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THE RONTGEN RAYS IN
MEDICAL WORK

INTRODUCTORY

Ix December, 1895, Professor Rintgen announced his since
famous discovery to the Physico-Medical Society of Wiirzburg.
On that memorable occasion he described certain rays which,
themselves invisible, were capable of penetrating many substances
opaque to ordinary light. Like numerous other scientific ad-
vances, the starting-point of his rescarches was due to the happy
chance of an accidental observation. While making experiments
with what is known as a Crookes’ tube—that is to say, a glass
tube exhausted of air and rendered luminous by the passage of
an electric current through its vacuum—he noticed that a piece
of paper covered with barium-platino-cyanide became fluorescent.
This result the Professor obtained even when the luminous tube
was wrapped in a black cardboard cover. The ‘rays’ given off by
the electrified tube he found to have the power of exciting photo-
graphic action and of penetrating various bodies in differing
degrees—roughly speaking, in inverse proportion to their thick-
ness and to their density. Thus, bismuth, which has a high
atomic weight, offered an extreme resistance o the passage of
the rays, which he named the x, or unknown rays. He found
that, in addition to the properties already mentioned, the rays
were neither reflected, deflected by a magnet, nor refracted by
prisms and other media of ordinary refraction. On the peculiar
powers of penetration, of exciting fluorescence, and of acting
upon sensitive photographic plates, the art of Rontgen ray
diagnosis has been founded.












PART I
ELECTRICAL APPARATUS AND METHODS

I. SOURCES OF ELECTRICITY

So far the one unvarying essential for the produetion of the a-rays
is the vacuum tube of high exhaust. The electrical discharge of
high potential that excites the tube may be applied directly from
a frictional machine, or indirectly through the agency of an
induection or a Tesla coil, which transform the current to the
necessary degree of temsion. The transformers, again, may be
supplied with electricity from primary batteries, with current
from dynamos, or with current from secondary storage or accu-
mulating batteries charged with energy from the two foregoing
sourees.

‘Where the Rontgen ray worker lives in the country, away from
any system of public or private electric lighting, the simplest way
will be to trust to primary or ¢ wet’ batteries. In that event he
must be prepared to face the cost and inconvenience of the extra
time, trouble, and outlay required for the cleaning and the
renewal of plates and the purchase of chemicals.

A. Batteries—(a) Primary

There are several well known primary batteries which give a
steady current sufficient for the longest Rontgen ray exposure.
From four to eight cells are required, according to the kind of
battery selected. Of the older forms, the Grove is one of the best,
though perhaps hardly the most convenient. It consists of a
vessel partly filled with dilute sulphuric acid—one of acid to seven

of water ; a eylinder of zinc open at both ends; a porous vessel of
2






ELECTRICAL APPARATUS AND METHODS 19

when the current is not required for more than fifteen minutes at
a time. A greater capacity may be obtained from a combination

Fic. 3.—BicHrRo¥ ATE BATTERY.

of such cells, the bichromate bastery (Fig. 3). The zine plates
must be kept well amalgamated, or the acid soon eats them away.
One of the best modern cells is the Edison-Lalande. It consists

of a porcelain jar, with a cover of similar material, from which is
: 2—2
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needed for the induction coil, and one that adds constancy and
capacity to a high E.M.F. (electro-motive force). Therefore, in
working a coil direct from a primary battery, we take the com-

\!‘ K : J.fIH!' ;i
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Fic. 5.—CELLS 1IN PARALLFL.™

bination that fulfils those conditions. Thus, to work a 1C-inch
coil, taking an E.M.F. of 12 volts and 6 to 8 ampéres, would

* These and several of the foregoing figures are from Dawson Turner’s © Manual
of Electricity.” (Bailliére, Tindall and Cox. 2nd Edition.)
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require seven or eight large Bunsen or bichromate cells arranged
in series, the zinc of one cell being connected with the carbon of
the next, and so on. The coil is coupled with the first carbon and
the last zine.

The modern forms of the primary battery are too numerous
to deseribe here in detail. Each inventor claims for his own
some special advantage. Whatever kind be selected by the
operator, it ought to give a steady uniform current for at least an
hour. The rate of the flow of the current generally required
is not less than 8 ampéres, at a pressure of 10 volts.

Dry batteries may be used. As a rule, two dozen cells are
required, each dozen connected in series with the two end earbons
and the two end zines, carried to the coil by a single series.

/
Ty

(b) Storage or Secondary Batteries

A more convenient form of battery for exciting the induction
coil is that known as the ‘secondary.’ It consists of lead grids,
usually coated with a paste of oxide of lead, and immersed in
dilute sulphuric acid of specific gravity 115 (136 volumes of
arsenic - free acid to 1,000 volumes of distilled water). The
battery is usually charged by a continuous current from the
electric lighting main. By the storing of chemical action in the
cells the charged battery is capable of yielding a powerful current
of great constanecy.

At the same time, certain points have to be observed in the
proper management of the secondary battery. Its capacity, for
instance, must be in relation to the size of the induetion coil with
which it is to be used.

The voltage must be regulated by the size of the spark of the
coil : a 6-inch coil, for instance, wants 8 to 10 volts, a 10-inch
12 volts, with an ampérage of 5 and 8 to 10 respectively. The
capacity should be at least 30 ampére hours for 6-inch coils, and
50 to 100 for the larger sizes. For a 10-inch coil five or six cells
will be wanted with a capacity of 30 to 60 ampére hours.

Each cell, whatever its size, when fully charged should indicate
on the voltmeter about 2.. Directly it falls below 19, the cell
should be recharged, allowing in dealing with the whole battery
19 for each cell, eg., 19 volts for a ten-cell battery. If an
ammeter be used, the wires from the cell should be firmly con-
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nected through a small resistance to the instrument. If the
meter remain steady at any fair number of ampéres, it is still
well charged ; but if there be a rapid, or even steady, fall, the
cell requires recharging. It is never advisable either to dis-
charge the cell altogether or to leave it uncharged, even if not in
use. In the former case the plates buckle, and the cell becomes
more or less choked by formation of an insoluble sulphate of
lead. An invariable rule should be made that the battery must
be recharged once a month, or preferably every three weeks. A
constant ‘leakage ’ of electrical energy is always going on from
every storage battery, due to defective insulation, to impure acids,
and to other conditions, and electricians have not yet been able
to remedy this tendency to spontaneous, if so it be, slow discharge.

The charging of accumulators may be done by the continuous
current from primary batteries, dynamos, and the ordinary light-
ing current, all that is required in the two last named being a
suitable resistance and a fuse. The positive pole of the accumu-
lator must be connected with the positive pole of the charging
circuit. The polarity ean be tested by means of pole-finding
paper. The voltage of the source of charge should be about
~ 10 per cent. over that of the storage battery when fully charged.

The positive terminals of the cells are painted red, and the
negative black. In coupling up a battery, the + of one cell is
connected with the — of the next, and so on. Great care must
be taken to avoid short-circuiting of either the primary or the
secondary cells.

For particulars of charging from primary batteries the reader
may be referred to any standard electrical work. At least four
cells in series of 0-9 voltage will be required for each accumulator
cell. A similar reference may be made to charging from thermo-
pyles and small dynamos. The medical man, wherever possible,
will do best to arrange with the nearest electrician for the
periodical charging.

Charging from a continuous lighting current needs between
source and accumulator a resistance which may be either an
adjustable rheostat or one or more incandescent lamps. The
connection is kept up, usually a matter of ten or twelve hours,
until gas bubbles appear and the aecid turns milky. As the
entering current should have a relation to the size of the battery,
anyone proposing to charge for himself will do well, unless he
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It occupies about a cubie foot only, and so is convenient for cases
in which the operator must take his apparatus to the patient’s
house.

Fic. 8.—8EcoXDARY BATTERY.

B. Dynamos

This method of obtaining the electric current is open fo those
who have access to either a private or a public lighting supply.
The continuous or low tension current, which is sent into the
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house with a voltage of 100 to 250 volts, is most convenient for
running the induction coil. In order to reduce it to the necessary
pressure—10 or 12 volts —a resistance coil, or a rheostat, must be
placed in the cireuit between the source of supply and the eeil,
and the wires should be attached to the ordinary terminals on

Fic, 9.—ScHALL'S BEHEOSTAT.

the coil. A most complete rheostat has been made by Mr.
K. Schall for Dr. Macintyre, of Glasgow (see Fig. 9). By its
means the number both of volts and of ampéres can be adjusted
at will. This admirable rheostat furnishes a most satisfactory
means of working the coil, and one that is cheaper and more
convenient than any system of batteries.
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Of the above-mentioned appliance Dr. Macintyre writes : ¢ The
advantages of this rheostat are very great, because we can arrange
the number of volts and the number of ampéres for any size of
coil from the 2 to the 18 inches spark. My work has not only
been greatly facilitated by means of this new arrangement, but
sparking across the platinum point of the eontact-breaker has been
diminished, and the risks to the Crookes’ tubes have been con-
siderably lessened, while the steadiness and constancy of current
have been assured—points of great importance, as any fall in
either ampérage or voltage, as indicated on the meters, can be
instantly corrected by the operator.’

A plan sometimes adopted is to work with the house-supply a
small motor, which drives a dynamo so arranged as to send a
suitable current straight to the coil.

The alternating current or high-tension current, between 2,000
and 5,000 volts in the street, on entering the house is reduced
by a transformer to a voltage of 100 or 200, It can be used for
running the coil direct, but in that case the coil must be suitably
constructed, a point which should be attended to by the pur-
chaser if he means to use an alternating source ; both condenser
and contact-breaker, for instance, require to be cut out. There
are drawbacks, however, to the use of the alternating ecurrent in
practice, or we may be sure that this convenient means of exciting
the coil would have been widely adopted. It may be made to
work an alternating current motor connected with a small dynamo,
whereby a continuous current is supplied to the coil. The more
usual way, however, is to attach the current in question to a Tesla
‘step-up transformer,’ by which the pressure is increased to
about 6,000 volts, and passed info a Tesla coil. The insulating
medium for coil, transformer, and condenser is oil. This last-
mentioned method is noisy and destructive to tubes, and has
never been much used for Rontgen ray work.

Several more or less successful attempts have been made to
utilize the alternating current for the coil. One simple plan sub-
mitted to the present writer appears to promise well in its future
developments, and there can be no doubt that some such con-
trivance would render the induction coil much more widely
available in the houses of medical practitioners. Max Kohl, of
Chemnitz, has recently patented an alternating-current inter-
rupter, by which he claims that any coil can be worked direct
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The special advantages are that it is at all times freely self-
exciting and ready for use by merely turning the handle, while it
produces a steady continuous flow of electricity of such a char-
acter that the charge may accidentally be passed through a patient
without eausing injury; the direction of the flow of electricity
does not change when once started; the voltage is sufficiently
high to excite tubes of the highest resistance; for sereen work
the lighting is constant ; lastly, there is no need for a costly and
troublesome system of accumulators, rheostats, coils, contact-
breakers and other complicated appliances.

It seems tolerably certain that the apparatus of the near future,
more especially for army and navy work, will be the Wimshurst
machine, made probably with plates of vulcanite, instead of glass.
There is, moreover, a growing tendency towards its use in ordinary
hospital and clinical work. In America it has for some time past
been spoken of in enthusiastic terms by various authorities.

The machine consists of several plates of glass or of vulcanite,
fixed in pairs (except the outer plates of a series) to a boss
or bulb; these bosses revolve upon a stout steel spindle, and
are driven by pulleys and leather belts, the latter being alter-
nately straight and crossed, so as to obtain opposite rotation of
the bosses with their attached plates. Upon the outer surfaces
of each pair of plates are fixed from twelve to thirty suitably-
sized sections of stout tinfoil, which are lightly touched by fine
wire brushes, and thereby excited. The charges are collected
from the plates by means of metal combs placed horizontally
at about the level of the spindle; the outer ends of the combs
are fixed into a brass tube, which is carried upon insulating
supports. The terminals of the machine usually spring vertically
from these tubes, and are fitted with insulation handles, dis-
charging-points, and so on, as may be required.

In order to shield the working parts of the machine from dust
or from injury by inexperienced persons, it is always desirable
that the frame of the machine be made in the form of a glass
case; but the case is in no way necessary to the good working of &
machine, beyond the protection it affords.

These machines have been made with plates not more than
21 inches in diameter, and others so large that the plates were
7 feet across; but the intermediate sizes are the more useful and
handy. Good work with either the screen or the photographic
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as the plates are revolving; and as the quantity of electricity is
proportioned to the speed at which the machine is turned, the
tube may at any time be more strongly execited by a quicker
turning of the handle.

Dr. W. Cotton, of Bristol, has done much good work with a
‘ sectorless* Wimshurst machine. In this form the apparatus is
not self-exciting, but requires an initial charge, which may be
communicated from a small ordinary machine or a Leyden jar.
The latest development of the statical machine is a practically
unbreakable one designed by Mr. Wimshurst himself, with a
special view to army work.

II. TRANSFORMERS TO HIGH POTENTIAL
A, The Induction Coil

The Ruhmkorf coil is an instrument for transforming an
electrical current of low voltage (or pressure) to one of high
tension. Its action depends upon the fact discovered by Faraday
that an electrified body is capable of inducing a similar condition
in an unelectrified body lying within the field of its influence,
but not in actual contact. It consists of a core of soft iron
surrounded by a helix of thick insulated copper wire, known as
the ¢ primary,’ the ends of which are connected to two binding
screws on a board that forms a base for the instrument. The
thick wire is surrounded with many turns of a much finer
insulated wire, called the ¢secondary,’ varying in length from
a few hundred yards to several miles. A 10-inch coil, for instance,
requires some ten miles of cotton- or silk-covered secondary wire
of about 0-2 millimetre thickness. To secure a good and lasting
insulation in this arrangement of primary and secondary is
essential. The case is wrapped in varnished tape, and, after
being wound with the primary wire, is usually enclosed in a thick
vuleanite tube. On the latter the secondary wire is wound in
layers, separated from each other by paraffin-paper. When
finished, the whole is carefully soaked in melted paraffin. For
large coils the secondary is wound, not in single layers along the
length of the coil, like cotton on a reel, but in sections, like a row
of reels on a spindle, with the ends of cotton carried from one
to the other. If built on this principle, which is that adopted
by Mr. Apps, the maker of some of our largest and best coils,
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action of a rotary interrupter, which is driven by a separate
battery. The rate of breaking can be regulated at will, and is
recorded by a speed-indicator (tachometer). The inventor con-
siders from 1,300 to 1,600 interruptions per minute a good average
for photographic and sereen work.

An electrolytic interrupter has recently been adapted to this
work by Dr. Wehnelt, of Charlottenburg. The break which it
induces appears to be so complete that no condenser is required.
It is worked from the direet current,
and requires from 50 to 100 volis to
produce the best results. It consists
of a containing vessel (see Fig. 14) with
two electrodes of unequal surface (the
cathode commonly of platinum foil and
the anode of platinum wire), and the
current is sent by means of these elec-
trodes through an electrolyte of dilute
sulphuric acid of specific gravity about
1-205. This interrupter gives a break of
high frequency, at a rate, say, of 1,300
or 1,500 per minute, and a screen light
of great steadiness and brilliancy is
afforded. It destroys a * hard’ tube in s
a f%w minutes by fusing the platinum Flaiﬂ'i:;.:l‘zﬂzg‘?ﬂ'“E-.}]:;ll';};‘it“':‘
anti-kathode. Dr, Macintyre says this BREAK.
difficulty can be surmounted by regulat-
ing by means of a rheostat the strength of the current which it
sends to the primary. Mr, Cox, however, has shown that 50 volts
can be run safely on a tube of medium resistance. In spite of
some drawbacks, Wehnelt’s invention appears to mark a distinct
advance in methods, and further developments will be looked
forward to with interest. The great advantage is the brilliant
and steady illumination of the tube and the fluorescent screen.
Osmium withstands the current, although it gets white hot.

In practice it is desirable to keep a spare break at hand, as the
platinum points are soon worn away by the action of the current,
and the coil cannot be worked again until they are renewed.
Before using the coil these points should always be examined,
and if found uneven a fine watchmaker’s file should be passed
over them until the surfaces are rendered perfectly plane.
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It is claimed to possess certain advantages over the old form of
induetion coil, such as heavy sparking and economy in the amount
of initial energy required.

]
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Fic. 168.—Prax oF Ocin: O B Coxracr Break. R Barrery. P PriMarRy.
8 Spcoxpary. C Sorr Irox Core. H HamMmer. C CoNDENSER.
8 G SpArk Gar.

B. The Tesla Coil

This is a high - frequency coil with an alternating current,
which yields good results with the focus tube. It can be charged
from an alternating house-supply, and the current is first passed
through a transformer with oil insulation. As the secondary
current is alternating, a special kind of tube is required. This
apparatus is less convenient and cleanly than the ordinary indue-
tion coil.

¢. The Tesla Oscillator

first shown by Professor Silvanus Thompson at the inaugural
meeting of the Rontgen Society of London. It is a converter of
electrical energy, which produces a number of extremely rapid
oscillatory discharges. From a practical point of view, it is open
to the serious objection that the resulting secondary current is
alternating.
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procured x-rays in greater abundance and yielding much better
photographic definition. By his plan the main part of the
Réntegen rays is directed to one side of the tube, and hence may
be readily thrown upon the object to be investigated, whether by

Fic. 18.—Focus TUBE For ALTERRATING CURRENT.®

the fluorescent screen or by a sensitized photographic surface.
Jackson’s tube, known as the ‘focus’ tube (Fig. 17), consists of
a hollow sphere of glass from 2 to 4 inches in diameter. In one

* Both these drawings are from ‘ The Induction Coil in Practical Work,’ hy
Lewis Wright. Maemillan and Co., 1897.
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purchase. The resistance should be proportioned to the size of
the coil, and if wished can be reduced for a time, either by
heating the tube with a spirit lamp or by reversing the current
for a few moments. Mr. A. A. Campbell Swinton’s adjustable
focus tube is devised upon a sound principle, and one can’ only
wonder why it has not come into more general use among
practical workers. He has shown that the kathodal rays are
projected from the aluminium cup-shaped anode in a hollow
cone merging into a beam that strikes the anti-kathode. By a
sliding kathode (which may be adjusted by Dawson Turner’s
method from outside by a magnet) he regulates the distance
between kathode and anti-kathode, so that the tube may be
independent of alterations of resistance, and be fitted for various

Frc. 20.

kinds of work. An excellent tube for high-resistance coils and
for deep tissues is the Penetrator of Messrs. Watson and Co.

There yet remain two methods of reducing the resistance in a
tube. The first, by heating some substance contained in an annex,
such as potash or palladium, whereby the vacuum is lowered.
One of the latest types of this kind is the Queen tube, which
is so arranged that when the tube resistance reaches a certain
point, the current passes by an alternative route into a communi-
cating potash bulb, whereby vapour is driven off and the vacuum
of the main tube lowered, so that it is again brought into action.
This result depends on the fact that some free gaseous molecules
are needed to form a path for the electrical current; but those
left in the original state of the tube appear to become gradually
occluded, and are set free again by the heat.

The other method alluded to depends on the theory that the
outer side of a focus-tube in action becomes inductively charged
with electricity, which acts upon the inside current. To counter-
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work any longer, and then almost the only hope is to admit air
and re-exhaust. It is a curious fact that a tube may benefit
greatly by being laid aside for several weeks or months.

IV. THE EXHAUST PUMP

The form of pump varies almost as much as that of the battery.
The mechanical pump, capable of giving a high exhaust, demands
special knowledge and aptitude on the part of the operator to be
successful. The various kinds of mercurial pump, although
fragile, are much easier to work. They are devised upon two
methods : the Sprengel, by which the rapidly-interrupted fall of
a stream of mercury carries the air out of the pump; and the
Toepler, in which, by the lifting of the mercury, air is forced out
of the apparatus (Fig. 21). Mr. Wilson Noble* has introduced
some important modifications in the latter form which, amongst
other things, do away with all indiarubber tubes, and permit the
reintroduction of any desired quantity of air.

If the Sprengel be selected, it should have at least six fall-tubes,
otherwise it will be found exceedingly slow. From 10 to 20 Ibs.
of mercury are required to work either form. A drying tube—
two if possible—should be attached to each pump, as it rapidly
absorbs all moisture, the great enemy of high exhausts. An
elementary knowledge of glass-blowing is essential to the use of
the apparatus. The Rontgen ray tube should be fused to an
outstanding branch of the pump; if attached by any other means,
it will be found almost impossible to prevent leakage. There
should also be a tube with a tap for connecting a small mechanical
pump to the mercurial pump. By means of a few strokes of the
former, an exhaust of one-thousandth of an atmosphere is quickly
reached. If the coil be attached to the tube before starting the
exhaust, the spark will pass exactly as in the open air. As the
exhaust increases, however, the spark widens out, and forms a
ribbon-like discharge. Now the mercury pump must be put in
operation,

Assuming that the Toepler form has been selected, the vessel
containing the mercury is gradually lifted from the floor-level, so
as to raise the glass valve gently to its position, and to fill the
large reservoir by forcing the air out through the barometer tube.

¥ See paper read at Rontgen Society, January, 1899,
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When no more bubbling of air is to be seen, lower the vessel
containing the mercury, taking care to keep it upright, so that no
air can enter, and return it to its first position on the ground-
level. Directly the mercury has flowed back into the vessel, lift

o [
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Fic. 21.—ToerLEr MERCcURY PuMmp.

the latter and continue the process of lifting and lowering until
the required exhaust is reached. The higher the degree of the
exhaust, the more care is required in filling the reservoir, as
by any sudden lift the mereury rushes up with force sufficient
to break the strongest pump. If while exhausting the spark be
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allowed to pass continuously through the tube, it will be
noticed that the ribbon discharge breaks away from the kathode
and gradually shortens until a glow surrounds both anode and
kathode ; later on the glow surrounding the anode gradually dis-
appears, while that of the kathode spreads until it fills the whole
tube. A dark space begins to appear round the kathode, and as
this increases a green fluorescence is seen here and there in the
tube.

The kathodic glow is focussed by the aluminium disc into
a distinet stream striking the anode, which it gradually makes
red - hot. At this point it is desirable to heat the tube by
placing underneath, and almost close to it, a piece of asbestos
board, below which is a good Bunsen flame. When the tube
is thoroughly heated, another Bunsen flame may be applied
directly to the glass; it must not be allowed to rest on one
spot, but should be passed quickly to and fro, so that the flame
may play equally over the whole tube. This second burner
should be used occasionally for two or three minutes at a time.
Unless these points are carefully attended to, there will be danger
of overheating some part of the glass bulb, which will soften and
be driven in by the pressure of the outside air, causing the
instant collapse of the Crookes’ tube. When the dark space
reaches as far as the anode, the resistance to the passage of
the current increases rapidly, and the whole of the front of the
tube is filled with a beautiful golden-green fluorescence, and
if the hand be now placed between the tube and the fluorescent
screen, its shadow can be seen on the latter. If the tube is
to be used with a 6-inch coil, the exhaust should be continued
until a 3-inch spark passes with some difficulty; then the tube
should be disconnected by melting in a blowpipe flame, and
drawing out the glass junction of the Crookes’ tube with the
pump. As the resistance of the tube continues to increase with
use, it will gradually exceed the power of the coil, as already
stated. It may then be opened, attached to the pump, and once
more exhausted.

Another method of exhausting the Crookes’ tube has been
suggested recently by Professor Dewar. Taking advantage of the
intense degree of refrigeration that can be attained by liquid
hydrogen, he applies that material to a small secondary bulb,
and in that way condenses the whole of the air in the main tube
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of time, the screen will probably sooner or later take a foremost
place. By its means a diagnosis that would baffle an hour of
careful ordinary examination might be laid bare in an instant by
a glance through the fluoroscope. This promptness has com-
mended the sereen to the enthusiastic praise of the army surgeons
who have used it in actual warfare,

The cryptoscope, or fluoroscope, does away with the necessity
of a darkened room. It consists of a dark chamber, shaped like
an ordinary stereoscopic hand-camera. At one end is fixed the
fluorescent screen, and at the other one or two apertures through
which the observer looks (see Fig. 22).

Fi6. 22.—THE CRYPTOSCOPE.

Many attempts have been made to photograph direct from the
screen, but hitherto without much success. Tracings may be
made upon transparent paper laid on the sereen surface, or with
a pencil on paper placed against its eardboard back.

VI. PHOTOGRAPHY

A knowledge of photography is essential to the experimenter
who wishes to carry out the whole process with his own hands.
All the usual dry plates of good makers seem equally sensitive to
the focus tube rays, but amongst them may be specially mentioned
the Cadet Lightning, the Paget XXXXX, the Imperial Rapid, and
the Lumiére plates. With the last beautiful results may be
obtained, at the cost, however, of a slow development. Dr.

4






ELECTRICAL APPARATUS AND METHODS 19

A.
Pyrogallic acid ... o 2% drs,
Metabisulphite of soda ... . 2% drs.
Water ... . 20 oz
B.
Carbonate of soda (crystals) et e B
Sulphite of soda... R 1
Water ... iy A0iomE,
C.
Potash bromide ... S [
Water ... e Yoz

Mix equal parts of A and B, and add a small quantity of C.

Dishes—the lighter the better—will be required to match the
various sizes of plates. They may be made in the smaller sizes
of ebonite or of xylonite, and in the larger of papier-maché or of
enamelled iron. Having taken the exposed plate out of the enve-
lopes, place it in the developing-dish, mix the developer, hold the
dish slightly inclined from you, and pour the developing solution
quickly along the upper edge of the plate, so as to cause it to flow
rapidly over the whole surface. Keep the liquid slightly moving,
but not so quickly as to produce bubbles. The picture, if properly
exposed, should show within a minute after pouring on the
developing solution. The more gradually it appears the better
the result is likely to be. If after two or three minutes it still
lacks contrast, pour off the developer and add to it a little more
of solution B, and once more flood the plate. In from five to
ten minutes the picture will be fully developed. Practice alone
will enable you to decide when this important part of the process
has been effected. The plate must now be taken out, well
washed, and placed in the fixing solution, which consists of

Hyposulphite of soda, ... ' ... ... 16 oz,
Water oo 80 0.

The plate should remain in this until all traces of opalescence
have disappeared. It may then be exposed to the ordinary light,
and should be washed in running water, if possible, for about an
hour, and afterwards placed edgewise and allowed to dry.

4—3
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diluted ; for under-exposure a few drops of the following solution
should be added :

Rodinal von o AlBE
Water 5 e AIBE
Bromide of potassmm vent A O

Excellent results have been reported by development with
hydroquinone until the image shows a fair amount of density; the
plate is then immersed in a rodinal solution, in which a further
slow development brings out the more delicate details of the
picture.

The operator will do well to master the capabilities of one set
of plates and of one developing solution. To procure good results,
every part of the process should be performed thoroughly.

Intensification of negatives is often necessary to strengthen a
faint image, especially in the case of deep tissues taken with a
high-resistance or ‘hard’ tube, when the bulk of the rays is
penetrative rather than photographic. It is carried out by first
washing the plate, and then immersing it in a solution of corro-
sive sublimate of a strength of 20 grains to the ounce of water,
rendered soluble by the addition of an equal quantity of am-
monium chloride. The negative is left thus covered until its
whole surface turns light gray or white; it is then well washed,
and blackened in a solution of strong ammonia—10 drops to the
ounce of water. Negatives intensified in this way print more
slowly, owing to their density.

Reduction of an over-dense negative may be effected by washing
and then placing in clean hyposulphite solution; to the latter
is then added a few drops of the following solution :

Potassium ferrieyanide ... e LT
Water to 10 oz.

Reduction at once commences, and when sufficiently aﬂvanced
the plate should be well washed and dried.

Printing from Negatives

As soon as the plate is thoroughly dry, it may be placed in the
printing-frame, with the film side inwards. On the latter is laid
the sensitized paper, which is in turn fastened on with the wooden
back. The frame is then exposed to the light (not direct sunlight)
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solution of formalin, and dried after soaking in methylated spirit,
or, better still, in absolute aleohol. When dry, the negative may
be put in the printing-frame, and a snap-shot print taken on
Elliott's bromide paper. This is done by exposing the negative
for five seconds at a distance of about a foot from the flame of an
ordinary fish-tail gas-burner. The print is then immersed in a
rodinal developer—1 drachm to 3 ounces of water; and when the
image has reached the desired degree of blackness, it is removed,
washed, placed in a weak fixing solution of hypo., again thoroughly
washed, and dried. By this means the surgeon may be presented
within a few hours, say, of an aceident or of a condition demand-
ing urgent operation, with a photographie record, somewhat lacking
in detail, it is true, but likely to afford all the information desired.

Rontgen photographs may also be taken direct on sensitized
paper. HEastman's z-ray paper, and that of other makers, is used
in exactly the same way as the dry plate; but the most rapid
paper is not yet equal to the most sensitive plate, and hence
longer exposure is required. Moreover, it does not give anything
like the detail of the sensitive plate; but, on the other hand, its
advantages are so numerous and so obvious that improvement in
the production of it is still eagerly awaited. In using paper, the
operator must take care he presents an absolutely flat surface to
the Rontgen rays, otherwise the image may be distorted in a
remarkable way, and thus give rise to pictures that may enfrap
the unwary into all kinds of fallacious readings. A good plan is
to place the sensitized paper between two sheets of stout paste-
board.

In the Greek war many Rontgen photographs were taken
direct as positive images on Eastman’s special paper. In this
way, although there is not the clear definition in the resulting
photographic record as that obtained by the use of negatives, yet,
on the other hand, there is a great saving in time and also in
risks of the carriage of fragile glass plates,

Intensifying Screen
Various attempts have been made to multiply the photographic
effects of the focus tube. To take deep structures requires a
tube of high resistance, a condition in which there is great pene-
tration but little photographic action. In order to increase the
latter the ‘intensifying screen’ was devised. At first it con-
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for the anti-cathode. Osmium and iridium, especially the former,
have been found useful for the anti-cathode, a small piece of the
metal being fixed on a block of aluminium. Professor Rintgen
used a ¢ pinhole,’ consisting of a sheet of metal with a small hole
in it, through which the rays passed, thus obtaining almost the
same result where the platinum plate was not in the focus, and
the ¢ surface of emission’ was comparatively large.

The phenomenon of diffusion and the action of secondary rays
tend to spoil definition more, perhaps, than an imperfect tube.
Placing the tube at a long distance from the plate and object
does not prevent the effects of the secondary rays. Professor
Rontgen investigated this phenomenon, and gave the results to
the Berlin Academy of Seciences.* A lead screen or cover has
been tried to keep off these secondary rays, with an aperture at
the upper side or end to admit the rays from the tube. But
this does not, of course, do away with the diffusion of the rays
which pass through the subject and act upon the plate. It is,
perhaps, in radiographs of the pelvis that this defect becomes
most obvious; it also shows when examining the thorax with
the fluorescent sereen. A coin, for instance, placed on the
surface of the body next to the screen gives a clear, definite
shadow, but if placed on the other side of the body, away from
the sereen, the shadow becomes lighter, and much less distinet
than would be the case when compared with the shadow cast by
an ordinary lamp. It has been stated that these diffusion effects
are not so strong with a new tube as with one that has been
worked for some time.

To test the definition of tubes, Dr. Mackenzie Davidson
employed a network of fine wires crossing each other at right
angles, and about 1 em. apart. If the z-rays come from a small
point, the shadow of the wires cast on a fluorescent sereen will be
correct. ‘ Anything larger than a small point will show astig-
matism in the shadow—in other words, the wires parallel with
the nearest edge of the anode will cast dark shadows, while the
cross wires will cast blurred and ribbon-like shadows, or even be
invisible altogether.’t In any tube the rays which will probably
give the best definition will be those coming off the anti-cathode
at the widest angle to the axis between cathode and anti-cathode.

* dArchives of the Rintgen Ray, vol. iii., No. 3.
T fbid., vol. iii,, No. 4, p. 63,
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pictures, even where there are no defects in the apparatus,
These movements may be voluntary or involuntary. The
operator should always insist on the patient always being in
a suitable and comfortable position. When taking the hand,
wrist, or elbow, the whole arm should rest on the table, and the
patient sit back in the chair, especially when the elbow is con-
cerned. The movement of the shoulder with respiration will
cause a slight amount of indistinetness, and the eclearest pictures
of that part will be obtained when the patient is lying on a
suitable couch. Pillows, cushions, and rugs may be placed
under the parts not to be radiographed, but the board on which
the plate rests should be as rigid as possible. Folds and creases
are a great source of discomfort, and become intolerable in cases
of long exposure. It is often better to remove a garment altogether
than to fold or roll it.

Involuntary nervous tremors will sometimes cause bad defini-
tion, especially in the case of children. If the patient feel cold,
a couple of large sillk squares may be thrown over the body
without diminishing the radiographic effect.

With regard to the movements of the heart and lungs,
radiograms of the thorax must always be more or less indistinet
on this account. Clearer pictures of the thorax might possibly
be obtained in some special cases if the patient could hold his
breath for short intervals, during which the tube would be
running, the current switched off for a few seconds during each
fresh inspiration.

To carry out this method in the case of the heart would
be still more difficult ; it would be necessary for the operator to
sit with the hand on some part of the body where the pulsation
of the heart could be felt, instantaneous single flashes being sent
through the coil with each movement or every other movement
of the heart. Whether the pictures of the heart thus obtained
would be of any value or not it is hard to predict. The experi-
ment 1s one, however, which might be tried.

Localization

This important branch of Rintgen work should perhaps be
considered here, as photography is intimately concerned with its
chief methods. For the sake of convenience, however, the subject
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arranged parallel to this wire. This leaves a white line at the edge of each
negative, and this enables the photographs to be mounted correctly in register.
A board is seen below, and upon it will be noted the photographic plate wrapped
in the black paper. By means of a lever worked by a serew at the far end of the
box, not visible in the illustration, this board is raised so that the plate is brought
firmly up against the calf-skin. The part of the patient to be skiagraphed is
placed upon the top of the box. It will be easily seen how two photographs ean
be taken on different plates without disturbing the position of the patient ; we
are thus sure of obtaining correct stereoscopie pictures. This method can, of
course, be carried out by having a table made with calf-skin covering a space cut
out of the top; or, again, an operating-table can have a window, so to speak,
covered by the calf-skin upon which the patient can lie. This has the further
advantage that it will allow a Crookes’ tube to be }Jlaeed below this part of the
table, so that the patient could be examined by a fluorescent screen while lying
on the couch.

4. Wheatstone's Stereoscope.—Two plane mirrors, about 4 inches square, are
so fixed on a vertical support that their backs form an angle of 90° with each
other. When the observer puts his face close to the edge where the mirrors
meet, so that this edge lies vertically between his eyes, it follows that his right
eye can see only what is reflected in the right mirror, while his left eye can only
see what is reflected in the left mirror. Now, if the two skiagraphs, taken as
already described, are placed so that the right eye image is opposite the right
mirror and the left image opposite the left mirror, each eye will recognise its own
pi;}mre, and they will combine, as usual, and give rise to a single image in perfect
relief.

There are several devices for supporting the skiagraphs, and also for simul-
taneously making them approach or recede from the mirrors. The simplest of all
arrangements is to have two mirrors mounted on anupright block of wood, which
can be placed upon a table, while the skiagraphs can be supported by any simple
means in the proper positions. The writer Las devised a form of revolving
Wheatstone stereoscope shown in Fig. 24.* A four-sided box, which can be
revolved on a vertical rod, is placed opposite each mirror. Upon each of its four
sides one of a pair of stereoscopic skiagraphs is placed. e corresponding
pictures are similarly placed on the other box. In this way the boxes can be
rotated, and two corresponding skiagraphs brought simultaneously in correct
position opposite the mirrors. This prevents the necessity of adjusting each pair
separately, and saves time in demonstrations. The block supporting the mirrors
is attached to a small base with bevelled edges, which slides in a broad groove,
anid enables the observer to slide the mirrors towards or away from his eyes. In
this way he can adjust the mirrors to the position which enables him to combine
the pictures most c:uml'-:}rtah]ﬁ. Each revolving box is fixed by its vertical
support to its sliding board. This allows the distance of the skiagraph from the
mirrors to be altered at will.

The Wheatstone stereoscope is peculiarly adapted for #-ray photographs ; first,
because, as everyone knows, a print from an az-ray negative is reversed—for
example, if a skiagraph of a right hand be taken, when printed it appears to be a
left hand. Now, if such a print be viewed in a Wheatstone stereoscope, it is
reflected in one of the mirrors, and is thus reversed to its original position by the
reflection. Therefore, if opposite the right mirror is p the print from the
negative produced when the Crookes’ tube was displaced to the right side, and
uF:-pusitc the left mirror the print from the negative taken when the tube was dis-
placed to the left, the observer will then see the parts in correct stereoscopic
relief, as if he had been looking at them with his E{ES placed so that the right
eye was at the point occupied by the anode when disp to the right, and the
left eye at the point occupied by the anode when the tube was displaced to the
left. If the skiagraphs be viewed under the same angle as they were taken, the

= == EE——

* The Wheatstone stereoscope is made by Messrs. Curry and Paxton, Great
Portland Street, W.
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VII. STANDS AND OTHER ACCESSORIES

Fia. 25. —TUBE-HOLDER.

A stand for the tube is necessary, and can be easily constructed
by anyone possessing a little mechanical ingenuity. An ordinary
laboratory wooden retort-holder will be found to answer most
purposes. When a patient is lying on a bed or couch, however,
a larger holder will be required, such as the one shown in
Fig. 25.

Many other excellent stands are in the market. The chief
requisites are a firm, heavy base ; easy joints, capable of tight
fixing and of ready extension in every direction, with arms of
some non-conducting material, e.g., hard wood. The stand is one
of those details careful attention to which will be found essential
to the production of good work. As the tube hangs from the end
of a long lever, it is readily made tremulous by the multiplication
of any motion communicated to its support. Clearly, a shaky
tube means a blurred photograph.
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Operating-Table

A simple operating-table ean be made of a piece of board 6 feet
long, 2 feet broad, and 1 inch thick, mounted on firm supports
about 18 inches high. The coil and tube-stand can be placed on
the floor, or on a second table close to the patient. DBy using the
small mounted screen ocecasionally, it will be seen if the tube is
emitting rays of good penetrating power—a simple precaution
whereby much subsequent disappointment may at times be pre-
vented. If the process can be conducted in a dark room, the
ordinary screen will be available ; but if it be in a lighted room it
is difficult for the inexperienced eye to determine whether the
tube is at its best or not. In the latter case the fluoroscope,
which, as already explained, is simply a screen mounted in a
stereoscopic camera, will be found of service.

Fic. 28. —OPERATING-TABLE.

An operating-table may be extemporised from an ordinary
box-couch or deal table without drawers, and in the latter case
the sereen can be used beneath the table-top. Numerous special
couches have been constructed, many of them with canvas tops.
The accompanying illustration shows a simple one of modern
type, made by Watson and Sons.

Davidson has a useful couch (Fig. 29) which allows the
tube to be shifted into any position in the length or breadth of
the table. There is also a window fitted with a convenient
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sheepskin tympanum for screen observations and for stereoscopic
or ordinary photography.

By exercising a little ingenuity the Rintgen ray worker will
be able to adapt any ordinary deal table to meet his require-

Fic. 29.—Davipsox's CoUCH, WITH SHIFTING TUBE-HOLDER, For RGNTGEN
Ray Work.

ments, A hint may perhaps be taken from some of the French
makers, who place the table on a hinge, so that the patient may
be tilted bodily from the horizontal to a reclining position, a
point of some importance in the use of the screen.

VIII. PRACTICAL APPLICATION OF THE RAYS

The proper management of Rontgen ray work involves attention
to a number of details. It can be acquired only by a ecareful
study of the various parts of the apparatus and also of methods;
unless these be mastered the operator may produce nothing but
poor results, and may speedily ruin the best and most costly
coil. In the following description an attempt has been made
to describe the process in a systematic manner, much as if
would be carried out in actual practice:
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First examine the platinum points of your coil ; see they are
not in contact, and are perfectly smooth and even; also notice
that the arm of the switch which passes the current into the
¢ primary ’ of the coil points upward. If the condenser be con-
nected to the coil by means of wires fastened to binding screws
on the base of the coil, see that the wires are firmly screwed
down. Place the discharging-points of the coil opposite each
other, about 1 inch apart.

The source of supply of the electric current having been tested
as already described (p. 24), one end of a piece of thick, well-
insulated copper wire, No. 12 B.G., should be firmly fixed in
the + terminal of the battery, and the other end securely fastened
to the binding screw on the coil ; a second piece of wire should
be similarly fixed on the — terminal of the battery, and led to
the other binding screw on the coil. Examine all the connec-
tions of your battery, and see that the wires are clean and firmly
screwed down. Every weak or bad connection means leakage
of current.

Now turn the handle of your switch to the horizontal position,
and bring the platinum points gently together by means of the
regulating screw attached to the contact break. A spark will at
once commence to pass between the discharging-points; with-
draw these until the distance between them is a little more than
the spark required to produce the Rontgen rays in the tube.
Next increase the pressure of the platinum points by means of
the regulating screw until the spark passes once more between
the discharging-points. The battery and coil are now in working
order and ready for use. Turn off the current by means of the
switch. The latter should move stiffly in its socket, otherwise it
is liable to fall and set the coil in operation at a moment when
unpleasant, if not serious, results might follow—that is to say, by
communicating a shock to the operator or to any other person
who might be in contaet with some part of the circuit. Two
pieces of copper wire well insulated, about No. 24 B.G., should
now be fastened, one end of each to the supports carrying the
discharging-rods, and the other two ends to the terminals on the
focus tube. It is important that the direction of the current
between the discharging-points should be recognised. If when
the switch is turned on the space between the aluminium disc
(kathode) and the piece of platinum (anode or anti-kathode) is
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filled with an apple-green light with a dark shadow behind the
plane of the platinum, then the current is in the right direction;
but if the green light seems stronger below the platinum and
whirls round the inner surface of the tube, the direction is wrong.
In the latter case, turn the switch in the opposite direction, and
at once the space between the anode and kathode will glow with
the characteristic apple-green colour. By the use of the screen
all doubt may be set at rest: with right direction it will fluoresce
brightly, and the flesh of the hand placed behind the screen will
be easily penetrated, and show the shadow of the bones distinetly ;
with wrong direction scarcely any Rintgen rays are produced, so
that only a feeble fluorescence of the screen can be perceived.
Having onee found the right direction, make a note of the binding
screw of the coil to which the + of the battery is fastened, and
also the direction of the handle of the switch. Change the wires
of your battery to the opposite binding screws, and you alter the
direction of the current; change the direction of the switch
handle to the opposite side, and you alter the direction of the
current ; change both the direction of the wires and the switch
handle, and the eurrent flows in the same direction.

Take care that the wires leading from the coil to the foeus
tube are not near each other, for otherwise the spark will pass
between them, instead of through the tube. Much caution is
also required to avoid shocks, both from the coil and from the
wires leading to the tube. The golden rule for the operator is
never to touch any part of the apparatus while the current is
‘on.’ If any readjustment be required, switch off the current
first, and then make the required alteration. The current from
a single wire may give a smart shock without causing any serious
results, but if the body form a part of the secondary ecircuit, by
contact with both wires at the same time, the consequences.
might be of an alarming, or even fatal, nature. Too great care,
therefore, cannot be taken to prevent the current entering the
body either of the operator or of his patient; the longer the
spark used, the greater are the precautions necessary. The focus
tube should be fastened firmly in the insulated holder so that the
flat terminal of the platinum anode lies parallel to the photo-
graphic plate or sereen. If the platinum get red-hot, the eurrent
used is too powerful, and should be lessened by reducing the
pressure between the platinum points by means of the regulating



ELECTRICAL APPARATUS AND METHODS 67

screw. The tube is in the best working condition when the upper
surface of the platinum is covered with a green velvety glow, and
the under surface shows just a faint redness.

The distance of the tube from the object to be photographed is
important. As the Rintgen rays radiate from a point, the near
approach of the tube exaggerates the shadow projected upon the
plate. For objects not more than an inch thick, a foot is a good
distance, but for the thicker parts of the human body from 20 to
30 inches is desirable. The length of the exposure will vary accord-
ing to the distance, the penetrating power of the tube, and the
thickness and opacity of the object. With a tube exhausted to
work with a 4-inch spark and placed 1 foot from the plate, a good
photograph of the hand of an adult should be obtained with an
exposure of one minute, If the distance be doubled, probably
four minutes would be required. It need scarcely be urged upon
the beginner that he should become thoroughly acquainted with
the apparatus and the methods by which the best results are to
be obtained before taking photographs of patients. He will find
in his own person a convenient subject for experiment. When
he has succeeded in taking every part of his own body, he will be
prepared for the ordinary difficulties of Rontgen ray photography.

If the plate be not already placed in the protecting envelopes,
it will be necessary to go to the dark-room to do so. The film
should be placed towards the address side of the envelope. It may
be recognised in the dark-room by its dull, non-reflecting surface,
whereas the plain-glass side shines and reflects light sharply.
Do not bring more plates than the one to be used into the
operating-room, as they would in all probability be affected by the
Réntgen rays, even if standing a long way from the tube. They
may, however, be kept in the same room if shielded in a metal box,

A. EXAMINATION OF PATIENT

At this point it may be useful to describe the exact methods
pursued by the writer, and to cite actual examples. For instance,
the case of a fractured forearm, in which both radius and ulna
were broken a few inches from the wrist : The limb was placed
upon the same table that carried the coil and tube-stand. The
patient sat on a chair at a convenient distance, and his splints and
bandages were not removed. The sensitive plate, duly wrapped up
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raised, so that the head might be in a comfortable position. A
9-inch spark tube was chosen, as it was necessary to penetrate
the left jaw to reach the right. It was placed 24 inches from
the plate, exactly over the sigmoid notch of the inferior maxillary
bone, during an exposure of twenty minutes.* The resulting
Rintgen photograph showed not only two fractures in the jaw
and displacement of teeth, but also injury to the superior
maxillary bone,

The fourth case was that of a patient suffering from stone in
the bladder. The plate, 15 inches by 12, having been prepared,
the clothing was removed, and the patient placed on the table
prone on his belly, with the body inclined slightly to the right.
The tube, worked by a 9-inch spark, was placed 30 inches from
the plate over the left side of the sacrum. An exposure of thirty
minutes was given. The plate was then developed and yielded
a print that plainly revealed the shadow of the caleulus.

In the application of the rays to the teeth, special means must
be taken to meet the requirements of the case. As the sensitized
surface must be placed in the mouth, glass is almost out of the
question. A good celluloid film should be chosen, and cut in
pieces about 1 inch by 1 inch. The latter may then be wrapped
in black paper, and the whole fastened up securely in thin
rubber,T so as to keep out all moisture while in the mouth. The
tongue should be pressed firmly against the rubber, in order to
keep the plate close to the teeth. The patient should, of course,
be placed in a comfortable position, yet so that it is impossible
for the head to move during the operation. An exposure of five
minutes or more will be required to get good detail. The tube
should be placed not less than 12 inches from the face. For the
sake of precaution, the hair can be shielded by means of a thin
sheet of lead held in a clamp and placed a few inches from the
head. After exposure, the plates are developed in the usual way.

It is obvious that the value of the Rontgen results can be best
appreciated by the skilled anatomist. Yet even to him this
new method of investigation presents many difficulties. As a
rule, he is not an expert in practical photography. Every stage
of that process is liable to produce spots and blurs which may

* This refers to the earlier days of x-ray w::lrk, and would now take a quarfe.t
or less of the time mentioned.
T The mbber may be fixed on by a few turns of ordinary sewing cotton.
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the foot and leg. Needles may be fixed in the arm in various
directions, both on the side near the screen and on the opposite
~side, so that an idea may be formed of their relative appearance.

The thorax should next be explored. With the screen on the
front of the body, the shadow of the heart is distinctly seen, its
pulsations may be counted, and anything abnormal in its posi-
tion noted. The cavities of the lungs appear bright, and the
respiratory rise and fall of the diaphragm are conspicuous. The
dark shadows cast by the liver and spleen are plainly outlined in
the abdomen, but, curiously, the convolutions of the adult intes-
tines furnish no readable record by the Rontgen rays. The pelvic
cavity, although more easily examined than the abdominal, still
presents a limited field. To examine it, the tube should be placed
either between the ilium and the dorsal vertebrz or below the
sacrum. As in astronomical photography the sensitized plate
reveals thousands of stars invisible through the telescope to the
eye, so too the eye fails to perceive on the sereen many interesting
and important points that are distinctly photographed on the
plate. With our present knowledge and apparatus, the screen is
useful in the examination of most fractures, both before and after
‘setting,” also for detecting and localizing any foreign opaque
substance in those parts of the body which the Réntgen rays can
readily penetrate. The sereen also aids our investigation of the
organs contained in the thoracic cavity.

5. Fallacies

Many fallacies may arise from an unusual relative position of
the focus tube towards the part under examination. By shifting
a limb up and down and from side to side, its shape upon the
screen may be distorted so as to resemble a variety of deformities.
It is well in all cases of supposed injury to make a routine
examination of the correspondingly sound side of the body under
exactly similar conditions as to relative position of parts and of
focus tube.

Flaws in the sensitive plate or in its development may some-
times lead to an error; and when z-ray paper is used, a small
crease or inequality of surface may result in a perplexing record.

Buttons, coins, or other objects about the person of the patient
may cause confusion,
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All surgeons know that at times it is impossible by any
ordinary method to detect the presence of a foreign body in the
deeper tissues. A familiar instance of this uncertainty is met
with in the palm, where a fragment of needle may elude not only
careful and skilful manipulation, but an extensive cutting opera-
tion as well. The help that can be given by the Rontgen rays
under kindred circumstances may be judged from the following
cases that have been brought under the writer's notice :

A lady, who some time previously ran a needle into her hand,
had her palm explored by a surgeon, with negative results. A
little later a radiogram, taken through splint and dressings,
revealed a piece of broken needle lying in the first interosseous
space, close to the distal end of the thumb metacarpal. From
the information thus obtained the foreign body was readily
removed by a second operation. In other words, the process
furnished the surgeon with a method of diagnosis which denoted
not only the presence, but also the shape, nature, and position of
the body to be removed.

In another case a child suffered for several weeks from a
swollen foot, for which no cause could be ascertained. A radio-
gram, however, showed fixed in the astragalus a broken needle,
the removal of which was followed by speedy recovery.

These facts suggest a useful application of the Rintgen rays—
namely, to locate a hypodermic needle broken off beneath the
skin. As everyone knows, such an accident may be caused by
an abrupt movement on the part of the patient. Further, the
fragment is apt to wander about freely, so that few surgeons
would feel justified in undertaking a cutting operation unless
the foreign body could be fairly well localized. The danger to
the host of a wandering object of the kind in the tissues is
obvious. Suppose it to be small and buried, say, beneath perios-
teum or in the sheath of a tendon, it would almost certainly
elude the exploring finger of the surgeon, unless he be guided
by the exact information now available in all cases by means of a
localizing Rintgen photograph.

The opacity of glass* to the rays, probably due to the contained
lead and other metals, makes it easy to detect fragments buried
in the soft tissues. It is, of course, well known that such objects
may remain embedded for many years, and often give no sign

* Potash glass is more translucent to the Réntgen rays than lead glass.
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of their presence beyond some slight enlargement and pain or
discomfort on deep pressure. By the Rontgen method, however,
a foreign body of that sort may be so exactly defined that the
surgeon can cut down upon and remove it without a moment’s
hesitation, After any injury of the kind, indeed, it would be
well as a routine practice to examine by the rays, in order to
ascertain whether any glass has been left in the wound. In the
next case negative evidence was obtained as to the presence of
glass, but positive testimony as to joint mischief.

A B , a milliner, admitted to the Metropolitan Hospital
with the following history. Two months previously her little boy,
whom she was nursing, by a sudden
kick broke a wineglass in her hand.
The left forefinger was cut, and severe
pain followed, reaching up the arm to
the shoulder. A piece of glass was
supposed to be in the wound, which had
been explored before the patient came
to the hospital. On admission the
wound was found to be cicatrized, and
the end-joint of the finger stiff. The ac-
companying radiogram (Fig. 31) proved
the absence of glass, but disclosed
various changes in the joint. Absorp-
tion of the distal end of the second
phalanx had taken place, and fibrous
anchylosis was diagnosed from (a) the
appearance on the photograph of a faint
line between the phalanges, and (b) the
elinical condition of the joint.

Lead is exceedingly opaque to the
rays, and hence the new method does 5 — (W ——

3 ; : Fic. 31.—FINGER SsHOW-
yeoman’'s service in gunshot wounds. ING ABSORPTION OF
The erratie course taken by bullets after E“-‘"’E AND  Fisrovs

= NCHYLOSIS.
entering the body often renders their
discovery, under the conditions of ordinary surgery, a matter of
impossibility. By means of a Riéntgen ray examination, how-
ever, the surgeon may in many cases acquaint himself as to the
exact whereabouts of the missile, and that without undressing
the patient and without taking off splints and dressings, In that
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Of the former, the two best are Lecomte’s stylet-pince, made to
bite away a morsel of the metal, and Nélaton’s probe, which, as
already stated, is marked by the lead. KElectric probes, on the
other hand, are constructed to show, by means of bell, galvano-
meter, or mierophone, when the ecircuit is completed by a bullet
touching the end of the probe. The two first-mentioned instru-
ments, however, are useless when dealing with modern hard-
mantled projectiles: the stylet-pince fails to bite, and Nélaton’s
probe to indicate the latter-day small-bore ball with its steel
or cupro-nickel envelope. Clearly, no such difficulty awaits the
method of Rintgen diagnosis, which will at once demonstrate,
not only the position, but also the exact size and shape of a
missile in any part of the body.

The first opportunity of the trial of the new discovery in actual
warfare was afforded by the Graeco-Turkish war. The Daaly
Chronicle sent off a complete outfit to the seat of the war in
connection with its national fund for the wounded.

Surgeon-Major Beevor carried out the Rontgen methods sue-
cessfully on the Indian frontier during the Chitral campaign in
1898. His work was often carried on in a temperature that
registered 22° of frost and over. The only damage to his ecoil
was on a train journey in Central India, when the insulating wax
melted out owing to the intense heat. He was able to repair
the damage, however, and after that wrapped the coil in damp
blankets. He found that the method was valuable in many
surgical conditions other than the presence of a foreign body, as,
for instance, in abscess, necrosis, undetected partial fractures,
and injury to internal organs. In one case the spleen was pene-
trated. In another a round bullet passed at low velocity through
the liver (driven by poor native powder): but the missile did not
injure the plexus of nerves and vessels through which it passed
across the body to a position between the ninth and tenth ribs,
where it was located by the rays. This diagnosis could not have
been attained by probing or other ordinary surgical procedures.

In the brilliant campaign brought to a close at the latter end
of 1898 by the Sirdar, now Lord Kitchener, the value of the
Rontgen methods was demonstrated under different climatic
circumstances., In the face of great difficulties Major Beevor,
R.AM.C., applied them in the cold and mountainous distriets of
Northern India, whereas Major Battersby, R.A.M.C., in the Nile
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expedition encountered the not less trying conditions of sand-
storms and tropical heat. The latter distinguished officer, who
was in charge of the Rontgen ray apparatus in the Soudan,
related his experiences in a graphic manner in a paper read
before the Rontgen Society of London, Janunary 10, 1899.* The
chief points raised may be thus summarised : —

First of all, it may be noted that the work was carried out
in a climate where the temperature varied from 100° to 120° F.
The destructive effect of that degree of heat upon insulating
materials, upon fluids of batteries, and upon the processes of
photography, may be readily imagined.

Between Wady Halfa and Abadieh the Soudan outfit had to
travel for two days and a night in an open truck, exposed during
the daytime to the fierce heat of a blazing sun. By keeping the
casing of felt wet, however, the journey’s end was reached
without mishap, and a thermometric observation showed that
the temperature in the interior of the coil did not exceed 85° F.

It may also be noted that Battersby is clearly of opinion that
the more perfect appliances for war purposes will dispense with
batteries and coils. ‘An ideal apparatus,” he writes, ‘would
consist of a statical or friction machine—some modification, for
instance, of Mr. Wimshurst’s, by which the focus tube could be
excited directly. For such a design many physical difficulties
confront us, but they are not insurmountable.”

Portability must always be a first essential in field work. So
far as the coils were concerned, Battersby had one constructed in
two parts, so that they could be slung one on each side of a mule
or a camel. Each portion was packed in a teak box—the coil in
one, and in the other condenser, commutator, break, and stand.
These boxes were cased in thick felt, and also those containing
the storage batteries, so that they could be constantly wetted,
and their interior temperature thereby reduced by evaporation.

The generation of electricity was managed in a highly ingenious
way, which may be described in Battersby’'s own words: ¢ The
pulley of a small dynamo is connected by means of a leather
strap with the back-wheel of a specially constructed tandem
bicyele. The required velocity for the dynamo is thus obtained,
and our procedure is as follows: Having carefully adjusted the
circuit with the storage battery, and also with the voltmeter

* See Archives of the Rintgen Ray, February, 1899,
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and ammeter, my warrant officer took his position on the seat
of the bicycle and commenced pedalling. When 15 volts and
4 ampéres were registered, the switch close to the handle of the
bicycle was opened, and charging of the battery commenced.
As the resistance became greater, a sensation of riding uphill
was experienced, and the services of an additional orderly were
requisitioned for the front-seat. This bicycle practice was
generally carried out in a shade temperature of 110° F., so that
at the end of half an hour we unanimously agreed that some
other form of scientific amusement was desirable. Then the
switch having been turned off before pedalling ceased, in order
to avoid any discharge from the battery, the machine was brought
to a standstill.

* Our cells were the ordinary E.P.S. cells, 40 ampére hour type,
with a voltage of 2 volts per cell, and discharge of 4 to 6 ampéres.
The cells while being charged required the dynamo to give a
current of 15 volts and 6 ampéres ; this multiplied together gives
an electro-motive force of 90 watts, and as 760 watts equal
1 electric horse-power, 1 horse-power was necessary to drive the
dynamo for charging. It was also necessary to have an extra
L horse-power to overcome the resistance of the working parts
and the opposing force contained in the full batteries, hence the
necessity of tandem seat for extra man,’

Primary batteries are for various reasons unsuitable for military
purposes. The small dynamo above alluded to was readily
transported by rail and river, but was unsuited for carriage by
mule, camel, or by bearers. One of the 10-inch coils and its
accessories packed in an oak box was found too heavy for mule
or camel transport, but when slung by ropes on a long pole
could be carried, like an Indian dhoolie, on the shoulders of
four men. Beevor advocates bearers above all other means of
transport.

The insulated wire for the various parts of the apparatus
should be specially made to withstand hot climates.

The tubes were ordinary bianodic foeus tubes. Their platinum
terminals were protected at the ends of the tubes by a thick
ferrule of indiarubber. KEach tube was wrapped in cotton-wool
and packed in a small wooden box, which appears to have
secured safe transit.

The fluorescent screen was most useful at night, but unsatis-
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glare of diffused sunlight, a diagnosis was nevertheless afforded
by a photographic plate, even when the latter was much damaged
and imperfect. In this way a bullet was found flattened out like
a shilling at the lower end of a leg, and an injured hand was
shown to have the metacarpal of the ring-finger fractured.

The supply of focus tubes taken out by the two officers quoted
above seems to have been far too small; thus, Beevor took only
three, and Battersby only four. When we consider the great risk
of damage in transit, to say nothing of perforation during work,
to which these delicate tubes were exposed, we would imagine it
safer to take, say, several dozen, and to distribute them at various
bases of supply. Beside the greater safety ensured by such
distribution, it is now pretty well agreed that better results can
be obtained by reserving certain tubes for those purposes to
which they are best fitted, as, for instance, for penetration or
for sereen work, instead of attempting to get a number of diverse
effects from one or two tubes by varying the spark, current,
break, and other conditions.

The experiences of the Rontgen method in the Graco-Turkish
War, in the British expeditions to Chitral and the Soudan, as .
well as in the Spanish-American War, prove conclusively that
it may be applied under all conditions likely to be met with in
campaigns. Localization seems to be satisfactory, but much
remains to be done in the generation of electricity, in the intro-
duction of portable machines of the Wimshurst type, in the im-
provement of photographic films and sensitized papers, and in
the perfecting of sereen appliances. In short, the army surgeon,
taught by the experiences of the field, must loock to mechanical
and scientific experts for advances in the direction of portability,
simplieity, strength, aceuracy, and durability.

Gunshot Wounds in Civil Practice

Apart from military surgery, however, there are numerous
gunshot wounds to be met with in ecivil practice. It is surprising
the number of injuries of this kind, acecidental and otherwise,
that come under treatment in the course of a single year at one
of the great general hospitals of the Metropolis. Many prac-
titioners will readily recall the long and fruitless search for the
missile that uswally took place in their student days. Now all
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that is changed, and if a bullet be present, it may as a rule be
located within a few minutes by the Rontgen ray apparatus which
is now attached to every well-appointed hospital.

One great advantage of the new method is the avoidance of
the risk of introducing harmful micro-organisms into the wound
by means of the probe. In fact, the method may be regarded as
an addition of prime importance to aseptic surgery, and it must
infallibly lessen the mortality that has been hitherto incident to
gunshot injuries. A further gain is that, with a knowledge of
exact location, the surgeon can minimize the extent of his opera-
tive measures. The latter point is well illustrated in the following

Fic. 32.—SHoT EMBEDDED IN MuscvrLAr ForREARM.

case, reported by Dr. E. H. Lee to the Chicago Academy of
Medicine :

‘ The removal of foreign bodies by means of skiagraphs,” he
remarked, ‘has opened up a great field of observation in that
line. I have in this connection an interesting case, which was
that of a policeman who, in pursuing a burglar, shot himself in
the heel. The skiagraphs show the bullet embedded in the upper
portion of the os caleis. I located the bullet before removing it
by Girduer's bullet-probe. By the skiagraph it is seen that the
bullet is not located in the joint. This is a point which was of
the greatest importance, for the joint was not opened during the
operation. It was supposed that we could not remove the bullet
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without opening the joint, and it could hardly have been avoided
had we not had such accurate knowledge of the location.’*

It will be seen, therefore, that the Rontgen methods furnish, as
it were, an absolute chart upon which the surgeon may found,

Fic. 33.—BULLET 1IN SHOULDER, LYING ON SCAPULA. FIRED FrOM FroxT.
(Dr. Scott, dmerican X-Rey Journal, July, 1899,)

not only his diagnosis and plan of operation, but also the hardly
less important point of prognosis,

Fig. 32 gives a good idea of the record obtained from small
shot. It was taken from the arm of a gentleman who had been
accidentally shot twelve months previously. Two pellets lie

* The Jowrnal, Chicago, January 16, 1897, p. 124.
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close o the ulna, a small portion of which is portrayed. They
caused no trouble, and as the patient was strong and muscular,
their presence could hardly have been detected by any other
means. In cases of this kind, where a foreign body has been
embedded for a long period of time without giving rise to any
inconvenience, it need scarcely be remarked that few surgeons
would counsel removal.

Fic. 34.—TraUME sHOWING LEADEN DEBRIS AXD ABSORPTION OoF BoxE (DIsTAL
Exp oF MEracarran) ArTER Impacr oF Burrer. (Mandras.)

The above print is from a photographie film, and reverses the light and shade
of an ordinary a-ray, just as happens 11.11cn the positive print is taken on
sensitized paper.

The radiogram of a bullet-wound may help diagnosis in various
ways. In the following case, related by Dr. Mandras, of Paris,
it threw light upon an injury of the kind long after its infliction :

* M. B—— was struck about fifteen years ago by a bullet from a
revolver a little below the distal end of the dorsal surface of the
first metacarpal. There was no fracture, but the ball glanced
round the bone, and caused an extensive laceration of the tissues
at the lower and inner part of the thenar eminence.
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¢ Forty days after the accident the wound was healed, but
there was complete loss of power of the thumb. Professor
Dubreuil extracted a disc-shaped fragment of a bullet the size of
a franc. Soon after a second piece, as large as a lentil, was
taken away, followed by a third two and a half months later,
but it was a year before the thumb regained its movements.'#*

A radiogram of the hand by Messrs. Joubert and Bertin-Sans
showed (1) a slight depression upon the metacarpal bone, doubt-
less due to the destruction of the periosteum by the projectile,
and (2) the presence in the ball of the thumb of much metallic
débris. By the courtesy of Dr. Mandras, the photograph is re-
produced in Fig. 34,

Localization of Foreign Bodies

In order to localize the exact position in the tissues of a foreign
body, it is often needful to take a second wz-ray observation
at right angles to the first. TFor instance, let us take Fig. 35,

Fre. 35.—NEEDLE 1N FINGER, sHOWING EvE.

which shows a needle to be imbedded in the finger. With so
small an object, the surgeon has no clue as to whether it lies
back or front of the digit. A cross-photograph, however, will at
once settle the point.

When the fluorescent sereen is used, the surgeon might in
some cases be able to localize by means of acupuncture needles.
Thus, he might take two views at right angles, and in each pass
across the field a needle until it apparently touched the foreign
body, or he might first accurately fix the shadow and push an
acupuncture needle straight into the tissues in the direction
indicated, and then, by a cross-view, ascertain the exact depth to

*23' Radiographie en Médecine,” par V. Mandras, M.D., Bailliére, Paris, 1896,
p. 28.

7
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which the needle should be carried. Such a proceeding would
obviously be confined in its application to the less vital regions.
Other aids to the correct reading of the record of a foreign
body are furnished by (a) the sharpness of the shadow outline,
and (b) its size in relation to the original object. These points
are both shown in the following experiment of Mr. Greenhill’s.
A radiogram was taken of a hand with two sections of bullets
exactly corresponding in size, placed, the one on the back of
the hand, away from the plate, and the other on the palmar
side next to the sensitive surface. The difference in the resulting
images was striking. That of the lower one was clear, sharp, and
almost of the same size as the original section ; the other, on the
contrary, was darker, larger and more diffuse. This diffg-renee in
the size of the recorded shadows
@F is explained by the fact that the
rays issue from the focus tube
S in radiating straight lines; the

i) & e diagram (Fig. 36) will serve to

P A show what is meant. Let F

o ; PR represent a focus tube in action,
WO G TS P the sensitive photographic
g '*I z Dplate, and A and B two objects

& e of similar shape and size, such

Fic. 36. as two halfpenny pieces, but A

being near the focus tube and
B near the plate. It follows, then, as the Rintgen rays radiate in
straight lines from F to P, that the shadow a will be larger than
b, inversely to the distance of A and B from the focus tube. In
fact, given the distance of tube from plate, and the size of the
shadows, the relative position of the intervening objects could
be determined by a simple mathematical ealculation. Upon this
principle, indeed, the chief localizing methods are based.,

It need hardly be pointed out that the ordinary localizing signs
and symptoms, such as pain, tenderness, swelling, dyspncea, and
difficulty of breathing or of swallowing, together with the history
of the case, will retain their former value to the medical attendant.
Such aids to diagnosis, however, are often altogether wanting,
and it is then that the surgeon will call in the aid of the Rontgen
rays. In short, the philosophical observer will find therein an
additional means for conduecting exact investigation into regions
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hitherto inaccessible to either direct or indirect visual inspec-
tion.

In practice, the location of an object buried in deep tissues or
in the larger cavities of the body often presents peculiar diffi-
culties. Suppose a bullet to be lodged near the surface of the
lung, there would be a better chance of finding its exact position
than if it were more deeply embedded. In investigating the
brain, the photographic field is somewhat obscured, as the rays
pass through a large mass of soft material and two surfaces of
bone, of varying thickness and density, which under present
methods are more or less recorded on the plate.

In the case of a foreign body in the brain, the action of a cross-
record may be explained by the following diagram (Fig. 37) :

Nl @ 4

Frg. 37.

Let sk. represent the skull; f. b. the foreign body; No. I. the
lamp, and A the sensitive plate used for the first position; No. II.
the lamp, and B the plate for the second position. Then the
shadow Al will fix the plane between No. I. and A in which £, &.
lies, The exact point of f. b. on that plane is determined by the
shadow B2 on the second plate B, which fixes the plane of f. b.
between No. IT. and B. In other words, the foreign body lies at
the point of intersection of the two planes obtained by the two
radiograms taken at right angles the one to the other. In taking
the second or cross photograph, the lamp should be placed at
exactly the same distance from the plate as in the first exposure.
It should also be over an exactly corresponding part of the plate,

T—2
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Mackenzie Davidson’'s Localizing Apparatus

The two positions of the anode are secured by sliding the focus
tube along a horizontal bar, marked with a millimetre scale,
which runs both ways from a central point at zero. Beneath is
placed the sensitive plate, or, better, film, protected with black
paper in the usual way. On the photographic envelope are laid
two wires at right angles to each other, so placed that one of
them runs in the same direction as the horizontal bar that carries
the tube above, and their point of intersection lies beneath zero
on the scale. The cross-wires may conveniently be fastened to
a thin board or sheet of vuleanite, and kept in place over the
sensitive plate by means of drawing-pins. The wires are painted
with aniline ink so as to leave a mark on the body of the patient,
and it is convenient further to ‘ orientate’ or identify one of the
corners of the plate by some opaque objeet, as a small coin, with
a corresponding sign (in aniline) on the adjacent skin surface.
Two equidistant points are marked off by clips at each side of
zero on the horizontal slide bar, say at 5, 10, or 15 millimetres,
as may be decided by the operator. The focus tube is then drawn
up to one side-clip and an exposure made, after which it is
pushed over to the opposite clip and a second exposure made of
equal duration. The distance from the centre point of the anode
to the plate is accurately measured. The operator is then in
possession of a number of accurate data from which he may find
the exact relation of a foreign body in a patient’s tissues to the
cross-wires and photographic surface, or, what amounts to the
same thing, to the aniline cross mark upon the patient’s skin.

In order to work out the problem readily and aceurately,
Mr. Davidson has devised a ‘cross-thread localizer’ The
apparatus consists essentially of an adjustable horizontal bar,
marked with a millimetre scale starting from a central zero, and
notched correspondingly on its upper edge. A plate-glass stage
marked with a cross, of which the point of intersection lies
exactly beneath zero on the horizontal bar. Beneath the stage
is a hinged reflecting mirror,

The developed negative is placed film upwards on the glass
stage, and the shadow of the wires made to correspond with the
cross mark on the stage. The bar is next raised or lowered so as
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give the point below which the foreign body will be found, at the
depth given by the third co-ordinate.®

If the reader have grasped the foregoing deseription, he will
readily perceive that by gauging opposite sides of shadows it

Fic. 39.—Mackexzie Davipsox's Cross-THREAD LocArizer.t

will be possible to measure the size of the foreign body. As a
matter of fact, such a conclusion can be drawn with quickness
and precision. A little practice, however, is necessary, and the

* Arehives of the Rintgen Ray, vol, ii., No. 1, May, 1898, p. 65.
T Made by Messrs. Muirhead and Co., Elmer's End, Kent, and Westminster.
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Fic. 41.—TurEE BrLLeErs 1x HEAD oF A CADAVER; ONE Ix NECK ; REDUCED
ABOUT ONE-THIRD.
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are fixed by small weights, The point of intersection of the
threads marks the position of the foreign body.

Mr. Hall-Edwards has a good localizer, in which a chequered
grid lies flat over the sensitive plate and beneath the shifting
tube. In America the ‘Dennis Fluorometer’ is in vogue. It
consists of an upright grid attached to an operating table, and
was used exclusively in the recent Cuban war, where it was
found to work rapidly and well, especially in screen-localization.

Foreign Bodies in Brain

By the kindness of Mr. Davidson the writer has been enabled
to reproduce the accompanying illustration (Fig. 41), showing
bullets artificially introduced into the head and neck of a cadaver.
Commencing from above downwards, the round ball at the top
was placed in the right frontal lobe of the brain, and the conical
bullet next to it also inside the brain, close to the right parietal
bone. As the right side of the head was placed next the sensitive
plate, both these bullets were brought close to the film, a fact
which accounts for their clear definition. For a like reason their
shadows in the original photograph correspond nearly in size with
those of the foreign bodies. Their sharpness of outline is wanting
in the third bullet (from above downwards), which was placed in
the centre of the lower portion of the skull cavity, over the basilar
process of the sphenoid. The radiographic record of the last
missile, moreover, would be larger than the original, owing to its
comparative distance from the sensitive plate. Much the same
may be said of the remaining bullet, which is deeply embedded in
the middle line of the muscles of the back of the neck.

In the absence of definite information as to details, it may be
eonjectured that the tube, acting strongly from both a photo-
graphic and a penetrative point of view, was placed close to the
skull, and that the exposure was fairly long. Under those con-
ditions, the side of the skull next the lamp would be reproduced
only faintly, if at all, and a reference to the figure will show that
it represents mainly one side of the skull, namely, that next to
the plate. It will be noticed that the frontal sinus is displayed,
the gums are toothless, the tongue well defined, and, lastly, that
the excellence of the result is to some extent accounted for by the
thin bones, and the fact that the photograph was obtained from
a dead subject.






EULLET
x

Fic. 42.—BuLLET 1¥ BRAIN (Or WITHIN SKULL) oF Livixe Svesecr, Leap WIRE
CAGE USED FOR LOCALIZING,

. Professor Waymouth Reid's case.
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was taken, accidentally shot himself by a bullet from a revolver
on May 21, 1891. He came under the care of Dr. Blaikie Smith,
of Aberdeen, who published an interesting account of his case.*
When found after the accident, blood and brain matter were
oozing from a wound in his forehead, a little above and to the
outer side of the right supra-orbital foramen. A director passed
into the aperture of the frontal bone, and through the substance
of the brain, reached somewhere near the upper extremity of the
fissure of Rolando. With regard to the track of the bullet,
Dr. Blaikie Smith remarked : ‘It seems clear, from the position
of the opening in the skull, that the missile penetrated the brain
about the lower part of the first frontal convolution. Continuing
its course obliquely upwards through the convolution, it apparently
next entered the motor area of the brain, producing, as direct
results, paralysis of the arm and leg on the opposite side.’

Strange to say, the patient recovered entirely from this serious
wound. Five years after the accident, at his own request, a
Rontgen ray photograph, reproduced in Fig. 42, was taken by
Dr. Reid, to whom the writer is indebted both for the illustra-
tions and for the notes of his method of localization.

An external landmark was secured by means of a head-cage of
leaden wire fitted to the right side of the head, which was placed
upon the sensitive plate. The cage was constructed and fitted
in accordance with the measurements given by Poirier (* Traité
d’Anatomie Humaine,” 1895, t. iii, p. 431).

A tracing of the Riontgen photograph was fixed to a flat surface,
and over it was nailed that portion of the wire cage rising
vertically from the Sylvian line, so as exactly to cover its own
shadow mark (A, B in the sketch, Fig. 43). A small surgical
incandescent lamp was then suspended at the height of the anode
of the focus tube, as measured in the first place when taking the
photograph. The lamp was then moved laterally until the
shadows of the cage were cast upon the tracing of the original
negative. By that means the incandescent lamp was placed in a
position corresponding precisely with that of the anode in the
first exposure. Paper dises of varying size were next interposed
beneath the rays at X, until their shadows fitted those on the
tracing Y. Measurements were then taken upon the curved wires

* British Medical Jowrnal for September 17, 1892,
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1 inch over the superciliary ridge, and 1 inch to the right of the
median line—with a revolver bullet of small bore (32 calibre).
The wound passed upwards, backwards, and slightly outward, but
the missile could not be felt by a sterile probe passed in for a
distance of 31 inches. Antiseptic irrigation and dressings were
applied, and shock overcome by free stimulation. The lad had
complete paralysis of the left arm for a week, after which time
he got gradually well. Seventeen months after the accident the
bullet was located close to the frontal bone by two exposures—a
trans-frontal one of eight minutes, and a fronto-oceipital of twenty
minutes. Dr. Fattic’'s explanation of the position of the foreign
body may be gathered from the following note: ¢ From the history
of the case it is evident that the motor area of the right side of
the brain, controlling movements in the left arm, was injured,
and the relief from the paralysis and the present location of the
bullet, as shown by the radiograms, warranted the belief that the
missile must have retraced its passage along the brain wound,
assisted by the force of gravity.’

Messrs, Rémy and Contremoulin have devised an ingenious
method of localization, which was laid before the Paris Academy
of Medicine on March 20, 1897, Having taken two radiograms by
a Crookes’ tube in different positions, they were enabled by means
of a geometrical figure to determine the exact position of a foreign
body. Then, by a special apparatus, somewhat like the compass
used by sculptors, they were able to fix with mathematical
accuracy the depth of the object from the surface.

An interesting case, recorded by Max Scheir, was that of a
man of twenty-seven, who had received a gunshot wound above
the right superciliary ridge. I'rom the symptoms it was imagined
that the bullet had lodged in the orbit, which was explored, but
without success. Five years later the rays revealed a foreign
body somewhere near the Gasserian ganglion. A radiogram taken
at the time would have prevented the useless exploration of the
orbit. Moreover, had the bullet been removed by operation, the
patient might have been spared the ensuing paralysis of the fifth
(except its motor branch) and of the olfactory and optic nerves.

Many other bullets have been detected in the brain by the
Réntgen rays.* Thus, Eulenberg described two such cases. In
the first the foreign body was found in the right middle fossa of

* Deutsch., Med., Wochenschrift, August 17, 1896,
8—2
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Foreign Bodies in Neck and Thorax

Such objects as coins and buttons have been detected in the
larynx, bronchi, lungs, mediastina, and pleura by means of the
Rontgen rays. In most of these sites, however, it is likely that
the clinical signs and symptoms will afford an equally ready
means of diagnosis.

Dr. Walker Downie, of Glasgow, found a pin which had slipped
into the larynx from the mouth. The foreign body could not be
seen by the laryngoscope, but the patient, a boy, complained of
‘a pinching pain at the back of the throat, and some pain in
swallowing.” The pin was discovered by the rays, and easily
extracted by external operation.* Dr, Downie has kindly allowed
the accompanying reproduction (page 103) of his original photo-
graph. It was taken with an exposure of eight minutes to an
Apps coil having a 10-inch spark.

The plate shows parts of upper and lower jaws, with some of the
molar teeth and their fangs. To the left are several of the cervical
vertebra, and in front, under cover of the lower jaw, is the hyoid
bone, below which a light perpendicular band indicates the posi-
tion of the larynx and trachea, structures which are particularly
translucent. Crossing this light area, at the level of the lower
border of the body of the fourth vertebra, is the pin with the
head anteriorly, corresponding to the outline of the thyroid car-
tilage, and with its point embedded in the ecartilaginous dise
between the fourth and fifth cervical vertebrze. The pin appears
at least } inch longer than the antero-posterior diameter of the
larynx, and it is bent near the middle, with the convexity
directed upwards.

In an antero-posterior radiogram the pin was localized by means
of two pieces of silver wire fastened with sticking-plaster, the one
in the middle line, and the other at right angles in a carefully-
noted position. In the picture the two wires were shown fixed
to the skin, and 11 inch above the horizontal one was the image
of the foreshortened pin, with the head close to the middle line,
from which point the body of the pin was directed upwards and
backwards. It is interesting to note that there was no indication
of the vertebrz, through which the rays must have passed to give
the image of the pin shown in the photograph. That result is

* Edinburgh Medical Jowrnal, January, 1897,
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doubtless due to the high penetrative action of the focus tube, as
well as to its nearness to the spine.

The prineiple of localizing by means of wires is capable of ex-
tensive application. Soft lead wire is suitable, and may in many
cases be twisted round a limb. If fastened on with plaster, it
should be remembered that most forms of that material are opaque
to the rays, owing to the contained lead.

Dr. Downie has reported another case in which a pin was
localized outside the larynx in a line behind the right thyroid
cartilage, and removed by forceps.*

The beginner will do well to study all the figures attentively.
In this way he will train his eye to the recognition of various
objects, and will also prepare himself for the more difficult task
of reading the fluorescent screen. Unfortunately, there is a loss
of detail in almost any kind of reproduction for book illustration.
This is especially the case when the original radiogram is reduced
on the block.

An indiarubber drainage-tube, when lost in the pleura, may
now and then be located by the rays. However, as a rule it will
yield no readable record, falling as it does within the uncertain
region of faint soft tissue shadows.

There is doubtless a great field of future usefulness for the
Rontgen processes in lung surgery. That fact is well illustrated
in a case published by Dr. White, of Pennsylvania.t ‘I have
now under treatment,” he writes, ‘ a young lad who accidentally
shot himself with a 22-calibre parlour rifle. The ball entered the
wall of the right chest on the mid-axillary line in the sixth
interspace. The muzzle of the rifle was pointing upward. The
patient complained bitterly of pain under the upper border of
the right scapula. The history of the case and all the eclinical
phenomena would have led to exploration in that region, but the
radiograph shows the bullet in the lower lobe of the lung, on &
level with the tenth rib, and near the middle line of the body.
The picture also shows in a convincing manner a pulmonary
area (corresponding to the lower lobe) of increased opacity, and
evidently the seat of blood-effusion and inflammation. The
patient has all the clinical symptoms of a traumatic pneumonia.

‘There can be little doubt that the difficult decision between

* British Medical Journal, October 22, 1898, p. 1243.
t T'he American Jowrnal of Medical Seience, January, 1898, p. 4.
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operative interference and expectancy in penetrating gunshot
wounds of the thorax without wound of exit will be greatly
facilitated in the future by the accurate localization of the bullet.’

In the cesophagus it is fairly easy to locate false teeth and
other objects opaque to the rays. Thus, a London medical
journal* commented on a case where the results of such an
attempt, although negative, were nevertheless of an instructive
nature, The facts were briefly as follows: A young lady
swallowed by accident a set of false teeth., She called in a
medical man, who, failing to remove the impacted plate from
the gullet, pushed it, or thought he pushed it, down into the
stomach. Some time later she went to a hospital, complaining
of pain in the abdomen, and that region was radiographed, but
without result. Shortly afterwards she brought up a quantity of
blood, and was taken to another hospital, where she died while
an attempt was being made to radiograph the abdomen, to which
part pain was referred to the last.

Post-mortem it was found that the plate had lodged in the
cesophagus below the bifurcation of the trachea, whence it had
ulcerated into the aorta. This case suggests the advisability of
examining the thorax at once by means of the rays whenever a
person has been unfortunate enough to swallow a dental plate.

Dr. Barry Blacker has reported the following case: ‘A, B—,
@t. 48, male. Swallowed set of false teeth consisting of plate
and eight teeth, seen in lateral view between the levels of the
ericoid and thyroid cartilages, immediately in front of the bodies
of the vertebra, and in the antero-posterior view from behind as
a semicircular object, with the convexity to the right side of the
vertebraz, about 2 inches in length.”t

If a foreign body be found impacted in the upper part of
the gullet, the surgeon may decide forthwith to perform an
cesophagotomy. Indeed, it is chiefly on account of the difficulty
of loecalizing such objects that this operation has been hitherto
of rare occurrence. As in the foregoing instance, where a foreign
body is impacted in the gullet, the occurrence of gastric pain is
apt to be misleading. Dr. Macintyre has described a case where
a boy swallowed a halfpenny some six months previously. The
fluorescent screen showed the coin to be lodged opposite the

* Medical Press and Civewlor, January 13, 1897,
t+ St. Thomas's Hospital Reports, 1897.
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third dorsal vertebra. In that instance the pain was constantly
referred to the stomach. Indeed, where pain in that region
cannot be explained by some obvious eause, the surgeon will do
well to make the x-ray examination of the chest a routine practice.

An excellent example of a coin impacted in the cesophagus
was brought forward at the Clinical Society of London on
June 22, 1897, by Mr. Bowlby. The patient, a boy three and a
half years of age, was under the care of Mr. Howard Marsh.
He had been under observation for five weeks, during which
time he showed no symptoms beyond occasional sickness. A
radiogram taken by Messrs. Allen and Hanbury (page 104) at
once revealed the presence of the coin, a halfpenny piece, lodged
in the gullet at the level of the second dorsal vertebra. Removal
was ultimately effected by means of a cateh carried within a gum
elastic catheter.

Dr. Mayo, of Rochester, U.S.A.,* has reported a case where an
open buckle was shown by the radiograph to be impacted in the
gullet of an infant. The buckle lay behind the upper part of the
sternum, with its teeth projecting upwards and to the right. A
left cesophagotomy enabled the surgeon to remove the foreign
body by means of a bent probe. The chief point of interest was
that the position of the teeth would have effectually prevented
the pulling upwards of the buckle. The danger of attempted
extraction by eurved forceps would obviously have been great.

Professor White, of Pennsylvania, had a child, two years and
five months old, brought to him with an obscure history of
dysphagia and vomiting. The Rontgen rays showed a eruciform
toy known as a ‘ jackstone,” impacted in the csophagus on a level
with the space between the second and third dorsal spines, a
little above the bifurcation of the trachea. The object was in
the shape of a Maltese cross, with an additional bar at right
angles through its centre. As it could not be extracted by the
mouth, gastrotomy was performed, and the jackstone’ drawn
down into the stomach and removed. :

Mr. George Heaton, of Birmingham, has recordedt two in-
teresting cases of coins that had been impacted in the gullet for
a considerable time, but gave little evidence of their presence.
In one case the foreign body had been swallowed three months,

* North- Western Lancef, March, 1897.
t British Medical Jowrnal, June 4, 1898, p. 1449.
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and in the other forty days previous to detection by the rays.
One patient took solids and fluids freely, the other fluids only.

Among numerous other instances, the following may be
selected. Dr. Bliss* found an iron staple an inch long, with two
sharp points, so fixed in the gullet that the use of a probang
would have still further impacted the foreign body. Removal
could not be effected by curved forceps until the exact position of
the staple and the direction of its points had been localized by
means of the Rintgen rays.

In this class of cases the importance of the Rintgen rays can
hardly be overestimated. As every surgeon knows, the difficulty
of locating is often extreme. Undetected foreign bodies in the
gullet have been treated for pulmonary phthisis, croup, catarrh,
asthma, and so on. Wallace of Edinburgh has recorded a case
where a plate bearing six artificial teeth could be located only
after repeated negative attempts with the wsophageal olivary
bougie and ‘ coin-catcher.” A low cesophagotomy proved a failure;
and gastrotomy was finally required.

White has suggested the combined use of instruments, as the
curved foreeps, with the fluorescent screen. A similar suggestion
has been made by Mr. T. L. Gillanders, M.B.+ After failure to
find a bullet in a hand, where it had been shown by the rays, he
removed it by observing its relative position to the bullet forceps
upon the fluorescent screen. The first negative result was due to
the fact that the bullet had become flattened against the bone,
and was bound down tightly by the powerful flexor tendon.
Mr. C. G. Burton, of the North Eastern Hospital for Children,
London, has recorded another interesting ease of a coin thus
removed (British Medical Journal, April 1, 1899).

Foreign Bodies in Abdomen

So far as the abdomen is concerned, coins and other foreign
bodies have been located in the case of children. The importance
of exact information of this kind will be at once recognised
by those who are familiar with the needs of abdominal surgery.
The results of ray work, when applied to the abdomen in
adults, have for the most part been either uncertain or negative.
However, a good definition of intestines and other abdominal

* International Medical Magazine, March, 1897,
t British Medical Jouwrnal, May 14, 1898, p. 1252,
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five knife-blades, one barb-wire staple, three screws, one horse-
shoe nail, sixteen tacks, forty-one wire nails, forty-one twelve-
penny nails. On account of the weight of the above articles the
stomach was lower down than normal. The outline of the

F16. 45.—SToMAcH oF *“ OsTRICH MAN " DISTENDED WITH A MAss OF METALLIC
ARTICLES AND GLASS, WHICH CAUSED HIS DEATH (American X-ray JSowrnal,
July, 1898).

articles does not show, as they were all rolled up in a round
mags. Patient emaciated from want of food, as he could not eat
anything for about a week before operation. Foreign bodies had
been in stomach for two or three weeks. After operation the
stomach was closed by interrupted and Lembert sutures. Death
in forty-eight hours from enteritis and exhaustion. There had
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been h@morrhage from the bowels. The post-mortem showed
absolute union of wound in stomach ; no leakage; wound healed
in part.’®

In the same article Dr. Scott shows the radiogram of a
swallowed watch in the lower end of the cmsophagus of the

Fic. 46.—Warca axp CHaix 15 (EsoPHAGUS, SWALLOWED BY ** OSTRICH
MAX " (dmerican X-Ray Jowrnal, July, 1898).
ostrich-man. Immediately after the photograph was taken the
patient removed the watch by means of the attached chain.
Both watch and chain stand out in dark shadow upon the less
dense record of the heart and spine. In the lower part of the
course the chain bends slightly towards the left, thus following
the direction of the cesophagus. The subject of this experiment
was in the habit of swallowing wadded cartridges, tacks, money,

* American X-Ray Journal, July, 1898.
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screws, and other solid articles, at public performances. He
stated that as a rule he passed metallic bodies in twenty-four
hours. A failure in the latter respect appears to have led to an
accumulation and fatal result.

Dr. White has suggested® that in suitable cases the presence
of a foreign body in the stomach could be demonstrated by
moderately distending that organ with a harmless opaque fluid,
like lime-water, and observing whether or not the body dis-
appeared from view.

Linderman suggests the outlining of a dilated stomach by
means of a soft stomach-tube armed with a flexible metal style,
A relative landmark on the abdomen is obtained by fixing a small
coin to the umbilicus.

Foreign Bodies in the Eye

The Rontgen ray exploration of the eyeball, buried, so to speak,
in a dense bony socket, was in the early days of Rontgen work
attended with insurmountable difficulty, Now, however, it may
be readily performed by the use of a tube of good penetration
and definition, and in some cases yields results of great value.

So early in the history of the method as March, 1896, Pro-
fessor Van Duyse communi-
cated some interesting experi-
ments to the Medical Society
of Gand. He introduced a
shot into the eye of a rabbit,
and pushed it up behind the
iris towards the centre of the
lens. He then, with the aid
of a local anmsthetic, produced an exophthalmos, and slipped
under the protruding eyeball a small sensitive plate. The result,
an extremely sharp shadow, is shown in Fig, 47.

An important point is that the foreign body could not be
detected by the ophthalmoscope.

This second picture (Fig. 48) shows a pellet and a fragment of
lead introduced into the equator of a human eye after removal
from the body. His main conclusion was as follows: ‘To obtain
a shadow of metallic bodies lying in the anterior chamber, i

F1e. 47, —8HoT 1% EYEBALL OF RABBIT.

* Deut. Med. Woch,, April, 1897.
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of the margin of the malar process of the superior maxillary bone,
and the knowledge of the relation of the Crookes’ tube to the
sensitive plate, the location of the foreign body can be closely
estimated.’

Dr. Stern, of the Philadelphia Polyclinic, however, claims by
an original method to have succeeded six times in demonstrating,
by both fluoroscope and radiogram, foreign bodies in the eye,
undiscoverable by other means. In each instance he reported
subsequent removal by ophthalmologists. DBefore he detected

Fia. 49, —SwEET's LocALIZING APPARATUS.
From The Practitioner.

the fragment in the case of Dr. de Schweinitz’s patient, the eye
had actually been cut down upon once, and the magnet applied
three times with negative results.

Good records of small shot and fragments of wire introduced
into orbits were obtained by Dahlefeld and Pohrt.* Their plan
was to place the sensitive plate against the temple of the
affected side, and to place the focus tube at a distance of 10 to
15 millimetres distant from the opposite temple. Then came
the stage of exact localization, which in certain cases has

* Deut. Med. Woch., No. 18, 1897.
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rendered the z-rays invaluable to the ophthalmie surgeon. In
America, Dr. Sweet* and Dr. Kibbef appear to have led the way ;
and Dr. Sweet took Rontgen photographs in one or more of
Dr. Hansell's cases where extraction followed. Dr. Leonard's
method was published in April, 1898,! two months later than
that of Mr. Davidson in England.§

An excellent account by Mr. Treacher Collins, of the Rontgen
rays in relation to ophthalmology, was published in the Prac-
titioner for August, 1898. He describes Dr. Sweet's method
thus :

“ Dr. Sweet fixes to the patient’s head an ** indicating apparatus,”

Fic. 50.—Davipsox's EYE APPARATUS.

carrying two steel rods each, with a rounded ball at the end.
These balls are placed at a known distance from the eyeball, one
pointing to the centre of the cornea, the other to the external
canthus, both parallel to the visual line and perpendicular to the
plate.

* From the relation of the images of these balls of the indicator
to that of the foreign body in the skiagraph he is able to work
out, on a horizontal and vertical diagrammatic section of the
eyeball, the approximate position of the foreign body.

* Trans. Amer. Ophth. Soc., vol. viii., p. 88, 1897.
t Archiv. of Ophth., vol. xxvi., p. 517, 1897,

T Philadelphia Medical Jowrnal, February 5, 1898,
§ British Medical Journal, April 28, 1898,
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‘In a patient of Dr. W. Thomson, of Philadelphia, who had
received an injury to the eye eight months previously, Dr. Sweet
predicted that the piece of steel would be found below  the
horizontal line of the eyeball, to the temporal side of the vertical
one, and 20 millimetres from the cornea. The foreign body was
subsequently removed by operation from the position indicated.’

Mr. Davidson applies the photographic plate, fixed in an
angular rest, to the temple on the affected side of the patient, who
sits upright. A loop of lead wire is fixed by sticking-plaster to
the edge of the lower lid, opposite a known point of the eye ; the
point of this wire, projecting upwards, forms the landmark from
which the position of the foreign body is caleulated. The patient
is directed to gaze steadily at a distant object in an axis parallel
with the plate—that is, straight in front—and two exposures are
made on the same plate with the tube in different positions on
the sliding bar. ILocalization is made from the resulting photo-
graphic records in the manner already described, and has now
been successfully applied by many ophthalmic surgeons.

Mr. T. Collins, at a meeting of the Ophthalmological Society on
January 27, 1898, described a series of cases in which the above
method had been used. In none of them could the presence of a
foreign body have been determined from the elinical appear-
ances. In two of the cases the chip of steel was subsequently
withdrawn by the introduction of an electro-magnet in the
direction in which it had been ascertained to lie. The size of
one of these bits of steel was practically the same as had been
estimated by Mr. Davidson previous to its removal. In another
case, the eye being quiet, and two and a half months having
elapsed since the injury, operative procedure was not thought
justifiable. In a fourth case the eyeball was removed, and
dissection showed the foreign body to lie in the position and be
of the exact size predicted.

In taking these objects, often very minute, the tube must emit
the rays from a small point on the anti-kathode, and the exposure
must be short—say a minute to a minute and a half. The method
may be illustrated from the following reports of actual cases
where extraction was successful :

1. ¢ A chip of metal situated 3 millimetres external to a piece
of lead wire previously fixed  to the lower lid, 7 millimetres

upwards from it, and 4 millimetres backwards. On working this
9
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out, it led to the conclusion that the foreign body was in the
lens, direetly behind the discoloured spot in the iris.’
2. ¢ Diagnosed the presence of a spicule of metal 5 millimetres

in length, and located its lower end as situated 5 millimetres .

inwards, and 4 millimetres upwards, from a lead-wire pointer
placed on the lower lid.’

3.  He was able to diagnose the presence of an exceedingly
small chip of metal (less than 1 millimetre in diameter) in the eye.
He further located it 5 millimetres above, and 1 millimetre to the
nasal side of, a pointer placed opposite a known point on the
lower lid, and at a depth of 5 millimetres from the surface of the
cornea. These measurements, worked out on the schematic eye,
showed the foreign body to be situated in the lens, opposite about
the centre of the outer half of the cornea.’*

The advantages of the method in ophthalmic surgery have been
excellently summed up by Dr. Collins as follows :

1. They enable us in doubtful cases to determine the presence
or absence of a metallic foreign body in the eye. With a good
apparatus properly used, a piece of metal less than a millimetre
in diameter can be detected in a skiagraph.

2. The exact position in the eye of a foreign body can be
located by the method, which allows of the procedure which will
most facilitate its removal to be deliberately planned, so that a
minimum disturbance of the tissues of the eye is brought about.

3. The same method allows of the exact size of an unseen
foreign body being ascertained, and of the size of the incision
necessary for its removal being determined.

4. This method enables us to say whether or not a foreign body
which has entered the eye has passed through it into the orbital
tissues or remained in the eye, a point sometimes left in consider-
able doubt as the result of clinical examination. For example, it
is by no means uncommon for a foreign body entering the front
part of the eye to pass through the vitreous, strike the retina, and
rebound into the anterior and lower part of the vitreous. In such
a case, if the lens is not wounded, the foreign body may be
invisible ophthalmoscopically, and the mark left where it struck
the retina be taken for the aperture of exit of the foreign body.

5. The unsuspected presence or the absence of more than one
foreign body may be demonstrated. In one case of Mr. Wray’s

* British Medical Jouwrnal,” August 20, 1898,
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several foreign bodies were shown scattered about in the orbital
tissues, the eyeball having escaped injury,

In March, 1897, Benedikt* showed a radiogram of a man
who had been injured in the right temporal bone several years
previously, Since then his vision had gradually declined,
together with the occurrence of retinal detachment. The onset
of pain led to a radiographic exploration, which revealed a sharp
body penetrating the orbit from the neighbourhood of the
Zygoma.

The humours of the eye appear to be somewhat resistant to
the rays, and the erystalline lens markedly so, while the retina is
insensitive to their vibrations.

Calculi in Various Pusitiung.

The detection of stones in internal organs, closely connected
with the subject of foreign bodies, is likely to become an important
branch of radiography. Under present methods, however, results
are still more or less uncertain in the case of renal and biliary
concretions, and not altogether certain in those of the urinary
bladder. For all that, stone has been shown by the radiogram to
exist in the gall pouch, in the urinary bladder, and in fhe kidney
of the adult living human subject.

So far as the opacities of the various caleuli are concerned,
both Neisser and Petersen have demonstrated that while choles-
terine concretions are almost transparent, those of phosphates
and urates are opaque to the rays. From these premises they
concluded that it would be impossible to detect gall-stones by
the rays, yet stone in the bladder and the kidney might be
thus demonstrated. As already stated, this theoretical conclu-
sion has been more or less upset in practice. Thus, a plate shown
to the writer exhibited a faint but unmistakable shadow of a
gall-stone. The image was too faint to print, but, as often
happens with objects translucent to the rays, could be distinetly
recognised on the negative. Such evidence, however, is of value,
and, so far as one can judge, is all that is likely to be forthcoming
for & time in the case of biliary calculus.

Messrs. Laurie and Leon, in a paper in the Lancet, January 16,
1897, published results of experiments showing that calculi of
oxalate or of phosphate of lime were more opaque than bone,

* Medical Press and Cirewlar, April 7, 1897, p. 359.
9—2






MEDICAL AND SURGICAL APPLICATIONS 119

thirteen minutes with a 6-inch spark, the body lying on its back.
It is noteworthy that in their experiment the spine itself was
very faintly indicated.

The same experimenters obtained a record of a stone in the
living subject, a boy eight years of age, after an exposure with a
6-inch spark of seven minutes to a XXXXX Paget plate. The
stone was removed a few days later with a lithotrite by Mr.
Silecoek. A collotype of this calculus, which appeared to be a
little over an inch in diameter, was published in the Lancet.
Subsequently another stone was demonstrated in the bladder of
a boy of fifteen.

Dr. James Swain, of Bristol, has made some important obser-
vations on the subject. He exposed on a single plate various
kinds of caleuli of nearly uniform thickness to the rays for periods
of one, two, four, eight, and sixteen minutes. He found the
general law laid down by Rontgen, namely, that the denser the
object the deeper the shadow, did not apply exactly to these ex-
periments. Arranged in the order of the highest specific gravity,
the greatest permeability to the rays, and the greatest density of
the shadow, the results are :

Speeific Gravity. Permeability. Lensity of Shadow.
1. Oxalate of lime. Biliary. Oxalate of lime.
2. Urie acid. Uric acid. Phosphatie.
3. Phosphatie. Phosphatie. Uric acid.
4. Biliary. Oxalate of lime. Biliary.

Dr. Swain exposed each of the above kinds of caleuli, together
with a piece of human rib and a portion of kidney. With each
increase of exposure the shadows became fainter, until at length,
after an exposure of sixteen minutes, only the oxalic acid and
phosphatic ealeuli, with the merest trace of rib, were to be seen.
The important deductions are that a short exposure may give a
better result than a long one, and that an oxalate of lime calculus
will be much easier to detect than one of phosphates or of urie
acid. If the exposure be too long, some of the less dense caleuli
will disappear altogether.

The uric acid calculus in an eight minutes’ exposure gave a
less dense shadow than that of rib, and much less, again, than
that of a piece of rib covered with kidney. The extreme difficulty
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Alsberg® reported a case where the signs and symptoms of
renal caleulus left the diagnosis doubtful. The rays, however,
showed a sharply-defined shadow, 3'5 centimetres long, 2-25
centimetres wide, between 3 and 4 inches above the crest of the
ilimm. The presence of a smaller group of stones was also dis-
closed. A large stone weighing over 2 drachms was subse-
quently taken from the pelvis of the kidney, while from
a calyx at the lower end of that organ a collection of seven
small stones was removed. The caleuli were of oxalate of
lime. In this instance not only was a doubtful diagnosis
cleared up, but important indications were also afforded to the
operator.

The present position of the Réntgen rays in regard to stone
in the kidney and the bladder is distinetly encouraging, and may
be illustrated by Dr. Blacker's experiences for 1897 in the z-Ray
Department of St. Thomas’s Hospital. ¢ Among the examina-
tions,” he writes, ‘included under the heading of medical and
surgical diseases were those of suspected caleulus, both renal
and vesical. Of the former there were seventeen cases, in eleven
of which the result of the examinations was negative, although
in one case a very large caleulus was subsequently removed,
and in another a mass of small ealeuli; in the remaining six
an opinion was given that a calculus was probably present,
although in no case could it be definitely stated that one existed,
so that it would seem that in no doubtful case is it wise to omit
the precaution of an z-ray examination. . . . With vesical caleuli
the stone was clearly defined.’t '

The writer has obtained a curious result in a tall stout female
patient under his care, who had suffered for many years from an
innocent tumour of uncertain diagnosis, apparently connected with
the kidney. There were signs of pressure on the gall-bladder,
inferior vena cava, and intestines. After many attempts, a diffuse
shadow of the tumour showed it to be unconnected with the
gall-bladder. At length, with the plate in front of the loin, and
an exposure of six minutes with a 12.inch coil, the tube bein
20 inches from the plate, a photograph showing fine detail was
obtained. In the absence of the confirmatory evidence afforded
by operation, and in view of the great difficulty of interpretation

* Miinchener Med., Wochenschrifi. December 20, 1898,
t ¢8t. Thomas's Hospital Reports,” vol. xxvi., p. 488,
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of the radiogram, the author has determined to postpone publica-
tion for the present. The tumour could be felt from the front of
the loin.

Mr. Hurry Fenwick applies a specially-construeted fluoroscope
to detect the presence of small, deeply-placed stones in the
kidney. As a preliminary step, the kidney is brought out on
the loin, and the room must be darkened for the sereen examina-
tion.*

The original of plate 32 was kindly furnished the writer by
Mr. Davidson. It shows very clearly a uric acid calculus in the
urinary bladder of a living male, twenty-eight years of age. The
size of the stone was estimated at 3 to 4 ¢.m., and its actual
diameter when removed by Professor Ogston turned out to be
32 em. The apparatus used was a 10-inch spark coil of Apps.
During exposure the patient lay on his belly, and a remarkable
print of the scrotum appears on the plate. This phenomenon is
attributed by the operator to the moisture of the parts having
penetrated the two folds of sateen cloth which covered the plate
and moistened the gelatine film so that the cloth slightly adhered
to and impressed the film, To obviate similar oceurrences, which
he had noted more than once, he has since used waterproof
paraffined paper for covering the plates. It is open to some
question if this interesting phenomenon is quite so easily
explained, for warmth, pressure, and electrical action might be
one or all involved.

In the foregoing case the patient, as already stated, was on
his belly, so that the stone, which lay loose in the bladder, was
brought near the plate. The rays were then passed obliquely
through the lower outlet of the pelvis, so as to fall obliquely on
the recording surface, the tube being placed below the buttocks.
In children, and also in suitable cases in adults, a good result ean
be obtained by placing the focus tube close to the sacrum, with
the patient on his face, and taking the photograph through the
pelvis,

It seems tolerably certain, then, in the light of what has been
already done in this important branch of surgery, that the
demonstration of all internal calculi of any size in the adult
will sooner or later be within the power of the Rontgen .ray
operator. At present it is difficult or impossible to obtain any

* British Medical Jowrnal, October 16, 1897.
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satisfactory results in the case of stout persons, and the operator
who undertakes such cases must be prepared for disappoint-
ment.

II. BONES
(@) General Remarks

The following experiment was devised by the author with a
view of ascertaining to what particular element of bone the
Rintgen ray shadow of bone was due. Three small bones were
taken from just above the hoof of a sheep; the first was left
in its natural condition, the second decalcified by soaking for

g

Fic. 51.—TureEE SmarL Boxges rrom Foor oF SHEEP: oN Lerr, NoRMAL;
1N CENTRE, DECALCIFIED ; oX RigHT, CALCINED (AND CRACKED BY THE
HEeAT).

several days in dilute hydrochloric acid, and the third calecined
in a furnace. The three bones thus prepared were placed side by
side on a sensitive plate, and subjected to the rays, with the
result reproduced in Fig. 75. The normal bone on the left affords
a standard for relative comparison; the centre or decalcified one
casts a much fainter shadow ; and the caleined one on the right
yields a photographic record as dark as the normal bone, but
sharper and clearer in detail. It should be noted that the process
of decalcification was not completely carried out, so that some of
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injured many years previously in a machine accident, is portrayed
in Fig. 53. The hand, it may perhaps be pointed out, is the right,
and not the left, as might be at first imagined by anyone un-
familiar with the process. The reason is that the photograph is
taken by transmitted and not by reflected light, so that we have
on the sensitive plate the record of a shadow, and this is reversed
in the process of printing. Owing to non-recognition of this fact
by the surgeon, the wrong hand is said to have been actually
operated upon. Healthy bone appears as a dark shadow with a
more or less well-defined outline, and where it is thinner and
more spongy, as in the bosses projecting sideways from the distal
ends of the metacarpals, and in the small sesamoid bone below
the metacarpo-phalangeal joint of the thumb, the image is fainter.
The joints are indicated by clearly-marked light intervals between
the bones, where the rays have penetrated the intervening arti-
cular cartilages.

A point worthy of passing notice is that the sesamoid bones of
the hand often show as well-defined spots, the size of small shot,
through the distal portions of one or more of the metacarpal
bones. In that position they have been mistaken at times for
a pathological condition. The sesamoid over the metacarpo-
phalangeal joint of the thumb is usually taken in profile, and,
falling clear of the thumb-bones, presents a sharp pieture. Dr,
Clendinnen, of Melbourne, has published a Rontgen photograph
of the mummied hand of a nobleman’s wife, aged twenty-five
years, entombed at Memphis B.c. 1500.* No less than five
sesamoid bones are shown—one over each of the metacarpo-
phalangeal joints of the index and little fingers, two at the
metacarpo-phalangeal joint of the thumb, and one over the
ungual phalanx of the thumb. As to the last-mentioned, Pro-
fessor Allen states that he has never found or heard of a similar
abnormality in modern skeletons. A number of instances of the
kind, however, have been collected and brought o the writer’s
notice by Mr. Frederic Fenton.

As to the abnormal hand, Fig. 63, the reader will do well to
study it carefully in detail. The phalanges of the three remain-
ing fingers are enlarged and dark, while the usual gaps between
the end joints of the middle and ring digits have disappeared.
The most likely reading of these recorded facts is that the fingers

* Infercoloniad Medical Journal of Australasia, February 20, 1898, p. 106.
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obscurity of the signs. Under such adverse circumstances precise
evidence may be obtainable forthwith from the Réntgen screen
or photograph. Moreover, the gain of this particular form of
investigation does not end with recovery. In cases of accident
likely to come before a jury, the proof afforded by a photographic
record of a bone condition may one day win a civil action, or
vindicate the scientific reputation of the medical attendant, two
peints that will be referred to again under the heading of juris-
prudence. Further, if the progress of a fracture be unsatisfactory,
the surgeon can hardly be doing his duty either to himself or to
his patient if he neglect the possible assistance to be gained from
a Rontgen photograph. Some medical men scout the idea of
calling in the services of a professional photographer to help
them in arriving at a diagnosis. If that line of reasoning were
sound, it would equally prevent physicians from weighing a
patient because the scaling chair is the work of a professional
balance-maker. In a similar way it would preclude them from
sending throat secretions to a biological laboratory to be tested
for the presence of the diphtheria baeillus, or from using the
microscope, the stethoseope, the phonendoscope, and the rest of
the hundred and one aids to accurate investigation sold by the
instrument-makers.

The surgeon should bear in mind that iodoform, bismuth, and
some other metallic dressings are opaque to the rays, as well as
lead lotion and the various kinds of adhesive plaster that have
a lead basis; but we have it on the testimony of the medical
department of the Soudan Expedition that, although such effects
injure photographic results, they do not seriously impair the
evidence afforded to the surgeon.

Splints made of felt, pasteboard or wood are translucent, while
those made of metals, except aluminium, are of course opaque.
Plaster of Paris is dense, but a photographic record can be
obtained through such a splint by using a focus tube of high
penetration ; in which case the resulting photograph is apt to be
mottled and patchy, owing to the varying thickness of the
plaster. A good substitute for plaster is the handy * water-glass’
or silicate of sodium splint, which is translucent to the rays, and
may be used conveniently where it is intended to take a Rontgen
photograph during the progress of any particular case.

Nowhere is the necessity for comparative photographs more
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evident than in the case of obscure fractures. A slight pecu-
liarity of the individual bone may be exaggerated into a patho-
logical guise by the peculiar relative position of the tube, by the
rays falling obliquely on the plate, or by an awkward attitude
of the patient. In one case of alleged old-standing fracture of

e

Fig. 52.—Lyxx TrHoMAs's DIsTORTION EXPERIMENT.

(Bix specimens of ulne with the bases of their styloid processes sawn through,
but not detached, with a fret-saw. On the right is a radius with six fissures,
made by the same fret-saw, through its ulnar margin. )

the external eondyle of the humerus, the reading of the Riontgen
photograph itself, without another of the sound elbow taken under.
similar conditions, became a matter of pure conjecture.

A fracture may not be shown on the plate because the z-rays
have not hit the gap in the bone in their straight passage from
the anti-kathode to the sensitive plate. Then the break itself
may be oblique, and thus interpose overlapping edges of bone
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Fire, 53.—IxJurED RicHT HAXD oF WoRKMAN,

By Mr. Greenhill,
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between the source of the rays and the photographie surface.
Mr. Lynn Thomas deseribed an instruective experiment at a
meeting of the Rintgen Society, May 1, 1899. He made
parallel saw-cuts through the styloid processes of several ulna,
and several more cats into a radius. The anti-kathode was fixed
by means of a plumb-line directly over the second ulna, counting
from the top downwards (see Fig. 52). The long axis of the tube
ran parallel to the radins shown in the illustration. The latter
bone was also incised with a saw, and loops of wire twisted from
the bottom of each saw-cut round the sound part of the shaft.
The result is striking. The two upper cuts in the ulne show as
unmistakable gaps. The next is less complete; while in the
lowest one no change is visible in the bony substance. At the
same time progressive distortion is shown in the shape of the
ends of the ulnz. The radial incisions become more and more
V-shaped from above downwards, and the wire loops more and
more oval,

The anti-kathode of the focus tube on the Ronfgen lamp was
placed over the point X—i.e., perpendicular to the base of the
styloid process of No. 2 ulna.

It will be observed that the fissure is more or less obscured by
the shadow of the edges of the crack as we advance towards
No. 6. If we add, in fancy, the shadow cast by the soft tissues
upon this photograph, I feel quite sure that no unbiassed radio-
grapher would accept the evidence as indicating a fracture. The
different uln® have different density to the z-rays, owing to the
different ages and sexes from which they were obtained.

In the radius we have a good example of the distortion a
straight crack or fissure is liable to undergo by the position of the
anti-kathode. The density of the adjacent edges of the compact
bone of the radius—which, by the way, is nearly triangular in
shape at the line of the fret-saws—is enough to allow a photograph
of the two surfaces of the fissure—i.e., the one next the plate and
the one next the Riéntgen lamp—to appear distinetly, The result
is a V-shaped light line with limbs of varying lengths., The
angle of the V, as well as the limb of the V which is caused by
the shadow of the erack furthest away from the plate, can be
increased or diminished according to the operator’s wish, or con-
verted into a straight line,

This experiment clearly shows the confusion and distortion

10
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due to varying relative positions of object of tube and of plate.
It strengthens Mr. Liynn Thomas’s plea for a standard point in the
centre of the wrist in examining injuries of that region. At the
same time it must be borne in mind that the break is not always
in the nature of a vertical separation, but often runs obliquely.
The only trustworthy way of examining for fracture is by the
use in the first place of the sereen at various angles. This fact
can be verified by five minutes’ careful examination of an old
Colles’ fracture. By moving the arms up and down and from
side to side the injury and the shape of the bones may be made
to assume a variety of appearances.

It seems likely that the Rontgen rays will help towards a truer
econception of what really takes place in some particular injuries,
such as Colles’ fracture of the lower end of the radius (see Figs.
66, 57, 68).

Of late a good deal has been heard of the practice of wiring
recent fractures, such as those of the olecranon, lower end of
fibula, patella, and of other bony parts where union is commonly
delayed or vicious. Under the conditions of modern surgery the
plan appears to offer in many cases a good prospect of securing
rapid and bony union. It need hardly be added that the pro-
cedure consists in cutting down under antiseptic or aseptic pre-
cautions upon the broken ends, which are then drilled obliquely
and brought together by stout silver wire. In this particular
class of cases the surgeon will learn from the rays—(1) whether
wiring is advisable, (2) whether proper apposition has been
secured, (3) whether bony union has followed.

The plan of nailing’ recent fractures of the condyles of the
humerus, or of a loose fragment of bone, as advocated by some
surgeons, would in many instances be hardly feasible without a
clear knowledge of the condition of the broken bone, gained from
a screen examination or a radiogram. In the method of treat-
ing false joints or malunited fractures by ¢ Lane's screws,” a
Rontgen photograph is of the utmost value in assisting the
surgeon to determine before operation the exact length of the
screw required in each particular case. By uniting fractures of
the leg-bones (such as Pott’s) by screws that are too long, serious
damage can be inflicted on nerves or bloodvessels unless the
surgeon avails himself of the aid of the z-rays. The accompanying
figure (54) shows that the screw used was of the right length



Fic. 54.—LANE'S ScrEw 1§ Tipra. The uneven outline is due to the
handages.

Mr. Lynn Thomas.
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and that the mechanical adaptation of the tibial fragments was
satisfactory. Some of the remarks made about *screwing * apply
also to ‘wiring’ and ‘nailing.’ Again, the ‘screwing’' on of a
loose fragment offers a promising field for treatment. An excellent
case in which sound union of a fractured olecranon was secured
in this way was published by Mr. Thomas Moore, F.R.C.5.*

Where a fracture is attended by such complications as impac-
tion, comminution, multiplicity, interposed tissues, extension into
a joint, or dislocation, Rontgen methods afford most useful in-
formation. The practical value of the method, however, extends
beyond diagnosis, for by further investigation it can be ascer-
tained whether the bones have been reduced to proper position,
and whether sound bony union has followed. The progress of
a fracture can be followed readily enough when the splints and
dressings are translucent to the rays. If it be desired to make
periodical examinations through a fixed apparatus, the splints, as
already stated, must be made of some penetrable material. The
separation of epiphyses, or the so-called °‘fracture through
epiphyses,’ a subject of great importance in surgery, will be dealt
with in a separate section (see p. 152).

Where a fracture has ended in fibrous union, false joint, or
other imperfeet result, the exact state of affairs ean, with one
or two exceptions, be readily found out by the radiogram. A
similar remark applies to a stiff joint after dislocation or other
injury. In all these cases important indications may be gained
as to the appropriate form of treatment, whether by resection,
osteotomy, wiring, refracture, or the breaking down of adhesions.

The exceptions above referred to are chiefly those of fracture
or dislocation, or both together, about the shoulder or the hip.
In each case an antero-posterior view may be obtained, but a
lateral view is rarely of any use, owing to the multiple shadows
of superimposed bones. Thus, the absence of the bone from its
socket can as a rule be readily demonstrated, but no lateral record
is available to show whither it has gone. Under these circum-
stances, we fall back upon our exact localizing processes, and by
a double photograph determine the exact position of the dis-
placed bone.

The diagnostic application of the w-rays, it may be observed, is
likely to do away with much of the time-honoured business of

* Arclives of the Rimtgen Ray, July, 1897,
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Fig. 55.

Fractvre oF HUMERUS UNITED WITH A Forwarp V-sHAPED BEND.

By Mr. Gerard Peck, Scarborough. Natural size.

(In taking the original of the above block, the ﬂg} ratus broke down after two minutes’
exposure. The picture, however, proves how a readable record can sometimes be procured
under adverse circumstances, as it was taken in the days of long exposures.)
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Special Fractures

'y Fractures of the scapula that may be detected by ordinary
manipulation need not be considered here. Sometimes, however,
an injury of the kind is exceedingly obscure, in which case a
Rontgen ray examination might disclose its real nature. For
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Fio. 56.—DoveLE CoLLrs’ FRACTURE sHOWING ORDINARY FracTure oF BRaDIUus
WITH OUTWARD DISPLACEMENT, AND FRACTURE OF STYLOID ProCESS oF ULNA.

Mr. Lynn Thomas. Natural size ; see also Fig. 57.

instance, it would be difficult or impossible in any other way to
diagnose the rare fracture of the glenoid cavity from dislocation
of the head of the humerus or fracture of its anatomical neck.
Fractures of the collar-bone can be readily shown by the rays
but as a rule there is little information to be gained in that way
that could not be acquired by simpler methods of examination.
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An exception may perhaps be made in the case of the break
without displacement that sometimes oceurs between the attach-
ments of the conoid and the trapezoid ligaments. Such a case
was reported by Dr. Richardson :* ¢ A football-player of nineteen
injured his left shoulder. Six hours after the accident tenderness
was found at the outer end of the clavicle, but neither erepitus
nor deformity was to be made out. The Rintgen rays showed a

Fic. 57.—DovBLE CoLLES’ FRACTURE SHOWING LONGITUDINAL FRACTURE OF
Raprvs wiTH SLIGHT IMPACTION, AXD FRACTURE oF STYLOID PROCESS oF ULNA.

solution of continuity at the point of tenderness, where a week
later callus appeared.’

‘Fracture of the Humerus.—This bone is readily photographed
throughout its length by the Rontgen methods, which are of special

* Boston Medical News, December 26, 1896,
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value in determining the nature of obseure injuries at its upper
and lower ends. The exact diagnosis of fractures about the head,
as every surgeon knows, is often attended with great, if not
insuperable, difficulty, especially when there is much swelling.
Incomplete separation of the head of the humerus at its junction
with the shaft has been reported in cases that had been regarded
as sprains before the Rontgen examination, and it seeins not
unlikely that such injuries may prove less rare than has been
hitherto suspected. So, too, fissures due to direet violence have

Fic. 58.—CoLLEs’ FRACTURE, WITH RUPTURE oF RADIO-ULNAR LIGAMENT.

often been observed in cases which, were it not for the Rintgen
rays, would have been classified as bruising of the soft tissues.
In a case under Mr. Lynn Thomas, a comminuted fracture of the
surgical neck, it would formerly have been impossible to make out
the precise nature of injury.

Fractures about the elbow are often attended with such rapid
swelling that, unless seen at once, it is in many instances im-
possible to ascertain the extent of the injury for several days.
Indeed, it is hardly too much to say that under such cirecum-
stances a Rontgen photograph of the swollen elbow is absolutely
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the only means of exact diagnosis at the command of the surgeon,
who may in this way save much valuable time and anxiety. For
instance, the damage may be of such a kind as to demand prompt
excision, In any event, the x-rays will indicate whether the line
of fracture at the lower end of the humerus is (a) transverse,
(b) T-shaped, (c¢) through condyles, (d) through epiphyses, and
whether it is complicated by (e) dislocation or (f) fracture of the
olecranon. In this way the surgeon ean inform the patient forth-
with as to the probable duration and result of treatment, More-
over, from the knowledge gained as to whether the fracture is
extra- or intra-capsular, he will know exactly when to begin and
when to avoid early passive movements. Thus, if the break be
transverse, above the capsule, such exercise can be delayed for a
month or more, ‘as there is then no danger of a stiff joint, but a
risk of the passive movements at the seat of fracture leading to a
false joint’ (Walsham). Other authorities would, however, with
Luecas Champoniére,* advocate immediate massage, together
with mobilization. Indeed, the advantages of the new method
to the practical surgeon are nowhere more apparent than in
obscure injuries to the elbow-joint.

Fractures about the middle of the forearm are readily
accessible to the rays, the information derived from which may
be applied upon general prineciples. However, so far as the
pathology of fracture of the lower end of the radius is con-
cerned, the method has already demonstrated a number of fresh
facts. Mr. Thomast published the instructive case of a patient
with double Colles’ fracture. From a clinical point of view
the lesion appeared to be identical on both sides, but the Rontgen
photographs showed a wide difference in the bone injuries. In each
the styloid process of the ulna was fractured at its base, an event
usually described by surgical authorities as somewhat rare. One
wrist (Fig. 56) showed the ordinary fracture of the lower end of
the radius, with outward displacement ; the other (Fig. 57) slight
impaction of the radius about three-quarters of an inch from its
lower end, to be detected by noticing the irregularity on the ulnar
side of the bone. By the side of and near that projection is
a ‘ complete longitudinal single fracture of the lower end of the
radius, showing a detached portion of a triangular shape in its

* ¢ Traitement des Fractures par lc Massage et la Mobilisation,” 1895,
t British Medical Jowrnal, January 2, 1897,
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normal position attached to the radio-ulnar ligament.” In a later
communication to the same journal, the author expressed an
opinion that ‘the true pathology of one of the commonest of
fractures (i.c., Colles’) requires rewriting in the leading surgical
text-books in the English language.” In 1899, thanks to the
z-rays, one can state that fracture of the ulnar styloid process
usually accompanies injuries to the radius in Colles’ fracture.

Mr. Thomas has placed a third record (Fig. 8) at the disposal

Fic. 59.—DoveLE FrACTURE oF FOREARM, SsHOWING DISPLACEMENT ; GRAIN
oF WoODEN SPLINT PLAINLY SHOWXN,

of the writer. In his opinion, this illustrates the rupture of the
radio-ulnar ligament described by Mr. Clement Lucas in Guy’s
Hospital Reports for 1884.

The illustrations shown in Figs. 59 and 60 furnish a good
example both of fractured forearm and also of the service that the
Rontgen rays ean at times afford in surgical practice. They were
taken from a restless and muscular young man, eighteen years of
age, under the care of Mr. Jonathan Hutchinson, junior, at the
London Hospital. The patient presented himself with a broken
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as it ean be conducted without taking off a single splint, dressing,
or garment. By availing himself of its aid, the surgeon may
possibly avoid consequences dangerous alike to the welfare of his
patient and to his own reputation.

Destot* has deseribed fractures of the scaphoid, os magnum,
and styloid process of the ulna, associated or not with fractures
of the radius. Of the latter, he has identified with the fluoroscope
three chief types: (1) The epiphysis is entirely detached, and,
strictly speaking, there is no interarticular fracture. (2) The
fragment is wedge-shaped at the expense of the posterior aspect
of the radius, the front of which retains its position. This type
shows many varieties, as when the fragments are multiple or
displaced from without inwards, when the fissure extends higher
or lower, involving the posterior lip only, or the epiphysis only.
Special attention was drawn to this particular kind of fracture
in the pre-Rintgen-rays day by Dr. Rhea Barton in 1838, and
Hamilton, in his treatise on Fractures and Dislocations,
designates it ‘ Barton’s fracture’ in contradistinction to a Colles’
fracture. It is interesting to observe that many pathological
conditions of bone lesions, which were hitherto known only to
a few experts, have been again prominently brought before the
notice of the profession from observations made by means of the
x-rays, It is always advisable to radiograph obscure bone injuries,
and not to trust the fluoroscope alone, because the former method
will record what the eye cannot see in the latter: the one is like
counting the stars of the Pleiades with the naked eye, and after-
wards comparing notes with a photograph of the same region.
(3) The anterior and posterior lips are broken off, and the shaft
penetrates them, separating the one from the other, the bones
being all more or less comminuted and more or less displaced on
the outer side.

Destot points out several possible fallacies connected with the
examination of the wrist. The shadows of the bones do not
exactly correspond with the appearance on a skeleton; one may
confuse a dislocation of the first row of carpal bones with a frac-
ture of the os magnum. The scaphoid, instead of being boat-
shaped, may present a globular form, crossed by a shadow, and
due to a subluxation. Fracture is present only when a clear
space separates the two fragments.

* ‘ Radioscopie Clinique,” Régnier, p. 54.
T Philadelphio Medical Examiner, 1838,






Fie. 61.—Haxp sHOwWING OLD-STANDING FRACTURE OF METACARPAL BoONE.
REsvLT oF CoGWHEEL ACCIDENT.

Somewhat reduced. Dr. J. R. Philpot's case. 1
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height. It will be wise to try and secure a record of impacted
intracapsular fracture of the hip, because of its frequent after-
shortening, which may be attributed by patients to unskilful
treatment. Under such circumstances a differential photograph,
showing an alteration in form or relation of the injured side,
might be of the utmost value to the medical attendant.

Coxa Vara.—Mr. Lynn Thomas has communicated the case of
a young man aged about eighteen who injured his hip in playing
football. From an examination of his signs and symptoms, some
months after the original injury, he would have concluded that
absorption was taking place of the head of the bone, most likely
after impaction into it of the neck. An examination by the z-rays,
however, showed the bending of the neck of the femur to be one
of coxa vara. Ifis waste of time to try and radiograph the hip
in adults if one does not possess a ¢ hard tube.’

In extracapsular fracture of the hip the rays may show
conclusively whether the neck of the bone is impacted or not in
the great trochanter, especially when a comparison is made with
a photograph of the sound side. The knowledge thus gained,
whether negative or positive, could not fail to be helpful to treat-
ment, inasmuch as extension is contra-indicated in the impacted
variety. Moreover, it would guide the prognosis as to permanent
shortening and stiffness of the joint. Generally speaking, a frac-
ture can be readily enough demonstrated by the Rontgen rays in
all parts below the hip.

In fractures of the shaft of the femur the value of the
radiograph will lie chiefly in its evidence as to the proper setting
and subsequent union of the broken ends.

In fractures of the lower end of the thigh-bone »rays are
likely to be more useful. Injuries about the knee are apt to
cause rapid swelling in and around the joint, so that a thorough
examination by ordinary methods is out of the question. Then it
is that a confident appeal may be made to the Réntgen method.
Without taking off a splint or dressing, we may expect to ascer-
tain one or more of the following conditions: (a) line of fracture,
whether oblique, transverse, comminuted, T-shaped ; (b) implica-
tion or otherwise of joint ; (¢) separation of epiphysis.

Fracture of Patella, or Kneecap.— Unless the patient be seen
at once after this accident, the parts often become so swollen
that it is impossible to diagnose the injury. For the investi-

11--2
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Fic. 62.—Rane Srinar Fracrornr oF Tinia.
Dr. Taft’s case.
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may be of use in determining whether the degree of obliquity of
the fracture or the amount of displacement of the fragments
would call for immediate serewing of the bones.

A rare spiral fracture of the tibia was discovered under the
rays by Dr. Taft,* and by the kindness of that gentleman is re-
produced in Fig. 62. It is instructive to learn that the sensitive
plate yielded a clear and unmistakable record of the fracture,
which, nevertheless, could not be seen by the aid of Edison’s
fluoroscope. Dr. Taft accounted for this failure by the difficulty
of getting the screen sufficiently near the bone on account of the
splints and pads, as well as the swelling of adjacent parts. A
second record, taken from the side, showed that the fracture ran
up the tibia in a spiral fashion for a further distance about equal
to that shown in the figure.

Another unusual fracture of tibia was reported by Mr. Hatch,
of Johannesburg.t There were 14 inches of shortening, together
with stiffness and deformity. The Riéntgen method showed that
the main fracture was transverse below the head of the tibia, with
impaction of the lower fragment. The head of the fibula was
thrust up, and carried with it the broken-off external tuberosity
of the tibia.

By no available means of investigation other than the Riéntgen
rays could the exact nature of the two foregoing fractures have
been ascertained in the living subject. There can be little doubt
that, as cases accumulate, many hitherto unsuspected forms and
combinations of fractures will be recorded.

The double fracture of the leg shown in Fig. 63 is from a
picture kindly placed at the disposal of the writer by Dr. F. H.
Low, of West Kensington. The patient was a medical student
of about twenty-two or twenty-three years of age. His leg was
put up in splints in the ordinary way, and he was kept in bed for
nine weeks. A ray photograph of his injured leg, taken three
months after the accident, revealed the state of affairs to be seen
in the pieture. The lower fragments appear to have been thrust
upwards between the upper, a condition which the medical
attendant supposed to be due to the fact that the patient hd
used the limb before the bones were firmly consolidated. In the
light of numerous other observations, however, it would appear

* Boston Medical and Swrgical Reporter, Febrnary 25, 1897,
1 St. Mary's Hospital (fezette for March 1897,
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- F16. 63.—FracTURE oF Tiera axp Fievra ; Tures MoNTHS AFTER IxJURY ; N0
Ourwann DeForMITY.

Dr, Low's case,







Fic, 64.—Fracrvre or Lower Exp or Fipvra, witE DistocATioN oF ANKLE-
JOINT,

Mackenzie Davidson, M. B.
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Fractures about the Head

Fractured skull may be readily shown by the z-rays when
situated upon the face or the cranium—that is to say, anywhere
except at the base of the skull. In the lower jaw fractures can
be readily demonstrated by using the method described for taking

Fic. 65, —BackwarDp DISLOCATION AND FRACTURE oF BoDY OF ASTRAGALUS.
Lynn Thomas.

teeth (p. 69). In all doubtful or obscure cases the surgeon will
do well to appeal to this method.

Fractures of the vertebrs, from the nature of the case,
usually present little difficulty in the way of diagnosis. There
are, however, instances on record of unsuspected partial fractures
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Fic. 66.—FrAcTuRE-DisLocaTioN oF CERVICAL SPIXE.
From the Sheffield Medical Jowrival.
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REMARKS.-—* The ravity of the long survival of a case of fracture-dislocation
of the spine in the cervieal region is well known, and depends, of course, on the
lesion of the cord which so generally accompanies that injury. The rarity of
such an injury to bone and ligament withont invelvement of the cord is perhaps
equally great.’

Fractures of the ribs, which are now and then difficult to
detect, may be diagnosed by the radiograph. In some instances
—as, for example, in lunatic asylums—the proof of such injuries
may have a medico-legal interest. Indeed, it may be mentioned
in passing that the rays are likely to be of special service to the
surgeon when called upon to diagnose injuries of lunatics, mutes,
infants, and other folk who are from any reason unable to furnish
sound personal evidence of their subjective symptoms. Where
death has taken place, a tedious dissection may perhaps be
avoided by a Rintgen photograph.

There are special difficulties in the way of securing a proper
record of rib injuries. For instance, the movements of the chest
wall in respiration will clearly confuse the focus-tube shadow.
It has been suggested that the ribs may be fixed by a dressing
translucent to the rays, such as silicate of soda. When the
fracture is at or within the neck, the movements are sufficiently
restrained simply by lying on the back. The present writer,
with Mr. Burton, secured an excellent picture in that position
of seven broken ribs at the North-Eastern Hospital, London.
The patient was a child who had been run over by a vehicle ;
the fracture had united when the exposure was made, weeks
after the accident. The photograph was darker on the affected
side, owing to the absorption by the skin of a certain amount of
lead from the plaster which had been applied to fix that half of
the chest, and also to fraumatic pleurisy.

It is also difficult in adults to obtain any record of the ribs
over the region of the liver. The writer failed to do so in a
medico-legal case where fracture of the lower ribs was alleged to
have taken place in the nipple line as a result of direct violence
(fall on kerbstone). The patient in that case was an elderly
asthmatic man of great girth. In another instance the writer
has secured a clear record of ribs over the liver in a middle-
aged man of average size, by causing the patient to fix the part
to be taken by leaning firmly against the sensitive plate. In
young adults and children the ribs can often be beautifully
shown through the liver by taking them lying face downwards.

12
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There seems to be no particular reason why lateral fractures
should not be photographed if the chest be fixed in some way,

and the rays directed transversely through the thorax from the
sound side.

Fic. 67.—FracTURE-DisLocaTioN oF CERvVICAL Spixe. From side.
Mr. Pye-Smith's case.

Concluding

This section may be finished by quoting some important
practical conclusions arrived at by two surgeons, one in Germany
and the other in America. For some months both made a routine




Fie. 68, —Fracrure-DistocaTioxn oF NECK, Antero-posterior view.
Mr. Pye-Smith's case,

122
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practice of examining with the Roéntgen rays every fracture
brought under their notice.

The chief point insisted upon by Dr. Richardson of Boston is
that both in recent and in united stages malposition of broken
ends is common, although not revealed by any previously known
method of examination. He mentions a number of cases where
the position was absolutely perfect so far as could be ascertained
by ordinary means, but in which, nevertheless, a Rontgen ray
photograph showed considerable displacement.

Oberst of Halle finds that without the aid of anmsthetics and
without handling the parts he can make an exact diagnosis as
to the position, the nature, and the direction of fractures. He
thus avoids the danger of laceration of vessels and of other
structures that attends manipulation of the fragments. Ether he
now reserves for painful reductions. He also makes a practice of
taking a radiogram at the end of treatment. His main conclusions
are as follows :

1. The ideal or perfect union is rare.

2. In all oblique fractures there is more or less overriding of
the broken ends.

3. In bones that are deeply seated considerable deformities
may escape notice.

4. In cases followed by long-continued functional disturbances,
the Rontgen rays invariably showed overriding of fragments to a
greater or less extent, when manual examination revealed no
deformity.

Dislocations

In this class of injury the surgeon will usually arrive at an
absolute diagnosis by ordinary methods.

A dislocation may be examined with advantage when the parts
are too swollen and painful to admit of manipulation. When
complicated with fracture, the value of the new method ecan
hardly be overestimated for the ease with which a difficult
diagnosis may be reduced to a certainty. To take a concrete
instance, let us suppose a dislocation of the elbow to be examined
by the z-rays, which may demonstrate one or more of the follow-
ing fractures as a complication—(1) of the coronoid, (2) of the
olecranon, (3) of the neck of the radius, (4) of lower end of
humerus, (5) of condyles of humerus, (6) through epiphysis of
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humerus. The importance of trustworthy evidence on any of
these points must be clear, when one considers to what an extent
such knowledge must modify diagnosis, prognosis, and treatment.

Fi1c. 69.—Backwarp Disrocariox orF Boxes oF Forearm 1§ A CHILD.

The illustration of backward elbow disloeation of both bones of
the forearm in a child shown in Fig. 69 is from a ray photograph
taken by Davidson. '

The backward dislocation of the first phalanx of the thumb




Fie. 70.—Pervis, snowixe RickEry DistorTioN oF NEck oF THIGH-BONES
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upon the metacarpal has always been a matter of surgical interest,
chiefly because of the difficulty often experienced in replacing
the bones. It is interesting to note that the rays have confirmed

Fic. 71.—Backwanrp Distocatioxn (oLD) oF METACARPO-PHALANGEAL JoOINT
oF THUME. Position of sesamoids behind and below head of metacarpal
well shown.

Lynn Thomas.
the anatomical theory advanced many years ago by the late Sir
George Humphrey, that the hindrance was due to the sesamoid
bones being carried back with the phalanx, and held there
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and eighteen, up to the union of the last epiphysis, usually
at twenty-three, although that may be delayed in some cases

until thirty years or more.

The Rintgen ray worker will be

guided in the reading of results by the following table :*

TrE Times oF THE UNioN oF THE EripHYSEs TO THE DIAPHYSES
oF THE Loxc BoNEs.

At the 16th year

Between the lhth and 1?111 jreara

At the 17th yea
At the 18th year

Between the 17th and 20th yems
Between the 18th and 20th years ...

About the 20th yea

Between the 18th and 2211{1 }‘em-s
Between the 19th and 23rd years ...
Between the 22nd and 25th FE:M'S

At the 18th year

Between the 18th and 19th }rears )
Between the 19th and 20th years ...

At the 19th year

Between the 18th and 19th y years
Between the 19th and 21st years ...

Between the 20th and 22nd years

Between the 21st and 22nd years ...
Between the 20th and 23rd years ..

The upper epiphysis of the radius,

The olecranon epiphysis of the ulna.

The lower ellliph:,rsis of the humerus.

The internal epicondyle of the humerus.

The epiphyses of phalanges of toes.

The epiphyses of phalanges of fingers and
lower epiphysis of ulna,

The metacarpal Li]ljﬁ]lf&&ﬂ

The upper epiphysis of the humerus.

The lower epiphysis of the radius.

The epiphysis of the clavicle.

The lesser trochanter.

The great trochanter.

The metatarsal epiphyses,

The epiphyseal head of the femur.

The lower epiphysis of the tibia.

The lower epiphysis of the fibula.

The upper epiphysiz of the fibula.

The upper epiphysis of the tibia.

The lower epiphysis of the femur.

Separation of epiphyses is much more common in the male
sex, as shown by Poland in the three most frequent situations—

namely :

Lower Epiphysis of Femur. —Out of 114 cases, the sex is stated
in 96—83 males and 13 females ; all the latter below fourteen

years of age.

Lower Epiphysis of Radius.—Out of 112, the sex is given in
89 as 79 in males, and 10 in females; the whole of the latter
being at or below fourteen years of age.

Upper Epiphysis of Humerus.—Out of 119, the sex is given in

104. Of these, 85 were males and 19 females (16 being at thirteen
years and below, three above).

The practical worker will find the following tables from the
same book of constant value for reference. The statistics are
compiled from Poland’s own cases of separations of epiphyses. ¥

* ‘Traumatic Separation of the Epiphyses,’ p. 47.
t Op. cit., p. 56.
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Mr, Barwell says of it: ¢ The reader will perceive that the x-rays
have marked out an abnormal length and a downward bend of
the neck of the astragalus as being the obstacle to the restoration
of proper form to the tarsal arch.” Fig. 77, also from the Lancel,
gives an excellent illustration of a healthy foot bent strongly
downwards.

| i

Fic. 76.—Tavrires Equinus 1% A Youne Maxw orF NINETEEN : DEFORMITY
BEGAN AT THREE YEARS OF AGE,

Rowland.

In deformities of the spine the rays often afford valuable
information. This is all the more likely now that operations in
that region are becoming matters of everyday surgery. A good
instance of the diagnostic value of the rays in cervical cases wiil
be found mentioned under the section *Diseases of Bone’
(p. 163).
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Numerous cases of polydactylism and allied congenital de-
formities have been published. In one or two instances the

radiograph has indicated the appropriate line of opemﬁmn upon
supernumerary fingers and toes.

Fic. 77.—A NorwmAL FooT BENT STRONGLY DOWNWARDS.
Compare with preceding figure.

-

The writer appends an interesting example of polydactylism.
The case was kindly placed at his disposal by Dr. Milne, the
medical officer of Dr. Barnardo’s Home in London {E'lgs. 81
and 82).

- The hands and feet in these illustrations are irom the same



D, Walsh.
Fre. 78.—Mr. REEVES' CASsE—THUMEBLESS RicHT HAND oF PATIENT

1% Fig. 80.
13
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subject. The hands appear to be wanting in fingers, but the
radiogram shows that it is really a case of polydactylism, with
supernumerary thumb. One of the missing fingers, the digit of
the right hand, appears to be represented by a rudimentary
phalanx forced down between the heads of the second and third
metacarpal bones,

The feet, however, show suppression of toes, and suggest a
two-toed type. The picture of the right foot is indistinct owing
to trembling of that member during the exposure. Tt is interest-
ing to note that the other foot and the hands were not affected
in a similar way, but were perfectly steady—a fact which may
possibly point to some nerve instability or other local peculiarity.

The two Figures 78 and 50 are from a girl of twelve under
Mr. Reeves at the Royal Orthopedic Hospital. The thumbs are
absent in both hands—a rare congenital deficiency, In addition,
the left arm, which is rudimentary and much shorter than the
other, shows a remarkable condition of bony skeleton. Humerus,
radius, and ulna are blended into one long bone, with an out-
standing spur at the site of the obliterated elbow-joint. The
fifth left metacarpal is partly developed.

Some interesting developmental defects with radiographic
pictures were shown at the West London Medico-Chirurgical
Society, March 3, 1899.* They included both proximal and distal
deficiencies of the limbs, Four principal explanations have been
advanced : (1) Interference with arteries; (2) nerve disturbance ;
(3) intra-uterine amputation ; (4) reversion to ancestral type.

Dr. G. T. Beatson has described a congenital deformity of both
thumbs in a girl four years of age.t The radiographic picture
reproduced in Fig. 79 shows an extra wedge-shaped bone between
the first and terminal phalanges of the thumb. Both the end
phalanges were bifid. There was a family history of extra digits
and toes and broad thumbs and great-toes, and also of webbing.
The father's thumbs were not bifid at the end phalanges, but the
terminal phalanx of one great-toe was partly bifid, with two
distinet nails. Dr. Beatson quotes the statement of Coats that
¢ deformities of fingers and toes are to a certain extent interchange-
able, the one being transmissible from the other.” He also men-
tions Gegenbauer’s definition of the atavistic view, namely, ¢the

* West London Med.-Chir, Jowrnal, April, 1899.
t Seottish Med. and Surg, Jowrnal, December, 1897,

13—2
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reappearance of a more primitive organization, or a reversion to a
primary state.” With regard to his own case, he considers it fair
to assume that, looking to the family history of hyperdactyly,
the extra bone found in the thumbs of his patient was the

Fie. 79.—Dr. Beatsox's CasgE oF BiFip TErMivaL TruMe PHALANGES.

rudiment of another finger, and that the bifurcation of the ungual
phalanx indicated how the process would have been cnmple.tvﬂﬂ
had it gone on to a full termination.

Congenital absence of the clavicle is a rare deformity, an
instance of which was sent to the writer by Dr. George Carpenter.




D, Walsh.

F1c. 80.—Mr. ReeEvEes' CasE or DErorMED LEFT UPPER Live, sHOWING Boxy
OurcrowTrH FroM HUMERUS AND DEFICIENCY oF ELBOW- mn:T AND BoxEs
0F FOREARM,

Right hand shown in Fig, 78.
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Fie. 81.—Povypacrynism: Haxps oF A Girn oF TWELVE.
Taken by Mr, Greenhill.
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Fie. 82.—FEET OF sAME PATIENT, SsHOWING SUPPRESSION OF TOES AND
PosSIBLE REVERsION To Two-ToED TYEE.

Tremor of one foot during exposure.






Dr. Walsh,

Fiz. 83.—Hartvx VaLcus.
Subluxation Outwards of Proximal Phalanx of Great-toe.







Fie. 84.—Dnr. 8. D. CLIPPINGDALE'S CASE 0F DEFICIENCY OF DEVELOPMENT OF
DistarL Portiox oF UrrEr ExXTREMITY.
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The following is the deseription of a radiogram taken of the
case : ¥

* The Rontgen photograph of this case was taken with the patient
lying on her back, and the focus tube at a distance of 12 inches
from the sensitive plate; exposure two and a half minutes.
Several abnormalities appear in the photographic record. The
first point that strikes one is the apparent absence of clavicles;
but on closer inspection the shadow of two fragments can be seen
lying in the position of the sternal ends of the collar-bones, that
on the left side being longer. These shadows are so faint that it
is unlikely they can be reproduced on a process block ; their faint-
ness is due to the fact that they are near the focus tube.t No
trace of the outer side of the clavicle can be seen on the right
side, but on the left there is a faint shadow on the photograph,
which, from its size and position, suggests a cartilaginous rudi-
mentary clavicle, with a more or less ossified inner end. The
transverse process of the last cervical vertebra is so enlarged as to
approach to a cervical rib.’

This patient, a girl of eight, also showed a depression in the
upper part of the sternum. She could bring her shoulders
together so as to meet in front of the chest. Her family pre-
sented the following abnormalities : Father had both clavicles in
two pieces, the inner ends of the sternal fragments overriding. A
brother, aged fourteen, showed a prominent arch forwards of left
clavicle, and division of right clavicle, with inner fragment over-
riding ; his last cervical transverse processes were prominent,
especially on the right. Another brother, of nineteen, showed a
prominent kink in both clavicles, but no division; his sternum
showed a depression the size of half an orange. A sister, aged
twelve years, had a divided right clavicle, with overlapping sternal
fragment and an enlarged right transverse process of the last
cervical vertebra. Another brother, of sixteen, had normal
clavicles, but enlarged lower transverse cervical processes.
Another sister, of five, was normal. Lastly, a brother of seven
had a divided right clavicle, the ends of which were closely united;
both the lowest transverse cervical processes were prominent.
There was a history of club-feet in two of the family.

Dr. Carpenter gives references to seven published cases. To

* Vide Lancet, Januvary 7, 1809,
t Perhaps also to their cartilaginous nature,
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3. A rib with two osseous portions joined by fibrous tissue.

4. A rib with free end.

It is likely that eervical ribs are relatively more common than
is recognised by anatomists, and that many such cases will be
discovered by the Rontgen methods. The diagnosis is of some
importance, as the abnormality may simulate aneurism or bony
and other tumour, and may give rise to various symptoms by
pressure upon nerves or bloodvessels.

Dress deformities may be demonstrated in a striking way by
the Rintgen rays, which should place a new weapon in the hands of
the advocates of rational dress. Thus, the distortion of the ribs
due to the wearing of tight stays lends ifself to this kind of illus-
tration. Some time since a series of such radiograms was shown
to the Académie de Médecine by Madame Gaches-Sarrante, a
Paris physician. The Queen of Portugal is said to have produced
some z-ray work in a similar direction. DBoot deformities are also
readily demonstrated, whether they take the form of dislocated
phalanges, bone distortion or damage, bunions, or damage to the
tarsal arch. The anatomical relations of an overriding second
toe, with the condition of great-toe known as hallux valgus, can
be studied in Fig. 83.

The various deformities due to hypertrophy and other changes
in the structure of bone, as in rickets, gout, syphilis, Charcot’s
disease, have been already spoken of. They are all open to
Rontgen ray exploration, The deformity of a hand due to rheu-
matoid arthritis is discussed on page 166.

(¢) Diseases of Bone

As a bone casts a definite shadow under the Riéntgen rays (when
not obscured by the mass of surrounding tissues), it follows that
bony outgrowths will do the same. In this way one can get a
good z-ray record of osseous thickenings and exostoses. An out-
standing enchondroma, when it consists of pure cartilage, will
throw a faint shadow with a short exposure. As the growth,
however, becomes ossified, it gives rise to a denser tracing on
the sensitive plate. Subperiosteal thickenings, as in syphilis, may
be readily demonstrated by means of the rays, and also the hyper-
plastic conditions met with in rickets and in Charcot’s disease.

A good example of ossifying enchondroma is shown in Fig, 85.

14
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Presumably, the compact tissue is more or less altered at the point
of projection of these tophi.

This gouty translucency, if such a term may be applied, was
explained by M. Potain in the following ingenious and suggestive
manner: ‘ The change appears to be due to the substitution of
urates for phosphates of lime. Comparing the different salts
which enter into the composition of bone, they are found to be
differently permeable to the Ronfgen rays. Phosphate and
carbonate of lime and chloride of sodium are little permeable,
soda and magnesia more so, and urate of lime still more. By
making use of two cardboard boxes, the one filled with urate
of lime and the other with tribasic phosphate, and submitting
them simultaneously to radiography, it is easy to ascertain that the
urate of lime is eight times more transparent than the phosphate,
because a precisely similar shade is only to be found where the
thickness of the latter is eight times less than that of the former.’

In gouty bones, then, M. Potain concluded that the points
where urates are substituted for phosphates become more frans-
parent to the Riontgen rays. He further stated that the osseous
thickenings due to chronic rheumatism or rheumatoid changes had
an increased opacity. If these observations be correct, it follows
that it is possible by means of the focus-tube to distinguish
whether bony enlargements are the result of gouty or of rheuma-
toid changes. Assuming that the latter enlargements are more
opaque, that condition must be carefully distinguished from the
general atrophic state of the bones mentioned when discussing
- the hand affected with ehronie rheumatoid arthritis, shown below
in Fig. 86.

M. Potain has made the following practical application of his
conclusions : *In subjects affected with nodosities of Heberden,
& lesion of which the gouty nature is still a debated question,
very distinet transparent spots are found at the level of the
phalanges, which appear to decide the dispute in favour of those
who consider gout the primary origin of the affection.’

As regards the outlines of bones, then, the Rintgen rays may be
expected to be useful in the hypertrophies due to syphilis, enchon-
droma, rickets, gout, and rheumatism, and also in the important
class of subperiosteal thickenings. Thus, Heller has reported* a
case in which a deposit of bone at the margin of a periosteal

* Deuts. Med. Woch., 1898, xxiv., p. 74.
14—2
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Fic. 86.—Haxp pErForRMED BY CHRONIC ‘RHEUMATOID' OR OSTEO-ARTHRITIS,
Somewhat reduced. Dr. J. R. Philpot’s case.
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explanation of such deformities. At the same time, however, it
should be borne in mind that the proper reading of the facts of
the radiogram is by no means always an easy matter. Lastly, it
may be pointed out that the shadow of the thumb confuses the
radial half of the figure.

Mr. Espin, of Newcastle, has noted a
similar transparency in the bones of tuber-
culous subjects. In one case—that of a
youth of sixteen, with a locked wrist follow-
ing injury—he found ‘the bones of the
carpus ill-defined, and the ulna and radius,
metacarpal bones and phalanges, abnor-
mally transparent.’” The transparency was
in marked contrast with the appearance of
the bones of the other wrist. His second
case was that of a young man whose
radius had been previously removed for
tubercular disease, and who had also
suffered from a tubercular abscess. On
examination, he found that all the bones
of both arms and legs showed an abnormal
transparency.

Transparency, denoting malnutrition or
atrophic changes, has béen noted by various
observers in such maladies as osteo-arth-
ritis, osteomalacia, tubercle, and eancer, and
also in the course of senile decay.

Another instance of absorption of bone,
apparently after abscess, is the following : L
The patient, a healthy man, about thirty Fic. 87.—Fixcrr or

* CRICKETER SHOW-
years of age, was struck by a cricket-ball N e
at the end of the right ring-finger, which BoNE AND Fierous
was painful and swollen for several months, f‘ﬁfxl.f._“ G Lo
and ultimately became stiff. Except for
some awkwardness in writing, he suffered little inconvenience from
the resulting deformity. Upon presenting himself at a Metro-
politan hospital a radiogram was taken, which clearly showed
osseous union at the terminal joint of the affected finger, while
the base of the second phalanx was hollowed out, apparently as
the result of an abscess. From the view here given (Fig. 87) it
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can be inferred that any union between the radial half of the
joint surfaces is certainly fibrous, while that on the ulnar side is
probably of the same nature.

The bony changes that take place in the various pulmonary
and non-pulmonary osteo-arthropathies can be well demonstrated.
A good Réntgen photograph of the hypertrophic non-pulmonary
form of that condition was shown at the Edinburgh British
Medical Association meeting by Dr. Steven, of Glasgow. The
differing texture of the new and the original bone was well
demonstrated in the record of the fresh osseous formation round
the shafts of the radius and the metacarpal bones.

In subperiosteal thickenings the differing density of the new
and the old bone is readily revealed by Rintgen methods. This
contrast is especially conspicuous in cases where necrosis of the
shaft is surrounded by an irritative hyperplasia of periosteal bone.

Hzmophilic Bone Conditions

The joint changes met with in hamophilia can be studied con-
veniently by means of the rays. These enlargements are not
infrequently diagnosed as cases of tubercular arthritis until the
diagnosis is ecleared up by aspiration. In one instance* a leg
was amputated under the impression that the knee was affected
with quiescent tubercular arthritis, and the patient, a boy of ten,
died twenty-four hours later from uncontrollable hsemorrhage.
Dr. Shaw gives an account of a case in the Bristol Medico-Chirur-
gical Journal (September, 1897). He describes enlargement of
elbows and knees, which were attacked with acute recurrent
peri-articular effusions, preceded by sensory phenomena. The
afflicted joints were found on examination to be in a con-
dition similar to that of osteo-arthritis, but, unlike that disease,
it does not attack the fingers and toes. The articular ends
of the bones were much enlarged, the cartilages extensively
absorbed, with well-marked ‘lipping ’ (osteoplasia) at the edges of
the articular surfaces. An accompanying Rintgen photograph
showed great enlargement of the head of the radius, some lipping
at the edge of the sigmoid fossa of the ulna, and thinning of the
articular cartilages. Other papers referred to are by Greig Smith
(Bristol Medico-Chirurgical Jouwrnal, 1884, ii. 264) and Bowlby
(St. Bartholomew's Hospital Reports, 1890, xxvi, 77).

* Medical Record, 1896, xlix, 336.
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At the conversazione of the Rontgen Society in November,
1898, the author showed an z-ray photograph of two knees, one
of which was subject to recurrent hmmophilic attacks. The
case was sent by Dr. George Carpenter. The affected joint was
hazy and indistinet in coutrast to the sharp definition of the
sound knee. A similar haziness is met with in other chronic
periarticular affections, as in osteo-arthritis and tubercular
synovitis, also in inflamed pleura and rheumatic muscles.

Fiz. 88.—KxEE 1% HEMOPHILIA.
Dy, Shaw's ecase,

Caries of Bone

Mr. Noble Smith* published an interesting case in which
disease of the cervical spine was revealed by the radiograph.
Various diagnoses had been made of the patient’s condition, as,
for example, hysteria, The Rintgen photograph, however, dis-
closed an irregular mass of bone replacing the upper four
vertebrae of the neck. This evidence proved the existence of a
severe lesion that had undergone extensive repair. Not only
did it clear up the diagnosis of an obscure case, but it also
yielded important indications for future freatment.

In another case recorded by the same surgeon, a provisional

* British Medical Jowrnal, 1896,
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Fic. 89.—KNEE-70INT sHOWING ERostoN oF CARTILAGE oF FEMoRAL Epiemysis.
SHarT oF FEMUR HEALTH _

Lynn Thomas,
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the size of a shilling, in the upper part of the tibia to be due to
sarcoma, Since that time many sarcomata of bone, central and
otherwise, have been reported, some of them accompanied with
fracture.

Dr. Richardson of Philadelphia says that by the aid of the
fluoroscope he has been able to watch the growth of an osteo-
sarcoma of the radius from day to day. His case is thus de-
seribed :

¢ General W , aged fifty-nine, had suffered for twelve months
from a painful swelling of the right wrist. By means of the
fluoroseope, the ulna was seen to be intact, the radius to ter-
minate abruptly in the faint shadow of a carpal tumour. A thin
shell of the radius could be seen remaining. The diagnosis of
osteo-sarcoma of the radius, made from the history of the case
and from inspection and digital examination, was practically
proved by the fluoroscope and the skiagram. A previous con-
sultant had assured this patient that the tumour was an aneurism
of the radial artery. In a second skiagram, taken a month later,
the shell of bone had entirely disappeared—a fact that demon-
strated the bony origin of the tumour and the rapidity of its
extension. The arm was amputated, and the disease proved to
be an osteo-sarcoma of the radius.’*

Dr. Richardson of Boston has reported a case in which ex-
ploration of a tumour in the upper jaw of a woman of fifty-one
revealed a sequestrum. Subsequent operation brought to light
further extensive necrosis.

Bones in Leprosy and Syphilis

As an illustration of the unexpected way in which the z-rays
come to the aid of secience may be taken the researches of
Dr. Ashmead, of New York.t For a long time there has been
a dispute whether certain bone changes observed in Peruvian
mummies were due to a pre-Columbian leprosy, the existence
of which he denied. In the absence of radiographic evidence
of absorption of the bones of the hand and falling in of the
nasal bones, and of other bone changes connected with leprosy,
he has confirmed the view already arrived at from other direc-

* New Fork Medical News, December 19, 1896,

TBTFw Canadian Jowrnal of Medicine and Swrgery, vol. v., No. 3, March,
1599,
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Ossifications of the costal cartilages are shown in old persons.
One remarkable instance of premature ossification of the kind in
a woman of twenty has been reported as disclosed by the rays.

Calecification of arteries has Been shown in the neck and limbs.
Atheromatous changes have also been frequently noted. in the
heart and larger deep bloodvessels,

The subperiosteal enlargements met with after injury in
strumous subjects are well shown by the Rontgen rays. In one
such case of *‘strumous dactylitis’ a boy of fourteen suffered
from a swollen finger after a fall some weeks previously. A
photograph taken by the writer revealed a considerable periosteal
enlargement of the first phalanx of the third finger. The effused
material, however, was not opaque as a whole, but showed a few
granules, apparently of commencing caleification or ossification.
The lower epiphysis appeared to be partly obliterated, probably
owing to the tilting up of the inter-epiphyseal cartilage by the
swelling of the finger, whereby the direct passage of the rays
was prevented.

(9) Action of the Rays upon Micro-organisms

The Rontgen rays do not appear to exercise any injurious effect
upon micro-organisms. Numerous experiments have been made.
Thus, Professor W. W. Keen, of Philadelphia, reports* of pink
streptococecus, anthrax, Micrococeus prodigiosus, Micrococcus cereus
favus, Sarcina awrantiaca, yellow sarcina, tubercle baeilli, that
after exposures, first of half an hour, and then twice for fifteen
minutes, neither lethal nor inhibitory effects were exerted upon
the cultures. These experiments confirmed econelusions previously
published by Dr. Davis in the same journal,

Bertont exposed bouillon cultures of the diphtheria bacillus to
the rays for periods of sixteen, thirty-two, and sixty-four hours,
but in no instance did he note any injury to the vitality of the
organisms.

J. Brunton Blakie, M.B.,! as the result of numerous experi-
ments carried out at the University of Edinburgh, concluded that
the Rontgen rays have no visible influence on the growth of
cultures of the tubercle bacillus, and that the delicate chemical

¥ The Amevican Jowrnal of Medical Sciences, March, 1896.

1t Buil. Gén. de Theérap,, November 8, 1896,
¥ The Scottish Medical nnd Surgieal Jowrnal, May, 1897,
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the balance of probability appears to be that the z-rays produce
no positive effect upon micro-organisms, and that apparent
exceptions may be due to influences that have not been excluded
by individual experiments.

III. MAPPING OF SKIN SURFACES

¥ In the course of certain experiments with the Rintgen rays the
writer found that it was possible to obtain a record of the coarser
fissures of the skin surface. The primary object of investigation
was to note the results of radiographing in situ the commoner
pigments and drugs applied to the skin. It was found that oxide
of bismuth, powdered freely over the back of a finger, gave a good
tracing of the creases over the knuckles. Following up this clue,
a fairly perfeet record was obtained of the skin surface, as shown
in the plate at the beginning of this book. The best results were
secured by kneading putty into the skin, then working up the
surface with glycerine, and finally gently and smoothly rubbing
with subnitrate of bismuth.

As to the practical value of such a skin map there is little to
be said at present. That a record can be obtained in this way
of every local peculiarity seems to be undoubtedly proved by the
plate ; over the phalanx of the thumb a small convoluted cicatrix
of the surface markings could be clearly seen in the original by
means of a lens. Such a permanent record might be of value in
the identification of eriminals, after the fashion invented by
M. Bertillon, of Paris. It seems more than likely, however, that
a similar end may be obtained by far simpler means. A reference
to the frontispiece of this book will show that the addition of the
surface markings gives a striking perspective effect that is wanting
to the ordinary radiogram. The lines are evidently due to the
heaping up in the furrows of a substance opaque to the rays.
Under the stereoscope the radiograms of a hand prepared in this
way yield a most striking effect.

The surgeon does not always find it easy to cut down upon a
needle, or other small object, even when it has been precisely
localized by a Rontgen ray examination. In those parts of the
body where well-marked skin furrows are found, it would be easy
enough to reproduce them in the manner indicated. In that way
a complete surface map, with lines of longitude and latitude,
would be available as a guide to the knife of the operator.

* From the British Medical Journal, March 27, 1897,
15
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eavity. This tooth is extremely opaque, shown by its relative
white look and absence of dental canal tracing, a condition
probably due to its necrosis,

10. Lower molar, with large amalgam stopping reaching nearly
to apex of fang; that is to say, the filling is nearly all beneath
the level of the gum. The metal shown by dense white patch.
Compare this absolute density to the Réntgen rays with that of
the preceding tooth.

Fie. 90.—8x1acraM oF TEETH, sHOWING VARIOUS PATHOLOGICAL CONDITIONS,

11. Permanent upper molar: fangs absorbed by pressure of
wisdom tooth, which was impacted between them.

12. Wisdom tooth : fangs sharply hooked.

13. Lower molar, showing convergent fangs and carious crown,
rendering extraction difficult.

Mr. Frank Harrison published some of the earlier radiograms
of teeth in sitw. In the Journal of the British Dental Association
for September, 1896, he has an excellent photograph of a portion

15—2
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of the lower maxilla of a girl of seven. The milk-teeth with
their pulp-cavities and fangs are clearly visible, while below the
roots of the first and second temporary molars are the permanent
first and second bicuspids enclosed in their respective bony erypts.
The internal dental structures of the lower jaw were displayed
well-nich as distinetly as would have been done in a dissected
specimen.

Myr. Harrison observes: ‘ The x-rays promise to be of great use
in dentistry, and will enable the dentist to observe in living tissues
what was possible only a short time ago in the dead subject.
The genesis of the teeth, the construction of artificial erowns, the
anomalies of roots, the difficult eruption of teeth, and many
other conditions of organs which are enveloped in tissue opaque
under ordinary conditions, become visible by the illuminations of
the x-rays.’

Dr. Kolle, of New York, has invented an ingenious little instru-
ment for examining the teeth and alveoli, the dentiaskiascope, by
which the operator is enabled to inspect teeth and their roots,

one by one, with ease and comfort both to himself and to his

patient.* It consists of a small fluorescent screen within an
aluminium case, so placed that the screen-image is reflected upon
a mirror, which the operator views through a tube. For taking
photographs the screen is replaced by a protected sensitive
film,

A number of interesting cases have been published from various
parts of the world. Thus, Professor Amoedot figured a lower
jaw in which a wisdom tooth was planted at right angles to its
proper axis, with the fangs buried in the ascending ramus. In
the same journal M. Saussine} described a rare case in which
an upper lateral ineisor in a child of twelve lay horizontally in
the bone with the fang pointing backwards. By an x-ray examina-
tion it was ascertained that the fang reached within 2 millimetres
of the floor of the nasal fossa, and the appropriate treatment was
indicated.

In one important particular the rays have proved of great
service to the dental surgeon, namely, in the deformities of the
jaws due to or connected with non-erupted teeth. In such cases
he can ascertain with exactitude the position, shape, and size of

* ‘The X-Rays,” by F. 8. Kolle, M.D. New York, 1897.
t Les Rayons X, 2 Avril, 1898, T Ibid., 5 Mars, 1898.

mﬁm-‘w:ﬁn—h_—‘_._mu_-. P |















MEDICAL AND SURGICAL APPLICATIONS 183

sharply outlined in its upper, but diffuse in its lower margin,
while a light space beneath it corresponded with the stomach.
The broad light band that curved from the centre of the diaphragm

Fic. 91.—Harr-crowx Cat, sHowiNGe Broxcui, Liver, Heart, ETC.
Reduced one-half, By Mr. Cox, Parkstone.

to the lower part of the lumbar spine appeared to represent large
intestine. Other convolutions of intestine were clearly shown,
especially in the case of a coil of gut that had an extremely light



184 THE RONTGREN RAYS IN MEDICAL WORK

record near the pelvis. This knuckle of intestine had, most
likely, been full of gas, and had lain close to the surface of the
sensitive plate during exposure.

The tendons, passing from the leg to the os caleis behind, and
to the instep in front, were plainly pictured in the original print.

This photograph has been dwelt upon at some length because
it gives a good idea of what may bg hoped for in the future. It
was taken with a powerful coil, giving a spark of over a foot in
length. Its clearness of definition was largely owing to the fact
that the animal was dead, so that there was no blurring of the
shadows by the circulatory ot respiratory movements. There
seems to be little reason t§ doubt that what is possible with
lower animals will before long be attainable in the case of living
adult human beings, so that all deep-seated organs will be
brought within the reach of this new method of exact investiga-

‘tion. In other words, the Rontgen rays will some day render

to medicine services not less conspicuous than those already
conferred upon surgery.

Dr. Macintyre,” who was the pioneer of deep tissue work in
this country, has laid down the following rules: (1) A powerful
current, 30 to 33 ampéres, is necessary, so as to take the photo-
graph instantaneously. (2) The transformer needs a large coil,
which will give a 6, 8, or 10 inch spark. (3) It is best to use a
small foeus tube, which may require prolonged heating. (4) Rapid
exposure is absolutely necessary. (5) A mercury interrupter is
useful, instead of a spring. He usually places the lamp about
3 feet from the sensitive plate. This distance gives a well-defined
shadow, but requires a strong light.

Dr. Campbell Thomson,? Medical Registrar of the Middlesex
Hospital, some time ago observed that the fluorescent screen is
quicker and better for clinical purposes. By that means it is
possible to clear up many difficulties, such as exist in aneurism
both of the heart and of the first part of the aorta. He has
given several valuable practical hints upon chest radiography. To
get a fixed location-point, he suggests a metallic button placed
over the nipple, to which it may be secured by a piece of sticking-
plaster. In order to secure a record of what is seen in the fluoro-
scope, he fastens to the back of the fluorescent screen a sheet of
white paper, through which the rays would of course pass. He

* Lancet, August 22, 1896, t Ibid., October 10, 189€.
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then slides a flat metallic pen or pencil between the chest and
the paper, and on the latter he traces the outline as projected in
the fluoroscope. It need hardly be added that to carry out this
manceuvre the observer would have to continue looking at the
gscreen, s0 as to ascertain and control the movements of the
opaque pen or pencil. :

The shadow of the heart is lighter at the pulsating margin.
Between it and the liver, upon taking a deep breath, a light
interval appears. From the front of the chest the whole of the
cardiac outline ean be seen; but much less from the back, as the
view is obstructed by the spine. From the back a definite shadow
with well-marked external border can be seen on the left, and
a smaller and less intense shadow, corresponding to the right
auricle, on the right of the spine. Outside the body the valves of
a heart emptied of blood can usually be well seen. Sometimes
the valves, particularly of the right side, can be seen in situ in
the living subject.

With the fluoroscope on the front of the chest, the position
and outline of the heart is materially altered by deep inspiration.
The normal state of affairs is thus well described by Dr. F. H.
Williams :* ¢‘In health the diaphragm lines move as follows:
Quiet breathing, } inch; full inspiration, 24 to 3 inches, a little
more on the right than the left side. In health the outlines seen
on the left of the sternum are as follows: A part of the aorta
in some patients may be observed in the first intercostal space ;
in the second intercostal space a portion of the pulmonary
artery; the left border of the ventricle is chiefly seen in full
inspiration when the apex and a portion of the lower border
are also visible; the maximum pulsation is at the point corre-
sponding to the cavity of the ventricle, about where its outline
crosses the fourth rib; during full inspiration the heart moves
downwards towards 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.’

From the front, then, the heart-shadow fuses on the left with
that of the sternum, beyond which the right auricle projects
from the third to the fifth ribs; on the right the auricular and

* See Paper at Montreal Meeting, British Medical Association, by F. H,
Wilaia.ms, D., Boston, U.8.A.; British Medical Jowrnal, April 16, 1898,
p- 1006,
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background. When the heart, however, was full of water or of
blood no such differentiation could be made.

This relative opacity of blood is an important quality so far
as concerns the Rontgen diagnosis of alterations in the form of the
heart and bloodvessels, The reason why a bloodvessel should
resist a long exposure is obscure. We know that after prolonged
exposure both biliary and uric acid caleuli will cease to cast
any shadow, while a rib nearly ceases to do so, and a phosphatic
shadow becomes much lighter (Dr. Swain’s experiment, p. 119).
Mr. C. W. Mansell-Moullin mentioned to the writer a case in
which the abdomen was exposed for two hours. The bones left
no record, but the abdominal aorta threw a strong shadow.

The future development of internal photography by Rontgen
methods will greatly depend on the quickening of processes. The
widespread movements of respiration affect more or less the
whole contents of thorax and abdomen, while the heart and
great vessels, normal and abnormal, are in a state of intermittent
activity. Instantaneous photography, were it possible, would
enable one to ascertain the exact position of any movable
internal part at any fractional time within its periodical range of
movement. Thus, some forms of rapidly expansile aneurisms
are recognisable on the screen, whereas they cannot be photo-
graphed ; nor can the latter result be hoped for until the instan-
taneous photography of the thorax is an accomplished fact.

So far as concerns the respiratory movements of the chest and
abdominal walls, the present writer has now and then obtained
satisfactory results by causing the patient to fix the part to be
photographed by leaning it against a chair or other firm objeet,
upon which the plate was placed. Thus, in taking gall-stones or
a tumour in front of the kidney, the patient stood upright and leant
against a projecting angle of wall; in examining an asthmatic
lung, the patient sat astride a high-backed chair, against which
one side of the thorax was pressed.

Dr. Disan* has introduced an ingenious method of recognising
alterations in the cardiac outline. First of all he marked on
the chest what should be the normal shape of the heart, and
mapped outf the area thus obtained with a copper wire, which he
fastened to the chest with ordinary plaster. He then examined
with the fluoroscope in the following way :

* Dominion Medical Monthly, February, 1897.
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screen. In those of the left ventricle the apex elongates, and the
clear space usually seen between the heart and liver on deep
inspiration is either diminished or disappears altogether,

The screen phenomena of right-sided hypertrophy are thus
described by Régnier: ¢In hypertrophy of the right ventricle,
the heart, drawn down at the base, tends towards a horizontal
position. When the right ventricle undergoes excessive enlarge-

Fic, 92.—ANEURISM OF AORTA IN WHICH PHYSICAL SIGNS WERE ABSENT.
(Diagnosis, aphonia from recurrent laryngeal neurosis. Large fusiform aneurism
mmfvmg entire arch of aorta. J. M. Scott, M.I)., dmerican X-ray Jowrnal,

July, 1898.)

ment, there may be twisting around the longitudinal axis of the
heart, and the right ventricle is pulled to the front. One recog-
nises that fact on the screen because the shadow of the right
heart becomes more distinct when the patient is examined from
the back than from the front. There may also be a twisting of
the heart around the vertical axis of the body, the base being
directed backwards and the apex to the front. This twisting is
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Atheroma of the Aorta

Atheromatous patches have been demonstrated in the aorta,
and are usually seen better on the screen than by means of
photographs.

An interesting study in therapeutics has been made by Pro-
fessor Grunmach. By means of the fluoroscope he traced the
action of digitalis upon the heart in aortic and mitral in-
sufficiencies, and other conditions resulting in cardiac dilatation
and hypertrophy. He also made the practical suggestion that
the action upon the heart of various medicinal and toxie drugs
might be studied by means of the Riontgen rays.

(¢) Lungs and Lung Diseases: Pleurisy, Pneumonia,
Phthisis

On December 7, 1896, Professor Bouchard read a paper before
the French Académie des Sciences on ‘ Pleurisy in Man studied
by the Help of the Riontgen Rays.’ He pointed out that the
thorax, viewed from behind by a phosphorescent screen, when
traversed by the rays, showed to the right of the spine and
towards the middle of the dorsal region a pulsating shadow of
the heart. At the same time the liver could by means of its
shadow be seen rising and falling in the chest cavity as it
followed the respiratory movements. Apart from the shadows of
bones, heart, and liver, the rest of the interior of the thorax was
transparent.

In a rightsided pleurisy with effusion, Bouchard found a
darker shade on the affected side of the chest as compared with
that of the sound. Further, the shadow indicated the upper
limit of the effusion, as proved by percussion and by other ordinary
methods of physical diagnosis. The tint, moreover, grew deeper
from the upper border, where the layer of effusion was thin,
to the lower part, where the shadow merged into that of the
liver.

In three cases he also noted to the left of the vertebral
column a triangular shadow, the base of which was continuous
with the heart. This he explained as the mediastinum pushed
over sideways to the left by the effusion. In a fourth case,
retraction of the affected side had drawn over the mediastinum
to the right.

16
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In a further communication to the Academy (December 14), the
Professor remarked that, in most of the cases of pleurisy with
effusion previously described, he had noted with the fluoroscope
that the lighter area increased from above downwards as the
effusion lessened. In one case, however, the apex of the chest
retained its shadow. This fact suggested consolidation of the
long at that spot, a suspicion that was confirmed by percussion
and auscultation. In other instances tubercular deposits were
localized by the same method. |

¢In all tuberculous subjects,” writes Dr, Bouchard, ‘ examined
by the phosphorescent screen, I have established pulmonary
lesions by a shadow, the area of which corresponded with that
mapped out by other methods of physical examination, and the
intensity of which was in relation to the gravity of the lesion.
In two instances the appearance of clear spaces pointed to
cavities, a diagnosis verified by auscultation, But in a third
case, where auscultation led one to suspect the existence of
cavities, nothing of the kind was visible on the screen. In
another patient the general symptoms pointed to early phthisis,
but no tubercle bacilli were found in the sputa, and the physical
signs were indecisive. The skiascope showed that the apex of one
of the lungs was less permeable to the rays, and in a few days
both auscultation and bacteriological examination of the sputum
yielded positive results.’

Some no less important reports were published by the same
observer in the succeeding issue of the Comptes Rendus (Decem-
ber 28). In one case the whole left lung was obscured. This
appearance was attributed either to pleurisy with effusion, or to
general tuberculosis of the left lung. On further examination it
was noted that the mediastinum was not pushed to the right. By
a process of exclusion, therefore, the diagnosis of tubercle of the
whole left lung was arrived at. In another case, on the left of
the spinal column in a little girl, was demonstrated a tumour, due
to adenoma of bronchial glands. In a third patient, a dark
shadow on the right side of the chest, continuous with that of

the sternum, was shown to be due to a transposed heart. Owing

to the heart’s impulse being on the right side, the presence of
aneurism had been suspected. Other conditions recognised
include aneurism of the arch of the aorta, with a clear view of
its position, outline and size; pulsation of the aorta to the right
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and left of the sternum ; compensatory hypertrophy of the heart
in arterio-sclerosis ; and beating of the auricles to the right of the
sternum, in dilatation due to kidney disease.

Bergoiné has repeated and confirmed the above observations.*

At the Medical Club in Vienna, in January, 1897, Professor
Wasserman showed two cases that he had diagnosed by the
Rontgen rays. The first was a case of phthisis in the right lung,
where the cavernous signs could not be elicited by percussion and
auscultation. Under the rays the left side of the chest appeared
clear and healthy, while the right exhibited diffuse shadows
representing infiltration ; in one place a clear area, which to all
appearance corresponded to a cavity, was brought out by the
tube when applied either in front of or behind the right lung, The
second case was that of an aneurism in the left mediastinum,
where the fluoroscope demonstrated a dark space, the margin of
which moved with a distinet impulse, and thus established the
differential diagnosis between solid tumour and aneurism,

Lévy Dorn examined with the screen the chest of a patient
suffering from chronic bronchitis and asthma. He observed that
the left half of the diaphragm fell rapidly at each inspiration,
while it rose by slow successive stages. The right half, on the
other hand, remained from the first absolutely fixed in the
position of extreme inspiration, only to rise at the termination of
the attack with the expectoration of viscid mucus.

Tubercle of the lungs may sometimes be found by the Rintgen
rays in an early stage, when it could not be detected by ordinary
means. The importance of such early diagnosis in these days
of improved treatment of pulmonary phthisis can hardly be over-
estimated. Another fact is that the rays not infrequently show
the disease to be more extensive than had been mapped out by
physical examination. When Koch’s tuberculin treatment for
consumption wag on its trial, the writer recalls a case in
which tubercle was diagnosed in the right apex, but careful and
repeated examination revealed none in the left lung. The injec-
tion of the drug was followed rapidly by the appearance of a dull
area at the left apex. Had the focus tube been available in that
instance, there can be little doubt that the early invasion of the
left lung could have been equally well demonstrated,

The localization of dise1sed areasin the lung is now brought

* Gazelte des Hopitaux, January 7, 1897,
16—2
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tive sign. It is shown on the screen by the lessened movement
of the diaphragm, both in ordinary and in forced respiration.
According to Williams,* the lessened descent of diaphragm in
some cases precedes the increased density of the lungs, and is
therefore to be reckoned among the earliest signs of pulmonary
disease. In pneumonia, the return of normal rise and fall of the
diaphragm is a more delicate test than the opacity of the lung.
In emphysema the diaphragm desecends lower towards the
abdomen than in health, and does not rise to so high a point as
it should, while the lung area is brighter than normal. In
pneumothorax the diaphragm is very low down on the affected
side, and motionless, except at its median end, where it sometimes
moves with the sound side. The diaphragm may also be restricted
in its range by pleuritic adhesions.

The diaphragm may also be pushed up, and restricted in move-
ment by various abdominal conditions, as dropsy or enlarged
liver. :

A most interesting casef was shown at the Vienna Medical
Club, April 20, 1898, by Dr. R. Kienbock. The patient, aged
twenty-four, came from the clinic of Professor Schroetter, and
had suffered for five months from pyo-pneumothorax. The
published details are so instructive that they may be reproduced
at some length, especially as, thanks to Dr. Kienboek’s courtesy,
the description is accompanied by the original illustration :

¢ Examination of the patient by the screen, the patient being in the erect
posture, gave the following results : Corresponding to the right lung there is a
long, rather light zone, the upper part of which is darker. The left half of the
thorax presents altogether ditferent appearances. The uli\(per third is fairly light,
the middle very light, while the lowest part is very dark. The upper limit of
this dark field behind corresponds to a horizontal line sitnated two fingers’
breadth above the level of the angle of the scapula. The contrast between the
transparency of the middle area and the opacity of the inferior area is ver
marked ; but even in the latter one can make out the form of the ribs, whic
appear as still darker lines. The dark shadow merges below into a lighter
s%m.dnw of the abdomen without any distinct line of demareation. The shadows
thrown by the sternumn, the great vessels, and the vertebral column are not
broader than normal. The shadow of the heart is displaced far to the right, and
it can be discerned extending some distance down into the dark zone.

‘It is easy to detect various movements in the image. On the right side the
shadow of the liver descends several centimetres with each inspiration, while on
the left the level of the dark zone ascends during inspiration for three-quarters of
the width of the intercostal space. The ribs are raised with inspiration on both
sides. The shadow of the enlarged heart pulsates strongly and rhythmically,

* British Medical Jowrnal, April 16, 1898,
t Medical Press and Circular, October 26, 1898,
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corresponding to the pulse at the wrist, The pulsation can be perceived easily
all over it, the lower half moving to the left during systole.

* The horizontal level is continually in movement. Apart from the respiratory
change of position, there are undulations which are to some extent synchronous
with the contraction of the heart; but this rhythm is disturbed by irregular
waves which pass over the surface at the same time. When the patient holds
his breath, one can see clearly the level rising at each cardiac contraction.
The slightest movements of the thoracic floor show themselves on the surface
level. This remains horizontal when the patient bends over to the right side or
to the left. On percussion of the thorax tlll.E' undulations above deseribed become
more ipmnounced, and they attain the height of ten centimetres when the patient
is violently shaken. They may be eompared to the oscillatory movements seen
in a vessel filled with liquid when it is sharply agitated.

Frc. 83.

‘ The photograph reproduced in the accompanying illustration was taken with
the patient sitting down, leaning his back against the case containing the photo-
graphic plate, The tube is 15 centimetres distant from the sternum, at the
height of the surface level. The photograph reproduces very closely the deserip-
tion given of the image on the sereen, but, of course, without the phenomena of
movement,

‘On examination of the patient lying down on his left side, the darker shadow
is again seen undermost, but it now extends from the apex of the lungs to the
diaphragm, and shows neither pulsatory nor respiratory movements. The median
wart of the left half of the diaphragm is visible in this position. It is obviously

epressed, and does mot appear to be moving distinetly. The shadow of the
heart subsides to a slight extent into the left half of the thorax.
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We may infer from these appearances that the right lung is diseased in nearly
its whole extent, while on the left side there is pyo-pneumothorax. The com-
parative opacity of the right lung is to be attributed to compression, infiltration
and thickening of the pleura ; the dark apex is characteristic of tuberculosis.

The shadow in the upper part of the left pleural cavity is due to the adherent
contracted apex of the left lung. Below it 1:]1143“:r is air, hence the marked trans-

rency of this part as seen on the screen and in the photograph. The inky and
owest shadow is caused by liguid which amounts—judging from its height—to
several litres. It is probably sero-purulent in character. The heart is enlarged
and shifted into the right half of the thorax ; the pericardium appears to envelop
it very closely. Its apex is directed to the left, and is immersed in the empyema
fluid. The pulsation is strong and quick.

‘These, of course, are all pathological changes which could be discovered by
ordinary physical methods ollt:xaminatiun.

“ Although the Rintgen screen shows the level of the effusion two fingers’
breadth higher than the limit obtained by percussion, this is very frequently
observed, so that the contradiction in this respect is more apparent than real.

‘ The other observations on the Rintgen screen are, however, of the greatest
interest. I mean the phenomena of motion ; first, the respiratory movements.
There is an inspiratory ascending and an expiratory descending movement of the
surface level.

* Various explanations of these phenomena have been suggested. I am disposed
to think that the inspiratory dilatation of the right pleural cavity, by raising the
pressure in the abdomen, tends to raise the paralytic depressed left half of the
diaphragm.

‘ The second phenomenon is the pulsatory movement of the level. Thereis a
;::fe mi:wing from the heart to the left during its systolic contraction (empyemea

SLE |,

*The reason why the pulsation is not perceptible on the ountside, either to the
eye or the finger, may possibly be that the air-pressure in the ]pleural cavity is
not sufficiently high. The elasticity of the air enables it to yield to the systolic
shoek of the liquid, and therefore the wall of the thorax is not coneussed, in
spite of the strong action of the heart ; further, the wall may be too rigid, or
the ’Fleura costalis too much thickened.

‘The third kind of movements depend upon outside influences—the varying
position of the patient, sudden movements, communicated vibrations, and par-
ticularly the great amplitude of the oscillations seen when the patientis violently
shaken. We are thus enabled not only to hear, but also to see, the succussio
Hippocratis.

(d) The Abdomen

The application of the Réntgen rays to the adult abdomen has
not hitherto yielded results to compare favourably with those
derived from the thorax. The upper border of the liver, as already
stated, can be well seen, and a hydatid tumour has been reported
projecting from its convex surface ; but the lower border is rarely
to be made out. The kidneys are not as a rule visible, although
with a tube of good penetration, a powerful coil, and a short
exposure, both kidneys and pancreas can be photographed. The
stomach is sometimes faintly outlined, presumably most so when
filled with gas. The intestines are at times to be dimly seen.
In an experiment conducted by the present writer, a’ photograph
was taken from a stoutly-built young officer thirty years of age.
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ascertaining the position of the fundus of the stomach, the
existence of stenosis of the pylorus and the intestines, and the
amount of contractility possessed by the gastric and intestinal
muscles. They administer to the patients a gelatin capsule filled
with metallic bismuth and coated with eelluloid. The bismuth
being opaque to the rays and the celluloid insoluble in the gastro-
intestinal juices, its position may be ascertained by means of the
fluorescent sereen. In most cases the capsule was seen either on
the great curvature of the stomach or in the emcum near the
ilio-ceecal valve. In cases of pyloric stenosis the capsule generally
remained for several days in the stomach, a point of great
“diagnostic value. Otherwise the capsule was passed per anum
in from two to six days. If the capsule be retained in the
stomach it must be removed by operation.

Professor Rosenfeld, of Breslau, has obtained good results by
inflating the stomach and intestines before the application of the
rays.

In the case of cancerous masses of the stomach, Bouchard
failed to obtain any positive result even with a coil that gave a
spark of 15 inches. On the other hand, Rosenfeld reported to
the Berlin Medical Congress of 1899 that he had made radio-
graphic observations of diseases hoth of the stomach and of the
liver in the living subject,

Murphy’s buttons, coins, and other foreign bodies have been
detected in the abdomen, more especially in the case of children.
It is obvious that such localization might afford simply invaluable
aid to the surgeon.

Calculus of gall-bladder, kidney, ureters, and urinary bladder
have been often detected in the living adult. They are described
more fully in the section upon ‘ Foreign Bodies’ (p. 117). Results
in each case, however, are still more or less uncertain. Much
the same statement applies to the radiographic examination of the
uterus, with its contents and appendages, a subject dealt with
under the heading of ¢ Obstetries” (p. 221).

Practical Conclusions

To sum up the applications of Rontgen rays to clinical medicine:
First of all, we find that satisfactory results are confined chiefly
to the thorax, although now and then useful information has been
obtained from the abdomen. Secondly, in the lungs we can
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and that fact, together with the bony outgrowth and deformity,
furnishes diagnostic signs by the Rintgen methods.

Enlargement of the axillary glands has been seen in breast
cancer.

Calcification of Arteries

As might be expected, a radiographic record can often be
obtained of calcification in arteries, whether primary of the middle
coats or secondary of the inner.

VI. ACTION OF THE FOCUS TUBE UPON THE SKIN
AND DEEPER STRUCTURES

Soon after the Rontgen rays came into general use, as every-
one knows, cases of resulting injury to the skin were reported.
This ill effect was usually spoken of as ‘a-ray dermatitis,” but
the present writer, in a paper* read before the Dermatological
Society of Great Britain and Ireland in July, 1897, ventured to
suggest the non-committal name of *focus-tube dermatitis.” Dy
either term is meant an inflammation of the skin following one or
more exposures to a focus tube in action. The damage may be
fleeting, nothing more than a slight reddening of the skin, with
sudden onset and rapid disappearance, or the hairs of the affected
part may fall out painlessly. On the other hand, it may be severe,
coming on from a few days to three weeks after the exposure ; the
epidermis may peel off, or the underlying tissues may slough
away, and leave an obstinate ulcer that takes months to heal.

The fleeting effect of the focus tube was well illustrated in a
case where the present writer took two Rontgen photographs of a
lady’s hand with an exposure of four minutes, and the tube at a
distance of 12 inches. BSome days later the patient volunteered
the information that she had felt something wrong with one of
her fingers ever since the taking of the photographs. On examin-
ation, the nail of the ring-digit was found in a state of partial
dusky erythema. This slight traumatism would almost certainly
have been overlooked had not the patient herself drawn attention
to the fact.

A large number of instances of severe damage have been
recorded.

* Bee Transactions Dermat. Society of Great Brifwin and Ireland, vol. iii.,
p. 137.
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that set up by the focus tube. In both instances there is a dis-
tinet, if imperfectly understood, causa causans; but something
more is needed to account for the phenomenon of individual
selection, and that we may express by the convenient term
‘ susceptibility.’” In this way the extremely small proportion of
persons attacked by focus-tube dermatitis may be so far explained :
many are exposed to the irritant, but few are susceptible.

Other contributing factors are, seemingly, the nearness of the
foeus tube to the skin, the resistance of the tube, and the duration
and frequency of exposure. These assumptions, in addition to a
certain amount of evidence to be quoted forthwith, may be sup-
ported by the analogy of a hand held near a hot furnace: the
nearer the hand to the fire and the oftener and the longer it be
placed there, the greater will be the resulting damage. The
proposition that the injurious effects of the foeus tube are inversely
to the distance of the tube from the skin and the length and fre-
quency of exposure is supported by the following evidence :

1. Close proximity of tube and an exposure of ten minutes or a
quarter of an hour is adopted in order to produce therapeutic or
intentional dermatitis.

2. In most of the recorded cases of injury, severe or otherwise,
the ‘live’ tube has been placed near the skin during a long time.

3. Repeated short exposures produce dermatitis in workers with
the rays who are susceptible.

4. Professor Elihu Thomson’s artificial dermatitis was produced
by a near tube and a long exposure.

5. Negatively, no case has come to the writer's knowledge in
which a short exposure with the tube at a fair distance has been
followed by any seriously bad results.

These considerations seem well enough supported to help clear
the ground in various directions. Thus, they show why cases of
focus-tube dermatitis are so rare that their existence is denied by
some persons, why practical workers are specially prone to attack,
and why dermatifis has not occurred at all within the experience
of some extensive workers with the rays. :

Fortunately, when we come to the discussion of cases, we have
a large number recorded by accurate observers. So long ago as
February, 1897, Gilchrist* was able to publish a collection of
twenty-seven cases. One remarkable instance under his own

* Johns Hopkins Hospital Bulletin, No. 71, February, 1897.
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the clothing, and six weeks later a small, painful uleer was still
left unhealed.

In February, 1897, Professor Waymouth Reid,* a highly-
gkilled and accurate observer, within four days underwent four
exposures, of twenty, forty, fifty, and ninety minutes respectively,
and afterwards suffered from a severe dermatitis in the exposed
area. The skin lesions were healed by the thirty-third day, but
sixty-nine days after the original exposures he reported to the
present writer : ‘ There is no vestige of hair left upon the chest,
and I have not been troubled with the shaving of my chin for the
last six weeks, the hairs having come out by the bulbs to the
touch of the razor twenty-two days after the chest exposure,
after a slight preliminary erythema of the skin, not followed by
loss of cuticle.” As always happens where the focus tube derma-
titis has not caused deep sloughing of the skin, the hair afterwards
grew again. Dr. Reid further placed on record the interesting
fact that there was an erythema of the back as well as of the
chest—that is to say, presumably at the points both of entry
and of exit of the irritant rays, unless, indeed, we attribute the
result to direct or indirect electrical influences.

The last-mentioned point may be compared with a case pub-
lished by Mr. T. L. Gillanders, M.B. After several exposures,
extending over twelve days and including screen examinations
and photographs with final screen operation, the patient, while
convalescing, developed dermatitis on both sides of the hand. It
is not stated, however, that both back and front were not exposed
to the focus tube.

Two other instances of double-surface injury are mentioned by
Wolfendent as having come to his knowledge.

Turning next to cases that have come under the author’s per-
sonal observation, one has already been noted where congestion
of a nail-bed followed twenty-four hours after a four minutes’
exposure of a hand, with the tube a foot above the plate.

In July, 1897, the writer reported several instances of deep
tissue traumatism. In one striking case the patient suffered
from cerebral symptoms suggestive of sunstroke. For a long
time he had been in the habit of demonstrating the Rdntgen
rays, and often had one side of his head within a few inches of a

* Seottish Medical and Surgieal Jowrnal, February, 1897.
T Wright's Medical Annual, 1899, p. 107.
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within a period of six months. Bix weeks after the last exposure
the hair fell out from one side of the head. The only differing
conditions of experiment, so far as could be ascertained, were that
in the last, and presumably the damaging, exposure the kathode
end of the Crookes’ tube had been kept continuously heated.

A striking instance occurred in the person of a gentleman who
had made some 2,000 Rontgen exposures, but, having seen no ill
effects therefrom, not unnaturally doubted their occurrence, At
the conversazione of the London Rintgen Society, held on
November 21, 1898, he exposed his hand to a strange tube, and
three days later developed a patch of dermadtitis.

The author has twice suffered from mild dermatitis of the left
hand. On each occasion the attack followed a prolonged demon-
stration of the rays with the hand close to the focus tube, from
which several sparks passed to the skin surface.

We have thus four cases in which individuals unsusceptible to
focus tube injury under ordinary ecircumstances became sus-
ceptible under altered conditions of experiment. The extent to
which the heating of the kathodal end of the focus tube might be
concerned in the result offers an interesting point for physical
investigation. The kathodal rays strike the platinum anode, or
anti-kathode, and often render it red-hot, and one is tempted to
speculate whether their contact with the skin surface might not
have a somewhat similar calorific effect. In other words, that
focus-tube dermatitis may be a sort of burn.

The analogy is not a little striking between focus tube derma-
titis and that produced in rare instances by a single exposure to
a hot sun, or at any time by sufficiently close or prolonged contact
with the heat of a furnace. With regard to all these conditions,
we may observe :

That the dermatitis may resulf from a single exposure.
That bronzing may ocecur.

That the injury is excluded by clothing.

That chemical rays exist in each source of injurious influence.
That deep as well as surface tissues may be affected.,

et SRR el

. That dermatitis may follow a single exposure to a hot sun
is an established medical fact. In his smaller Clinical Atlas
(Plate CX.), Mr. Jonathan Hutchinson gives an excellent picture
of a most severe eruption following that circumstance.

17
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9. With regard to the fifth point—namely, that of effect upon
deep tissues—that result is recognised in the case of sun-rays, and
instances have been adduced to show that a similar action may
be exerted by the focus tube. Other facts pointing to deep action
of the latter are the relief of pain, noted by Despeigne and others,
and the local tremors that not infrequently attend exposure. The
writer has observed fremor of a limb in one of two feet photo-
graphed on one plate (Fig. 82). The analogy between sun and
focus-tube action is amplified by a case, seen at hospital in the
summer of 1898, of pronounced sun dermatitis, the onset of which
was attended by fine tremors, exactly like those set up by the
focus-tube.

This point of the similarity of the focus-tube lesion to that of
severe sunburn is admitted by Gilchrist, who says, however, that
the two things are different, because in solar eruptions there is no
alopecia and no periostitis. His objection, however, does not
appear altogether sound, because there is obviously traumatism to
some of the deep structures in sunstroke (whether direct or in-
direct does not here affect the argument), and it would be impos-
sible, so far as one can see, in our present state of knowledge to
demonstrate the selectiveness or otherwise of any particular
structure by that deep injurious action. Further, one would be
inclined to connect the thickness of the negro skull in various
ways, perhaps both individual and inherited, with prolonged
exposure to tropical suns. The following observation, if con-
firmed, would point to the protective nature of the negro skin.
Mr. Albert Walsh, of Port Elizabeth, communieated to the writer
that he could not detect a bullet in a black man’s thigh, although
his apparatus was in good working order, and produced good
results in the case of a white man. This observation he has since
confirmed, and imagines there may be some special resistance
offered to the rays by the colouring matter of the negro skin.

In the first edition of this book the view was expressed that,
“on the whole, it seems not improbable that some common agent
exists in the rays of the sun, of the focus tube, and of the electric
are light capable of stimulating the human eutaneous surface, and
sometimes the deeper tissues of the body, in varying degrees of
severity, which are in some way determined by personal predis-
posing peculiarities.’

A curious confirmation of that hypothesis has been since

17—2
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parallel with the changes effected in the photbgraphic emulsion.
He agrees with the majority of observers that a bad result is more
apt to follow exposure to a tube of low than of high vacuum.
The latter fact further tends to exonerate the z-rays, for, as
Mr. Gardiner has demonstrated to the Rontgen Society,® ‘the
greatest production of z-rays takes place in tubes of high resist-
ance '—that is to say, the very tubes that, according to most
authorities, are the least likely to do harm. Under the same
heading of radiant energy comes the contention of Elihu
Thomson, that ¢ the burns are produced chiefly by those rays of
the z-ray order which are most readily absorbable by the flesh.”

6. The theory of electrical conduction appears to be contro-
verted by an experiment of Elihu Thomson’s. In a sheet of
lead he cut a window, which was divided in two by a strip of
tinfoil ; one of these he covered with a double layer of aluminium
foil, while the other was left bare. This compound shield he
placed on a finger, and exposed it to the action of a focus tube.
Two burns resulted, one on the part under the aluminium foil and
the other on the bare spot. Professor Thompson thinks it incon-
ceivable that any electrostatic effect could have been produced
through the aluminium foil more than through the tinfoil or the
lead, as all three metals were in electrical contact and subjected
to the same conditions.

A further argument against the induction theory may be found
in the great amount of harmless electrification of skin often
involved in therapeutic or experimental work. At the same time,
it seems likely we have yet to learn a good deal about the
electrical states that are set up. thereby in the skin. In that
structure we find externally a thin, hard, horny, non-conducting
layer, which lies upon the middle layer of so-called ‘prickle’
cells, which are bathed in serum, a warm salt fluid. The prickle
cells are cut off by the close layer of eolumnar cells known as the
‘ palisade ’ layer from the underlying tissues, charged with warm
alkaline blood and serum. All these layers are pierced by the
hairs and the sweat-duets, both hair-bulbs and sweat-glands being
in the deeper tissues. When this combination of solid and fluid
tissues is injured by exposure to the action of the focus tube, there
is a tendency to pick out certain structures, as the hair-bulbs and
the palisade layer. In cases of moderate damage, the brunt of

* Archives of the Rintgen Rey, May, 1898, p. 70.
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alopecia arveata, and he thought them due to a similar patho-
logical change. This last point is interesting as tending to throw
some sort of side-light on alopecia areata. It would seem that
by bringing a focus tube near the scalp, and exposing the latter
to a somewhat proionged action of the rays, we can produce an
artificial area. Not only that, but we have the high authority of
Kaposi that the pathological hairs resulting from the ray exposure
cannot be distinguished from the diseased hairs of alopecia
areata.

The tendency of most observers now appears to be towards the
view that the dermatitis has a distinet relation to the length and
frequency of the exposures, as well as to the distance of the focus
tube from the skin surface.

Lastly, we have the important influence of idiosynecrasy.
Many people are exposed both to hot sun and to Rontgen ray
demonstrations, but comparatively few suffer in consequence.
Predisposition of some kind appears to be an absolutely essential
factor. The peculiarity may lie in the skin, but it seems more
likely to be in the blood, especially as the latter is attracted to
the skin in greatly increased volume in response to many external
irritant influences. It may be that the focus fube rays, like the
sun and other external irritants, stimulate the exeretory function
of the skin into unusual activity, and that the outward passage of
some irritant from the blood sets up the dermatitis.

My, C. Mansell-Moullin, Dr. Lewis Jones, Dr. Wolfenden, and
others seem inclined to attribute the injury to deep nerve and
vaso-motor disturbances.

On the whole, it seems not improbable that some common
agent exists in the rays of the sun, of the focus tube, and of the
electrie light, capable of stimulating the human cutaneous sur-
face, and sometimes the deeper tissues of the body, in varying
degrees of severity, which are in some way determined by per-
sonal predisposing peculiarities.

VII. THERAPEUTICS

The possible curative action of the focus tube rays has given
rise to many proposals. There can be no doubt that under some
imperfectly understood conditions they are able to exert con-
siderable influence on the cutaneous surfaces of the human body.
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face was covered with a deep scar, such as would result from a
burn, and became the seat of a chronie irritating and eczematous
type of inflammation,

In a case of the above kind it may be well to note that the
person who applies the treatment may place himself in a false
position. As he is not a medical man, and is applying treatment
not generally recognised by the medical profession, he would
possibly be muleted in heavy damages should the patient bring an
action against him for personal injury. He would hardly find a
specialist in skin diseases ready to endorse the practice.

It may, perhaps, be added that there is only one scientific
method yet available for the removal of superfluous hairs,
namely, their destruction by electrolysis. This plan, though
tedious, and applicable only when the growth is scattered, has
the supreme advantage over echemical depilatories and mechanical
epilation that, if properly performed, it is not followed by re-
growth.

Drs. Schiff and Freund* remove superfluous hairs with a current
that does not exceed 2 ampéres and a tension of 11} volts. The
tube is placed at 20 to 25 centimetres from the skin for an
exposure of ten minutes, and is applied for thirteen to seventeen
sittings. In some of the cases it was noted that the skin showed
a brownish discoloration, and black hair turned white before it
fell out. For the treatment of lupus vulgaris a current of 3-5
ampéres and 12-75 volts was used with the tube at 10 centimetres
distance.

Turning to lupus, we find ourselves faced with somewhat similar
considerations. That the malady may sometimes be cured by
exposure to a focus tube is undeniable, and the focus tube must
be allotted a place in the list of remedies, especially in obstinate
and ulcerative cases. At the same time, the fact must be borne
in mind that it often disappears under various approved forms
of treatment, such as scraping and causties, and even of internal
medication. The present writer has used the focus tube rays in
the treatment of lupus of the nasal mucous membrane inaccessible
to ordinary methods of treatment.

Dr. Thurstan Holland reported one case of lupus vulgaris of
five years’ duration, that had been subjected to scraping and other
forms of treatment. Kighteen exposures of fifteen minutes each

* Wien. Med. Wochen., Nos. 22, 24, 1898,
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patient was a stout woman of fifty, who had been complaining
of pain on and off in an old fracture near the ankle-joint. She had
an exposure of five minutes, and three weeks later wrote stating
that, in the interval, not only had she been free from pain, but
that swelling and soreness had also disappeared.

A striking case has been recorded by Dr. Stern of Philadelphia,
who detected a fragment of steel in the vitreous by means of the
rays. Almost coincidently with the exposure there was a cessation
of pain, so that the patient could both work and sleep.

M. V. Despeigne,* of Lyons, reported a case under the care of
L. Voight. The patient suffered from a small epithelial cancroid
nodule of the mouth. The rays were applied twice daily for
periods of half, and sometimes a quarter, of an hour. The pain,
which had been considerable, almost immediately ceased, so that
the medical attendant was enabled to discontinue the morphine.
The patient died eventually of pneumonia, but a prolonged pal-
liative effect had followed the effect of the rays.

In a previous case in his own practice, M. Despeigne found that
a cancer actually decreased in volume under the influence of the
focus tube. His conclusion from both cases is that, when applied
to cancer, the rays have a distinet anmsthetic effect, and cause a
general improvement in the condition of the patient, but exert
little influence upon the growth. If this be the case, surgeons
will be provided with a new anwmsthetic for the relief of malignant
growths far less disastrous in its general results than the evils
incident to morphinism.

Relief of pain has been reported by Gocht in trigeminal
neuralgia and mammary sarcoma.

Some observers have also met with success in the treatment of
elephantiasis.

There have been many unfounded rumours as to the action of
the Rontgen rays upon blind eyes. It seems, however, that where
the optic nerve remains intact the visual sensations can be excited
by the rays transmitted through media that have become opaque
to ordinary light, as in cataract. The scanty nature of the evidence
as to the action of the rays upon the optic nerve-endings may be
gathered from the following reports :

The case of a blind man was reported to the North-Western
Electrical Association by Mr. Hoskin. The patient was unable

¥ Lyon Medical Journal, December 28, 1896.
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black cardboard, the results with all five were negative. When
exposed to brilliantly-lighted sereens of platino-cyanide of potas-
sium and tungstate of caleium, three perceived nothing ; but the
last two saw the glimmer of the screen, and one could eount the
shadows of the finger-bones of the hand, although he could not
distinguish the form of keys.

It may be concluded, then, that the focus tube will not restore
sight to the actually blind.

Effects of X-Rays in Colour-blindness

It has been stated in various quarters that the az-rays had a
peculiar effect on the retina of colour-blind persons. In order
to test the assertion, Mr. Sydney Stephenson and the writer
made the following investigation.

Four colour-blind children were tested, two of them aged
eight, one nine, and the fourth eleven. They were defective to
red-green ; their form-sense was normal, and their intelligence
good. An ordinary bianodal foecus tube, and a 12-inch induetion
coil, working at 9 inches, were used,

Perception of light and form proved normal when tested by
the screen enclosed in a bellows fluoroscope. When the children
looked steadily at the fully-lighted bare tube, they showed no
signs of photophobia or dazzling. They all recognised objects,
such as keys, when held against the bare tube or against the
screen. The after-phosphorescence of the tube was seen by all
of them, as well as the greater intensity of the area of the tube in
front of the anti-cathodal plane when viewed sideways. Lastly,
there was no sensation of light when the eyes were shut and
bandaged, and the children put in front of the live tube.

To sum up, there was no reason to suppose that the retine of
these colour-blind children reacted to the Rontgen rays in any way
differently from those of ordinary people with full colour-sense.

Effects in Tuberculosis

Messrs. Lortet and Genoud* have experimented on guinea-pigs,
with a view to ascertaining whether the tube rays had any restrain-
ing effect upon acute tuberculosis. Eight of those animals were
inoculated with tubercle culture, and three submitted daily to the

* La Revue Scientifigue, J. L. Breton, p. 106 ; Paris, 1897,
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five or six months feetus, of which one could see the head,
the trunk, and the lower limbs. -

M. Varnier showed to the Paris Society of Gynscology and
Pediatry, on March 31, 1899, a dozen radiographs showing the
position of the fcetal head in the living pregnant uterus. They
were obtained with exposures of three minutes.

Messrs. Chappuis and Varnier, quoted by Dr. Mandras (Paris
Thesis), took a Rintgen photograph directly after death of a
guinea-pig far advanced in gestation. They obtained details of
the maternal pelvis and silhouettes of four feetuses. Negative
results were obtained from a chloroformed guinea-pig.

The same experimenters showed the possibility of getting good
anatomical and pathological results with the rays from the gravid
uterus after removal, both when hardened in alecohol and when
frozen,

Messrs. Varnier and Chappuis have obtained a Réntgen ray
picture of several feetuses in the uterus of a living guinea-pig.*

Most interesting @-ray pictures can be obtained of feetal mon-
strosities, after removal from the body, which convey anatomical
information that could otherwise be obtained only by a tedious
and difficult dissection. The illustration of a two-headed feetus

shown in Fig. 95 was taken from a photograph by Mr. Lynn
Thomas.

In the case of conjugate twins that survive and grow to
maturity, such as the Siamese Twins and the Two-headed
Nightingale, it is likely that the rays might afford pictures of
much anatomical interest.

At the end of the year 1896, Dr. Davis summed up the position
of feetal radiography as follows: ¢ The writer's experiments with
the Rontgen rays upon pregnant women showed that it is perfectly
possible to obtain an outline of the living feetus in the body of the
mother. The difficulties to be surmounted are the thickness of
the tissues and the distance at which the Crookes’ tube is neces-
sarily placed from the feetus itself. Anatomical specimens of
uteri and their contents, removed from the body, should occasion
no difficulty whatever. By varying the electric force employed
and the time of exposure, it is undoubtedly possible to obtain a
useful picture of the contents of the living womb.’

In France a special means of examining the pelvis by means of

* British Medical Jowrnal, May 30, 1896.
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F. LEGAL MEDICINE

Ix a number of cases Rintgen-ray photographs have been pro-
duced in the law-courts. The evidence they afford is mainly
corroborative, and must be taken as furnishing grounds for the
testimony of expert witnesses. Their special value is that exact
evidence apparent to the senses of everyone concerned is rendered
available by the use of unerring scientific apparatus. With the
average juryman an ounce of such fact is likely to outweigh a ton
of theory obtained from roundabout deductions. To put the
matter in another way, the testimony of a general practitioner
armed with a corroborative Rintgen photograph would go far
towards upsetting the contradictory statements of the most highly-
skilled surgeon, provided the opinions of the latter were based
upon nothing more tangible than the ordinary methods of ex-
amination. This point has been ably insisted upon by Mr. Howard
Marsh* in the following passage : * The information given by this
method may be absolutely conclusive, and may directly contravene
the best opinion that the most highly-qualified observer has had
1t in his power, under the difficult circumstances of the case, to
form. With a photograph before him, any layman can see what
by any other means could be only a matter of probability,
balanced by other probabilities of almost equal weight.” The
latter sentence describes the precise position of a juryman called
upon to settle the nature of an injury in the face of conflicting
skilled testimony. To such a man an z-ray photograph would
often indicate a simple way out of the difficulty.

Dr. Richardson, of Boston, has quoted the following views of
an American judge: ‘It is the opinion of some of the judges of
Massachusetts that z-ray photographs are not admissible as

* Technique des Rayons X, A. Hébert, Paris, 1897, p. 105.
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a great distance. The presence of a rifle bullet buried in the
boy’s lung was admirably shown by a radiogram taken by a local
operator. In that case the man charged was dismissed for
want of exact identification with the person who fired the shot.

An important trial has been reported from America.* The
charge was one of murder against a man who, on July 8, 1897,
shot his wife’s paramour in the head with a revolver. The
wounded man was taken to a hospital, where, on the fifteenth
day, his temperature, pulse, and respiration sank to a nearly
normal condition, and he recovered so far as to be able to walk
about the wards. He was then put under ether for fifty minutes,
and a Rontgen exposure made for thirty-five minutes. The tube,
placed at a distance of one and a half inches from the skull, was
excited by a Holtz static generator, with a capacity of half a
million volts. No picture of the bullet was obtained. Within a
few hours of the exposure the temperature rose from normal to
100-4® F. From that time to his death on August 12, twenty
days, his temperature fluctuated between two degrees above to a
little below normal, with a rise at death. The medical man who
made the post-mortem examination reported to the coroner that,
in his opinion, deceased came by his death from injuries to the
brain caused by a gunshot wound, anasthetics, and the a-rays.

Nowadays, fortunately, long exposures and closeness of tube to
object are not required in the radiography of the skull.

Generally speaking, in any action for injury due to negligence,
if a bone be fractured or displaced, the plaintiff may obtain
valuable corroborative evidence from a Rintgen photograph. Or
the defendant, on the other hand, may be enabled to show
thereby that the plaintiff'’s injury is exaggerated, misrepresented,
or non-existent, A careful distinction must be made as to the
injuries of soft tissues, which are rarely shown by the Rintgen
methods, but are often just as disabling or fatal to the patient.

II. EVIDENCE OF IDENTIFICATION

The z-rays may be useful in several ways in identifying both
the living and the dead. For instance, they may prove the
presence of former injuries, such as fractures. In the well-known
case of Dr. Livingstone, the African explorer, an a-ray picture of

* American X-Ray Jowrnal, March, 1899,
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IV. EVIDENCE OF AGE OF FETUS

A perfect Rintgen record may be obtained of a feetus after
removal from the uterus. In this way the stage of ossification
can be exactly estimated, in a way that could be otherwise
attained only after a tedious and difficult dissection. Moreover,
by injecting the bloodvessels with a preparation of red lead, the
radiogram might be made to reveal the state of the feetal circu-
lation.

When medico-legal evidence is required of the viability of a
feetus, however, the Rontgen photograph is only, as a rule, of
corroborative value, inasmuch as it reveals the full-term bony
development or otherwise. It is never likely to supersede in any
way the evidence now tendered and accepted as to live birth,
such as, for instance, the hydrostatic lung test. Viability, it
should be remembered, is possible at seven months. The material
things that may be readily demonstrated in court by means of a
radiogram are fractures of the skull and other parts of the body,
and the appearance of the osseous nucleus of the inferior femoral
epiphysis, to which Husband, in his ¢ Forensic Medicine,” as a
result of the examination of nine intra-uterine feetuses at the
ninth month, aseribes a maximum length of 2 lines. The subject
of feetal ossification is an interesting one, and no doubt the con-
clusions now laid down by anatomists will, sooner or later, be
widely tested by the convenient Rintgen methods.

Positive wray evidence, however, as to the fact of separate
existence of a child has heen suggested by M. Bordas.* On
June 8, 1896, he laid before the Paris Société de Médecine Légale
two Rontgen photographs of feetal lungs which showed the
presence of air-bubbles in those who had breathed, as against
absolute opacity in the still-born.

V. EVIDENCE OF DEATH

It has been proposed to apply the rays as a test of death. on
the assumption that there would be increased resistance on the
part of dead tissues; but it has not been found possible to carry
out the suggestion in that way. The desired test, however, has
been found in another direction, namely, by taking an z-ray

* *Technique des Rayons X," A. Hebert, Paris, 1897, p. 105.
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the particular circumstances, the aneurism by any means other
than the rays. The plgintiff failed to bring any positive evidence
as to the alleged fracture, and his case broke down after the
examination of the defendant.

As regards one branch of irregular or quack medical practice
the xz-ray photography is likely to do yeoman’s service. The
bone-setters are a fraternity who batten on the ignorance and the
credulity of their vietims. Their almost invariable plan is to tell
the sufferer that a * bone is out,” or is ¢ hroken,” or * has not been
properly set.” In all these conditions the Rontgen rays may be
trusted to reveal the truth or otherwise of the assertion. Hence
it will be wise In future for everyone who consults a member of
that fraternity to verify the resulting diagnosis by an appeal to
the rays before he submits to any manipulations. There is one
form of fixed joint after injury, due to fibrous adhesions between
the articular surfaces. In such a case the bone-setter declares
the joint is dislocated, and breaks down the adhesions by a
sudden wrench. Now, in such a fixation the Rintgen examina-
tion shows the absence of dislocation. On the other hand, if a
clear space indicates a joint not filled with osseous or other
opaque matter (fibrous bands being transparent), then the im-
mobility of the joint may safely be aseribed to fibrous anchylosis.
Several cases of this kind, based on the negative evidence of a
clear tracing of the joint space, and the positive evidence of a
normal relation of bones of a fixed joint and of a previous injury,
are given in the section upon ¢ Bones ' (see p. 131).

Mr. Howard Marsh has observed of the method: ‘It would
have furnished valuable information to a patient met with some
years ago, who had slight lateral curvature of the spine. This
. patient was told by a bone-setter that ‘“ his pelvis had opened,
and both his hips were out.” The reassurance and the mental
calm which a Rintgen photograph could now bring to anyone
who, having nothing seriously wrong, had been told he was the
subject of such a formidable condition of things, can be easily
imagined.’ .

It may be hoped, then, that the Rontgen rays will help to rid
‘the world of this class of harmful social parasites. Sooner or
later the strong hand of Science must infallibly cut the ground
away from under the feet of all such pretenders.
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months feetus, which he had injected with a solution of red lead.
That particular salt was used because, as the result of previous
experiments, he had come to the conclusion that red was more
opaque than other colours. His record afforded a sharp and
beautiful diagrammatic view of the arteries, even where they
passed behind the foetal bones. A peculiarily such as that of
double high division of the brachial artery was well shown.

In a later issue of the same journal (January 20, 1897), Dr.
Clendinnen published some further illustrations obtained in a
similar way. They showed the arteries about the knee and the

Fic. 96, —IxJecTED BroobpvEssELs oF Humax KIDyEry.
By Dawson Turner.

ankle-joint. The small muscular twigs and other minute branches

were reproduced with the utmost fidelity.

There can be no doubt that this method may now and then
afford a valuable means of showing in a graphic manner the
facts of local blood-supply, both in normal and in pathological
specimens. As an instance of the latter, a perfect picture could
be obtained of circulation by anastomoses, say, in a case where
during life the femoral artery had been tied for aneurism, or in
the stump of an amputated limb.

Dr. Clendinnen adds that in one case he obtained from the

living body a good record of the popliteal artery. This observa-
19
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vation is valuable, and perhaps points to the time when a fuller
knowledge of conditions in relation to results will bring the blood-
vessels under command of the Rontgen ray worker.

Fia. 97.—IxJEcTED BLrooDvEssELs oF Humax HEART.
By Dawson Turner.

Messrs. Rémy and Contremoulins have made similar observa-

tions by injecting the arteries with a solution of wax in aleohol
charged with various metallic powders.

Dr. Nathan Raw showed to the Manchester Pathological
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the heart are best studied in young or emaciated subjects. He
noted during cardiac systole a shortening between apex and base,
and concluded there was only a systolic lateral apex impulse.
Further, during systole the heart is not entirely emptied of blood,
for a shadow cast by residual blood is recognisable. The bloodless
heart is relatively transparent, but even thin layers of blood cast
a shadow. These observations certainly seem to upset Skoda’s
teaching, that the apex beat is due to the resistance of the blood.

One of the most interesting investigations in physiological
movements has been made on the fluorescent screen by Scheir,
of Berlin, who reported his results to the Congress of Medicine in
August, 1897. If the rays passed through the head laterally,
the naso-pharyngeal space and upper part of the pharynx were
seen as clear shadows, and if the person under examination
uttered a vowel sound, the velum was seen to be raised and to
take up a position in the naso-pharyngeal space, varying accord-
ing to the nature of the sound. With the vowel «, the velum was
raised the least, and was successively raised more and more by
the succeeding vowels e, 0, #, t. The velum was more raised in
high than in low tones. The form of the mouth in the pronuncia-
tion of the different consonants could also be plainly seen. The
shape and position of the tongue, the lips, and the jaws could
also be distinguished. The rays clearly showed the movements
of the larynx, velum, and other parts in swallowing, breathing,
and sneezing, and in pathological conditions the irregularities
could be determined with preecision.*

Messrs. Sabrazés and Riviére in 1897 announced to the Paris
Academy of Science that the rays had no influence either upon
the action of white blood corpuscles, or upon the phenomena of
phagocytosis, while a frog’s heart exposed to the rays for several
hours appeared to undergo no alteration of movement.

* Medical Press and Circulor, September 1, 1897, p. 212.
T Lancet, May 29, 1897, p. 1505.
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the presence of overhanging ridges so frequently found in normal
hocks, together with the fact that the bones are placed one
behind the other, made the task of unusual difficulty.

—

Fic. 98. —PrarAxcEs oF Horsg's Hoor (60 seconds’ exposure).
By A. W. Isenthal.

In navicular disease the experimenters have up to the present
had to acknowledge failure, as the position of the bone in regard
to its surroundings and the nature of the lesion render attempts
to further diagnosis by the application of the z-rays abortive.






APPENDIX

A NEW FOERM OF RADIATION

BEiNG A PRELIMINARY COMMUNICATION TO THE WiRZBURG PHYSICO-
MEeDICAL SOCIETY, BY PrROFESsOR WILHELM KoNRAD RONTGEN,
DECEMBER, 1895.

1. IFr we pass the discharge from a large Ruhmkorff coil through a
Hittorf or a sufficiently exhausted Lenard, Crookes, or similar apparatus,
and cover the tube with a somewhat closely-fitting mantle of thin black
cardboard, we observe in a completely-darkened room that a paper screen
washed with a barium-platino-cyanide lights up brilliantly and fluoresces
equally well whether the treated side or the other be turned towards the
discharge-tube. Fluorescence is still observable 2 metres away from
the apparatus. It is easy to convince one's self that the cause of the
fluorescence is the discharge from the apparatus, and nothing else.

2. The most striking feature of this phenomenon is that an influence
capable of exciting brilliant fluorescence is able to pass through the black
cardboard cover, which transmits none of the ultra-violet rays of the sun
or of the electric are, and one immediately inguires whether other bodies
possess this property. Itissoon discovered that all bodies are transparent
to this influence, but in very different degrees. A few examples will
suffice. Paper is very transparent ;* the fluorescent sereen still lighted up
brightly when held behind a bound volume of 1,000 pages ; the printer’s
ink offered no perceptible obstacle, Fluorescence was also noted behind
two packs of cards; a few cards held between tube and screen made no
perceptible difference. A single sheet of tinfoil is scarcely noticeable ;
only after several layers have been laid on top of each other is a shadow
clearly visible on the sereen. Thick blocks of wood are also transparent ;
fir-planks from 2 cm. to 3 cm. thick are but slightly opaque. A film of
alominium about 15 mm, thick weakens the effect considerably, though
it does not entirely destroy the fluorescence. Several centimetres of
vulcanized indiarnbber let the rays through.T Glass plates of the same

* By the ‘ transparency ' of a body I denote the ratio of the brightness of a
fluorescent screen held right behind the body in question to the brightness of
the same screen under exactly the same conditions, but without the interposing
body.

t For brevity's sake I should like to use the expression *rays,” and to distin-
guish these from other rays I will call them *z-rays ’
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It is to be observed in connection with these figures that, although the
product of the thickness into the density may be the same, it does not in
any way follow that the transparency of the different metals is the same.
The transparency increases at a greater rate than this produet decreases,

6. The fluorescence of barinm-platino-cyanide is not the only recognis-
able phenomenon due to xz-rays. It may be observed, first of all, that
other bodies fluoresce—for example, phosphorus, calcinm compounds,
uranium glass, ordinary glass, calespar, rock salt, ete.

Of especial interest in many ways is the fact that photographic dry
plates show themselves susceptible to x-rays. We are thus in a position
to corroborate many phenomena in which mistakes are easy, and I have,
whenever possible, controlled each important oenlar observation on fluor-
escence by means of photography. Owing to the property possessed by
the rays of passing almost without any absorption through thin sheets of
wood, paper, or tinfoil, we can take the impressions on the photographie
plate inside the camera or paper cover whilst in a well-lit room. In former
days this property of the ray only showed itself in the necessity under
which we lay of not keeping undeveloped plates, wrapped in the usual
paper and board, for any length of time in the vicinity of discharge-tubes.
It is still open to question whether the chemical effect on the silver salts
of photographic plates is exercised directly by the x-rays. It is possible
that this effect iz due to the fluorescent light which, as mentioned above,
may be generated on the glass plate, or perhaps on the layer of gelatine.
‘ Films’ may be used just as well as glass plates.

I have not as yet experimentally proved that the x-rays are able to
cause thermal effects, but we may very well take their existence as
probable, since it is proved that the fluorescent phenomenon alters the
properties of a-rays, and it is certain that all the incident z-rays do not
leave the bodies as such.

The retina of the eye is not susceptible to these rays. An eye brought
close up to the discharge apparatus perceives nothing, although, aceording
to experiments made, the media contained in the eye are fairly transparent.

7. Assoon as I had determined the transparency of different substances
of various thicknesses, I hastened to ascertain how the z-rays behaved
when passing through a prism—whether they were refracted or no. Water
and carbon disulphide, in prisms of about 30° refractive angle, showed
neither with the fluorescing screen nor with the photographic plate any
sign of refraction. For purposes of comparison the refraction of light rays
was observed under the same conditions; the refracted images on the
plate were respectively about 10 mm. and 20 mm. from the non-refracted
one. With an alumininm and a vuleanized rubber prism of 30° angle I
have obtained images on photographic plates in which one may perhaps
see refraction, But the matter is very uncertain, and even if refraction
exists, 1t is so small that the refractive index of the z-ray for the above
materials can only be, at the highest, 1'05. Using the fluorescent screen,
I was unable to discover any refraction at all in the case of the alumininm
and the rubber prism.
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medium to another, it would seem as if the x-rays went through all sub-
stances at the same speed, and that in a mediom which is everywhere,
and in which the material particles are embedded, the particles obstruct
the propagation of the x-rays in proportion to the density of the bodies.

9. Hence it may he that the arrangement of the particles in the bodies
influences the transparency ; that, for example, equal thicknesses of calec-
spar would exhibit different transparencies, according as the rays were
in the direction of the axis or at right angles to it. Researches with
calespar and quartz have yielded a negative result.

10. It is well known that Lenard, in his beautiful investigation on
Hittorf cathode rays passed through thin aluminium-foil, came to the
conclusion that these rays were actions in the ether, and that they pass
diffusively through all bodies. I have been able to say the same about
my rays.

In his last work Lenard has determined the absorption coefficient of
various bodies for cathode rays, and among other things for air atmo-
spheric pressure at 4°'1, 3-4, 31, per centimetre, and found it connected
with the exhanstion of the gas contained in the discharge apparatus, In
order to estimate the discharge pressure by the spark-gap method, I used
in my researches almost always the same exhaustion. I succeeded with
a Weber photometer (I do not possess a better one) in comparing the
intensity of the light of my fluorescing screen at distances of about
100 mm. and 200 mm. from the discharge apparatus, and found in the
case of three tests agreeing well with one another, that it varied very
nearly inversely as the square of the distance of the screen from the dis-
charge apparatus. Hence the air absorbs a very much smaller fraction of
the z-rays than of the cathode rays. This result is also quite in agree-
ment with the result previously mentioned, that the fluorescing light was
still observable at a distance of 2 metres from the discharge-tube.

Other bodies behave generally like air—that is to say, they are more
transparent for x-rays than for cathode rays.

11. A further noteworthy difference in the behaviour of cathode rays
and z-rays consists in the fact that, in spite of many attempts, I have not
succeeded, even with very strong magnetic fields, in deflecting «-rays by a
magnet. The magnetic deflection has been, up to now, a characteristic
mark of the cathode ray ; it was, indeed, noticed by Hertz and Lenard
that there were different kinds of cathode rays, ‘ distinguishable from one
another by their phosphorescing powers, absorption and magnetic deflec-
tion,” but a considerable deflection was nevertheless observed in all cases,
and I do not think this characteristic will be given up without over-
whelming evidence,

12. After experiments bearing specially on this question, it is certain
that the spot on the wall of the discharge apparatus which fluoresces most
decidedly must be regarded as the principal point of the radiation of the
a-rays in all directions. The x-rays thus start from the point at which,
according to the researches of different investigators, the cathode rays
impinge upon the wall of the glass tube. If one deflects the cathode rays
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