo aono e ee eee e farate of zinc, with ichthyol 10 per cent., to prevent and allay dermatitis and itching. For chronic cases, 

5 ; 
; a terile gauze and normal salt solution with orthoform for pain. 

OO j . thrice....| Tin-f0il.............** eræmia some- Skin lesions .......«' int the part with an aqueous 
solution of resorcin (25 per cent.), once daily. For itching, immerse in hot | | 

EEE 10min uten: a intos HIPS 
vater, the hotter the better. In the chronic form, removal of the patient irom X-ray influence for a year 

| 

r eighteen months. 

19 | YES ses... ACE 15 minutes ; 2-3 times Lead..... IO steels A OS OOOO Dal SACOS Oc o0 „e sation of irradiation. Lead lotion.. 

| 

90 | NO .ccceeeseeceeeeees 20 minutes ; thrice....| NO ..ooooooonecrrtoooss Recovery *....oooo...: Rocco... 
nolin. 

91 | Xes .o.ooomoo..- ral 10 minutes : 1-7 times .| Lead.....ceooonsosarss E E An OOD DAON Ko aes o0 0 ens et the symptoms as they arise, the same as you would in any other condition. 

99 | YES -.scecsescesesee® Varies *....--2 eee ceeee VG ath a e iai AE IA ko... e. AA le treatment recommended 
is a lengthy one, and is described fully in the addendum (vide). 

93 | YES seeeeseeesereeee 10-30 minutes; 1-6 | Lead.....++ererereree: Yes Foonoocoommoooooo”” Rocco.
.. et een scontinue X-ray therapy. Treat as any other burn. Avoid allirritating applications. 

| | 

i times. i 

| | 

24 

Í 

| 

op | YES ¥.eeseeeeeeeeeees 10-15 minutes ; thrice. | Tin-f0il........o.....* 
O SG ota: ROS ooo ee iive oil, listerine, and bismuth subnitrate, equal parts of each. 

AS 5 minutes; 2-3 times. . Lead-Í0ll............-* VES Fooonno rr mm omm.”.s Ro... 
in has been relieved, in a few instances, by an ointment composed of ten grains each of orthoform, 

resorcin, 

a ; 

ind calomel, in one ounce of cold cream. 

SIC sein j K O Hien R ON Stata Vte AO store Er. ...... PS active treatment is recommended. Avoid the X-ray atmosphere. The operator is advised to remain in | 

AGES 9 minutes Yes Necrosis; 
Boom thirty feet from the tube, and to place himself behind an iron screen one-fourth of an inch in | 

inickness. 

4 i 
| 

9| YES eesesereesiereee 15 minutes ; 3-6 times. | Tube shielded ........ Toxæmia ; NO*...--+-- -| Usually ee -< A $ no occasion to employ any.* 

| 

99 | YES .ceeeeeeerceeeeee 5 minutes; thrice....- LOA... .oooooomomo..” A 
la talle lies oaee eee ss ple dry, or absorbent, aseptic dressings. Zinc oxide ointment. 

| 

90| YES cooonorrerrrrrnss 10 minutes; thrice... | Lead and glass shield.| Slight erythema ...--- ka... ` | oid active treatment. Zinc oxide to allay the itching. 

| 

E UNOS - i : ice. rs Mabe eee eR: abs os ics An Pe SL IEP BAAD DOO E. e e ee “ute: Removal from the exciting cause; soothing and antiphlogistic drugs and preparations. Chronic : 

ia e e Se 
Avoid the rays, developing fluids, and cold water ; apply hot water, bland unguents, and mild high- 

frequency currents. For deep Róntgen ulcers apply caroid to slough and treat as local gangrene. 
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INDEX 

In order to facilitate reference, the various diseases and their treat- 

ments are grouped under four headings,—X-rays in the treatment 

of, radium treatment of, high-frequency currents in, and electricity in 

diseases of. Thus, in studying the action of the Rontgen rays on acne, 

the reader will refer to X-rays in the treatment of acne. The very 
arbitrary and artificial division of the headings electricity (faradism, 
galvanism, static current, etc.) and high-frequency currents is simply 

an index convenience. 

A 
Abbe, his statistics on renal skia- 

on radium strength and radium 

therapy 
Abrams, on the causes of restriction 

of the diaphragmatic wave 

Accelerator, for photography 
Accessories to the static machine... 

Accumulators 
Action of light on plants 

of the X-rays on bacteria.. 389-394 

Acute X-ray dermatitis 
Adamson, on the X-ray treatment of 

ringworm 

Advantages of fluoroscopy 
of print in skiagraphy 
of stereo-skiagraphy 
of X-rays in the differential di- 

agnosis of complicated 
fractures 

Albers-Schónberg, on the consump- 

tion of tubes 

on the four degrees in vac- 

uum tubes 

on the likelihood of X-ray 
dermatitis 

Analgesic action of the X-rays 

Anatomy, value of the X-rays in, 252-255 
Aneurisms, aortic; their diagnosis and 

differential diagnosis skiagraphic- 

333-335 
Apostoli and Oudin, on the treatment 

of X-ray dermatitis 

Apparatus and method of X-ray 

420-427 

Arneth, on the blood-changes induced 
in leukeemia by the X-rays. ....... 486 

Ascending current i 
Ausset and Bedart, on the X-rays in 

tuberculous peritonitis 
Author’s cases of cerebral skiagraphy. 281 

of incipient pulmonary tu- 
berculosis diagnosed by 

_ the X-rays 317, 318 

of mammary carcinoma 

treated by the X-rays 465-467 

examining box , 236 

head rest for cerebral skiagraphy 278 
method of irradiating cases of 

trachoma 
cases of uterine cancer. 470 

of skiagraphing rectal imper- 

foration 

of treatment of chronic X- 

ray dermatitis 

report on irradiation of cases of 

epilepsy 495, 496 
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Author's table for skiagraphy, stereo- 

skiagraphy, and X-ray treat- 

AVEDA ae tao ee . 200, 248 

A EEES ae ERR ain 2, 84 228 

tubesholder... rs ee 201 

views in regard to the limitations 

and value of the X-rays in ear- 

coma i a te ett 464, 465 

Auto-conduction by the solenoid
... 147 

B 

Bacteria, action of the X-rays on 389-395 

Bactericidal action of radium....
.--- 501 

Bar and Boullé, on red light tre
atment 

of X-ray dermatitis. ....o0ooooocs* 411 

Barnum, on the X-ray treatment of 

kelo ata O A 
ete 490 

Barrel's method for the localization of 

foreign bodies. .... «<=. terie e 300 

Barthélemy and Oudin, on the X-rays 

in hypertrichosis. . . . - EA 448 

Batten, his method of treating ring- 

worm by irradiation......---+++-
+ . 450 

Bauer’s vacuum tube............+.** 194 

Beck, on microscopy of adeno-carci- 

noma after irradiation......-- 418 

on skiagraphy in hepatic condi- 

LTT Sinners Rete eee ek epee 348 

osteoscope. Of... roo oro... 196 

Becquerel, studies of, with radio-ac- 

tive substances... .... oq. c* 498, 499 

Behavior of light on animals and man 512 

Berton's experiments with the X-rays 

on the Klebs-Loffler bacillus. .. . - . - 389 

Bishop, on exophthalmic goitre.. . - - - 121 

on X-ray treatment of trachoma 488 

Blackening of the tube......-------- 197 

Blackmar, on the action of the X-rays 

in malignant disease.....-----+
+--> 417 

Blondlot, R., on velocity of propaga- 

Gon oL N ae EOY 

Blue light as an anestes
ia 520 

Boggs, on the X-rays in tuberculous 

OS 
481 

Boido and Boido, their reports of irra- 

diation in cases of pulmonary tuber- 

O e 
ae 478 

Bordier, on dermatitic changes caused 

Phe X Tayo thre oo Onin meu: 405 

Box-cover for X-ray tubes......----- 202 

Branth, his method of irradiation in 

cases of epilepsy. <.. -e-t 496, 497 

Brewster’s refracting stereoscope for 

stereo-skiagraphy.......+-+++++-- 249 

Brown and Osgood, on sterility due to 

the X-rays... 0.3 A e 412, 413 

Brush. discharge... 7 tie ee 57 

Bullitt, his comparison between the 

X-rays and the surgical treatment 

of túbereulosis...-. eerie es 481 - 

Bunsen cell......... WE eee 63 

Burr, reports of cases by, on bony con- 

genital deformities............+-: 275 

C e 

Caldwell and Simon’s interrupter. ... 178 

Caldwell’s cavity vacuum UD
 424 

Campbell, on the radiotherapy of acne 452 

Cannon’s studies on the stomach dur- 

ing digestion as viewed fluoroscopi- 

cal E E A 
EE 342 

Capp and Smith, on a review of the 

advancements made by irradiation 

in lymphatic leukemia. nm 235: 485 

Carabelli and Luraschi, on the X-rays 

in prostatic hypertrophy.....----
- 492 

Care Of batberye... aio quae te ey 64 

of photographic plates... eses 222 

of static machine........----->:
 51 

of vacuum tube.......----- 196, 197 

Catalysis. 8 or ee ee ee 98 

Cataphoresis,..-.-,2:
2+ 2s paces ae 75 

its bearing on galvanism. . Ne. 75 

Cataphoric electrodes, for high-fre- 

quency CUrTentS....o.oooccs: 
144, 145 

Cathode rays, chemical and photo- 

graphic effects of....-.--- 159 

deflection OÍ... eo 185 

fuorescence and phosphores- 

cene O ie eae ee 159 

physiological effects Ole can 159 

production of.....---- 158, 185 

radiability of......----- A Was 

rectilinear propagation of... 187 

reflection, refraction, and 

polarization of......----- 159 

theories to explain the exist- 

ONCE Ole e . . 159 

Causes and prevention of faulty nega- 

tivese a res ole e A O oO 231 

of X-ray dermatitis......-- 
. 398, 399 

Cautery batteries.....------- 
dea 69 

Cells Bunsen e e oeaan A 63 
64 

charging the.. caceres eA 
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Cells, galvanic ....... 62 | Conn i AO A al, on high-f 
a group” arrangement of........ 41 in dulness of eri a da 155 

o ay A Bier Rone Cre 63 | Connections of a galvanic battery... 62 

Lee anc ee eE eee 64 | Construction of induction coil 171 

parallel” arrangement of. ... 40, 63: CORR o eet 
a ee a oes ie: | OP amare: So ane 

ee, arrangement OE 40,63 | Contremoulins’ measurement of X- a 

a ee O oe) a. re TAVICOSARE ia on... E 439 

Central galvanization...... | : ; ) ; 69 ee oe ee 

pneumonia, value of the X-rays Conie e rents eee T e a eee dl een ee E 

EEN E arr nee er weet Sas 320 | Cossar’s cavit y vacuum-bubes. idas. 

CAC S SYS TOMNA swore. ae wl ae. SOrleCoulomibeianere kn sem rae 

Chain-holder for the static machine... 53 

Changes induced in diseased tissues 

¡A Ne OX TANS. chs dss Wishes 415-419 
Chart of static modalities......... 60-61 

Chemical and photographic effects of 

72 (0 UNG bu a PR a ar ome AN 498, 499 

Chromoradiometer of Bordier, on 

measuring X-ray dosage...... 433 

of Holzknecht, for measuring X- 
ray dosare te tilde ak Seas 432 

Chronic X-ray dermatitis........... 400 

Cinemato-radiographs of the heart... 329 

Clark, on the therapeutic action of 

the X-rays in cancer:....... 471-473 

Classification of radio-activity....... 501 

OE Ta UI ao aie 501 

Closure of the bladder, shown skia- 

ora ICALLY. ri a em ects 360 

Codman, on fluoroscopy and skiagra- 
phy in a study of joint mechan- 

1108 oe AE ARE MEE cio Pee? Sic, T 254, 255 

on latent stage of X-ray derma- 

CGI Se ecco eRe ene ae Rea 401 

on pathology of X-ray dermatitis 404 

on relationship of static machines 

and coils to X-ray dermatitis. 403 

Coil. (See Induction coil.) 

Coleman, on electricity in many oph- 

thalmic affections. «025.2 SOS, 

Coley, conclusions of, on the value an 

the X-rays in malignant disease... 476 

Commutator. oA E EE ee eee 

Compression diaphragm ........... 202 

disadvantages of........... 203 

Under Ns. ee eee rae Al 

Condenser electrode: oc. mr a ai e a 145 

Conditions necessary for success by 

Ensen 7s method... kee ee ae 520 

Conductive currents ar a 2... 58 

UCV ida e AN, 38 

34 

Courtade, radiometer of 

Covell, on a case of asthma with 

fibroids, cured by galvanism..... 126 
Crookes, experiments on radio-active 

SUBS tAMCOS ANA e as 499 
his assertion that matter is radi- 

spinthariscope, for studying the 
fluorescence of radium....... 500 

O Hawn area eA suis o>: 187 

tube for therapeusis..... .. 45... 422 
(See Vacuum tube.) 

Crypto-radiometer of Wehnelt, for 

measuring X-ray dosage.......... 431 

Cryptoscope.<: 3 E a een, 199 

Examination: Withee. yaaa 211 

Curie, Professor and Madame, on the 

study of radio-activity........ 499, 500 
Current going to the primary coil, in 

the study of X-ray dosage......... 427 

D 

Dally, his classification of shadow 

quality with percussion note.. 319 
on pleurisy with effusion, studied 

skiasraphicallyi casos ais Sone 322 

Dark room in photography.......... 221 

D'Arsonval, on high-frequency cur- 

LODOS a a aa UL ea 138, 141 

Data on the negative in skiagraphy.. 218 
Davidson, contact rotary interrupter 

his method of localization of for- 

eign bodies in the eye..... 295-297 

Davies, experiments with the X-rays 

OMe DaCteria e swe io AN 389 

X-ray study of gravid uteri.... 366 

Definitions of electro-therapeutic 
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Dermatitis. (See X-ray dermatitis.) 

Dermo or iron electrode lamp....-- 516 

Descending current.....-- Hage Tone ee 67 

Destot’s views on dermatitic changes 

caused by the X-rays...----+--
+> 405 

Developers in photographic work 222, 223 

Developing papers. ...oooccrcoos? +.. 232 

Diagnosis and differential diagnosis 

of aortic aneurisms by the X- 

O dat aos: 333-339 

Diaphragm (skiagraphic).........+* 202 

COMPTE ie 
ee 202 

its disadvantages....------ 203 

¡E ee hea cre vemos 

Differentiation between ordinary pho- 

tograph and skiagraph......-
---- 214 

Disadvantages of compression dia- 

phra ms: n enra clang at 203 

of AUOrOSCODY -eee aa a aa 214 

Disan’s method of fluoroscopic exam- 

ination of the normal heart......-- 
324 

Disk interrupter...
... e esi nern 174 

Disruptive Currents ueo n 58 

Distance of the ,tube,, for X-ray 

treatment avy ae Ol tee 424 

from the plate.....-..-.-++: SE PEVA S 

O Vereen aes 
E te 232 

Dorn, Professor E., on visibility of 

STAVE E oe ise A E 167 

Dosage of the galvanic cuenta wher O 

of the static current.....---+-
--- 56 

Of the X Tays e ee A 

(See X-ray dosage.) 

Declar
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Drying the DORA ns 

Du Bois-Reymond, his law for the 

electrical stimulation of 

MUSCLES o alle 94 

on muscular contraction fol- 

lowing electrical irrita- 

= tion of motor nerves. .... 92 

Ducretet's self-regulating tube oa 192 

Dunham, selenium cell of, for X-ray 

A A 
ap 

Duration and course of X-ray derma- 

Re AO a 406, 407 
425 

E 

Eder and Valenta, on the degree of 

vacuum of tubes..... <=. 2+** 

Edsall, Pancoast, and Musser, on the 

195 

HUVE.. O S ie O 

Einhorn, his observations on radium 

asserted secondary results occurring 

after irradiating cases of leukeemia 486 

Effects of light on bacteria....--- 511, 512 

of radium on the eye... - Sear 502 

on the nervous system. 502 

o.. 145 

therapy. s coia. AE T, 506 

on transillumination of the stom- 

341 

Electrical currents, effects of, on sen- 
( 

sory cutaneous nerves 95 

on the abdominal or- 

PANS... 2602 ob R >. 97-98 

on the heads ado 

on the sensory nerves 

of muscles.......-- 95 

on the ski! enha eeek 97 

on the special senses. 95-96 
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Quality of the X-rays........... 195, 220 
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graphically studied...... uae MOOS 

R 

Radio-active standard of Phillips, for 
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Radium, influence of, on agglutina- Róntgen rays. (See X-rays.) 
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modes of application of..... Ol 

polarity Of, Art). ed 54 

preparation of the patient 

FORE Ae es a stele rane 54, 

machine. (See Influence ma-» 

hine oe eee 46 
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Technic of dental skiagraphy........ 370 

of medico-legal skiagraphy.377, 378 
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(For detail of technic, see X-ray 
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tic agent; X-rays in the treat- 
ment of.) 
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Thermometric method for measuring 
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Thomson, J. J., on radiant matter.... 157 
Thomson, Sir William (Lord Kelvin) 
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Tizzoni, on the radium treatment of 
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on X-rays in tuberculosis....... 480 
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Walters, on X-ray filters...........- 426 
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on the screen examination of 

the normal heart and dia- 

POLA se else ied 308 
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classification of..........--- 399 
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Williams, C., on the X-rays in the 
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pathological physiology 
OF hi ae 404-406 

physician's responsibility in 
cases Ol) | ee 382-387 

preventive measures against 

407, 408 
diagnosis of biliary calculi... 346, 347 

of prostatic calculi... .. 360, 361 
of ureteral calculi... ... 355-359 
of vesical calculi... 350-355, 360 
(See X-rays as a diagnostic 

agent.) 
dosage, the measurement of, by 
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of Bordier. 433, 434 
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methods nye 439 
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by spintermeter....... 429 
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negative, author’s examining box 

O e NR ed 236 
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in diseases of the tho- 
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diagnosis by. (See X-ray diag- 
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pTeNne.....---++- 321 of the lower extrem- 
OL Soft TISSUES ia 277-282 OL epilepsy. mani. 495 

in acute miliary tu- Neen eee ee o... 266-270 
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