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PREFACE.

Sivce the famous discovery announced by Professor Ronfgen at
the end of the year 1895, a new science has sprung into being.
This branch of knowledge, although still in its early and un-
developed stages, has found a special application in medical
work.

In this little volume the aim has been to deal with the present
practical scope of the Rontgen rays so far as physicians and
surgeons are concerned. An attempt has been made to treat the
matter systematically, and to point out limitations and possibilities,
as well as to record actual achievements. In this endeavour the
author has received invaluable help from Mr. J. E. Greenhill,
who has also kindly written an introductory part dealing with
electrical methods and apparatus. He is also indebted to
Messrs. Barwell, Mackenzie Davidson, Lynn Thomas, Professor
Waymouth Reid, and many others, for the use of Rontgen
photographs and of notes of cases. Where all is new it is by
no means easy to decide what is likely to prove ultimately true ;
but the task of selection has been guided by a constant reference
to the everyday conditions of medical practice.

DR

Tue Temrre, Loxbow, E.C.
Sept. 1st, 1897.
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THE RONTGEN RAYS IN
MEDICAL WORK.

INTRODUCTORY.
THE RﬁHTG‘rEI'I. RAYS IN MEDICINE AND SURGERY.

In December, 1895, Professor Réntgen announced his since
famous discovery to the Physico-Medical Society of Wiirzburg.
On that occasion he deseribed certain rays which, themselves
invisible, were capable of penetrating many substances opaque to
ordinary light. Like numerous other scientific advances, the
starting-point of his researches was due to the happy chance of an
accidental observation. While making experiments with what is
known as a Crockes’ 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 photographiec sensitive paper
was darkened. This result the Professor obtained even when the
luminous tube was wrapped in a black cardboard cover. He
further observed that under similar conditions certain substances,
such as barium-platino-cyanide, were rendered phosphorescent.
The ‘rays’ given off by the electrified tube he found to have the
power of penetrating various bodies in differing degrees—roughly
speaking, in inverse proportion to their thickness and to their
density. Thus, bismuth, which has a high atomic weight, offered
an extreme resistance to the passage of the rays, which he named
the z, or unknown, rays. He found that, in addition to the pro-
perties already mentioned, the rays were neither reflected,
deflected by a magnet, nor refracted by prisms and other media
of or-:l_ilfnar}r refraction, On the peculiar powers of penetration,
of exciting phosphorescence, and of acting upon sensitive photo-
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graphic plates, the new art of Rintgen ray diagnosis has been
founded.

The exact position of the average medical man towards the
Rintgen ray process may be here briefly defined. In the majority
of instances he will most likely place his patient in the hands of
an expert operator, just as he would apply to a photographer for a
photograph, or to a colour artist for a painting. Indeed, it would
be out of the question for the busy practitioner to attempt to take
his own skiagrams and to develop his own plates, any more than
it would be possible for him to undertake complicated bacterio-
logical or chemical examinations. Here and there it is true that
an exceptionally energetic surgeon may find it possible to use the
fluorescent screen daily in his consulting-room. For prolonged and
tedious examinations, however, and for obtaining permanent
pictures, the practitioner will naturally have recourse to the
professional skiagrapher. Where the latter is not a medical man,
little information can be expected beyond the actual surface
features of the printed record prepared by him. Where he is a
trained medical man, on the other hand, from his knowledge of
the facts of anatomy, of surgery, of pathology, and of other
branches of medicine, he will be able to furnish a skilled reading
of the skiagraphic record, whether of the screen or of the nega-
tive. In other words, the interpretation of Rontgen-ray results
requires not only practice, but also the knowledge of many co-
ordinate facts.

Should the medical man desire to operate for himself, he can
soon learn sufficient to enable him to work the apparatus both
with intelligence and with safety. Dealing with this point, Dr.
Richardson,* of Boston, says, pithily enough, that he himself
knows nothing about photography, nothing about electricity, and
but little of physics. Notwithstanding these drawbacks, how-
ever, he has applied the z-ray method of examination for many
months as a matter of daily routine practice. To quote his own
words, his knowledge of the subject extends to ‘ just enough of
the principles involved to place the patient, the tube and the
plate in a proper position, and to turn on the current.’

With a good Rontgen apparatus, then, and a skilled workman
somewhere within easy reach in case of breakdown, any medical

* Bostan Med. News, December 19, 1806,
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PART I.
ELECTRICAL APPARATUS AND METHODS.

By J. E. GREENHILL.

I. SOURCES OF ELECTRICITY.

Batteries.

Taere are several well-known primary batteries which give a
steady current sufficient for the longest Rontgen-ray exposure.
From four to six cells are required, aceording to the kind of battery
gelected. Of the older forms, the Grove is one of the best, though
perhaps hardly the most convenient. It consists of a wvessel
partly filled with dilute sulphuric acid—one of acid to eight of
water ; a cylinder of zine open at both ends; a porous vessel,
filled with nitric acid, fitting freely inside the zine eylinder; and
a sheet of platinum placed inside the porous vessel. A binding
serew must be attached to the zine, and one to the platinum. If
platinum be too costly, carbon may be substituted, when the
cell is known as a Bunsen.

The bichromate battery, of which there are various kinds, is more
portable, although its current is not quite so trustworthy. It
consists of a vessel filled with seven-eighths of saturated solution
of bichromate of potash, and one-eighth sulphuric acid. In this
fluid are immersed a plate of zine and one or two plates of carbon.
There should be some means of lifting the zine, or zine and
carbon, from the solution, when the battery is not in use. The
bottle form has a closely-fitting cap, to which are attached the
carbon and zine, with an arrangement for drawing the latter
out of the liquid. It is portable and convenient, and may be
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strength for the periods of time last mentioned. It will be neces-

to have & second set, or some other source of electricity

sary
recharged. As usually

available while the first set is being
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Fia., 4 —BICHROMATE BATTERY.

made, hhﬂﬂﬂ.ﬂe-:ml:ld&l:}' batteries are heavy and cumbersome.
To me‘et this objection, a small case has been devised for
the writer by Messrs. Peto and Radford (I'ig. 6). It contains

2
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six cells giving thirty ampére hours at 12 volts pressure. It
occupies about a cubic foot only, and so is convenient for

F1g. 5.—SEcoxDpary CELL,

cases in which the operator must take his apparatus to the
patient’s house, It should be kept charged by means of the

Fig. 6.—SECONDALY BATTERY.

large cells in the laboratory, so that it may always be ready
for use.
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A voltmeter and an ammeter are useful in determir_:ing if
the cells are well charged. The former instrument consists of
a bobbin of fine insulated wire, the :
ends of which are soldered to two
binding screws on the outside of the
case. In front of the bobbin is a
magnetic needle, pivoted so as to
move freely upon its axis. This
instrument indicates in volts the
pressure of the flow of the electric
current. The ammeter is similar in
construetion, with the exception that
the bobbin is made of a much larger
wire. It indicates in ampéres the
rate of the flow of the electric current.
Behind one end of the magnetic SN
needle of each instrument is a scale,  FI¢ '1‘1;‘:[‘:,;::‘“”“ s
indicating in volts or ampéres the
current that can be registered by the
instrument, Messrs. Newton and Son have arranged the two
instruments one above the other on the same stand for Rontgen
ray work (Fig. 7).

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. If an ammeter is used, the wires from the
cell should be firmly connected to the instrument. If the meter
remains steady at any fair number of amperes, 1t 18 still well
charged ; but if there is a rapid, or even steady, fall, the cell
requires recharging. It is never advisable either to discharge the
cell altogether or to leave it uncharged, even if not in use. To
recharge, a steady current of from 20 to 30 ampéres in proportion
to the size of the cell at about 25 volts’ pressure is required for
each cell.

In the Grove cell the platinum is the positive ( + ), and the zine
the negative (—). In the Bunsen the carbon is the positive. In
the secondary cell the positive is indicated by +, and the
negative by —. Unless care be taken its acid may be spilt in
transit. It should be filled slightly over the top of the plates
with water (seven parts) and pure sulphuric acid (one part).
Whatever the form of the cell, the — of the first cell should be

2—2




20 THE RUONTGEN RAYS IN MEDICAL WORK

connected to the + of the second, and so on, leaving the first +
and the last — for connecting with the coil.

The third method of obtaining the electric current is limited to
those having access to a dynamo through a public or private supply.
This is rarely sent into the house at a lower voltage than 100.
In order to reduce it to the necessary pressure—10 or 12 volts
—-a resistance coil must be placed in the circuit between the

e

Fia. 8. —TRAXKSFORMER,

source of supply and the induction coil, if the current be & con-
tinuous one, and the wires should be attached to the ordinary
terminals on the coil; but if it be an alternating curreni a
transformer must be used, and two special terminals are fixed on
the coil to receive the current. In that case the contact break
will not be required, and the wires cuunectir{g the condenser to
the primary should be withdrawn. Speaking ge‘nemlly, this
source of electricity has many advantages. It 1s absolutely
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necessary, however, for anyone wishing to avail himself of the
electric mains to consult a skilled electrical engineer.

The coil and battery may be dispensed with where a large
(about 20 inches) induction machine of the Holtz or Wimshurst
pattern is available. But the disadvantages of this method are
serious. For instance, the eurrent is not always readily induced,
its direction is not certain, and, unless some mechanical means
be used for rotating the plates, its strength fluctuates con-
siderably.

Batteries may be coupled up either for pressure (voltage) or

FI6. 9.—WimsHURsST INDUCTION MACHINE.

for quantity (ampérage). In the former case, the negative ()
pole of the first cell is connected to the positive (+) of the
sem.}rfﬂ, and so on; and the current is obtained from the first
positive and the last negative. The cells are then said to be in
Sﬂ?'.!es;, a:nd will give a current in volts equal to that of one cell
multiplied by the total number of eells, and in ampeéres that of
nhue cell only. In other words, this method of coupling yields
ZBE_ voltage of the whole series, and the amperage of a single

In the latter case—that is to say, when coupled for quantity—
all the positives are connected to one wire and all the negatives
to another; the cells are said to be in parallel, and will give a
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current in volts equal to that of one cell only, and in ampéres
that of one cell multiplied by the total number of cells,
Sometimes it is desirable to combine the two methods. Sup-

Fig. 11.—CELIS IN PARALLEL.™

pose, for example, there are twelve cells, each giving a current f:lf
ten ampéres at two volts’ pressure. They can be coupled up in
the following ways:

* These and several of the foregoing figures are from Dawson Turner's
of Electricity.” (Bailliére and Cox.)

* Manual
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Series. Parallel. Cuirrend.
a) In twos In sixes 60 ampéres at 4 volts.
b) In threes In fours 40 S A {8 volts.
¢) In fours In threes 30 o ., B volts.
(d) In sixes In twos 20 S ., 12 volts.

This arrangement is called multiple series. The current may
also be indicated in watts. A watt equals a flow of one ampére
at a pressure of one volt. In the arrangement just deseribed,

each gives a working current of 240 watts.

II. 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. Many methods are
adopted for securing good and lasting insulation in the secondary.
Of these none is more successful than that of Mr. Apps,
the maker of some of our largest and best induction coils,
although, of course, other good machines are upon the market. .
Some of the cheaper forms give a good spark for a time, but
the insulation is apt to break down, so that the working part
of the secondary wire is shortened, and the length of the
resulting spark decreases in like proportion. The ends of the
secondary wire are fastened to two discharging rods fixed on
the base. If a current of low voltage be now sent into the
primary wire, a current of extremely high voltage is induced in
i;he secondary. A sudden break in the current from the primary
induces another current in the secondary in the opposite direction.
To accomplish this break mechanically, many methods have been
devia.ed; the simplest is that of the so-called vibrating hammer.
f‘i thin piece of steel armed at one end with a heavy piece of iron
is fixed on the base, so that the head of the hammer is exactly
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opposite the centre of one end of the soft iron core, at a distance
of about { inch. Fixed in the centre of the hammer, on the
face away from the core, is a piece of thick platinum wire, and
opposite this, on a stout piece of brass fastened to the base, is a
Screw carrying in its point another piece of platinum. Connections
are made underneath the base-board, so that the current must
pass through the two pieces of platinum when touching each other

¥

into the primary wire. The current immediately changes the soft

Fre. 12.—Avres Invvceriox Corn, Foovs Tusg, Axp HAND 15 POSITION OVER
ProrocrarHic PraTe*®
iron core into a magnet which attracts the iron hammer on the
vibrating steel, and the two platinum points are separated. The
current ceasing to flow, the core is demagnetized, zmﬂ. no longer
attracts the hammer, which falls back to its original position, when
the eurrent flows again into the primary and the process is repeated.
There must be an arrangement for adjusting the (Ttsl'.a.ncei of the
hammer from the iron core, and of bringing the two pmceslﬂf
platinum firmly together. This is provided for by Mr. Apps with

* The dark envelope under hand should have address side uppermost,
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a simple but efficient contrivance. In a box below the base, and
forming part of it, is placed the condenser. This consists of a
number of sheets of tinfoil insulated from each other by sheets of
paraffined paper. The alternate sheets are connected, the even
numbers on one side to one of the two supports armed with the
platinum points, and the odd mumbers on the other side to the
second support. The object of the condenser is to demagnetize as
quickly as possible the soft iron core, as the length of the spark
depends upon the suddenness with which this 1s accomplished.
On breaking contact a current is induced in the primary wire in
the same direction as the primary current, which would tend to
prolong the magnetization of the iron core if it were not directed
into the condenser. The condenser immediately discharges, and
produces a reverse current in the primary wire, resulting in the
Instant demagnetization of the core.

There are many forms of contact breaks of both low and high
speed ; of the latter Gordon’s is a good example, and of the
former Foucault’'s mercury break. 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 file should be passed over them until
the surfaces are rendered perfectly plane.

Beside the contact break is usually found a commutator or key
for making contact or for changing the direction of the current,
It will be found desirable to alter the direction of the eurrent at

tiies, or one platinum point will wear out much faster than the
other.

III. THE TURE,

Soon after the inventicn of the induction coil, it was found that
a spia.rk which passed with difficulty in air did so readily in a
partial vacuum. A glass tube having a piece of platinum wire
sealed into it at each end, and the air exhausted to one-half was
found to glow and give the spectroscopic lines of the res’idual
gases, namely, nitrogen and oxygen, when a current of electricity
was passed through it. This apparatus was named the Geissler
t-ube: LTha phenomena of the strim, or brush-like sparks, and the
sensitive condition of higher exhausts, were carefully invés’nigateﬂ
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by De la Rue and Spottiswoode. The exhanst was carried still
higher by Crookes, who observed a new set of phenomena, and
suggested a fourth form of matter, to which he gave the name
of ‘radiant matter.,” It is necessary to carry the exhaust to about
one-millionth of an atmosphere to produce his results, which
seem to be caused by the action of the negative pole (kathode),
and not, as in the Geissler, by that of the positive (anode). The
study of the kathodic rays was pursued still further by Lenard
and Rontgen, who showed that they could be reflected, refracted,
polarized, and deflected by a magnet, just as ordinary light. It
was while investigating these that Rontgen made the discovery
that there were other rays, to which he gave the name of z-rays.
These appear not to conform to any of the laws of light, but they
have the special property of penetrating substances opaque to
ordinary light and to radiant heat. On this property depends
their interest and great utility. The z-rays, or, as they are now
more generally named, the Rintgen rays, like the aectinic rays,
produce fluorescence and photographic action, but do not possess
the properties of refraction, reflection, and polarization.

By carrying the exhaust of the Crookes’ tubes still further,
Réntgen rays of great penetrating power are produced in
abundance. The tubes themselves are made in endless variety,
the differences being chiefly in the shape and position of the
anode and kathode, They may be divided into two groups:
one in which the kathodic rays are projected on the inner surface
of the glass tube exactly opposite the kathode, and another in
which the kathodi¢ rays are first focused on to a piece of
platinum attached to the anode. This second form is superior
to the first, both in the production of the z-rays and in the sharp
definition found in the resulting photographs. Mr. Jackson’s
improvement of Crookes' tube consists of inclining the piece of
platinum at an angle of 45° towards the kathode. The great body
of the Rontgen rays is thus directed to one side of the tube, and
hence may be readily thrown upon the object to be investigated,
whether by the phosphorescent screen or by means of a sensitized
photographic surface. Jackson’s tube, known as the fo.cus tub.a,
consists of a hollow sphere of glass from 2 to 4 inches in
diameter. In one part of its circumference is fused a small
straight tube, with a platinum wire terminal forT the _current
carrying at its free end an aluminium dise, which projects 1nto the
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globe. The diameter of the disc varies from ] inch to 1 inch, but
the smaller is found to produce equally penetrative rays. At the
opposite side of the globe is another small straight tube, in which
is_sealed a platipum wire. On the free end of the latter, and

F1e. 14.—Focvs Tune FOR ALTERNATING CURRENT.*

Projecting into the globe, is a square piece of platinum foil fixed
at an angle of 45°. A branch from this tube Serves as a l;alﬂer
EL{]E-[ i left open for the purpose of exhaust. The lllt.ll]]:iﬂilll];
disecis the negative ( — ), or kathode: the platinum is the positive

* Both these drawings i T
(i MHESe drawings are from ‘The Induct 0il in” Practical Wor
Liewis 1I|1rl'1fa.'.h|'.. J-l:I{'rIJi”iLJJ an Co,, 1897. St ) ”]k?- h:"‘
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(+), or anode, Sometimes the piece of platinum is not used as
the anode. Tt is then known as the anti-kathode.

For exhaustion the tube is attached to a pump, and the air
withdrawn to something less than the millionth of an atmo-
sphere. With a good pump and with an operator who undex-
stands high exhausts, a moderate-sized tube may be prepared in
half an hour. A special tube is required for use with an alter-
nating ecurrent ; it has two kathodes (A and B, Fig. 14), and the
anode or anti-kathode (C) is placed midway between the two.

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 15).

Tf the former 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 Rintgen 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, a condition that will readily be recognised by the re-
sistance offered by the piston. 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, breaks away from the kathode, and gradually
shortens, until a glow surrounds first the anode and then the
kathode. Now the mercury pump must be put in operation,
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iissﬁming that the Toepler form has been selected, the ve-aae;l
cmllt-a.ining the mercury is gradually lifted fl:ﬂ}'n the floor 15?&1; ]
<o 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.

Fig. 15.—TorrnEr MERcURY Puoap.

When no more bubbling of air is to be seen, lower the wvessel
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
the latter and continue the process of lifting and lowering until
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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 mercury rushes up with force sufficient
to break the strongest pump. If while you are exhausting you
allow the spark to pass continuously through the tube, you will
notice that the glow surrounding the anode gradually disappears,
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 phosphorescence is seen here and there in the
tube.

The kathodic glow is focused by the aluminium dise 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
direetly to the glass; it must not be allowed to rest on one spot,
but passed quickly to and fro above and below, so that the flame
may play equally over the whole tube. This second Bunsen
should be used oceasionally 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 phosphorescence, and
if the hand be now placed between the fluorescent screen and
the tube, its shadow can be seen on the former. If the tube
is to be used with a 6-inch coil, the exhaust should be con-
tinued 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 tube joining the Crookes’ tube to
the pump. As the resistance of the tube continues to increase
with use, it will gradually exceed the power of the coil. It
should then be opened, attached to the pump, and once more
exhausted., This resistance may be temporarily reduced by
warming the tube for some time before using it, or by running the
current for a few minutes in the opposite direction. Various
other expedients may be adopted, but it should be clearly under-
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stood they restore the activity of the Crookes’ tube for a short

time only.

V. THE FLUORESCENT SCREEN.

The sereen depends upon the property possessed by the Rontgen
rays of causing fluorescence in certain bodies, such as platino-
cyanide of potassium, platino-cyanide of barium, calecium tung-
state, and many other salts. A thin piece of cardboard is
covered with three layers of collodion varnish. Before the last
coating is dry, either of the above-mentioned salts is sprinkled in
a fine powder evenly over its surface. Everything necessary
should be at hand, as the varnish dries rapidly. The best
sprinkler is a fine wire strainer, held some distance from the
cardboard. It is well to practise on a piece of dry cardboard
several times, as the operation is by no means as simple as it
looks. The efficiency of the screen largely depends upon the
evenness with which the cardboard is covered. The following
sizes are recommended, 8 inches by 5, 12 by 10, and 18 by 12.

The eye is not readily affected by the phosphorescent light, It
is advisable therefore to have the room perfectly dark, to place a
cloth over the break of the coil, and to enclose the Rintgen tube in
a black paper envelope, so as to exclude all other light. After
remaining a few minutes in darkness, the tube may be put into
operation, and in dealing with the human body the experimenter
will soon learn to distinguish any abnormal conditions of the
bones or any foreign opaque substance. The object to be
examined should be placed between the tube and the screen, the
latter being put upon it with the fluorescing salts outward—that
is to say, on the side towards the operator. The sereen when
not in use should be excluded from light, dust, and moisture,

The cryptoscope 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 are two apertures through which the
observer looks,

VI. PHOTOGRAPHY.

A kx?owledga 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
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to the Rintgen rays. Their size will naturally vary according to
that of the subject to be taken. They must be transferred from
their boxes to the black-paper envelopes in a dark-room. It is
better to enclose them in two layers of coloured paper—a first
one of orange and a second of black. After exposure, the plate is
taken back for development to the dark-room, from which all
except ruby light has been rigorously excluded.

Developing solutions may be prepared of pyrogallic acid, hydro-
kinone, metol, and various other materials. If pyrogallic acid be
selected, the following formula will be found to give good results
with almost all kinds of dry plates:

SToCE A.

Pyrogallici ac. ... ven LlUO%

Potash metabisulphat. ... ... 2drs. 10 grs.
Ammon. brom. ... ... 2drs. 10 grs,
Water to 10 oz.

B.
Ammonia sol. fort. v DdTH]
Water to 10 oz.
C.
Pyro. sol. (Stock A) e 2 dre,

Water to 10 oz.

To develop a whole plate, take 2 oz. of C and 1 dr. of B, but do
not mix them until you are quite ready to proceed with the
development.

Dishes of the various sizes of the plates—the lighter the better®
__will be required. Having taken the exposed. plate out of the -
envelopes, place it in the developing-dish, mix the ﬂevelcr{er,
hold the dish slightly inclined from you, and pour the developing
solution quickly along the upper edge of the plate, 50 &8 to cause
it to flow rapidly over the whole surface. Keep the 11(_[1]115! Ellght].;,’
moving, but not so much as to pmduhce bul?blea. The picture, if
properly exposed, should appear within a mlntlte after pouring on
the developing solution. The more gradually it appears the ]Jet;t-l?r
the picture is likely to be. If after two or three fnlnu!;ea it still
lacks contrast, pour off the developer and add to it a little more

* A good form of dish is that made of ebonite or of xylonite.
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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 ouf, well
washed, and placed in the fixing solution, which consists of

Hyposulphite of soda ... e 16 0
Water ... 80 oz.

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. As soon
as it is thoroughly dry, the plate may be placed in the printing-
frame, with the film side inward. On this is laid the sensitized
paper, which is in turn fastened on with the wooden back. The
frame is then exposed to the light (not direet sunlight) until the
picture appears in deep tones. This latter fact may be ascer-
tained by raising half of the back and looking at the paper. The
print is next placed in running water until all cloudiness of the
water disappears. It is then put in a toning solution consisting of

Chloride of gold ... ... 20 grs,
Acetate of soda e ling:
Water e R

One ounce of this stock solution should be added to 10 oz
of water for use. Keep the print constantly moving, so that the
toning may be evenly effected. When the required tone appears,
take the print out and wash it, if possible in running water, for
some time. Then place it in the fixing solution, consisting of

Hyposulphite of soda ... S )
Water .1 20 oz,

and let it remain about ten minutes. Once more wash thoroughly
and hang up to dry. It is advisable to carry out the washing
and toning in subdued light. When dry, the print should be
mounted on eardboard. The kind of mount is a matter that will
repay attention, as nothing sets off a skiagram more effectively
than a good-sized mount with a border of subdued tint and a
white centre, either plain or ¢ sunk.’

The methods of development are legion, but the process
above described will be found generally applicable. Most of the

3
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makers of dry plates and of sensitised paper print on the cover of
the packets a formula suitable for developing or toning. One
drawback to the use of a “ pyro.” developer is the way in which
it stains the hands. To avoid that inconvenience hydrokinone is
substituted by many photographers. Indeed, some authorities
claim the best Rontgen ray photographic results from slow
development with hydrokinone. Metol does not stain the hands,
but is apt to cause a troublesome sloughing of skin.

Skiagrams may also be taken direct on sensitised paper. Fast-
man’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. The advantages of paper are so numerous and so
obvious that improvement in the production of it is eagerly
awaited by those interested in the art of skiagraphy. 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 skiagrams that may
entrap the unwary into all kinds of fallacious readings. A good
plan is to place the sensitised paper between two sheets of stout
paste-board.

VII. STANDS AND OTHER ACCESSORIES.

In addition to the apparatus already described, a stand for
holding the focus tube will be required, together with an operat-
ing-table, and a small screen mounted so that all ordinary light
can be excluded.

Mr. Sydney Rowland has devised a simple and useful stand, by
means of which the tube may be fixed in any desired position.
His contrivance is specially useful for bedside work.

A simple operating-table can 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. By using the small mounted screen occasionally during
the process, it will be seen if the tube is emitting rays of good
penetrating power. By this simple precaution much sul_}sequent-
disappointment may at times be prevented. If the akmgr.a,ph}r
can be conducted in a dark room, the ordinary screen will be
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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 is simply a sereen
mounted in & stereoscopic camera, will be found of service.

=

Fia. 16.—Rowrnaxp's STAND For Foous Tuee Axp CONDUCTING Wires,
Especially suitable for bedside work.

VIII. PRACTICAL APPLICATION OF THE RAYS.

The proper management of skiagraphy involves attention to
a number of details. It can be acquired only by a careful study
of the various parts of the essential apparatus, and unless
thoroughly mastered, the operator may speedily ruin the best and
most expensive coil. Tn the following description, an attempt has
bea:n made to deseribe the process in a systematic manner, much
as Il‘: would be carried out in actual practice : !

_ 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 "ff the switch which passes the current into the ¢ primary’
ﬂi.the coil points upward. . If the condenser be connected to the
coil by means of wires fastened to binding serews on the base of
3—2
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tl’.lE coil, see that the wires are firmly serewed down. Place the
discharging-points opposite each other about 4 inch apart.

The souree of s‘uppl}r of the electric current having been tested
s already described (p. 19), 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 jﬁhﬂ other binding screw on the coil. Examine all the
connections 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 Rintgen 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 switch should turn 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 contact with some part of the cireuit. 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 known. If when the switich is turned
on the space between the aluminium dise (kathode) and the piece
of platinum (anode or anti-kathode) is filled with an apple-green
light with a dark shadow below 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
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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 panetratgd, a:nﬂ
show the shadow of the bones distinetly ; with wrong direction
scarcely any Rontgen rays are produced, so that only a feeble
fluorescence of the screen can be perceived. Having once 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 serews, 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 current
flows in the same direction.

Take care that the wires leading from the coil to the focus
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 {rom
a single wire may give a smart shock without causing any serious
results, but if the body form a part of the secondary cireuit, 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 either
the body of the operator or that 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 screen. If the platinum get red-hot, the current
used is too powerful, and should be lessened by reducing the
pressure between the platinum points by means of the regulating
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 Rontgen rays radiate from a point, the near
approach of the tube exaggerates the shadow projected upon the
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p?&te. For objects not more than an inch thick, a foot is a good
§1stange, huif for the thicker parts of the human body from 20 to 30
inchesis desirable. The length of the exposure will vary according
to the distance, the penetrating power of the tube, and the thick-
ness 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. Tt 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 skiagrams of patients. He will
find at hand in his own person a fit subject for experiment.
When he has succeeded in taking skiagrams of every part of his
own body, he will be prepared for the ordinary difficulties of
Riontgen-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 reflects the light distinetly.
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 Ronfgen rays, although placed a long way from the
tube.

At this point it may be useful to deseribe the exaet 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
in black paper, was put on the table with the film side upwards.
The arm was next arranged on the plate with the palmm downwards
and the fractured part as nearly as possible over the centre of
the plate. The focus tube was placed 12 inches above the centre
of the plate, according to the instructions already given. The
switeh on the coil was turned in the right direction to produce
the rays, and anexposure allowed of five minutes. The tube was
examined by means of the eryptoscope, to ascertain if it were
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working properly. The plate was afterwards taken to the dark
room and developed.

The second case was that of a little boy with supposed double
congenital dislocation of the hips. The plate here chosen
measured 15 inches by 12, so as to include the whole of the pelvic
region and a good part of both femurs. The part to be skia-
graphed was relieved of all clothing,* and a warm flannel cloth
spread upon the operating-table. The little patient was placed
on his back, with a low pillow for the head to rest upon. His
legs were placed so as to give the toes a slight outward turn, and
care was taken that both were in an exactly similar position. A
support was then placed on the outer side of each foof, and a
small wedge of cloth between them. An 8-inch spark tube was
selected and fixed in the stand at a distance of 24 inches above
the plate, and exactly over its centre. An exposure of twenty
minutes was then made, and during the whole of that time the
tube was working at its best. The plate was then taken to the
dark-room and developed. The boy, a bright, intelligent little
fellow, was kept interested in the apparatus and various other
things. As a rule, children are amused rather than alarmed by
the Rontgen-ray process. In this case a perfect skiagram was
obtained, but a condition was revealed not coinciding with
congenital dislocation.

The third case was that of a man who had been thrown from
his horse, and who, amongst other injuries, had fractured the
right ramus of the lower jaw. He was placed on the operating-
table on his right side, with cushions to support the back. A plate,
15 inches by 12, was placed in the protecting envelopes, the film
towards the address side. The injured side of the face was then
laid upon the plate, so as to bring the broken bone as near as
possible to the sensitive surface. Lastly, the plate was slightly
m.ised, 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

* Although the removal of clothing i 1 it 1

: : _ g 18 not absolutely essential, vet it i
desirable when taking a skingram through a thick part of tl:{r: body, as 'th::: pelvis?
to remove stllfcrliumm clothes, as they offer some resistance to the rays both by
their material and also more especially by their dyes.



40 THE RONTGEN RAYS IN MEDICAL WORK

—_—

skiagram showed not only two fractures in the jaw and displace-
ment 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
elnbhfing was removed, and the patient placed on the table prone
on his stomach, with the body inclined slightly to the right side.
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 skiagraphy to the teeth, special means
must be taken fo meet the requirements of the case. As
the sensitised 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 % inch. The latter may
then be wrapped in black paper, and the whole fastened up
securely in thin rubber,* 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, or even ten, minutes 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 skiagram can be best appre-
ciated by the skilled anatomist. Yet even to him this new
method of investigation presents many difficulties. As a rule, he
knows little or nothing of practical photography. Every stage
of that process is liable to produce spots and blurs which may
mislead the most careful, but which are reduced to a minimum
in the hands of a good photographer. Hence it is a distinct
advantage, where possible, to leave the development of the
exposed plates to such skilled hands. The professional photo-
grapher, however, will require some experience in order to obtain
the best results, for the development of a portrait or a landscape
differs widely from that of a Réntgen-ray negative. Much

* The rubber may be fixed on by a few turns of m-ﬁinary sewing cotton,
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depends upon knowing what ought to appear upon a plate ; that
which at first seemed a failure may, if properly handled, prove a
great success. Then, of course, it must be borne in mind that
the surface of the object or subject close to the plate receives the
sharpest definition, and is nearest its natural size, while the
farther the parts are from the plate, the more exaggerated and
the more indefinite the record that is obtained.

Whatever kind of contact break is used with the coil for
the purpose of taking a skiagram, a rapid one is needful for
screen-work, otherwise the flickering light produced renders it
impossible to obtain any useful or trustworthy information. A
highly-exhausted tube should be selected and fastened in the
stand, with the platinum anode facing the observer. All light
should be excluded from the room, the tube itself covered
with black paper, and a dark cloth placed over the contact
break. The subject or object to be examined should be placed
as near the tube as possible—not more than an inch away
from it. As in the skiagram the parts nearest the plate are
the most sharply defined, so it is with the screen. If it be
necessary to examine the sternum, the tube should be placed at
the back, and the screen on the front of the body, with the
fluorescing material towards the eye. At first nothing app'ea.rs
distinetly on the screen, but after a time, as the eye grows
accustomed to the feeble vibrations caused by the fluorescing
material, it also begins to distinguish the strong and sharp
shadows of opaque objects nearest the screen, It is practically
useless to go direct from strong sunlight to the examination of
any fairly thick object like the human body. The eye of the
observer, about a foot away from the screen, should take first
a general and afterwards a more specific view. Every bone
and every articulation should be systematically examined, com-
mencing with the thinner members, such as the hand and arm,
tIElE foot and leg. Needles may be fixed in the arm in various
d‘lrEGﬁiDﬂE. both on the side near the sereen 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 ?f the body, the shadow of the heart is distinetly seen, its
pulsations may lfﬂ_nounted, and anything abnormal in its pc-ai;:ic:n
noted. The cavities of the lungs appear bright, and the respira-
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tory 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 intestines
offer a uniform and general resistance to the passage of the
Rontgen rays. The pelvie cavity, although more easily examined
than the abdominal, presents a still limited field. To examine it,
the tube should be placed either between the ilium and the dorsal
vertebra or below the sacrum. As in astronomical photography
the sensitized plate reveals thousands of stars invisible through
the telescope to the eye, so in skiagraphy the eye fails to perceive
on the screen many interesting and important points that are
distinctly photographed on the plate. With our present know-
ledge and apparatus, the sereen 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 Rontgen rays can readily penetrate. The screen

also aids our investigation of the organs contained in the thoracic
cavity.

IX. THEORY.

Part I. of this little book is intended to be a brief practical
treatise, yet a few words concerning the history and the various
theories explanatory of the zrays may be acceptable to the
reader. The interesting phenomena obtained by the discharge
of an electric current in a glass tube from which the greater part
of the air has been exhausted have been already referred to.
They are associated with the names of Geissler and Gassiot.
Crookes carried the exhaust much farther, and opened up a new
world to scientific explorers. Working in this direction, he
produced one of the most wonderful inventions of modern times,
the radiometer., But an electrie discharge in this higher exhaust
revealed fresh phenomena caused by the rays proceeding from the
negative or kathode terminal, and hence named kathodic rays.
Hertz, Lénard, Rontgen, and others, investigated the special
properties of these rays, which, while responding to the. .t-EEtS
applied to ether vibrations, were found to possess a,d&_l_tmnal
characteristics. It was while studying the latter that Rontgen
discovered what he modestly named the z-rays. These new
rays, which we prefer to call after the name of their discoverer,
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A. SURGERY.

WaEN the first Rontgen photographs were published, scientific
surgeons all over the world became keenly alive to the possi-
bilities of the situation, 8o far, they have gained the lion’s
share of practical help from the new science, but ere long the
process will perhaps become of hardly less value to the physi-
eian. Among the earlier achievements were the detection of
foreign bodies in various parts of the human frame, with many
observations, both general and particular, bearing upon fraec-
tures, dislocations, and diseases of bones. As methods improve,
a greater amount of precise and valuable surgical information
will assuredly be derived from the same source. Future success,
however, will most likely depend upon the definition not so much
of substances that are relatively opaque to the rays, but rather of
the more translucent structures, such as soft tumours, gall-stones,
abscess cavities, and so on. So long ago as February, 1896,
Adolph and Leng recorded the fact that they had obtained a
Rintgen ray picture of ordinary connective tissue,

I. FOREIGN BODIES.

In no instance has the skiagraph proved of more immediate
practical use to the surgeon than in the detection .of foreign
bodies. The nature of the embedded substance is of importance,
for, in order to yield a readable record, the foreign body should
offer a resistance to the rays considerably greater than that of
the tissues in which it lies. Thus, a bullet buried in translucent
muscle would cast a deep and clear-cut shadow on the sensitive
plate or screen, whereas it would be obscured if lodge‘d in more
opaque structures. Fragments of glass can be readily photo-
graphed, because they resist the rays, but such penetrable
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materials as leather, clothing, paper wads, and wood cannot, as
a rule, be demonstrated by the skiagraph.

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 that of
a needle in the palm, where it may elude the vigilance not only
of careful and skilful manipulation, but even of an extensive
cutting operation. A striking proof of what can be done by the
Rontgen rays under such circumstances is afforded by 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 skiagram, 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 foréign body was readily
removed by a second operation. In other words, the skiagram
furnished the surgeon with a new and powerful weapon of
diagnosis, which denoted not only the presence, but also
the exact 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 skia-
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 Rontgen rays,
namely, to locate a broken hypodermic needle lost in the tissues,
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 in a remarkable way, so that
fa.aw surgeons would feel justified in undertaking a cutting opera-
tion, unless the foreign body could be localized by manipulation,
or, more recently, by the z-rays. The danger of such wandering
objects in the tissues is obvious,

The opacity of glass* to the rays, probably due to the contained
;Eaihﬂ;ﬂinff*:h:;'%f::&ls,ITa:kea ;t easy to detect fragments buried
ilHlbnd iy rema.i.u Embl?i'dﬂd :-:-ursa, well known thﬁn? such
T L edded for many years, often giving no

yond some slight enlargement and pain

- .
Potash glass is more translucent to the Rontgen rays than lead glass,

4
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or discomfort on deep pressure, By the Réntgen method, how-
ever, a piece of glass may be so exactly defined that the surgeon
can cut down upon and remove it without a moment's hesitation.
After any injury by glass, indeed, it would be well as a routine
practice to examine by the rays, in order to ascertain whether
any splinters have been left in the wound. In the following case
negative evidence was obtained as to the presence of glass, and
positive testimony as to joint mischief,

A. B., & milliner, admitted to the Metropolitan Hospital with
the following history: Two months previously her little boy,
o : whom she was nursing, by an unex-
!J pected kick broke a wine-glass 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
was explored before the patient came to
the hospital. On admission the wound
had ecicatrized, but the end-joint of the
finger was stiff The accompanying
skiagram (Fig. 18), taken by Mr. Green-
hill, of Clapton, proved the absence of
glass, but disclosed various changes in
the joint, Absorption of the distal end
of the second phalanx had taken place,
and fibrous anchylosis was diagnosed
from (a) the appearance on the photo-
graph of a faint line between the
phalanges, and (&) the clinical condition
of the joint,

R ——— Tead is exceedingly opaque to the
Fig, 18— Frvoin Stov. o fand hence the new method does

Boxe axp Frorous  yeoman’s service in gunshot wounds.

EIEraians The erratic course taken by bullets
after entering the body often renders
their discovery, under the conditions
of ordinary surgery, a matter of impossibility. By means of &
skiagraphic examination, however, the surgeon may 1n many
cases acquaint himself as to the exact whereabouts of the missile,
and that without undressing the patient and without taking off

Exp. 8 m.; spk. 3 in.;
dist. 15 in.
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splints and dressings. By such a plan the shock entailed by
prolonged probing or manipulation will be avoided.

The difficulty of gaining exact evidence as to the presence of a
rifle-bullet was well illustrated in the classical case of Garibaldi.
Day after day his medical attendants, surgeons of European
fame, endeavoured in vain to find out whether a ball was or was
not embedded in the ankle of their illustrious patient., At length
Nélaton settled the point by means of the ingenious probe that
bears his name, an instrument tipped with porcelain, on which
the leaden bullet traced an unmistakable billet. Réntgen, how-
ever, has far surpassed Nélaton's plan as regards ease, certainty,
and simplicity. Had the skiagraph been available in the case of
Garibaldi, a few minutes’ exposure would have sufficed to clear
up the diagnosis. It is interesting to add that in 1896 the
presence of a Japanese bullet in the head of the distinguished
Chinaman, Iii Hung Chang, was demonstrated by the Riontgen rays
during his visit to Europe.

In military surgery the Rontgen processes will certainly prove -
of great value. On a campaign, where baggage is naturally cut
down to the last ounce, some little difficulty will be presented by
the cumbersome nature of the necessary apparatus. However,
the electrical engineers will no doubt be able to meet the wants
of the case. As it is, an ordinary field ambulance waggon may
be calculated to carry a ton burden with ease, a weight that
would accommodate an z-ray installation with dark room and
photographie requisites. In the British army the engineers
already possess a photographic waggon, which might be adapted
to such work. However, the apparatus would probably be located
at a base hospital, and not in the front.

The first opportunity of the trial of the new discovery in actual
warfare has been afforded by the Greco-Turkish war. The Daily
Chronicle proved equal to the demand, and sent off a complete
outfit to the seat of the war in connection with its national fund
f:?r the wounded. The selection and testing of the various requi-
;11295 was n_:ta.da by Dr. Barry Blacker, of St. Thomas's Hospital.
M;} f;:jllf;r;?? account appeared in the newspaper mentioned on
pI;tfh;u:[?tp?_‘:,al::ﬂlli'ﬂrﬁm‘?ea‘Wﬂl consist ::-f an absolutely com-
R Th.:: mﬂlﬂ'lll ar in every deteili fo the apparatus in

. as's Hospital, and it will be an excellent
49
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opportunity for testing its utility in military surgery at the seat
of war. The a-ray apparatus consists of :

‘1. A large induction coil for obtaining the high - tension
currents for generating the rays in the vacuum tubes.

2L A double set of accumulators for supplying the current to
magnetize the iron core of the coil, thus rendering the working of
the rays possible for very many hours in succession,

‘3. A sufficient number of the most efficient type of T-ray
. focus tubes.

‘4. A fluorescent screen, capable of showing every joint and
bone in the body, coated with a double layer of platino-cyanide
of barium, on which the shadows of the bones and bullets will be
cast.

‘5. A quantity of Eastman's z-ray paper, with developing
solution capable of taking 500 skiagrams, should the operator not
have the time at his command personally to see the shadows on
the fluorescent screen.

‘ The secondary winding of the coil is over thirteen miles in
length, and will give a heavy discharge over 10 inches of air.
Strange to say, the same coils are used in another of the very
latest developments of applied electricity — viz., telegraphing
without wires by means of invisible rays of a much slower rate
of vibration than z-rays are supposed to have.

‘It is hoped that it will be possible to use the fluorescent
screen to the exclusion of the photographic method, as the
position of the bullet or the seat of the injury may be viewed in
many positions rapidly, and the time required to develop a dry
plate (although much shortened by the use of Eastman’s new
x-ray paper) constitutes a serious delay to a busy surgeon.’

Apart from military surgery, however, there are numerous
gunshot wounds to be met with in civil practice. It is surprising
the number of injuries of this kind, accidental 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 usually took place in their student days. Now all
that is changed, and if a bullet be present, it may as a rule be
located in 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
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the risk of introducing harmful miecro-organisms into the wound
by means of the probe. A further gain is that, with a knowledge
of exact location, the surgeon can minimize the extent of his
operative measures. The latter point is well illustrated in the
following 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

Fie. 19.—8HOT EMBEDDED 18 MUSCULAR FOREARM,
(Taken by Mr. Cox, Parkstone.) Spk. 11 in.

by Girdner’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 bbullet
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 skiagraph may furnish, as it
were, s‘m absolute chart upon which the surgeon may found, not
le],r his diagnosis and plan of operation, but also the ha,rﬂl}: less
important point of prognosis,

Fig. 19 gives a good idea of the skiagraphic record obtained

" The Jowrnal. Chieago, Jan. 16, 1897, p. 124.
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from small shot. It was taken from the arm of a gentleman
who had been accidentally shot twelve months previously. Two
pellets lie close to the ulna, a small portion of which is portrayed.
They caused no trouble, and as the patient was strong and
musecular, their presence could hardly have been detected by
any means other than the skiagraph. 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.

The skiagraph of a bullet-wound may help diagnosis in various
ways. In the following case, related by Dr, Mandras, 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.

‘ Forty days after the accident the wound was healed, but
there was complete loss of power of the thumb. Professor
Dubreuil extracted a dise-shaped fragment of a bullet the size of
a frane. 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 radiograph 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 mueh metallic
débris. By the courtesy of Dr. Mandras, the photograph is re-

produced in Fig. 20.

* ¢ Radiographie en Médicine,” par V. Mandras, M.D., Bailliére, Paris, 1896,
p. 28,
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Localization of Foreign Bodies.

In order to localize the exact position in the tissugs of a fore%g,n
body, it is often needful to take a s?cond skiagraphic obser}ratfu
at right angles to the first. For instance, let us take I']g 21,
which shows a needle to be imbedded in the finger. With so

Fi. 20.—THume sHowixG ApsonprioNx 0oF Boxg (Distan END oF META-
CARPAL) AFTER IMmpacT 0F BUuLLET, AXD LEADEN DERRIS.  (Mandras.)

The above print is from a photographic film and reverses the light and
shade of an ordinary negative, just as happens when the skiagram is taken on
sensitised paper.

small an object, the surgeon has no clue as to whether it lies
back or front of the digit. A cross-skiagram, however, will at
once settle the point.

When the fluorescent screen 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
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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 in.
dicated, and then, by
& cross-view, ascertain
the exact depth to
which the needle should
be carried. Such a pro-
ceeding would obviously
be confined in its appli-
cation to the less vital

regions,
Fre. 21.,—NEEpLE IN FINGER, sHOWING EvE. Other aids to the
Exp, 8 m, ; spk. 2 in. ; dist. 15 in. correct reading of the

_ skiagram of a foreign
body are furnished by (a) the sharpness of the shadow outline,
and (D) its size in relation to the original object. These points
are both shown in the following experiment of Mr. Greenhill’s.
A skiagram 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
of the same size as the original section ; the other, on the contrary,
was darker, larger and more diffuse. This difference in the size of
the skiagraphic shadow is explained by the fact that the rays issue
from the focus tube in radiating straight lines ; the diagram (Fig. 22)
will serve to show what is meant. Let F represent a focus
tube in action, P the sensitive photographic plate, and A and B
two objects of similar shape and size, such as two halfpenny
pieces, but A being near the focus tube and B near the plate.
It follows, then, as the Rontgen 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 faet, given
the distance of tube from plate, and the size of the shadows,
the relative position of the intervening objects could be deter-
mined by a simple mathematical caleulation.

The ring on the same hand showed a bright and a dim outline,
corresponding to the near and the far portions in relation to the

sensitive plate.
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It need hardly be pointed out that the ordinary localizing
signs and symptoms, such as ]_]EI.iﬂ.. tend}e.rneas.hdyaplflce&, and
difficulty of breathing or of swallowing, will retain their furmer
value. It should be remembered, however, that such ailds _ta
diagnosis are often altogether wanting. In faet, the. _skm—
graph will mean to the philosophical ﬂbser\::ar an &ddltl?ﬂ&.l
instrument for conducting exact investigation Into regions
hitherto inaccessible either to 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
difficulties. Suppose a bullet to be lodged near the surface
of the lung, there would be a
better chance of finding its exact E-f’) F
position than if it were more AR
deeply embedded. In investi- Sy,
gating the brain, the photo- R
graphic field is obscured by the SR T
fact that the rays pass through ’ :
a large mass of soft material z__ . L7 § .
and two surfaces of bone, which
under present methods are more A et
or less recorded on the plate. Fic. 20,

In the case of a foreign body
in the brain, the action of a cross skiagram may be explained
by the following diagram (Fig. 23):

Let sk. represent the skull; 7. b. the foreign bedy; No. 1 the
lamp, and A the sensitive plate used for the first position ; No. 2
the lamp, and B the plate for the second position. Then the
shadow Al will fix the plane between No. 1 and A in which
f. b. 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. 2 and B. In other words, the foreign body
lies at the point of intersection of the two planes obtained by
the two skiagrams 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, as, for instance, the centre. In dealing with an
oval object like the skull, it will be better to leave the latter in



o6

THE RONTGEN RAYS IN MEDICAL WORK

one position and to move the lamp, placing the plate A on the
table, and B at right angles. In practice, however, the results

| are not so easily obtain-
ey Q H able as might be inferred
oy from the foregoing expla-
FESe nation. In the above case,
for instance, there would
FARS be a good deal of difficulty
e in penetrating the long
e R s axis of the skull, and a
¥ somewhat longer exposure
4 would be needed for that
“position,

Another method, which
takes both views in the
short axis, is on the
principle shown in Fig, 24.

Two views are taken by shifting the focus tube, but the body
to be penetrated and the sensitive plate remain in exactly
the same relative positions. The lamp is put at the same

distance from the plate

Fic. 23.

s L AT in both views, and also
_ Q ------ o rees ) in some known relation
it ki) to a given point, say
i o .j" : the centre or the edge of
e e 5 the plate. By comparing

the resulting shadows, a
conclusion can be formed
as to the intersection of
the planes, 1z and 2b. It
need hardly be said that
two plates must be used,
one for each position.

The possible alteration
of the shape of the bullet
should be borne in mind ;
otherwise, especially if only a single skiagram were obtainable,
the observer might be misled by comparing the size of the
shadow with the dimensions of the original projectile ascertained
from other sources.

Fic. 24,
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Foreign Bodies in Brain.

By the kindness of Mr. Mackenzie Davidson the writer has
been enabled to reproduce the accompanying illustration (Fig. 25),
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 latter, 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
skiagraphic 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.

Unfortunately, Mr. Davidson has no note of the conditions of
exposure. It may be pretty safely assumed, however, that the
spark was a powerful one.

It may be also conjectured that the tube was placed close to
the skull, and that the exposure was fairly long. Under the con-
ditions mentioned, the side of the skull next the lamp is not
reproduced, and a reference to the figure will show that it repre-
sents mainly one side of the skull, namely, that next to the plate.
Lastly, it will be noticed that the frontal sinus is displayed, that
the gums ave toothless, and that the tongue is well defined.

The subject of clearness of definition is admirably handled by
Mr. Lewis Wright in his work on the ¢ Induction Coil’ He states
that sharpness ecan be increased in two ways only: (a) by in-
creasing the distance of object and plate from the tube, which, of
course, lessens photographic power, but is useful in some cases ;
and (b) b;,v reducing the radiant* almost to a point. The following
passage is so cle_u;r and practical that the intending operator will
do well to study it carefully. ¢ As Dr. Macintyre has pointed out,

* “The Induetion Coil.’ TLewis Wright, p. 150, Maemillan and Co., 1897.
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the problem confronts us, when we deal with subjects of great
depth, in a more complicated way. Suppose we want a radio-
graph through the entire human body, or through the entire
eranium. We have now to consider what we want, If we
remove the foeus tube to a distance proportionate for the much
greater thickness, to 9 or 10 inches for the thickness of the hand,
our shadow of all the structures would be of approximately equal
sharpness, But in the first place, such a distance will afford far
too feeble radiation; and in the second place, even supposing
that we could thus get shadows of all the structures super-
imposed, these would only confuse each other. What we want
is some definite portion, the less confused by images of the rest
the better. These objects are best attained by placing the focus
tube as close as possible to the structures we do not want. If we
seek for a suspected injury or disease of the bone on one side of
the cranium, therefore, we bring the tube close to the other side,
and the photographie plate close to the side we wish to photo-
graph. Then the shadows of the side next the tube are so
diffused and dispersed and enlarged that they practically dis-
appear; while the details are sharp of the side in contact with
the plate.’

An admirable instance of ingenious intracranial localization
has been kindly furnished to the present writer by Professor
Waymouth Reid, of Dundee. In this instance, owing to the
shedding of hair that followed the first exposure to the Rintgen
rays it was impossible to procure a cross-photograph.

The patient, a young gentleman, from whom the skiagram
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 substa:r?ce
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 penetra:ted
the brain about the lower part of the first frontal convolution.

* Pritish Medical Jowrnal for SBeptember 17, 1892,
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Continuing its course obliquely upwards through the convolution,
it apparently next entered the motor area of the brain, proﬂ‘l{c-
ing, 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
Réntgen ray photograph, reproduced in Fig. 26, was taken by
Dr. Reid, to whom the writer is indebted both for the use
of the illustration and for the diagram and 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. 1ii., p. 431).

A tracing of the skiagraphic plate obtained 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, Big. 7). ‘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 skiagram. 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 incan-
descent lamp was placed in a position corresponding precisely
with that of the anode in the first exposure. Paper discs of
varying size were next interposed beneath the rays, X, until their
shadows fitted those on the tracing Y. Measurements were then
taken upon the curved wires of the lead cage, just as they would
be upon a patient’s head before operating.

Clearly, the depth of the bullet might be calculated very
differently by this method, according to the size of the interposed
dise. Accordingly, a bullet of the same size as that with which
the patient shot himself wag obtained, and three discs were cut—
(1) of same diameter, (2) half as large again, (3) double the size.

No. 1 indicated a location on the left side of the brain. The
shadow on the original skiagram, however, was too sharp for
such a position, Moreover, the bullet must necessarily have
bE..'EIEl nore or less flattened by frontal impact. Lastly, the
clinical symptoms pointed to a right-sided in Jury,

5—2



60 THE RONTGEN RAYS IN MEDICAL WORK

—

N?. 2 ?howed_bullet on the right side 1§ inches up from the
E‘?y]wan line, 24 inches back from the vertical rising to Rolandic
line (AB), at a depth from surface of 2 inches.

No. 3 fixed the foreign body on the right side close to the
surface, 1§ inches above the Sylvian line, and 3} inches back
from the vertical rising to the Rolandic line.

This last inference is probably the correct one, Dr. Reid
concludes that the bullet, after it had traversed the brain,
came to a dead stop, flattened against the inner surface of
the skull.

It is interesting to note that this highly ingenious—indeed,
brilliant—skiagraphic diagnosis nearly confirmed that arrived at
in the first place by Dr. Blaikie Smith. In his published account
of the case, that gentleman wrote : * In all probability, the bullet
has become arrested either in the leg centre or in its immediate
vieinity. The exact situation is open to doubt ; possibly the future
may determine its position with greater accuracy than can be done at
present.” In the light of recent events, the remarkable passage
printed in italics reads like an inspired prophecy. Dr. Smith,
however, has explained to the writer that what he had in mind
was the possible future development of loealizing signs. He has
added that when he last saw the patient the left knee jerk was
still exaggerated, and the left hand apt to become cold from slight
causes, the latter result being perhaps due to ftrophic disturb-
ances.

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 skiagrams 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 fo 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. From 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 skiagram taken
at the time would have prevented the useless exploration of the




MEDICAL AND SURGICAL APPLICA TIONS 61

orbit. Moreover, had the bullet been removed by operation, the
patient might have been spared the ensuing paralyses of th.e
fifth (except its motor branch) and of the olfactory and optic
nerves. :

Many other bullets have been detected in the brain by the
Rontgen rays.* Thus, Eulenburg described two ﬂuc.h cases. In
the first the foreign body was found in the right middle fossa t.::f
the skull, a little to one side of the median line ; in the second it
was shown close behind the orbital fissure.

Foreign Body lodged in Spine.

Dr. Phelps, of New York, has reported a case where a revolver
bullet struck the thyroid cartilage, and, after passing through
the neck, lodged in an unknown part. A skiagram showed a
dark spot in the fourth cervical vertebra, and with the knowledge
thus gained the surgeon was enabled to operate successfully. The
ball had struck the hard lamina of the vertebra and flattened out,
after which it had barely penetrated the canal. Recovery was
uneventful.

Foreign Bodies in Thorax.

Such objects as coins and buttons have been detected in the
larynx by means of the Rontgen rays. Ultimately, no doubt, they
will also be discovered more or less certainly when in the bronehi.{
In both sites, however, it is likely that the clinical signs and symp-
toms 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 ex-
tracted by external operation.; Dr. Downie has kindly allowed
the accompanying reproduction (Fig. 28) of his original skiagram.
It was taken with an exposure of eight minutes to an Apps coil
having a 10-inch spark.

* Deutsch. Med. Wochenschrift, August 17, 1896,

+ Mr. Ballance has recently found a piece of glass in a child’s bronchus,
T Edinbwrgh Medical Jowrnal, January, 1897,
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Fig. 28 shows parts of upper and lower jaws, with some of the
molar teeth and their fangs. To the left are several of the cervieal
vertebra, and in front, under cover of the lower jaw, is the hyoid
bone, below which a light perpendicular band indicates the position
of the larynx and trachea, structures which are particularly trans-
lucent. 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 carti-
lage, and with its point embedded in the cartilaginous dise between
the fourth and fifth cervical vertebre. The pin appears at least a
quarter of an 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 skiagram 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 1 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 vertebre, through which the rays must have passed to give
the image of the pin shown in the photograph.

The principle 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 some forms of that material are
opaque to the rays, owing to the contained lead.

The beginner will do well to study all the figures atten-
tively. In this way he will train his eye to the recognition of
skiagraphic 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
skiagram is reduced on the block.

In the cesophagus it is fairly easy to locate false teeth and other
objects opaque to the rays. A London medical journal® recently
commented on a case where the results of such an attempt,
although negative, were nevertheless of an instructive nature.

* Medical Press and Circular, January 13, 1897,
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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 skiagraphed, but without result. Shortly after-
wards she brought up a quantity of blood, and was taken to
another hospital, where she died while an attempt was being
made to skiagraph the abdomen, to which part pain was referred
to the last.

Post-mortem it was found that the plate had lodged in the
wsophagus below the bifurcation of the trachea, whence it had
uleerated into the acrta. 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.

If a foreign body be found impacted in the upper part of the
gullet, the surgeon may decide forthwith to perform an esophago-
tomy. Indeed, it is chiefly on account of the difficulty of local-
izing 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
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 cause, the surgeon will do
well to make the skiascopic examination of the chest a routine
practice,

An excellent example of a coin impacted in the wsophagus is
shown in Fig. 29. The case 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 skiagram taken by Messrs. Allen and
Hanbury, of Wigmore Street (Fig. 29), 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
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effected by means of a catch 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 skiagraph 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
here is that the position of the teeth would have effectually
prevented the pulling upwards of the buckle. The danger of
attempted extraction by curved 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 crueiform
toy known as a ‘ jackstone ' impacted in the cesophagus 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 mot be extracted by the
mouth, gastrotomy was performed, and the *jackstone’ drawn
down into the stomach and removed.

Among numerous other instances, the following may be
selected. Dr. Blisst 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 Rontgen rays.

In this class of cases the importance of the Rontgen rays can
hardly be over-estimated. As every surgeon knows, the dif’ficulty
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.nnly
after repeated negative attempts with the esophageal nl.wa,rg,r
bougie and ¢ coin-cateher.’ A low cesophagotomy proved a failure,
and gastrotomy was finally required.

* North- Western Lancet, March, 18_9';’.
t Internat. Med. Mag., March, 1897,
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Finally, White has suggested the combined use of instruments,
as the curved forceps, with the fluorescent screen.

Foreign Bodies in the Abdomen.

9o 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 skiagraphy, so far as concerns the abdomen in
adults, have been either uncertain or negative. However, a good
definition of intestines and other abdominal organs can be pro-
eured in the case of small lower animals, and also of children. In
the face of such facts, it may be confidently anticipated that before
very long it will be possible to obtain satisfactory ray pictures of
the abdominal viscera in the adult human subject. TFrom time
to time different experimenters have succeeded in obtaining an
obscure record of intestines. The present writer has such a
~ result in the shape of a skiagram showing a faint, but discernible,
tracing of colon, of loops of small intestine, and of the sigmoid
flexure of the rectum. The patient from whom the skiagram was
taken had signs of chronie intestinal obstruetion. On the
chance of localizing the lesion, he was given bismuth in 10-grain
doses thrice daily for over a week before the abdomen was
skiagraphed.

The advantages of localization of foreign bodies in the intes-
tines of adults need hardly be pointed out. Numerous possi-
bilities will readily occur to the mind of the medical reader, such

as the tracing of a Murphy’s button during its passage through the
bowel.

Foreign Bodies in the Eye.

The Rontgen ray exploration of the eyeball, buried, so to
speak, in a dense bony socket, is attended with much difficulty.
Huw.ewer, 1t has been carried out successfully by several observers,
and 11;1 a certain class of cases appears capable of yielding useful
results.

So early in the history of skiagraphy as March, 1896, Professor
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Van Duyse communicated some interesting experiments 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 ceritre
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. 30.

An important point is that
the foreign body could not be
detected by the ophthalmoscope.
F1c. 30.—SHoT 15 EYEBALL oF RABBIT. This second skiagram {Fig. 31)

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, it
will suffice to place, in the
inner angle of the lids, a
small sensitive plate or film
of which one of the corners
has been rounded, and to
turn on the z-rays from the
temporal side.’

For the blocks of both the
above illustrations the writer
is indebted to the courtesy
of Dr. Van Duyse.

Cases have been reported
of the detection by the rays
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Fig. 81.—PrLLET AXD FRAGMENT ; S L
orF LEAD 1IN Humax EvE. of foreign bodiesin the living

(Van Duyse.) human eye.

Dr. Teukowitsch* has obtained good results in sheep’s eyes
with ‘two tubes, but found it better to use one tube and take
two views. *

For the living human eye he used small semicircular sensitized
plates, as that shape allowed the largest possible area to be
inserted at the inner angle of the eye opposite the lachrymal
bone. By rolling the eye inwards or outwards, a large I?a.rt
of the globe could be brought within range of therays. Rotation,

# Lancef, Angust 15, 1896.
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however, rendered a fixingpoint necessary. This he obtained
by a glass indicator, bent twice at right angles, with a short
straight terminal placed so as to point exactly to the antero-
posterior axis of the centre of the cornea. In this way he
obtained localizing skiagrams of a foreign body (a sequin) placed
on the conjunctiva of his own eyeball.

In February, 1897, two cases of steel fragments in the vitreous
humour were brought before the Ophthalmological Section of the
College of Physicians, Philadelphia, by Drs. Oram Ring and
Hansell. The latter gentleman mentioned another instance
communicated to him verbally by Dr. de Schweinitz, who found
a foreign body by the rays, and afterwards extracted it by
the Hirschberg magnet. Dr. Hansell, in a communication to
The dJowrnal, Philadelphia, observed: ‘Thus it will be seen
that the bony walls of the orbit and the coats of the eye
are permeable to the rays. By comparison of the shadow of
the metal with that 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.’

So far as we can judge, the field of practical usefulness of
the rays to the ophthalmic surgeon is likely to be confined
within a narrow limit. Dr. Stern, of the Philadelphia Polyclinie,
however, claims by an original method to have succeeded six
times in demonstrating in the eye, by both fluoroscope and
skiagram, foreign bodies undiscoverable by other means. In
each instance he reported subsequent removal by ophthal-
mologists. DBefore he detected 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.

In March, 1897, Benedikt* showed a skiagram 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 skiagraphic exploration, which revealed a sharp
body penetrating the orbit from the neighbourhood of the
zZygoma,

The humours of the eye appear to be somewhat resistant to

#*

Medical Press and Cireular, April 7, 1897, p. 859.
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the rays, and the crystalline lens markedly so, while the retina is
insensitive to their influence,

Calculi in Various Positions.

The detection of stones in internal organs, closely connected
with the subject of foreign bodies, is likely to become an important
branch of skiagraphy. Under present methods, however, results
are uncertain. For all that, ealeulus has been shown by the
skiagram to exist in the gall bladder, in the urinary bladder, and
in the 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
skiagraphy, yet stone in the bladder and the kidney might be thus
demonstrated. As already stated, this theoretical conclusion
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. It was taken by Mr. Cox, of Parkstone. The 1mage was
too faint to print, but, as often happens with objeets 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 a considerable 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,
uric acid of almost the same opacity, and gall-stones very
slightly more opaque than flesh. They thus substantially con-
firmed previous results arrived at by Mr. Henry Morris. Experi-
ments upon gall-stones have been reported by Messrs. Neusser,
Goodspeed, and Cattell* and many others.

In France, Messrs, Chapuis and Chauvel have specially studied
kidney calculus in relation to the rays. They conclude that
stones composed of uric acid, urates, and phosphates, are little
less opaque than bone. Those composed of many layers and

* Medical News, February 15, 1896.
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of unequal opacity proved by analysis to consist of urie acid
nuclei covered with layers containing phosphates. They found
the kidney substance less penetrable than museular tissue, El.:,‘l that
the kidney appeared as a light patch on the negative (dark in the
priﬁt}. |

In a skiangram of a removed kidney a stone shows as a dark
body. Many excellent examples of this sort have been published
from time to time.*

To Dr. Macintyre, of Glasgow, belongs the distinction of having
obtained the first skiagram of a renal caleulus in sifw.t It appears
" that he had failed to demonstrate any concretion in half a dozen
" cases where stone in the kidney was suspected. Undeterred by
these negative results, however, he tried the Rontgen rays upon
another patient who had been previously operated upon for the
malady in question. Thereupon, with a 6-inch spark and twelve
minutes’ exposure, he was rewarded by a clear record on a
Paget XX XXX sensitive plate. ¢ In thisinstance,’ to use his own
words, ¢ at the correct situation, a picture of an obliquely-placed
elongated deposit was obtained.” From his reading of the skiagram,
Dr. Macintyre inferred the presence in the kidney of a stone, but
not a wellformed one. The correctness of his inference was
subsequently proved by Mr. Adams, of Glasgow, who, on operat-
ing, found at the bottom of an old cicatrix an ill-defined mass,
which he removed with a spoon.

Messrs. Leon and Laurie, in the paper above referred to,
obtained a ‘ faint but distinct image’ of a stone introduced into
the urinary bladder of a cadaver. They made an exposure of
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 skiagram 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.
Silecock. A collotype of this caleulus, 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.

* See plate in Morton's ¢ X-Ray,” New York, 1896.
T Lancet for July 11, 1896,
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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 Réntgen, 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 :

Specific gravity. Permeability. Density of shadow,
1. Oxalate of lime. Biliary. Oxalate of lime,
2. Urie acid. Uric acid. Phosphatie.
3. Phosphatic. Phosphatic. Uric acid.
4. Biliary. Oxalate of lime.  Biliary.

Dr, Swain exposed each of the above kinds of calculi, 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 calculi, with the merest trace of rib, were to be seen.
The important deduction is that a short exposure may give a
better result than a long one. If the exposure be too long, some
ealeuli 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 difficulty of
diagnosing urie acid caleuli is therefore obvious.

Prolonged exposure caused a ‘ denser’ negative. Objects that
could not be printed were still visible to the eye. Hence it is
always desirable to study the negative to avoid missing shadows
not evident in the print. This observation was applied by Dr.
Swain to a case where a patient was suspected to have a stone in
the kidney. The skiagraphic negative showed a distinet shadow
in the region of the left kidney, but no satisfactory print was
obtainable. This result was taken as confirmatory, and a subse-
quent sucecessful operation removed a stone half as large as a
walnut. In this case it is important to note that the shadow
given after an exposure of thirty-five minutes was not very deep,
but with an exposure of twenty minutes_ the presence of the










*auiHL 3Ino gFona3ad T2f J1lY1d

3
I







MEDICAL AND SURGICAL APPLICATIONS 71

caleulus was made abundantly clear. In this case the skiagrams
were taken with a coil capable of giving a spark of 19} inches,
worked at about half its full strength. The focus tube was placed
about 12 inches from the body.* :

It seems tolerably certain, then, in the light of what has been
already done in this important branch of surgery, that the demon-
stration of all internal caleuli of any size in the adult will sooner
or later be within the power of the Rontgen ray operator.

The accompanying excellent skiagram (Fig. 32) was kindly fur-
nished the writer by Mr. Mackenzie Davidson, M.B. It shows very
clearly a uric acid caleulus in the urinary bladder of a living male,
twenty-eight years of age. The size of the stone was estimated at
3-4 em., and its actual diameter when removed by Professor
Ogston turned out to be 3'2 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 serotum appears on the
plate. This phenomenon is attributed by Mr. Mackenzie 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 occurrences, which he had noted more than onece,
Mr. Mackenzie has since used waterproof paraffined paper for
covering the plates. It is open to some question if this interest-
ing phenomenon is quite so easily explained. The rays were

directed through the lower pelvic outlet and bladder obliquely on
to the plate.

. Bones—General Observations.|

The following experiment was devised by the author with a
view of asecertaining to what particular element of bone the
Rontgen 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 several
days in dilute hydrochloric acid, and the third calcined 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 re-
produced in Fig. 83, The normal bone on the left affords a
standard for relative comparison ; the centre or decalcified one

* Bristol Medico-Chirurgical Jowrnal, March, 1897,
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casts a much fainter shadow; and the calcined 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 decaleification was not completely carried out, so that
some of the shadow in the centre bone, especially in its lower
portion, is doubtless due to lime salts that have not been entirely
removed by the acid. This simple experiment seems to show
that the main part of the shadow thrown by bone is due to its
contained lime salts.

The opacity of bone to the Rontgen rays is much greater than
that of the neighbouring soft tissues, a fact doubtless due to the

; | =

Fie, 33.—Turee Smann Boxes rrom Foor oF SHEEP: oX LErr, NORMAL ;
% CENTRE, DECALCIFIED ; 0N RIGHT, CALCINED (AND CRACKED BY THE
Heat).

earthy matters which form three-fourths of osseous sbructu're.
This quality enables us, by means of the ‘new photography,” to
obtain a sharply-defined shadow of most of the bones of the
human body. Where the latter lie in a single layer, and the
soft parts around are comparatively thin, as in the hand, a re:::r:?rd
can be quickly obtained upon either the screen or Fhe sensitive
plate. But in the pelvis, where the parts are thick and tl:}e
bones more or less overlapping, the resulting phntagr.u.ph is
obscured. In the case of the head, each half of the skull is more
or less recorded on the plate, so that a blurred picture of double
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shadows results. For all that, the surface next the plate is
always the more sharply recorded, so that indications of the
utmost value are often obtainable from skiagrams both of skull
and of pelvis.

Bone being relatively opaque to the rays, it follows that any
break whether in continuity or in outline, and any abnormal
position in relation to joints, will be readily detected by means
of the skiagram. As a matter of fact, not only are fractures
and dislocations indicated in this way, but also many other
pathological states, such as exostosis, caries, altered density, and
the formation of callus. The surgeon, indeed, when called upon
to deal with injuries and diseases of bone, will find himself
furnished with an entirely new weapon of accurate investigation.
Instead of long and painful manipulations, often ending In
nothing better than a suspended judgment, he will in many
instances be able after an appeal to the rays to give a definite
diagnosis and prognosis. Such results, it should be noted, may
be obtained without causing the patient a moment’s additional
pain, and without taking off splints (if non-metallic), bandages,
or dressings that may have been applied.

It has been surmised by various experimenters that the opacity
of bone is due to its contained lime-salts. The skiagram shown
in Fig. 33 proves fairly conclusively that the main part of the
shadow is thrown in that way.

In order to read his skiagrams aright, the surgeon should make
himself familiar with the skiagraphic appearances of bone, both
in a healthy and in an abnormal state. A workman’s hand,
injured many years previously in a machine acecident, is portrayed
in Fig. 34. 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 skiagrams, 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
]
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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 articular
cartilages.

As to the abnormal hand, Fig. 34, the reader will do well to
stuji y 1t carefully in detail. The phalanges of the three re-
maining fingers are enlarged and dark, while the usual gaps
between the end joints of the middle and ring digits have dis-
appeared. The most likely reading of these recorded facts is
that the fingers have been affected with chronic osteo-arthro-
pathy, which has enlarged the bones and obscured or obliterated
some of the joints. As regards pathological conditions, the
following appear to be probable :

L. Old greenstick fracture (thumb metacarpal).
2. Mal-united fracture (right angle, second metacarpal).
3. False joint (this may possibly be bony union; third meta-
carpal).
Impacted fracture (bony union, fourth metacarpal shaft).
New articulation (fourth metacarpal base).
Bony anchylosis (distal end fifth metacarpal and first
phalanx of fourth).
7. Fibrous and partially osseous anchylosis (base fourth and
fifth metacarpals).
8. Disloecation (multiple, carpus).
9. Compensatory curving of bones (twisted index-finger).

10. Bone hypertrophy (various bones).

11. Obliterated joint (terminal joints second and third fingers).

12. Arrested development of distal epiphysis of first phalanx of
middle and ring fingers.

One or two of the above explanations, especially in the absence
of a careful examination of the hand itself, are perhaps somewhat
open to an alternative reading.

III. FRACTURES AND DISLOCATIONS.

In these injuries of bone, especially when obscure, skiagraphy
may often boast brilliant results. For example, it is available
when the surrounding parts are too swollen to admit of examina-
tion by ordinary methods, or when the manipulations of the

surgeon cannot be borne by the patient.
The objection has been made by some surgeons that the rays
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reveal nothing that could not be equally well learnt by other
methods. To this it may be answered that not a few bone
injuries occur in which it is impossible for any man, however
skilful, to make an exact diagnosis—at one time, it may be, owing
to the swelling and tenderness of parts, and at another to t.}1e
obseurity of the signs. Under such adverse circumstances precise
evidence may be obtainable forthwith from the fluoroscope or the
skingram, Moreover, the gain of this particular form of investi-
gation 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 points
that will be referred to again under the heading of jurisprudence.
Further, if the progress of a fracture he 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 Rintgen ray 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 bacillus, or from using the
microscope, the stethoscope, the phonendoscope, and the rest of
the hundred and one aids to accurate investigation sold by the
instrument-makers.

To sumup : in dealing with bone injuries successful skiagraphy,
compared with previous methods, offers the following advantages :
It substitutes speed, accuracy, and finality for delay and doubt ;
it affords exact evidence that may suggest, confirm or modify the
diagnosis of the surgeon ; it may furnish both grounds for prog-
nosis and hints for treatment ; it may save the patient the pain
of useless, and perhaps dangerous, manipulations, as well as the
shock of anwmsthetics; it provides a permanent record of the
precise nature of an injury; it may prove a safeguard for the
patient and for his medical attendant, both in the present and
the future ; lastly, it can hardly fail to be of value for teaching
purposes.

Lt seems likely that the Rintgen rays will help towards a truer



76 THE RONTGEN RAYS IN MEDICAL WORK

conception of what really takes place in some particular injuries,
such as Colles’ of the lower end of the radius (see Figs. 36, 37, 38).

Of late a good deal has been heard of the practice of wiring
recent fractures, such as those of the olecranon, lower end of
radius, 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
firm and rapid union. It need hardly be added that the pro-
cedure consists in cutting down under antiseptic precautions
upon the broken ends, which are then drilled obliquely and
brought together by stout wire. In this particular class of cases
the surgeon will learn from the rays—(1) whether wiring 1is
advisable, (2) whether proper apposition has been secured,
(3) whether bony union has followed.

Where & {racture is attended by such complications as impac-
tion, comminution, multiplicity, interposed tissues, extension into
a joint, or dislocation, the skiagraph may obviously afford most
useful information. The practical value of the method, however,
extends beyond diagnosis, for by further investigation it can be
ascertained whether the bones have been reduced to proper
position, and whether sound union has followed.

Where a fracture has ended in fibrous union, false joint, or
other imperfect result, the exact state of affairs can, with one
or two exceptions, be readily found out by the skiagram. A
similar remark applies to a stiff joint after dislocation or o_ther
injury. In all these cases important indications may be gﬂ‘FEd
as to the appropriate form of treatment, whether by reseﬁ!ﬁlﬂﬂr
osteotomy, wiring, refracture, or the breaking down of aﬁhesmnjs.
The diagnostic application of the rays, 1t may be ubs&f‘vﬂd. 18
likely to do away with much of the time-honoured huslne.ss of
the bone-setters. As Mr. Howard Marsh and others have pointed
out, the greatest successes of those irregular practitioners hzﬁwe
been scored in nine cases out of ten by the forcible rupturing
of arthritic bands. It is now open to everyone to put to an
absolute test by means of Rontgen rays & bone-setter’s assertion as
to the existence of a fracture or a dislocation. In this unexpected
way, it is interesting to note, geience has cub away the”grmund
from under the feet of the charlatan. Professor Rintgen's
discovery has dealt the bone-setter a deadly blow that ages
of seientific protest have failed to accomplish.



Fig. 35.—FracTuRe oF HUMERUS UNITED WITH A FORWARD YV-SHAPED BEND.
(By Mr. Gerard Peck, Scarborough.) Natural size.
{(In taking the original of the above block, the apparatus broke down after two minutes’

exposure. The picture, however, proves -how a readable record can sometimes be procured
under adverse circumstances. )
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A eurious condition of affairs is shown in Fig. 35. The ari‘giua.l
was taken by Mr. Gerard Peck, of Searborough, and Iﬂ?::dly
placed at the writer's disposal. The patient was a woman sixty-
two years of age, who injured her arm by a fall,. Pain was
folt at the time, but curiously enough the fracture was not
detected for some months. The patient. was dressed by l“.ler
daughter, and is reported not to have noticed the deformity
until she one day saw it reflected in a mirror. e

The photograph was taken with a Tesla set capable of giving
a 2-inch spark, and an exposure of two minutes. It reveals a
fracture of the lower end of the forearm, united at an extreme
angle, with a v-shaped forward bend.

An instance of the value of the diagnosis of adhesions is afforded
by the case of a patient who suffered from a locked wrist, and the
skiagram showed there was no disease of bones. This result
pointed by a process of exclusion to the presence of inter-articular
bands, and indicated a successful line of treatment.

Special Fractures.

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
skiagram might disclose its real nature. For instance, it would
be difficult or impossible in any other way to diagnose the rare
fracture of the glenoid cavity, especially when impacted or when
complicated by dislocation.

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 aecquired by simpler methods of examination.
An exception may perhaps be made in the case of the break
without displacement that sometimes occurs in the portion of
bone which is attached to 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 elavicle, but neither
,cerepitus nor deformity was to be made out. The Rontgen rays

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

* Boston Medical News of December 26, 1896,
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Fractures about the elbow are often attended with such rapid
swelling that, unless seen at once, it is in many instances im-
possible for several days to ascertain the extent of the injury.
Indeed, it is hardly too much to say that under such circum-
stances a skiagram of the swollen elbow is absolutely 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 skiagraph will probably indicate whether the line
of fracture is (a) transverse, (b) T-shaped, (¢} through condyles,
(d) through epiphyses; and whether complicated by (e) disloca-
tion or (f) fracture of the olecranon. In this way the surgeon
can inform the patient forthwith as to the probable duration and
result of treatment. Moreover, 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 move-
ments. 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).
Indeed, the advantages of the skiagraph to the practical surgeon
are nowhere more apparent than in obscure injuries to the elbow-
joint, :
Fractures of the forearm do not require much notice in their
relation to skiagraphy. They are readily accessible to the rays,
the information from which may be applied upon general
principles. However, so far as the pathology of fracture of the
lower end of the radius is concerned, the method has already
demonstrated a number of fresh facts. Mr. Lynn Thomas, of
Cardiff * published the interesting and instructive case of a
patient who had sustained a double Colles’ fr%mtur:a. From a
clinical point of view the lesion appeared to be 1dent}ca.1 on both
sides, but the skiagrams showed a wide difference m the bone
injuries. In each the styloid process of the ulu?, was fra,at:.}r.ad
at its base, an event usually described by surgical authorities
as EDHIE—‘-'Fhﬂut rare. ':'I_IE wrist {:Flg a6) showed the {J]‘?dlﬂﬂ.t:‘?
fracture of the lower end of the radius, with uutward.dmplﬂ,ne-
ment ; the other (Fig. 37), slight impaction of the radius about
three-quarters of an inch from its lower end, to be detected by

* British Medical Jowrnal of January 2, 1887.



Fi1c, 36.—DovsLe ConLes' FRACTURE sHOWING ORDINALRY Fracrure oF Rapius
WITH OUTWARD INSPLACEMENT, AND oF Styroip Process oF ULNA.

(Mr. Lynn Thomas,) Natural size ; see also Fig, 37,






Fia. 37.—DousLe Corips’ FRACTURE SHOWING LONGITUDINAL FRACTURE OF
RaADIUS WITH SLIGHT IMPACTION, AND FRACTURE OF STr¥LoID ProcEss oF ULxa.

(Mr. Lynn Thomas, F.R.C.8.) See also Fig. 36.
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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, shcfw:mg a detached
portion of a triangular shape in its normal ]_:IjJEItT.Dn attached to
the radio-ulnar ligament.” In a later communication to the same
journal, Mr. Thomas expressed an opinion that ‘ the true ps.thnli:gy
of one of the commonest of fractures (ue., (?rnlles'} 1'Equ11?*e5
rewriting in the leading surgical text-books in the English
language.’

Fic. 88.—CoLLes’ Fracrvwe, witH BupTURE OF RADIO-ULNAR LIGAMENT.
(Mr. Lynn Thomas. )

Mr. Thomas has placed a third skiagram (Fig. 38) at the dis-
posal of the writer, In his opinion, this illustrates the rupture of
the radio-ulnar ligament described by MMr. Clement Lucas in
Guy's Hospital Reports for 1888,

The illustrations shown in Figs. 39 and 40 furnish a good example
both of fractured forearm and also of the service that the Rontgen
rays can at times afford in surgical practice. They were taken from
a restless and muscular young man, eighteen years of age, under the
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care of Ml Jonathan Hutchinson, junior, at the London Hospital
The patient presented himself with a broken arm whichphmi
been pu‘t up in splints a few days before at anothe; institution
and which he imagined was not going on well. A skiagram nm;
here reproduced, proved that there was double fracture, and lthat
both bones were in perfect alignment. When he reburn;d a week
later, the rays revealed considerable displacement (Fig, 39).* The
broken bones were thereupon readjusted, but at the ::—;nd of

Fie. 39.—DovsLE Fracture oF Foreany, sHowiNG DISPLACEMENT ; GRAIN
OF WOODEN SPLINT PLAINLY SHOWX,

(By Mr. Greenhill.) Five in, Apps coil ; 15 in. dist. ; 3 min. ex.

another week the fragments were again found to be over-riding
(Fig. 40). The limb was reset, and ten days later the skiagram
recorded union in good position, almost but not quite equal to
that demonstrated in the first photograph. The two interesting
pictures of the series here shown were taken with an Apps coil,

# The photographs were taken through splints and clothing, In the first the
grain of t]hc wooden splint can be traced.




MEDICAL AND SURGICAL APPLICATIONS 81

three minutes’ exposure, 5-inch spark, 15 inches’ distance, by Mr.
Greenhill. ‘

In the after-treatment of a restless patient, then, the skiagraph
is likely to prove of constant value. Even if the results of aun.h
an examination be negative, no harm will have been done, as it
ean be conducted without taking off a single splint, dressing, or
garment. By availing himself of its aid, the surgeon may possibly

Fi. 40.—DovsLeE Fracrure or Foreans, sHOWING DISPLACEMEXT,
The dark shadow athwart the lower fragments is due to adhesive plaster.

{Mr, Greenhill.)

avoid consequences dangerous alike to the welfare of his patient
and to his own reputation.

Fractures of the hand can be readily demonstrated by means
of the Rontgen rays. A break of the fourth metacarpal, not
an uncommon injury, is sometimes difficult to diagnose by
ordinary methods, but would be at once evident to the
skiagrapher.

The illustration portrayed in Fig. 41 shows the results of a
cogwheel accident fourteen years previously. The metacarpal

T
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boqa of the forefinger has been apparently broken into two
main pieces, which lie at a cross-angle of about thirty degrees.
The 11jregular shape of the lower fragment probably results from
chronic periostitis and osteitis following the injury,  Between the
two fragments there appears to be a kind of false joint. The
middle joint of the fore-finger is partly obliterated by what seems
like bony union. The sesamoid bone opposite the distal end of
the thumb metacarpal has apparently become united to the latter
by a more or less ossified ligament. The original photograph,
kindly lent to the writer by Dr. J. W. Philpots, of Parkstone,
shows unmistakable traces of muscles and other soft structures.
Thus, in the outer side of the little finger metacarpal may be
traced the abductor and flexor brevis muscles. On the outer
side of the middle joints of the second and third fingers are what
appear to be the lateral expansions of the common extensor of
the digits. Along the back of the bones of the metacarpal and
phalanges of the thumb the extensor tendons can be clearly
traced. The tendon of the extensor secundi internodii, indeed,
can be followed up to its insertion at the base of the terminal
phalanx. Unfortunately, most of these results are lost in repro-
duction.

In fractures about the pelvis the Rintgen rays, so far as one
can judge, are not likely to help the surgeon much. The hip,
again, is deeply placed, and so far satisfactory results are not
always attainable. However, much is often to be learnt in the
case of children and young adults. 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. ,

In extracapsular fracture of the hip the rays may show
conclusively whether the head 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 1s contra-indicated in the impacted
variety. Moreover, it would guide the prognosis as to permanent.
shortening and stiffness of the joint. Generally speaking, a
fracture can be readily enough demonstrated by the skiagraph in
all parts below the hip. _

In fractures of the shaft of the femur the value of the



Fig. 41.—Haxp SHowisg Ounp Staxpise FracTrure oF METACARPAL BoXNE.
Resvir oF COGWHEEL ACCIDENT.

Somewhat reduced. Dr. J. W. Philpot's case.






F1c. 42.—RaARE Srirarl Fracrure orF Tibla.
(Dr. Taft's case.)
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skiagraph 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 the skiagraph
is likely to be more useful. Injuries about the knee are apt to
cause rapid swelling in and around the joint, so th?.t a thuruug}n
examination by ordinary methods is out of the question. Then it
is that a confident appeal may be made to the Rontgen rays.
Without taking off a splint or dressing, we may expect to ascer-
tain one or more of the following conditions : (@) line of fracture,
whether oblique, transverse, T-shaped ; (b) implication or other-
wise of joint ; (c) separation of epiphysis.

Fracture of Patella.— Unless the patient be seen at once after
this aceident, the parts often become so awollen that it is im-
possible to diagnose the nature of the injury. Ior the investi-
oation of such a case the Rontgen rays arve specially adapted.
They will reveal not only complete, but also incomplete, fractures
—that is to say, where the starred or fissured fragments are
lkept in position by the aponeurosis. As regards after-treatment,
the surgeon will be able by means of a skiagram to determine
whether his methods have brought the patellar fragments into
good position. Here, too, the results of wiring can be closely
followed.

In fractures of the leg, when either the tibia or the fibula is
alone broken, the diagnosis, as every practical surgeon knows, is
often extremely difficult. Indeed, if there be much swelling, it
is in many instances impossible to determine whether the injury is
a fracture or merely a sprain. Any such doubt, however, could
be speedily cleared away by the skiagraph. The most conserva-
tive of surgeons will hardly deny that the ability to settle such
& point must constitute a solid advance in practice.

When both bones of the leg are broken, the diagnosis is usually
so clear that there would be no need to appeal for confirmation to
the skiagraph. Nevertheless, the method may be of use in other
directions, and at later stages of the treatment.

A rare spiral fracture of the tibia was discovered skiagraphically
by Dr. Taft,* and by the kindness of that gentleman is re-
produced in Fig, 42. Tt 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 Hdison’s

* Boston Med. and Surg. Reporter, February 25, 1897,
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i;m:'c;s;:npa Dr. Taft a,a';.c?unted for this failure by the difficulty
getting the screen sufficiently near the bone on aceount of the
splints n;n_ti pads, as well as the swelling of adjacent parts. A
second skiagram, 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.* There was 1} inches of shortening, together
with stiffness and deformity. A skiagram showed that the main
h_-aenure was transverse below the head of the tibia, with impac-
tion 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 Rintgen
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. 43 is from a
skiagram 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 skiagram of his injured leg, taken three months
after the accident, revealed the state of affairs to be seen in the
picture. 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 had
used the limb before the bones were firmly consolidated. In the
light of numerous other observations, however, it would appear
_that such irregular union is the rule rather than the excep-
tion. A further point of general interest is that, in spite of the
apparent extent of the deformity, careful measurement showed
only | inch of shortening in the whole limb. No noticeable
alteration was caused in the gait, probably because there
was some compensatory depression of the pelvis on the injured
side. :

As to fractures of the lower end of the bones of the leg,
it seems likely that the pathology of Potts’ fracture, like that of

*# St Mary's Hospital Gazette for March, 1897,



K16, 44, —FracTure oF Lower Exp op FievrLa, wiTh
JOINT.
(Mackenzie Davidson, M.B.)
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Colles' of the radius, will have to be re-written in view of the
fresh facts gleaned from its study by the Rontgen rays. An
excellent illustration of such a fracture, with dislocation, is shown
in Fig. 44, of which the original was kindly lent to the writer by
Mr. Mackenzie Davidson, M.B.

Fractures of the foot require little notice in connection with
skiagraphy. Tarsal and metatarsal fractures are often obscure,
and are no doubt at times treated as sprains. An interesting
case of this kind brought under the notice of the writer was that
of a young lady whose foot was injured by a fall from a bicycle.
Some six weeks later, as the foot was still painful, it was
skiagraphed, with the result that an unsuspected metacarpal
fracture was at once revealed.

Fractures about the Head.

Fractured skull may be readily shown by the skiagraph 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
teeth (p. 99).

Fractures of the ribs, which are now and then difficult to
detect, may be diagnosed by the skiagraph. 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 lunaties,
mutes, infants, and other folk who are from any reason
unable to furnish good personal evidence of their subjective
symptoms,

Fractures of the vertebrez, 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
of the vertebree which have been converted into complete ones
by some movement, voluntary or involuntary, on the part of the
patient. Thus, a patient has been known suddenly to break off
the odontoid process of the axis by nodding his head. Another,
again, suffering from obscure cervical injury, has been suspected
of malingering, and roughly shaken up, with fatal results. In
doubtful injuries of the neck and spine, therefore, it would be
advisable, wherever possible, to obtain a skiagraphic view. In
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the neck this is comparatively easy, and no doubt in the process
of time equally good results will be obtained lower down the
spinal column, Lastly, if fractures of the spine could be exactly
located by the rays, the feasibility of such surgical methods as
“ wiring * might possibly be considered by the surgeon.

This section may be concluded 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
practice of examining with the Rontgen 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, rinds that without the aid of anssthetics 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 skiagram at the end of treatment. His main conclusions
are as follows :

1. The ideal or perfect union is rare.

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

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

4. Tif 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




Fie. 45.—BACKEWARD Distocation or Boxes oF ForesArM 1% A CHILD,
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complicated with fracture, the value of the new method can
hardly be over-estimated 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 skiagraph, which may demonstrate any of the following
among other complicating fractures—(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
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.
The illustration of backward elbow dislocation of both bones of
the forearm in & child shown in Fig. 45 is from a skiagram taken
by Mackenzie Davidson.

The backward dislocation of the first phalanx of the thumb
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
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
between the separated articular surfaces by the flexor brevis
pollieis.

In old-standing dislocations the new photography is likely to
be of service. For instance, it will enable the surgeon to ascertain
the precise condition of affairs at the seat of injury, so that his
subsequent treatment shall be founded upon exact data. Thus,
if the skiagraph showed a fresh articulation to have been formed
in an old-standing dislocation of the shoulder, the surgeon would
not make any attempt at reduction, except under most ex-
ceptional cireumstances,

F]nugenita.l dislocations of the hip can be well shown in
children,

The, accompanying illustration (Fig. 46) from a case of Dr.
Routh’s, taken by Mr., Greenhill, shows a suspected congenital

double dislocation to be really a rickety bendi f
the thigh bones, g y bending of the angles of
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IV. DISEASES OF BONE.

As bone casts a definite shadow under the Rontgen rays (when
not obscured by the mass of surrounding tissues), it follows that

bony outgrowths will do the same,

OesrryiyG EXCHONDROMA

Tig; 47.-
oF Fixcer, oF OLD BTANDING :
Forrowixe INJURY, Y

(Messrs, Allen and Hanbury.)

that the form of the growth
it overlies the darker phalanx,

In this way one can get a good
skiagraphic record of osseous
thickenings and exostoses. An
outstanding enchondroma,
when it consists of pure carti-
lage, will throw a faint shadow
with a short exposure. As the
growth, however, becomes ossi-
fied, it gives rise to a denser
tracing on the sensitive plate.
Subperiosteal thickenings, as
in syphilis, may be readily
demonstrated by means of a
skiagram, and also the hyper-
plastic conditions met with in
rickets and in Charcot’s disease.

A good example of ossifying
enchondroma has been kindly
furnished to the writer by
Messrs. Allen and Hanbury, of
Tondon. It was taken from a
man of about fifty who had
sustained an injury to the hand
many years previously. On
being skiagraphed, the tumour
presented the  appearance
shown in Fig. 47. From its
generally light shade, we may
assume it to be composed either
of spongy bone or of cartilage
that has undergone partial ossi-
fication, the areas of the latter
being shown by darker mot-
tlings. An interesting point is
is distinctly traceable where

This lighter colour may be
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—

due to its replacing the compact phalangeal tissue by new
spongy bone. A somewhat similar appearance is to be found
in Fig. 19, where absorption of the outer shell of the bone
has followed the impact of a bullet. As already remarked, the
record of spongy bones, such as the sesamoid, is comparatively
faint in comparison with that of the medullated bones, an
appearance that may be due to the relatively less amount of lime
salts present. This difference is well shown in the pelvis, where
the sacrum, a light spongy bone, appears faint by contrast with
the deep shadows of the solid and compact iliac bones. Another
observation that appears to bear upon this point is that of
M. Potain, who recently reported to the Paris Academy of
Sciences the occurrence of light spots on the skiagrams of gouty
bones. These translucent spots, he thought, were due, not fto
a thinning or rarefaction of the osseous tissue, but to the
presence of tophi projecting from the bone.* Presumably, the
compact tissue is wanting at the point of projection.

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 Rontgen 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 trans-
parent to the Rintgen rays. He further stated that the osseous
bhi-:fkeniugs due to chronie rheumatism or rheumatoid changes had
an increased opacity. If these observations be correct, it follows
that it is possible by means of the skiagraph to distinguish
wl}ether bony enlargements are the result of gouty or of rheuma-
toid changes. Assuming that the latter enlargements are more

* Medical Press and Cirenlar, March 10, 1897 (p. 249).
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=

opaque, that condition must be carefully distinguished from the
general atrophic state of the bones mentioned when discussing
the hand affected with ehronic rheumatoid arthritis, shown below
in Fig. 48,

M. Potain has made the following practical application of his
conclusions : ¢ In subjects affected with nodosities of Heberden,
a 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. The opacity of the rheumatoid
peri-articular deposit is often well shown in a stiff ankle, while
the opposite or general atrophic condition in the same disease
is conspicuous in the accompanying skiagram, kindly placed at
the disposal of the writer by Dr. J. R. Philpots (Fig. 48).

The subject of the photograph was a lady, aged thirty-one, who
had suffered from the disease since the age of thirteen. Her
father and mother both suffered from rheumatism, and a sister
from rheumatoid arthritis. Her lower extremities were first
affected, but later almost every joint of the body has been invaded,
and some permanently stiffened.

On comparing the bones shown in this skiagram with those of a
healthy hand, a marked difference will be at once detected. The
rheumatoid bones look more fragile; in point of fact, they are
atrophied, a condition which renders'them more penetrable to
the rays. Indeed, from their appearance, it may be pretty =_3a.felh}r
inferred that they are deficient in bone salts. Their outline is
sharper and darker than normal, and their substance lighteF.
Their relatively small size—that is, for a person of that age—Iis
doubtless due to the arrest of development from early disturbed
nutrition. Their greater transparency can be best seen in the
fifth metacarpal, whereas the darker look of other bones is most
likely owing to the greater amount of tissue to be penetrated on
account of the clawed-up hand. It will also be noticed that the
bosses of ossified peri-articular cartilage on the phalanges are mu?-h
of the same shade as the body of the bone. All the fingers are dis-
located from the metacarpals. The base of the first phalanx of the



Fic. 48.—Haxp Deronmep my CHRoONIC RHEUMATOID ARTHRITIS.
(Somewhat reduced. Dr. J. R. Philpot's case.)
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fore-finger is apparently fixed against the distal ﬂnfis of the EEEG-ﬂﬂ.
and third metacarpals, but the bases of the mld‘dle and third
fingers appear to be partly wedged between the thlrﬂ: and fourth
and the fourth and fifth metacarpal heads respectively. The
plate shows how a skiagraph will afford anatamit?al data for th.e
explanation of such deformities. At the same time, however, it
should be borne in mind that the proper
reading of the facts of the skiagram is by
no means always an easy matter. Tastly,
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.

It seems probable that transparency,
denoting malnutrition or atrophic changes, Fic. 48.—FrvGer or
might bo_expected in such maladies as GO, SIov
rheumatoid arthritis, osteomalacia, Boxs axp Frsrovs
tubercle, and cancer, and also in the :;LDI;;.'J,_“I““ L
course of senile decay.

Another instance of absorption of bone, apparently after abscess,
is the following : The patient, a healthy man, about thirty years
of age, was struck by a cricket-ball at the end of the right ring-
finger, which was painful and swollen for several months, and
ultimately became stiff. Except for some awkwardness in writing,
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he suffered little inconvenience from the resulting deformity.
Upon presenting himself at a Metropolitan hospital a skiagram
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. 49) it 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.

Caries of Bone.

Mr, Noble Smith* published an interesting ease in which
disease of the cervical spine was revealed by the skiagraph.
Various diagnoses had been made of the patient’s condition, as,
for example, hysteria. The Rontgen photograph, however, dis-
closed an irregular mass of bone replacing the upper four
vertebre 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 treatment.

In another case recorded by the same surgeon, a provisional
diagnosis of caries of the cervical vertebra had been suggested
by the presence of torticollis and other signs and symptoms.
However, the skiagraph showed conclusively that the spine was
not affected. This negative result warranted alternative positive
conclusions as to the nature of the malady.

In some instances osteo-myelitis may be demonstrated by the
rays. However, as pointed out by Geisler, the rarefactive change
is in the majority of cases obscured by the shadow of the overlying
necrotic layer.

The bone changes of osteo-arthritis were well illustrated by a
case reported to the Paris Académie des Sciences by Professor
Lannelongue.t A patient at the Hopital Trousseau had been
affected for several years with an osteo-arthritis of the knee-
joint, which was anchylosed in an extended position. The
diagnosis was fully confirmed by a skiagram, whi.ch showed
hypertrophy of the lower end of the femur, together with atrophy
of the upper epiphysis of the tibia. Between the two bones a
light interval proved the absence of bony union.

* British Medical Journal, 1896,
+ Paris These, No. 58, D. 23, Louis Laurent.
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(Lynn Thomas.)
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Fig. 50 shows a case kindly furnished by Mr. Lynn Thomas.
The conditions of the knee joint probably resulted from a former
tubercular synovitis. There is extensive erosion of the tubercular
surface of the femoral epiphysis, while the diaphysis is apparently
healthy.

In a stiff joint, bony anchylosis usually shows under the rays
as a continuity of dark bone structure that is unmistakable. On
the other hand, fibrous union, as we have seen, is inferred from
the negative evidence of a light interval between the articular
surfaces. Dr. Joachimsthal,* of Berlin, mentions a ease in which
a boy of sixteen had the knee excised. The site of the operation
was skiagraphed eighteen years later, when the bones of the leg
and thigh were seen to be welded together into one solid bone,
bent at an obtuse angle. The compact tissue at the edges and
the bars of the cancellous tissue both showed a perfect con-
tinuity. This adaptation afforded a good example of the change
of structure and form that may follow altered function.

New growths in the substance of bone may at times be photo-
graphed by the Riontgen rays. The first case of the kind was
recorded by Konig, who found a bright spot, with dark contour, the
size of a shilling, in the upper part of the tibia to be due to sarcoma.

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 today. His case is thus deseribed :

‘ General W., aged fifty-nine, had suffered for twelve months
from a painful swelling of the right wrist. By means of the
fluoroscope, 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 WAas 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-
stra.te&i 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.'+

» T{wmpew!i&dn Monats,, Lancet, February, 1897,
t New Vork Medical News, December 19, 1896,
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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.

V. CONGENITAL AND OTHER DEFORMITIES.

The underlying bone conditions of many deformities of the
huz‘n&n body can be clearly demonstrated by means of the rays.
This fact has been brought out by Mr. Barwell in a series of
articles. He remarked that hitherto it has been possible to
study such deformities only after death, and upon the dry bone,
but that now skiagraphy has made it feasible to ascertain the
actual conditions upon the living body, during the continuance
of muscular and fascial tension.

It may be laid down as a general law, with regard to such
deformities, that the Réntgen rays confer upon the surgeon the
power of doing, with pretty accurate precision, what he has
hitherto been able to do but tentatively—nanely, to plan before-
hand the mode and extent of his osseous operation. An excellent
example of this general statement will be seen in the accompany-
ing illustration (Fig. 51), reproduced by permission of the Lancet.
Mr. Barwell says of it : < The reader will perceive that the z-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, 514, also from the Lancet,
gives an excellent illustration of a healthy foot bent strongly
downwards.

In deformities of the spine, the rays will 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 has
been already mentioned under the section on Diseases of Bone
(p- 92).

Numerous cases of polydactylism and allied congenital de-
formities have been published. In one or two instances the
skiagraph has indicated the appropriate line of operation upon
supernumerary fingers and toes.

The writer appends an interesting example of polydactylism.

* ¢ On Various Forms of Talipes as depicted by the X-Rays,” Lancet, 1896.



Fi1a. 51.—Tarnires EqQuiNus 1IN A YouNG MAN OF NINETEEN : DEFORMITY
BEGAN AT THREE YEARS OF AGE.

(Taken by Mr. Sydney Rowland. My, Barwell's case.)
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The case was kindly placed at his disposal by Dr. Milne, the
medical officer of Dr. Barnardo’s Home in Loondon (Figs. 52 and 53).

The hands and feet in these illustrations are from the same
subject. The hands appear to be wanting in fingers, but the
skiagram 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 indistinet,
owing to trembling of that limb during the exposure. It is
interesting 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.

Dress deformities may be demonstrated in a striking way by
the Rontgen 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 itself to this kind of illus-
tration. Some time since a series of such skiagrams was shown
to the Académie de Médecine by Madame Gaches-Sarrante, a
Paris physician. Boot deformities are also readily demonstrated,
whether of dislocated phalanges, bunions, or damage to the
tarsal arch.

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 theuma-
toid arthritis has been already discussed.

VI. 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 objeet of investigation
Was to note the results of skiagraphing in sitw the commoner
pigments and drugs applied to the skin. Itwas found that oxide
of bismuth, powdered freely over the back of a, finger, gave a good

* From the Brit, Med. Journal, March 27, 1807,
92
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tracing of the creases over the knuckles. Tollowing up this clue
a fairly perfect record was obtained of the skin surface, as shown
in the frontispiece 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 sub-
nitrate of bismuth.

As to the practical value of such a skin skiagraph 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 cieatrix
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 figure will show that the addition of the surface markings
pives a striking perspective effect that is wanting to the ordinary
skiagram. The lines are evidently due to the heaping up in the
furrows of a substance opaque to the rays.

The surgeon does not always find it easy to cut down upon a
needle, or other small object, even when it has been precisely
localised 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.

The original skiagram was taken by Mr. W. Cox, watchmaker,
of Parkstone, Dorset, with a powerful coil constructed by
himself,

VII. OTHER SURGICAL POINTS.

To ascertain Results of Osteoplastic Operation.

An interesting case is recorded by Howard Lillienthal in
which both the desirability and the results of a bone plastic
operation were plainly indicated by the rays. His patient had
lost the use of a leg after a severe injury. A skiagraph showed
considerable loss of substance of the body of the tibia. To
remedy this state of things the operation of tibio-fibular osteo-



Fig. 52.—Porypaoryrnisy : Haxps oF A GInL oF TWELVE.
(Taken by Mr. Greenhill.)







Fic. 53 —FeET oF SAME PATIENT, SHOWING SUPPRESSION OF TOERS AND
FROBARLE BEvVERSION TO Two-Trorn TyieEg,
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plasty was performed by cutting through the fibula, and bendiqg
it over to lie obliquely in the long axis of the gap in the shin
bone. The successful result was proved some time afterwards
by a Réntgen ray photograph, which revealed bony filling of the
gap and restoration of the line of the fibula, with union of the two
bones by an osseous bridge.

Separation of epiphyses in young subjects can be readily
detected by the rays. In some cases it is of importance to
recognise this injury. For instance, in an injury to the shoulder
there is much less likelihood of impairment of movement by
callus in separation of the upper epiphysis of the humerus than
in extracapsular fracture of the surgical neck.

Ossifications of various kinds can be detected. Examples are
those occasionally met with in muscle, as the adductors of a
rider or the deltoids of a soldier, known respectively as ¢ rider’s
bone’' and the ‘drillbone.” Another instance is the ossified
insertion of rectus femoris muscle in Charcot’s disease.

Ossifications of the costal cartilages are shown in old persons.
One remarkable instance of premature ossification of the kind in
a young woman of twenty has been reported as disclosed by the
IaYS.

Calcification of arteries can be shown in the limbs. Possibly,
as methods improve, atheromatous changes may be shown in the
heart and larger deep blood-vessels.

The sub-periosteal 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 calcification or ossification.
The lower epiphysis appeared to be partly obliterated, probably
owing to the tilting up of the inter-spiphyseal cartilage by the
swelling of the finger, whereby the direct passage of the rays
was prevented.
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Action of the Rays upon Micro-Organisms.

The Rontgen rays do not appear to exercise any injurious effect
upon miero-organisms. Numerous experiments have been made.
Thus, Professor W. W. Keen, of Philadelphia, reports* of pink
streptococcus, anthrax, Micrococcus prodigiosus, Micrococcus cereus
Mavus, Sarcina awrantiaca, yellow sarcina, tubercle bacilli, 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 conclusions 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 experiments
carried out at the University of Edinburgh, coneluded that the
Réntgen rays have no visible influence on the growth of cultures
of the tubercle bacillus, and that the delicate chemical structure
of diphtheria toxine, like the delicate chemical structure of the
retina, is not affected by their vibrations,

* The dwner. Jowr. of Med. Seiences, March, 1896,

t Bufl. Gén. de Thévap., November 8, 1896,
+ The Scottish Medical and Surgical Jowrnal, May, 1897.
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B. DENTAL SURGERY.

Now and then some practical help may undoubtedly be derived
from the Rontgen rays in dental surgery. The teeth offer greater
resistance than bone, and hence throw a distinet shadow when
embedded in osseous substance. A good idea of the skiagram
produced by teeth can be gathered from the teeth shown in
~ Fig. 54, taken from the private collection of Mr. Louis Maitland.
They illustrate various pathological conditions, and may be briefly
described, taken in series from left to right, and in lines from
above downwards.

1. Upper molar, showing exceptional size of fangs and lateral
carious cavity.

2. Upper molar, with carious cavity, nerve canals well shown.

3. Molar with carious cavity.

4. Molar with exostosis of fangs.

5. Upper central incisor: exceptional development of fang.
Firmly united to its inner surface is a supernumerary tooth,
faintly outlined in skiagram.

6. Bicuspid: cavity of decay communicating with nerve
canal,

7. Upper central incisor : showing sphere of erosion, which is
indicated by a faint shadow at the neck of the crown. This
curious pathological condition, the cause of which is not exactly
known, is in its usual site, partly above and partly beneath gum.

8. Upper bicuspid : eccentric distortion of fang. This shape is
the result of pressure of neighbouring teeth in process of develop-
ment. Absorption going on in centre of single fang is indicated
by the darker area; that is, the thin plate of tooth substance has
offered little resistance to the rays.

9. Upper central incisor: half the fang absorbed; small
carious cavity. This tooth is extremely opaque, shown by its
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relatively white look and absence of dental canal tracing, a con-
dition 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 a dense white patch.

Compare this absolute density to the Rontgen rays with that of
the preceding tooth.

11, Permanent upper molar : fangs absorbed by pressure ol
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 nn,r]mlr Hl{my__;.l':un.«;
of teeth 1n sifu. In the Journal r-_." the British Dental jwl|‘|
for September, 1896, he has an excellent photograph of a portion

' ' ' 3eve The milk-teeth with
of the lower maxilla of a girl of seven. The milk-teeth
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C. MEDICINE.
VIII. CHEST AND ABDOMEN.

Hirarrro the most striking practical applications of the rays
have been made in surgery. There can be no doubt, however,
that the future has in store a brilliant field for Rontgen photo-
graphy with regard to clinical medicine. In the thorax a great
deal has been already achieved by demonstrating changes in
outline of the heart and aorta, as well as in the substance of
the lungs, mediastina, and pleura. As fo the abdomen proper,
results have so far not been very encouraging—at any rate, in the
adult. It may be confidently hoped, however, that before very
long we shall be able to explore all internal regions accurately
by means of apparatus of sufficient penetration. Indeed, there
are indications that the presence of tissues that offer little
resistance to the Rintgen rays will be sooner or later detected.

Good results as to internal organs can be obtained in the case
both of small lower animals and of children. This is well shown
in the illustration of the half-grown eat (Fig. 55). The picture in
question shows clearly the windpipe and its division into bronehi,
which again bifurcate in the substance of the lung. The heart
is outlined in front of the chest, and, so far as one can judge, the
bones of the sternum are shown through the less opaque cardiac
substance. The delicate shoulder-blade is well recorded, and the
lower margin of the thoracic cavity is sharply defined by the
edge of the midriff. In the head, the fangs of some of the teeth
can be seen in their bony sockets, especially in the molars of the
lower jaw. The cartilages of the nose and the ears are faintly
shadowed, and various muscular and tendinous structures can be
made out in the neck.

The abdomen of this cat was by no means so clearly mapped
out by the rays, but, nevertheless, contained several valuable



Fra. 55 —HALF-aRoOwWS CaT, snowiNG Broxonr, LiveEr, HEART, ErC.

(Reduced one-half. By Mr. Cox, Parkstone. )
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indications. The mainmass of the liver, for inata:nca, was sharply
outlined in its upper, but diffuse in its lower, margin. Tl:.ua stomach
probably corresponded with a light space beneath the_lwen The
broad light band that curved from the centre of the diaphragm to
the lower part of the lumbar spine appears to represent large
intestine. Other convolutions of intestine were clearly ghown,
especially in the case of a coil of gut that had an extremaly. light
yecord near the pelvis, This bend of intestine had, most lllfe_ly,
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 skiagram has been dwelt upon at some length because
it gives a good idea of what may be hoped for in the future. It
was taken with a powerful coil, giving a spark of over a foot
in length, There seems to be little reason to 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 in-
vestigation. 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 in this country of internal
skiagraphy, 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 focus 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 a lamp about
3 feet from the sensitive plate. This distance gives a well-defined
shadow, but requires a strong light.

In the Lancet of October 10, 1896, Dr. Campbell Thomson,
Medical Registrar of the Middlesex Hospital, says that the
fluorescent sereen 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
skiagraphy. To get a fixed location-point, he suggests a metallic

® Lancet, August 22, 1896,
10
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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 fluoroscope, he fastens to the back of the fluorescent
screen a sheet of white paper, through which the rays would of
course pass. He 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 screen, so as to aseertain and control the move-
ments of the opaque 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 from the back much less can be
seen, 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, can be seen on the right of the spine.

The shadows, whether seen from the front or the back, can be
conveniently recorded on one of Danielssen’s clinical diagrams of
the chest.

If a photograph be taken of the whole heart, it is best taken
with the sternum next the plate.

The original of the accompanying skiagram of the thorax was
taken by Mr. Greenhill from a boy of fourteen, lying on his back.
The exposure was twenty minutes, distance of tube from plate
30 inches, spark 6 inches, Apps’ coil (Fig. 56).

It should be borne in mind that fluoroscopy is an art that
requires patient study. The education of the eye to recognise
objects of varying opacity on the screen can be obtained siz_npl}r
and solely as a matter of practice. A similar observation is to
a less extent true of the reading of skiagrams.

The Lungs, Heart, and Great Vessels.

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 out the area thus obtained with a copper wire, which he

* Dominion Medical Monthly, February, 1897,
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fastened to the chest with ordinary plaster. He then examined
with the fluoroscope in the following way :

¢ At first the greatest strength of current obtainable from the
apparatus is turned on. The observer then looks through the
fluoroscope, and gets the chief landmarks of the chest—such as
the seapula, ribs, spine and convexity of liver—the wire being at
the same time in view. The current is then reduced until the
heart becomes visible. The fluoroscope is applied to a spot
marked at the left of the spine corresponding to the fourth inter-
costal space in front of the chest.

In a case, under Dr. Coupland, of doubtful deep aneurism of
the chest, the diagnosis was cleared up by the fluoroscope. From
the front, slight hypertrophy was noted, and just above the
junction of the left cardiac border with the sternum a faint
indefinite shadow. From the back, a well-defined shadow was
seen on both sides of the spinal column, at about the level of the
fourth dorsal vertebra. On the right border this outline was
convex and pulsating; the intensity of the shadow on that side
was almost the same as that of the heart, while on the left it was
lighter and less definite. The evidence thus obtained converted
a doubtful into a certain diagnosis.

The pulsating margin of a non-cardiac shadow in the thorax of
course points to aneurism.

The fact that the lungs are full of air and easily permeable to
the rays makes it possible to get a good outline of the human
heart, As the result of a number of experiments on the dead
body, Poch demonstrated to the Vienna Gesellschaft in J anuary,
1897, that it was possible in the empty heart to make out the
valves and trabecul® as clear spaces against a darker cardiac
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
hen:rt. 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 calculi will cease to cast any
Bﬁndow, while a rib nea:rly ceases to do so, and a phosphatic
;{[ ad{ﬁ}wﬁi&unmea much hghter (Dr. Swain's experiment, p. 62).
= ];‘i‘ch.the. Erj.‘llu}“.IE:iu,rzlsL::lI-I"w].?::n:;llm mentioned to the writer a ease in

omen was exposed for two hours. The bones left

10—2
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i

no record, but the abdominal aorta threw a strong shadow. This
interesting observation might possibly be explained by the pro-
jection across the field of an opaque fluid moyving in a current,
the swiftness of which prevented any one portion of the column
being exposed long enough for penetration by the rays. '

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 Rintgen Rays.” He pointed out that the
thorax, viewed from behind by a phosphorescent sereen, 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 right-sided 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, re-
traction of the affected side had drawn over the mediastinum to
the right.

In a further communication to the Academy (December 14), the
Professor remarked that, in most of the cases of pleurisy with
effusion previously deseribed, 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
lung at that spot, a suspicion that was confirmed by percussion
and auscultation. In other instances tubercular deposits were
localized by the same method. .

¢ Tn all tuberculous subjects,’ writes Dr. Bouchard, ¢ examined
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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 tuberele 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 Compies 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
& 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
1ts position, outline, and size; pulsation of the aorta to the right
and left of the sternum : compensatory hypertrophy of the heart
in arterio-selerosis ; and beating of the auricles to the right of the
sternum, in such cases due to kidney disease,

Bergoiné has repeated and confirmed the above observations,*

At the Medical Club in Vienna, in J anuary, 1897, Professor
Wlnsserman 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

* (lazelte deg Hopitawe, January 7, 1807,
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appeared clear and healthy, while the right exhibited diffuse
shadows representing infiltration; in one place a clear ATes,
which to all appearance corresponded to a cavity, was brought out
by the light when applied either in front 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 viseid mucus.

In commenting upon the foregoing results, Mr. Sydney Row-
land* makes the sound remark that while they suggest that the
sereen is a valuable addition to our means of physical examina-
tion, they cannot replace other existing methods as regards
either rapidity or ease of application.

Mzr. Bezley Thornet has made an important observation in re-
lation to cardiac skiagraphy. He noticed that the heart shrank
visibly after thirty minutes’ exposure to the Rdintgen rays. In
one case the lessening amounted to no less than 2 inches in
the long axis of the viscus, and 1} inches in the short
diameter. There may, of course, be some fallacy involved in this
interesting phenomenon. For instance, it is known that increased
exposure to the rays in many cases means greater penetrability
of any given substance. So that the appearance of a light zone
round the heart towards the end of a long exposure might mean
that so much of the muscle had become fully penetrated. In that
case the dark eore would probably represent blood.

Should, however,.actual contraction be proved, it points to
possibilities of importance. Without venturing too far aﬁeld+ in
abstract speculations, it seems tolerably clear that, assuming
such contraction, there might be: (1) traumatic injury to deep
organs from the skiagraphic exposures; (2) direct tonic influence
on heart muscle.

* Brit. Med. Journal, June 12, 1897. :
¥ Brit. Med. Jowrnal, vol. ii., p. 1238, 1896.
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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 foxic drugs
might be studied by means of the Riontgen rays.

The Abdomen.

The application of the Rintgen rays to the abdomen has not
hitherto yielded results at all to be compared 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 project-
ing from its convex surface ; but the lower border is rarely to be
made out. The kidneys are not visible. The stomach is some-
times faintly outlined, presumably most so when filled with gas.
The intestines are to be seen at times faintly outlined. In an
experiment conducted by the present writer, a skiagraph was
taken from a stoutly-built young officer thirty years of age. He
had been affected for many years with signs somewhat suggestive
of intestinal obstruction following peritonitis. For a fortnight
before being skiagraphed he took 15 grains of bismuth three
times a day. The result shows a faint outline of stomach and
colon, with some coils of small intestine and sigmoid flexure. It
seems fair to assume that this result may—in part, at any rate—
be attributed to the opaque bismuth present in the intestine.
The skiagraph was taken with an Apps coil, 9-inch spark, and an
exposure of 15 minutes, the patient lying on his belly.

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.

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
ald to the surgeon.

Caleulus of gall-bladder, kidney, and urinary bladder have all
been detected in sitw in the living adult. They are described

* Therapeulische Monatshefte, January, 1897: ‘Ueher di '
Rintgen-strahlen fir die imm{-‘i ’I'n[euzlit;i:u.’:Irj g gy gt s
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more fully in the section upon foreign bodies (p. 68). Results
in each case, however, are still more or less uncertain., Much
the same statement applies to the skiagraphic examination of the
uterus, with its contents and appendages, a subject dealt with
under the heading of obstetries (p. 120)

Practical Conclusions.

To sum up the applications of Riontgen rays to elinical 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
sometimes get early information as to tubercle, which may not
be disclosed by ordinary means of physical or bacteriological
examination, that effusion of fluid in pleura may be accurately
estimated, and presumably that also of pericarditis and of
various non-inflammatory local dropsies. As to the heart and
large vessels, enlargements and displacements can be readily
demonstrated, together with thoracic aneurism. Such alterations
can be detected when cloaked from ordinary examination by
emphysema of the lung. The results of the Schott plan of
treatment of heart disease can also be ascertained.

One important point is the loealizing possibility of patches of
tubercular consolidations and cavities in the lung substance.
Hitherto one of the chief obstacles to the progress of lung
surgery has been the difficulty of exact localization. Thus, it not
infrequently happens that the physical signs point to the presence
of a cavity where that particular lesion, in point of fact, does not
exist., If this diagnosis, then, could be cleared up definitely by
a skiagram or by the phosphorescent screen, the hands of the
surgeon would be considerably strengthened in dealing with indi-
vidual cases. As blood is opaque it may be possible to skiagraph
apoplectic clots in the brain.

Calcification of Arteries.

As might be expected, a skiagraphic record can be us*tla.ll}r
secured of calcification in arteries, whether primary of the middle
coats or secondary of the inner.
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IX. ACTION OF THE FOCUS TUBE UPON THE SKIN
AND DEEPER STRUCTURES.

Among the many interesting results of the application of tl:te
Rintgen rays to the human body, not the least remarkable is
their effect upon the skin. Broadly put, in some cases and under
certain conditions they set up a dermatitis. The parts thus
affected are the skin, conjunctiva, hair, and nails, and the damage
may be either so trifling as almost to escape notice, or of a severe
nature. In one case the present writer took two skiagrams of a
lady’s hand with an exposure of four minutes, and the tube
at a distance of 12 inches. Some days afterwards the patient
volunteered the information that she had felt something wrong
with one of her fingers ever since the taking of the Rontgen photo-
graph. On examination, 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.

Thus, in the British Medical Jowrnal epitome for August 15,
1896, the case of a young man of seventeen was reported. He
was under the care of Marcuse, who found the patient suffering
from a diffuse desquamative dermatitis of the face and back.
There was also a partially-bald pateh on the temple, from which
the hairs could be easily extracted.

In the same journal for November 17, 1896, Dr. Drury described
a case in which severe results followed two exposures, the first
of an hour, the second of an hour and a half. A large surface of
the epigastrium became erythematous and swollen ; it vesicated
on the tenth day, and showed a profuse discharge on the twenty-
fourth day. A troublesome ulcer which ensued was unhealed
sixteen weeks later,

In the Canadian Practitioner for November, 1896, Dr. King, of
Toronto, reported the case of a young man who for three months
was engaged in demonstrating the Rontgen rays, with a daily
average exposure of six hours. After about six weeks he had
dermatitis of the right arm and hand, which recovered after dis-
continuing the exposure. On resuming work, however, he had a
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second attack. In about six weeks the hand and face of the ex-
posed side showed signs of a severe dermatitis. The eyelids were
cedematous, and there was double conjunctivitis. On the left
hand the nails exfoliated and the hairs were destroyed. M.
George Pernet has published an abstract of the case in the Der-
matological Journal for January, 1897. On the left side the hair
was gone from temple, eyebrow, upper lip, side of face, and neck.

In the British Medical Jowrnal for January 2, 1897, Dr. Radeliffe
Crocker recorded an interesting case where a lad developed a
severe dermatitis of the abdomen after a single exposure of an
hour's duration. Six weeks later there was still a small painful
uleer left unhealed.

In the Scottish Medical and Swrgical Jowrnal for February, 1897,
Professor Waymouth Reid, of Dundee, published an account of
his own experiences. He underwent four exposures: on the first
day, one of twenty and another of forty minutes; next day, one
of fifty minutes; and on the fourth day, one of ninety minutes.
His belly and chest were severely affected, and his back less so.
The skin lesions were healed by the thirty-third day. Sixty-nine
days after the original exposure, Professor Reid reported : ¢ 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 pre-
liminary erythema of the skin, not followed by loss of cuticle.’
He has since informed the writer that the hair has grown again.

Many other similar eases have been recorded. When the rays
are directed upon the scalp in susceptible persons, they appear to
cause shedding of hair without severe reaction. The nutrition of
the hair-bulb is interfered with, possibly by some vascular changes
leading to exudation and intrafollicular pressure. At the Vienna
Gesellschaft, in January of this year, Zemann stated that he found
many different changes in hairs that had been treated by the
Réntgen rays. The hair-root was always thinner, and the
shaft brittle: the hair itself might be of the usual thickness, or
often cone- or spindle-shaped, with fibrous swellings. At the
same meeting, Kaposi remarked that the hairs shown by Zemann
were like those met with in the microscopic examination of
alopecia areata, and he thought them due to a similar patho-
logical change. This last point is interesting as tending to throw
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some sort of sidelight on alopecia areata. It would seem that
by bringing a focus tube near the scalp, and exposing the latter
to a somewhat prolonged 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.
Twenty-seven cases of supposed z-ray injury have been published
by Mr. T. C. Gilchrist.* Among them is that of Professor E.
Thomson, who was sceptical of the traumatic action of the rays.
He accordingly exposed his hand for half an hour at a distance
of a few inches from the tube. An eruption followed nine days
afterwards. Another remarkable case quoted is one reported by
Dr. F. Kolle, of a boy whose whole body was exposed to the rays
for forty minutes, and who sixteen days later lost his hair. In
Gilehrist’s own case, a demonstrator of the rays, thirty-two
years of age, after frequent and prolonged exposures developed
a severe dermatitis, The bones of the hand became very pain-
ful on pressure. The skiagraph showed distinct osteoplastic
periostitis, and probably an osteitis of first and second phalanges
of the index and second fingers, and also of the heads of the
metacarpal bones.

Gilchrist mentions three theories :

1. Professor Thomson thinks the traumatism due to the T-TAYS,
or something that goes with them. He was led to that belief
because, in his own case, he used a Crookes tube of blue glass
with a clear window, and found the skin affected only opposite
the clear space,

2. Tesla supposes it to be due to the action of ozone generated
in the skin,

3. Gilchrist himself thinks the injury may be due to minute
particles of platinum from the kathode rays,

It is clear that, if the observation as to traumatism of deep
structures be true, then Tesla’s ozone theory does not afford the
key to the matter, for that applies only to the surface.

; Although most observers agree that the dermatitis oceurs
m“?eP?ﬂdﬂflﬂ}’ of the length and frequency of the exposures, the
point is still doubtful,

A Pﬂi_ﬂt that has struck most investigators is the similavity of
the lesion to severe sunburn, Gilehrist admits the likeness,

* Johns Hopleins Hospital Bulletin (No, 71, February, 1897).



114 THE RONTGEN RAYS IN MEDICAL WORK

. but says the two things are different, beeause in solar eruptions
there is no alopecia and no periostitis,. The objection, however,
does not. appear sound, because there is obviously traumatism to
deep structures in sunstroke. Again, one would be inclined to
connect the thickness of the negro skull with the effect of the sun.

In one striking case reported to the writer a patient suffered
from cerebral symptoms exactly similar to sunstroke. He was
in the habit of demonstrating the Rintgen rays, and often had
one side of his head close to a focus tube, separated only by
a wooden screen, From time to time he suffered from slight
dermatitis, At length he developed a more serious illness. His
chief symptoms were vertigo, headache, vomiting, dimness of
sight, and entire prostration. He was under the care of a
medical man, who said, at the time, his symptoms were practic-
ally those of sunstroke. If this be the case, and if we can aseribe
this cerebral attack to the influence of the rays upon the brain,
then we must admit a further analogy between sun and focus-
tube traumatism,* namely, the power both possess of affecting
deeper structures, In this patient the giddiness persisted for a
couple of months,

Another case has come under the notice of the writer. A
practical worker with the rays, a healthy, middle-aged man, was
carrying out a series of experiments involving exposure of the
region of the stomach for a period of about two hours daily.
After some weeks he complained of abdominal symptoms, such as
pain, tenderness, flatulency, and diarrheea. He went away into
the country for a fortnight and got well. On his return he
resumed his experiments, and after a fortnight experienced a
second similar attack. He then shielded his stomach with a thin
sheet of lead, and his symptoms finally disappeared. This
history certainly suggests that in his case the rays of the focus
tube caused a direct inflammation of the gastro-intestinal mucous
membrane.

Other facts pointing to deep action of the focus-tube rays are
the local tremors often set up by exposure, and the apparent
shrinking of the heart beneath the rays, noticed in sexfera,l instances
by Mr. Bezley Thorne.t Lastly, there is t-h!.? ﬂ,ﬂtmu,_ noted by
Despeignef and others, of these rays in the relief of pain.

# ¢ Foous-tube traumatism ' is used, as we cannot identify the injurious rays.

+ Brit. Med. Journal, vol. ii., p. 1238, 189G,
+ Lyon Med. Jewrnal, December 28, 1896,
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In his smaller Clinical Atlas, Mr. Jonathan Huﬁeyinsuu givea
an oxcellent picture of a severe dermatitis following a single
exposure to the sun. Numerous instances.are on record of f:::c-,us_—
tube dermatitis following a single exposure. In both cases the
injury takes a week or more to develop fully, a fmft that is cer-
tainly suggestive of a secondary inflammatory reaction, connected
with the sloughing of necrosed tissue. In both 1ns.tances, tn?,
the injury is in the great majority of cases superficial ; thus, in
Professor Reid's case, the rays passing through his body damaged
the skin at the point of entry and exit,

Another remarkable point is pigmentation. Bronzing 1s a
constant result of exposure to the sun; most people would connect
the black skin of the negro with the action of the sun upon his
ancestors. In one case,* that in which Despeigne used the rays
to treat the pain of cancer, after the eightieth sitting the skin of
the side of the neck exposed became almost as black as that of a
negro. In this connection may be mentioned the bronzing some-
times seen in those exposed to electric light,

Lastly, we have the important influence of idiosyncrasy.
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 inereased volume in response to many external
irritant influences, It may be that the focus-tube rays, like the
sun and other external irritants, stimulate the excretory function
of the skin into unusual activity, and that the outward passage
of some irritant from the blood sets up the dermatitis.

Personally, the writer is inclined to think that the foeus-tube
traumatism may ultimately prove to be due to heat rays—in
other words, to be a kind of burn, The kathodal rays strike
the platinum anode or anti-kathode and make it hot; they are
reflected to the wall of the Crookes tube, where they are in part
converted into Rontgen or x-rays. What becomes of the rest of
the kathodal rays is not quite known, but it is generally believed
that some of them, at any rate, are converted into heat rays, by
which means a tube in action becomes warm..

This heat-burn theory was suggested to the writer by the

* Lyon Med. Jowrnal, December 28, 1896,
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two following eases, brought under his notice by Mr. Webster, of
Blackheath, a gentleman who has had considerable experience
of Rontgen-ray work. In the first instance, he exposed an
individual something like a score of times during a period of six
months. Six weeks after the last exposure the hair fell out from
one side of the head. The only differing condition of experi-
ment, so far as could be ascertained, in the last or damaging
exposure was that the kathode at the end of the Crookes tube
had been kept continually heated.

The second case was that of Mr. Webster himself. For a year
or more he had undergone constant exposure to the rays without
bad results. He then injured himself with a metol developing
solution, and shortly afterwards a diffuse dermatitis appeared on
the back of his hand. This traumatism, again, coincided with
the heating of the kathode end of the tube.

Now, in both the foregoing instances previously unsusceptible
persons became susceptible under altered conditions of experi-
ment. The alteration consisted in heating the kathode end of the
tube, which means, when applied to a Crookes tube in action, an
increased production of kathodal rays. These kathodal rays, as
already stated, are in part converted into heat rays upon striking
the wall of the tube. There thus appears to be some probability
that in heating the kathode end of the tube we increase the
resulting heat rays thrown off from the tube. Lastly, the kathodal
rays strike the platinum anode, or anti-kathode, and render it red-
hot, and it is not unreasonable to suppose that their contact with
the skin surface might similarly have a calorific effect.

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 light, capable of stimulating the human cutaneous surface,
and sometimes the deeper tissues of the body, in varying degrees
of severity, which are in some way determined by personal pre-
disposing peculiarities.

X. THERAPEUTICS.

The possible curative action of the Rontgen 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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Whether this be due to the unmixed Rontgen rays, or to a ray of
some other kind, need not be further considered here. It seems
clear that rays of various qualities are combined in their. ex.it.
from the Crookes tube, but they must be treated as a whole in
considering their effect upon living tissues. So far, it hﬂus_heen
generally assumed that the effects, varying in degree from simple
congestion to severe destruction of tissue, have been confined to
cutaneous surfaces.

Recently, however, some observations have come to light
which point to an action of the Rintgen rays upon the deeper
parts of the body.

Superficial Action of the Rontgen Rays.

The action of the rays upon the skin appears to be that of an
irritant towards predisposed subjects. So far as can be judged
at present, its only likely therapeutic value to dermatologists
will be as a depilatory. Freund* has applied the method with
some success to an extensive nmvus pigmentosus pilaris in a
child. Whether the depilation thus obtained can be rendered
permanent remains to be discovered. Certainly, in the cases
hitherto reported the hair has sooner or later reappeared. Again,
there is no certainty in the resulting depilation. Dr. Low has
informed the writer that he tried on various occasions to depilate
a hairy mole in a child sent to him for treatment, but without
SUCCESS,

It is evident, then, that we have in the focus rays an agent
capable of acting powerfully upon the skin and its appendages.
At the same time, the action is so uncertain, so difficult to
regulate, and so apt to be attended with serious complications,
that it is not likely to have any but an extremely limited applica-
tion to the therapeutics of the cutaneous surface.

Turning next to the possible therapeutics of the Rintgen rays
upon the deeper structures, we find ourselves confronted with
several interesting and suggestive facts.

In some instances exposure to the rays has been followed by
a cessation of pain, but the easual relationship between the two
conditions can hardly be regarded yet as scientifically demon-
strated, Probably the first notice of the kind was by Dr.

" Medical Press and Circular, January 27, 1897,
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Richardson* of Boston, who wrote to a medical journal on
August 31, 1896, describing the results of an examination by the
rays. The 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,t 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 pallia-
tive effect had followed the use 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 conelusion from both cases is that, when applied
to cancer, the rays have a distinet anwsthetic 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 ansthetic for the relief of malignant
growths far less disastrous in its general results than the evils
incident to morphinism,

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 nerves may be gathered
from the following cases.

The case of a hlind man was reported to the North-Western
Electrical Association by Mr. Hoskin. The patient was runu.ble
to see the light of an arc lamp close to his. face. His eyes
appeared normal, but he had been completely blind for two years.

* Boston Med. and Swry. Jowrnal, Enptmr_lbcr 3, 1896.
t Lyow Med. Jowrnal, December 28, 1836,
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On being placed before a Rintgen apparatus in action, he was able
to deseribe the general outline of the tube. A sheet of cardboard
interposed cut off all visual impressions.

In this case, accepting the above statements, as Rontgen rays
penetrate cardboard, any visual stimulation must have been due
to some ‘other kind of ray. If the media were not opaque, and the
optic nerve insensitive both to day and to ordinary electric light,
then it follows, if the rays stimulated the nerve, that there
must be speeial nerve-endings acted upon by the rays, supposing
the action to be local. Of course, it is not impossible that the
rays might have penetrated the brain and stimulated the per-
ceptive centres. In that case, however, we should expect to have
had a similar phenomenon recorded from other quarters ; besides,
there is no reason why the figure of the tube should be fixed on
the perceptive centre. -

Professor Fox,* of Philadelphia, reported that a patient with
corneal opacity saw nothing with an Edison’s fluoroscope, whereas
with the naked eye he could accurately deseribe the phos-
. phorescent colour of a Crookes tube. He conjectures that Rintgen
rays will not pass through cicatricial corneal tissue.

Messrs. Lortet and Genoudt 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
action of the z-rays, At the end of six weeks the latter presented
considerable differences from the others that had not been so
treated. Those that had undergone the exposures had no abseess
at point of inoculation, the glands were well defined, and their
generally good condition proved by an increase of weight. On
the other hand, the inoculated guinea-pigs that had not been
under the rays showed abscess at the point of inoculation,
enlarged glands, and bad general condition with loss of weight.

Mr. Brunton Blaikie, of Edinburgh, found that the. Rontgen
rays had no visible action upon the growth of cultures of tubercle
:;a;:llllhl;sitpgsfe ﬁf:linﬂe also found that guipaa-pigs inoculated

] 6, and exposed to the rays, lived actually
a shorter time than those not exposed.
These experiments are worthy of further careful investigation.

* ¢ Ulcers of Cornea,” lecture, October 30. 1 ;

orne , Uc , 1896, Med, Bullet i i
-I+- La Revue Scientifigue: J, L. Breton, Paris Tlﬂ;; 14 “légm: e
T Lancet, July 25, 1808, ’ g .
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D. OBSTETRICS AND GYNAECOLOGY.

Am first it was hoped that the Rontgen rays would prove of great
service in obstetric medicine. In practice, however, up to the
present time, experimenters have found the skiagraphy of the
pregnant uterus surrounded with many difficulties. The chief
obstacles are: (1) The thickness of the parts to be penetrated;
(2) movements, abdominal, uterine and feetal ; (3) the difficulty
of keeping a pregnant woman for any length of time in a con-
strained position; (4) the distance of the uterus and its contents
from the sensitive plate. However, when our methods have im-
proved, there is every hope that, with a short exposure and tubes
of strong penetration, the rays will furnish obstetric physicians
with an additional means of exact investigation.

The advantages of a good skiagraphic record are so obvious
that they need hardly be mentioned at length. It would be
possible, for instance, to ascertain the presence of twins, super-
feetation, lithopmdia, monstrosities, feetal deformities, and mal-
presentations ; while in any case pelvic deformities and exostoses
could be demonstrated with ease and certainty. The demon-
stration of moles and of extra-uterine feetations offers another
attractive field of research.

When taken from the uterus, a good skiagram ean be obtained
of the fetus, and such an illustration has been published by Dr.
Oliver, by whose courtesy it is here reproduced (Fig. 57). His
patient, a woman of thirty-nine, was diagnosed as having an extra-
uterine feetation, some two months beyond full term. An unsuc-
cessful attempt was made to skiagraph the tumour in th{? l.iving
body. Upon operation an ovarian sac was removed containing a
nine-months’ feetus, of which the accompanying excellent skiagram
(Fig. 57) was made by Mr. Willoughby Smith. Dr. Oliver made
the interesting observation that the ovarlan sac was very opaque

to the rays.
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A further important contribution to the study of feetal skia-
graphy was made by Professor Davis, of J eﬁersaln College.* He
published a skiagram which showed a faint tracing of the feetal
skull, contrasting strongly with the dark pelvis in which it had
been placed. He further pointed out that the fcetal skull generally,
except some portions at its base, offered little resistance to the
Rintgen rays.

The same observer, however, after several unsuccessful attempts,
succeeded in obtaining a faint outline of the fetus in the living
uterus. The feetal shape could be recognised, and the position of
the limbs was evident, but the head was hidden by the maternal
pelvis, No feetal skeleton could be distinguished. The experi-
menter concluded that the feetal body and limbs were differen-
tiated by the rays from the darker uterine walls and amniotic
fluid.

Other observers have arrived at more or less similar results.

Messrs. Chappuis and Varnier, quoted by Dr. Mandras (Paris
Thesis), made a skiagram directly after death of a guinea-pig far
advanced in gestation. They obtained details of the maternal
pelvis and silhouetfes 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 alcohol and when
frozen.

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

Most interesting pictures can be obtained of feetal monstrosities,
after removal from the body, by skiagraphy, which conveys
anatomical information that could otherwise be obtained only by
a tedious and difficult dissection. The illustration of a two-headed
fetus shown in Fig. 58 was taken from a skiagram kindly
furnished for the purpose by Mr. Liynn Thomas, of Cardiff,

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 anatomiecal interest,

At the end of the year 1896, Dr. Davis summed up the position

4 :-imcrm_m Journal of the Medical Sciences for March, 18986,
t “Technique des Rayons X.” A. Hébert, Paris, 1897, p- 105.
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of feetal skiagraphy 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.’

GYNECOLOGY.

As methods improve, there is little doubt that valuable informa-
tion will one day be obtainable, by means of the skiagraph, as to
many pathological conditions of the soft tissues of the pelvis,
such as ovarian tumours, fibroids, sarcomata, and various mal-

formations.
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E. LEGAL MEDICINE.

IN a number of cases Rintgen ray photographs have been
produced in the law-courts. The evidence they afford is cor-
roborative, and must be taken as confirming the testimony
of expert witnesses. Their special value is that exact evidence
apparent to the senses of everyone concerned is rendered avail-
able by the use of unerring scientific apparatus. An ounce of
such faect is worth 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 skiagram
would outweigh the confradictory statements of the most highly-
gkilled surgeon, provided the opinions of the latter were based
upon nothing more tangible than the ordinary methods of
physical examination. This point has been ably insisted upon
by Mr. Howard Marsh* in the following passage : ‘The informa-
tion given by this method may be absolutely conclusive, and may
directly contravene the best opinion that the most highly-qualified
observer has had it in his power, under the difficult cireum-
stances of the case, to form. With a photograph before him,
any layman can see what by any other means could be only
a maftter of probability, balanced by other probabilities of almost
equal weight.” The latter sentence describes the precise position
of & juryman called upon to settle the nature of an injury in the
face of conflicting skilled testimony. To such a man the skiagram
would 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 s-ray photographs are not admissible as
evidence. One judge holds that it has not been demonstrated
as a scientific fact that they are accurate. The process has not

® Brit. Med. Jowrnal, May 30, 1896,
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become such a matter of common knowledge that the court will
take judicial notice of it. No man can tell by ocular or other
sensory evidence that the reproduction is accurate. The truth-
fulness of the photograph is a matter of reasoning.’

In considering the foregoing passage, which is a readily-
understood, cautious legal attitude, it should be added that the
opinion is not shared by other American judges. Broadly speak-
ing, expert witnesses will, as a rule, be able to assume a strong
position as to the absolute value of evidence derived from the
Rontgen rays. Secientific evidence, it should be noted in this
connection, is daily tendered and accepted in court with regard to
new drugs and other medical discoveries.

The skiagraph may be valuable in any of the following medico-
legal cases :

1. Evidence of injury, or of the presence of a foreign body in

eivil or eriminal cases.

Evidence in action for malpraxis.
Evidence of bodily identification.
Evidence of pregnanecy.

Hvidence of age of feetus, or of live birth.

S e s

I. EVIDENCE OF INJURY.

It is clear that the presence either of a foreign body, as a bullet,
or of an injury to bone, such as a fracture, can be clearly proved
by means of a skiagram. In some cases this may be I:a.,kgn a
long time, very many years, after the original accident or injury.
Thus, a fracture often leaves a lifelong and unmistakable record
of its occurrence, and a dislocation may be photographed by
the Rontgen rays at any time previous to its reduction. .

Already numerous cases have occurred where z-ray e.vicrience
has been produced in court. One such instance was mentioned
in the British Medical Jouwrnal for June 6, 1896, where a bullet
in & hand formed the object of a eriminal prosecution.

A case occurred early in 1897 in Dunfermline. A boy was
accidentally shot by a rifle discharged by an unseen person at
a great distance. The presence of a rifle bullet buried in the
boy's lung was admirably shown by a skiagram takr.fn I.?a],r a local
operator. In that case the man charged was dismissed for
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want of exact identification with the person who fired the
shot.

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 plaintitf’s injury is exaggerated, misrepresented,
or non-existent. As blood is opaque, the presence of a clot, if of
large size and near the surface, might be detected by a skiagram,

II. EVIDENCE IN ACTION FOR MALPRAXIS.

The Rontgen rays may prove of great value to the protection of
medical men, when otherwise it might be difficult to meet a
charge of negligence. This point is put in a nutshell by Dr.
Richardson, of Boston, who writes: ‘ Indeed, an early fluoroscopie
examination of every fracture may be required of every surgeon
for the protection of the patient, and an early photograph for the
protection of the surgeon.* At the beginning of the same year
Mr. Howard Marsh advanced the statement: ‘ From a medico-
legal point of view the Rintgen photography will clearly play a
leading part in cases where surgeons are charged with having
overlooked a fracture or a dislocation, when no such injury is
present.’

As regards one branch of irregular or quack medical practice
the new photography is likely to do yeoman’s service, The bone-
sefiters are a fraternity who batten on the ignorance and credulity
of their vietims. Their almost invariable plan is to tell the
sufferer that a ‘ bone is out,” or is ‘broken,’ or ‘has not hbeen
properly set.” Now, in all these cases Rontgen rays will reveal
the exact truth of the condition. Hence it will be wise in
future for everyone who consults a member of this fraternity to
verify the 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 skiagram shows the absolute absence of dislocation.
On the other hand, if a clear space indicates a joint not filled

* Boston Medieal News, December 19, 1896,
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with osseous or other opaque matter (fibrous bands being
transparent), then the immobility of the joint may safely be
ascribed 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 normal relation of bones, fixed joint and
previous injury, are given in the section upon bones (see p. T4).

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 eurvature 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.

III. EVIDENCE OF IDENTIFICATION.

The 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, a Rintgen ray
picture of the false joint in the arm due to the bite of a lion, from
which injury he was known to have suffered, would have afforded
valuable corroborative evidence of identification.

Another way in which the rays might be useful would be in
determining the age of a body up to early adult life, from the
union or non-union of bony epiphyses. Any conclusions on this
point, however, would have to be formed with a due regard
to the varying ages of epiphyseal union. Observations so far
show that, apart from early bone disease, there is apparently a
good deal of individual difference in the time of fusinu‘nf
epiphyses. This point is dealt with more fully in & later section
on Anatomy.
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IV. EVIDENCE OF PREGNANCY.

Up to the present no very certain positive results have been
obtained by the rays in the diagnosis of pregnancy—at any rate,
in the living subject. It may be stated, however, that a good
picture of the fcetus may be obtained in wufero after removal from
the body. DMoreover, a dim outline of the fecetus has been
obtained by several experimenters in the living subject. There
can be little doubt, indeed, that achievements in this last-
mentioned direction will before long be materially extended.
One result of that particular advance would be to enable the
English eriminal law to replace by exact scientific methods the
“jury of matrons,’ whose verdict decides whether a woman
condemned to death is pregnant or otherwise. Even in these
modern days, the question is on rare occasions still settled by
the above-mentioned ancient tribunal. -

V. EVIDENCE OF AGE OF FETUS.

A perfect skiagram may be obtained of a feetus after removal
from the uterus. In this way the stage of ossification can bhe
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 skiagram might
be made to reveal the state of the feetal eirculation.

When medico-legal evidence is required of the viability of a
fcetus, however, the Rontgen ray photograph is only, as a rule, of
corroborative value, inasmuch as it reveals the full-term develop-
ment or otherwise, It is never likely to supersede in any way
the evidence, such as the hydrostatic lung test, now accepted
as to live birth. Viability, it should be remembered, is possible
at seven months, The material things that may be readily
demonstrated in court by means of a skiagram are fractures of
the skull and other parts of the body, and the appearance of
the osseous nucleus of the inferior femoral epiphysis, which
Huab.and states, in his ‘ Forensic Medicine,” as a result of the
examination of nine intra-uterine fotuses at the ninth month,
to P&ve a maximum length of 2 lines. The subject of feetal
ossification is an interesting one, and no doubt the conclusions
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F. ANATOMY.

A coop deal of light has been already acquired in relation to the
age at which union of bony epiphyses takes place. It seems
likely, in view of the facts afforded by Rontgen ray researches,
that much of the information upon this point contained in the
anatomical text-books will have to be rewritfen. It appears
certain, for instance, that the variation of the individual in this
matter is much wider than hitherto recognised by the anatomists.
The new method offers obvious advantages in obtaining data for
general conclusions as to ages of ossific union. Supposing, for
instance, it be desired to study the epiphyses of the humerus at
the age of fourteen. A sufficient number of skiagrams of the
humerus of persons of that age—carefully verified, it need hardly
be said—would have to be procured, and the resulfs compared at
leisure. This method would be rapid and accurate as compared
with the tedious and more or less uncertain observations to be
gleaned from the alternative plan of many laborious dissections.
Moreover, the rays could be applied to the living as well as to
the dead, and also to bodies where post-mortem examination
would be impossible.

ANATOMY OF BLOODVESSELS.

The injection of bloodvessels by some material opaque to the
rays, and then subjecting them to skiagraphy, opens up a wide
field of anatomical investigation. In this way Dr. F.J. Clendinnen,
of Melbourne,* demonstrated the arteries of a seven-month feetus,
which he had injected with a solution of red lead. That par-
ticular salt was used because, as the result of previous experi-

" Internat. Med. Journal of Australasia, October 20, 1896, p. 611.
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ments, he had come to the conclusion that red was more opaque
than other colours. His skiagraph affords a sharp and beautiful
diagrammatic view of the arteries, even where they pass behind
the feetal bones. A peculiarity such as that of double high
division of the brachial artery is well shown.

In a later issue of the same journal (January 20, 1897), Dr.
Clendinnen published some beautiful skiagrams obtained in a
similar way. They showed the arteries about the knee and the
ankle-joint. The small muscular twigs and other minute branches
are reproduced with the utmost fidelity. The larger vessels are
distinetly visible, even when they pass behind bone, a tissue much
less opaque than lead to the rays.

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 very perfect picture
could be obtained of circulation by anastomoses, say, in a case
where during life the femoral artery had been tied for aneurism.

Dr. Clendinnen adds that in one case he obtained from the
living body a good skiagram of the popliteal artery. This obser-
vation is most valuable, and points to the time when a fuller
knowledge of conditions in relation to results will bring the blood-
vessels under command of the skiagrapher.

Messrs. Rémy and Contremoulins have made similar obser-
vations by injecting the arteries with a solution of wax in alcohol
charged with various metallic powders.

Dr. Nathan Raw showed to the Manchester Pathological
Society, in December, 1896, skiagrams of arteries injected with
plaster of Paris and carmine.

Another application of this principle of opaque injection was
brought forward by Poncet, of Lyons.* He presented the
Academy of the town mentioned with a series of skiagrams by
Destot and Bérard, showing the arterial and venous cireulation
of the kidney in various pathological conditions of that organ.

Some of the interesting conclusions as to the normal vascular
conditions may be quoted. Thus, it was found that the circu?.a.t?un
in the kidney is lobar and terminal, and permits the differentiation
of an independent anterior and posterior kidney, except the artery

* (Gazette des Hopitauw, December 31, 1596.
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G. PHYSIOLOGY.

INTERESTING results have been obtained by Messrs. Hébert and
Bertin-Sans from the skiagraphy of the movements of joints,
more especially in the case of the wrists. Their observations
will no doubt be sooner or later considerably extended.

A number of interesting observations have already been made
upon the movements of the heart.

Wherever in the interior of the body there is pulsation in any
organ open to skiagraphy, the process of chrono-photography will
be available. The possible presentation of a pulsating human
heart upon a lantern sereen, by a method so young that it is yet
barely articulate, speaks volumes for the energy of latter-day
science.

Professor Benedikt, of Vienna, has found that movements of
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. -

MM. Sabrazés and Rividre recently 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 in movement.™

* Lancet, May 29, 1897, p. 1505.
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A NEW FORM OF RADIATION.

BEING A PrRELIMINARY COMMUNICATION TO THE WURTZBURG Prysico-
MEep1cAL SocieTY, BY PROFESSOR WILHELM KONRAD RoxnTeEN,
DecemBeRr, 1895,

1.1 Ir we pass ti:‘m discharge from a large Ruhmkorff coil through a
Hittorf or a sufficiently exhansted Lenard, Crockes, 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 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 fluores-
cence 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 inquires whether other bodies
possess this property. It is soon 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 sereen 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 screen. Thick blocks of wood are also transparent ;
fir-planks from 2 em. to 3 em. thick are but slightly opaque. A film of
aluminium about 15 mm. thick weakens the effect considerably, though it
does not entirely destroy the fluorescence. Several centimetres of vul-
eanized indiarubber let the rays through.t Glass plates of the same thick-

* 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. !

+}Fur brevity's sake I should like to use the expression ‘ rays,’ and to distin-
guish these from other rays I will call them *a-rays.’
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Tt 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 product decreases.

6. The fluorescence of barium-platino-eyanide is not the only recognis-
able phenomenon due to w-rays. It may be observed, first of all, that
other bodies fluoresce—for example, phosphorus, ealcium 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 ocular 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 photographic
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 photographie plates is exercised directly by the w-rays. It is possible
that this effect is 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 z-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
z-rays, and it is certain that all the incident x-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, according
to experiments made, the media contained in the eye are fairly transparent.

7. As soon as I had determined the transparency of different substances
of various thicknesses, T 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 fluoreseing 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 aluminium and a vuleanized rubber prism of 80° angle I
have obtained images on photographic plates in which one may perhaps
see refraction. Bub the matter is very uncertain, and even if refraction
exists, it is so small that the refractive index of the x-ray for the above
materials can only be, at the highest, 1-05. Using the fluorescent sereen,
T was unable to discover any refraction at all in the case of the aluminium

and the rubber prism.
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Researches with prisms of denser metals have yielded up to now no
certain results, on account of the small transparency, and consequently
lessened intensity, of the transmitted ray. :

In view of this state of things, and the importance of the guestion
whether z-rays are vefracted on passing from one medinm to another, it
is satisfactory to find that this guestion can be attacked in another way
than by means of prisms. Finely-powdered substances in sufficient thick-
nesses allow only a very little of the incident light to pass through, and
that is dispersed by refraction and reflection. Now, powdered substances
are quite as transparent to w-rays as are solid bodies of equal mass.
Hence, it is proved that refraction and regular reflection do not exist to a
noticeable degree. The experiments were carried out with finely-powdered
rock salt, with powdered electrolytic silver, and with the zine powder much
used in chemical work. In no case was any difference observed between
the transparency of the powdered and solid substance, either when using
the fluoreseent sereen or the photographic plate.

It follows, from what has been said, that the z-rays cannot be concen-
trated by lenses; a large vuleanized rubber and glass lens were without
influence. The shadow of a round rod is darker in the middle than at the
edge; that of a tube filled with any substance more transparent than the

material of the tube is lighter in the middle than at the edge.

8. The question of the reflection of the w-rays is settled in one's mind
by the preceding paragraphs, and no appreciable regular reflection of the
rays from the substances experimented with need be looked for. Other
investigations, which I will deseribe here, lead to the same resulf.
Nevertheless, an observation must be mentioned which at first sight
appears to contradict the above statement. I exposed a photographic
plate to the z-rays, protected against light rays by black paper, the glass
side being directed toward the discharge-tube. The sensitive layer was
nearly covered, star fashion, with blanks of platinum, lead, zine, and
aluminium. On developing the negative, it was clearly noticeable that the
blackening under the platinum, lead, and especially under the zine, was
greater than in other places. The aluminium had exercised hardly any
effect. It appeared, therefore, that the three above-mentioned metals had
reflected the rays. Nevertheless, other causes for the greater blackening
were thinkable, and in order to make sure I made a second experiment,
and laid a piece of thin aluminium, which is opaque to ultra-violet rays,
though very transparent to z-rays, between the sensitive layers and the
metal blanks. As again much the same result was found, a reflection of
@-rays by the above-mentioned metals was demonstrated. But if we con-
nect these facts with the observation that powders are quite as transparent
as solid bodies, and that, moreover, bodies with rough surfaces are, in
rega.rfl to the transmission of w-rays, as well as in the experiment just
deseribed, the same as polished bodies, one comes to the conclusion that
regular reflection, as already stated, does not exist, but that the bodies
behaved to the z-rays as muddy media do to light.

Again, as I could discover no refraction at the point of passage from one
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medium to another, it would seem as if the z-rays went through all sub-
stances at the same speed, and that in a medium which is everywhere,
and in whicl_t the material particles are embedded, the particles obstruet
the propagation of the @-rays in proportion to the density of the bodies,

‘ 9. Hence it may be that the arrangement of the particles in the bodies
influences the transparency ; that, for example, equal thicknesses of calespar
m:nuld 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 eathode rays passed through thin aluminium-foil, came to the con-
-::lulsim:: that these rays were actions in the ether, and that they pass dif-
fusively 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, 8'1, per centimetre, and found it connected
with the exhaustion of the gas contained in the discharge apparatus. In
order to estimate the discharge pressure by the spark-gap method, T used
in my researches almost always the same exhaustion. T suceeeded 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 at the square of the distance of the screen from the discharge
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 agreement
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 w-rays than for ecathode rays.

11. A further noteworthy difference in the behaviour of cathode rays
and x-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 hearing specially on this question, it is certain
that the spot on the wall of the discharge apparatus which ﬂunre_scea most
decidedly must be regarded as the principal point of the rm?intmn of .t-he
@-rays in all directions. The @-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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within the apparatus by a magnet, it is found that f{]ﬂ @-rays are emitted
from another spot—that is to say, from the new termination of the cathode
stream.

On this account, also, the @-rays, which are not deflected, cannot merely
be unaltered reflected cathode rays passing through the glass wall. T"hc
greater density of the glass outside the disclmrgta-tube cannot, according
to Lenard, be made responsible for the great difference in the * deflect-
ability.’ : :

I therefore come to the conclusion that the @-rays are not identical
with the cathode rays, but that they are generated by the cathode rays at
the glass wall of the discharge apparatus.

18. This excitation does not take place only in glass, but also in
aluminium, as I was able to ascertain with an apparatus closed by a sheet
of alumininm 2 mm. thick. Other substances will be studied later on.

14. The justifieation for giving the name of ‘rays’ to the influence
emanating from the wall of the discharge apparatus depends partly on the
very regular shadows which they form when one interposes more or less
transparent bodies between the apparatus and the fluorescing screen or
photographie plate. Many such shadow-pictures, the formation of which
possesses a special charm, have I observed—some photographically. For
example, I possess photographs of the shadow of the profile of the door
separating the room in which was the discharge apparatus from the room
in which was the photographic plate; also photographs of the shadows of
the bones of the hand, of the shadow of a wire wound on a wooden spool,
of a weight inclosed in a small box, of a compass in which the magnetic
needle is completely surrounded by metal, of a piece of metal the lack of
homogeneity of which was brought out by the z-rays, ete.

To show the rectilinear propagation of the w-rays there is a pinhole
photograph, which I was able to take by means of the discharge apparatus
covered with black paper. The image is weak, but unmistakably correct.

15. I looked very cavefully for interference phenomena with @-rays,
but unfortunately, perhaps on account of the small intensity of the rays,
without success.

16. Researches to determine whether electrostatic forces affect @-rays in
any way have been begun, but are not completed.

17. If we ask what @-rays—which certainly cannot be cathode rays—
really are, we are led at first sight, owing to their powerful fluorescing
and chemical properties, to think of ultra-violet light. But we immediately
encounter serious objections. Tf w-rays be in reality ultra-violet light, this
light must possess the following characteristics :

(@) It must show no perceptible refraction on passing from air into
water, bisulphide of carbon, aluminium, rock salt, glass, zine, ete.

(&) It must not be regularly reflected to any appreciable extent from
the above bodies.

(¢) It must not be polarizable by the usual means.

(d) Its absorption must not be influenced by any of the properties of
substances to the same extent as it is by their density,
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Cat, skiagram of, half grown, 102
Cats, diagnosis of i injuries in, 183
{J'Ells in multiple series, 23
s+ in parallel, 21
»» 1n series, 21
Chest exploration by rays, 102
Clothing, removal of, 39
Club foot, Mr. Barwell's cases, 94
Coil, Apps’, 28
»» how to work, 86
Coins in gullet, 63
Colles’ fracture of radius, 76, 78, 79
Congenital deformities, 94
Contact breaks, 25
Court, cases in, 124
Crooke’s tube, 26
Cross skiagram, 53
Cryptoscope, 81
Current rate and pressure required,
16

Drﬁily Chronicle : Rontgen outfit
for Greco-Turkish war, 49

Definition, sharpness of, 57

Deformities, congenital and ac-
(uired, 94

Deformities due to dress, boots, ete.,
95

Deformities due to various diseases,
95

Dental surgery, 99

Dentigerous cyst, 101

Depilatory action of foeus-tube rays, |

117

Dermatitis after Rontgen.-ray ex-
posure, 111

Dermatitis, ‘ burn ' theory, 115

4 compared with sun der-

matitis, 115

Dermatitis, idiosynerasy to, 115

Developing solutions, 82

Diseases %b{me,

Dislocation, backward, of forearm,
87

Dislocation, backward, of thumb, 87

S of ankle, with fracture,
]
Dislocation, suspected, negatived,
87

Disloeations, 86 )

Downie, Dr. Walker, pin in larynx,
61

Dress deformities, 95

Eastman's photographic paper, 54
Enchondroma, ossifying, 88

Epiphyses, separation of, 97
e union of, 126, 129
Evidence, value of nkmgmm in, 75
Emstosm 58
Ettég-uterme feetus after removal,
1

Eye, foreign bodies in, 65

False joint, 74
False teeth in gullet, 62
Femur fractures, 82
Fluorescent sereen, 81
= .+  to make trac-
ings by, 104
Fluoroscopy, 104
Focus-tube, action upon skin and
deeper structures, 111
Focus-tube, how to exhaust, 29
i stand, 85
0 the, 27
Feetal monster (two headed), 121
., skiagraphy, 121-128
Feetus, evidence of age of, 127
., extra-uterine after removal,
120

| Foreign bodies, 46

in brain, 57
in eyeball, 67
in intestine, 109
in larynx, 61
in esophagus, 62
in orbit, 67
in spine, 61
in thorax, 61
theirlocalization, 53
Fr a-cturs, comphca.tﬂﬂ 76
= greenstick, T4
= impacted, T4
5 mal-united, T4-77
i of collar-bone, 77
o of elbow, 77, T8
i of femur, 52
" of forearm, 79
e of hip, extra capsular, 82
. of lower leg (Potts), 84
i of metacarpal, 74-81
o of patella, 85
o of pelvis, 82
- of ribs, 85
L2 of seapula, 77
7 of skull, 85
- of tibia, 88
of tibia, with dislocation
of u,u]de, 85
Fracture of vertebre, 85
rare spiral of tibia, 83
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Fracture, unsuspected deformity, 84,
B
Fracture, unusual, of tibia, 84
= wiring, 76
22 with dislocation, 85
Fractures and dislocations, T4

Gall-stones, 68

Garibaldi, bullet in ankle, 49

Gastrie disturbance from focus-tube
exposure, 114

Geissler tube, 26

Glass, its opacity to the rays, 47
5, in bronchus, 61

Gouty bone, translucency of, 89

Greeco-Turkish war, the Rintgen
rays in, 49

Grove battery, 15
,» cell, 16

Guinea-pig, feetus skiagraphed in
living uterus, 121

Gynzcology, 122

Hair, shedding, after focus-tube ex-
posure, 112, 113

Heart, apparent shrinking beneath
rays, 108, 114

Heart, auricular pulsation, 107
»»  hypertrophy, 107
»» movements, 132
v proposed study by rays of
cardiac drugs, 109

Heart, shadow upon sereen, 104
v showing wvalves, ete., when
empty, 105

Heart, to recognise alterations in
shape, 104

Hip fractures, 82

Horse, diagnosis of abnormalities
in, 133

Hypertrophies of bone, 90

In:_iuctinn coil, 23
Injury, evidence of, 124

Instruments, eombined use, with
sereen, 65

Internal skiagraphy, Dr. Macin-
tyre's rules, 103

Intestines, author's experiment with
bismuth, 65, 109

Jackson's focus-tube, 26
‘J uﬁ.c:‘ikatuna ' (toy) impacted in gullet,

Joint, false, 74
»»  fibrous adhesions, 77, 91

Kathodal rays in dermatitis, 115
Kathode, 37
Kidneys, eirculation in, 130

Larynx, pin in, 61
Lead, its opacity to the rays, 48
Legal aspects of Riontgen rays, 75
yy medicine, 128
Lime-salts of bone, causing opacity,
72
Localization by wires, 62
= of foreign bodies, 55
¥ of pin in larynx, 62
Lunaties, Rontgen ray diagnosis in,
85
Lungs, consolidation detected, 106
»  permeable by rays, 105

Malpraxis, evidence in action for,
125

Medicine, Rintgen rays in, 102

Metacarpal, fracture of, 82

Micro-organisms, action of rays
upon, 97

Military surgery, the rays in, 49

| Monster, feetal, two-headed, 121

Movements of heart, 182

Necrosis of bone demonstrated, 94
Needle discovered by rays, 47

Ossifications of cartilages, 97
o of musele, 97
Osteo-arthritis, 92
Osteo-myelitis, 92
Osteo-plastic operation, to ascertain
results of, 96
Osteo-sarcoma, 93

I’u,li:il,'? effect of focus-tube rays upon,
Pain, relief of, by focus-tube ex-
posure, 114
Patella fracture, B3
Pelvic deformities, 120
Pelvis, injuries of, 82
Periostitis following focus-tube ex-
posure, 113
Phagocytosis unaffected by rays, 182
Phosphatie ealeulus, 70
Photography, 81
_ w  @-ray paper, 84
Pigmentation of skin after ’expusure
to rays, 115
Pleurisy effusion demonstrated, 106
Polydactylism, ease of, 94
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Pregnmmy. evidence of, 127

Pregnant uterus, difficulties in skia-
graphing, 120

Pulsating shadows in chest, 104,
105, 108

Pump, the exhaust, 28

Radiant matter, 26

Reid, Professor Waymouth, bullet
ln:lc[b].lzu.tmn 58

Rheumatoid axthntm, bones in, 90

Rowland’s focus-tube stand, Ba
Ruhmkorf coil, 23

Sarcoma in bone, 98
HSereen, fluorescent, 81
»» how to work, 41
Secondary battery, 16
s cell, 18
Separation of epiphyses, 97
Shrinking of heart shadow under
rays (apparent), 108
Skin surfaces, mapping of (author's
method), 95
Skin, selective action of focus-tube
rays, 112
Skin therapeutics of
rays, 117
Spine, bullet in, 61
+» deformities of, 94
Spiral fracture of tibia, 83
Sprengel exhaust-pump, 28
Stone in bladder, how to take, 40
Btyloid process of ulna, separation
in Colles’ fracture, 78
Subperiosteal thickenings, 88
Sun dermatitis compared with that
of focus-tube, 115
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Sunstroke simulated by exposure to
focus-tube rays, 114

Talipes equinus, 94

| Teeth, how to take, 40

.+ Ialse, exploration for, 62
»» various pathological condi-
tions, 99

Theory of the Rintgen rays, 42

Therapeutics, 116

Tibia fractures, 83

Toepler mercury pump, 29

Toes, suppression of, 95

Transformer, 20

Tranmatism after
posure, 113

Tremors following focus-tube ex-
posure, 114

Tubercular bones, translucency, 91

= consolidation of lung,

106

Tuberculosis in guinea-pigs treated
by focus-tube rays, 119

focus-tube ex-

Uratic deposits, translucency of, 89

Urie acid ealeulus, 70, 71

Uterus, difficulties of examination,
120

Value of Rontgen photograph as
legal evidence, 123

Veterinary surgery, rays in, 133

Vitreous humour, steel fragments
in, 67

Voltmeter, 19

Wimshurst induction machine, 21
Wiring fractures, 76
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By C. E. ArMAND SEMPLE, B.A.,, M.B. Cantab.,, M.R.C.P.
Lond. Price 2s. 6d. cloth ; 2s. paper wrapper.

Brain. Brain Surgery. By W. ALLEN STARR, M.D., Ph.D. Pro-
fessor of Mental Diseases in the College of Physicians and
Surgeons, New York. With 59 illustrations. Price 10s, 6d.

Brain. Dreamy Mental States. The Cavendish Lecture. By Sir
J. CRICHTON BrROWNE, M.D., F.R.S. Price 1s.

8 Sir James declares that means #ill ke found, under the guidance of modern study of
brain functions, to strengthen defective portions of the organs, and to bring all the mental
faculties successively into hygienic activicy. " — Vines,

i Mreamy Moental States,” as morbid states, ought to be studied, and their subjects sub-
jected to treatment, especially of children and young people."—Christian World,

Brain. The Building of a Brain. By E. H. CLARKE, M.D. (author

of “Sex in Education”). Price 5s.
' Carefully and elegantly written, and full of sound physiclogy.—Lancet.

Brain. On Irritable Brain in Children. By W. H. Day, M.D,,
M.R.C.P. Lond., Physician to the Samaritan Hospital for Women

and Children. Price 1s. 6d.

Brain. The Physiological and Chemical Constitution o the Brain,
based on original researches. By J. L. W. Toupicaunm, M.D.,
F.R.C.P. Lond. Price 10s. 6d.



20 and 21, King William Street, Strand. 5

i hilis of the Brain and Spinal Cord, in the production

Brmﬁ?f Paﬁﬁ?ysis, Epilepsy, Insanity, and other Mental and Nervous
Derangements. By T. STRETCH DOWSE, M.D., F.R.CP. Ed.
Second edition, illustrated. FPrice 5s. y

Brain. On Brain and Nerve Exhaustion (Neurasthenia), and on
the Exhaustions of Influenza. By the same Author. If'mr:e 2s, 6d.

Brain. Microscopical Examination of the Human Brain, Methods
of Research, etc. By EpwiN Gooparr, M.D. Lond. Price 5s.

Bread. Bread, Bakehouses, and Beacteria. By F. J . Warpo, M.A.,
M.D. Cantab., and D, Warse, M.D.,, C.M. Edin. Price 1s.

Bread. Does Baking Sterilize Bread. By F. J. WALpo and D.
WarsH. Price 6d. ] _

Breath. The Breath and Diseases which give it a Feetid Odour.
By J. W. Howg, M.D. Third Edition. Price 2s. 6d. net.

Bronchi. The Bronchi and Pulmonary Bloodvessels. Their
Anatomy and Nomenclature, with a Criticism of Professor
Aeby’s Views on the Bronchial Tree of Mammalia and Man.
By W. EwaAgrt, M.D. Cantab., F.R.C.P. Loud., Physician to St.
(eorge’s Hospital. Price 21s.

Bronchitis. Chronic Bronchitis : its Forms and Treatment. By J.
MiLveR ForaeErGILL, M.D. Ed., M.R.C.P. Lond. Price 4s. 6d.

‘Tt bristles with valuable hints for treatment."”—British Medical Journal.
‘*The pages teern with suggestions of value."—Philadelphic Medical Times.

Burmah. Our Trip to Burmah, with Notes on the Ethnology,
Geography, Botany, Habits and Customs of that Country. By
Surgeon-General Gorbon, C.B., M.D., Physician to the Queen,
Tllustrated with numerous Photographs, Maps, Coloured Plates,

and Sketches in gold by native Artists. Price 21s.

T Wa lay down this boolk, impressed with its many beauties, its amusing sketches and
aneedotes, and its useful and instructive information,”—The Times.

Cancer. The Objects and Limits of Operations for Cancer, with
special reference to Cancer of the Breast, Mouth and Throat,
and Intestinal Tract. Being the Lettsomian Lectures for 1896.
By W. Warsoy Caeyne, M.B, F.R.S, F.R.C.S., Professor

of Surgery at King’s College. Price 5s.

“These lectures will do much to eneourage surgeons in dealing with eancer of the breast,
mouth, and throat."—&lasgpore Medical Journal,

“Mr. Cheyne's lectures should be carefully examined by every practical surgeon.”—
Afecdicol Press.

Cancer. Cancer and its Complications. Its Local Origin, Preventive
and Curative Treatment. By C. E. JExNiNgs, F.R.C.S. Eng.,
M.S., M.B. Second edition. Price 3s. 6d. net.

Cancer, Cancer of the Mouth, Tongue and (Esophagus. By F.
BowRrEMAN JEsserr, F.R.C.S. Eng., Surgeon to the Cancer
Hospital. Price 6s.

Cancer. Lectures on Cancer of the Uterus, with Cases. By F.
BOWREMAN JESSETT. Price 3s. 6d.
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Cancer. _ Cancer, Sarcoma, and other Morbid Growths considered in
rnaIaLtn‘:-u1 to the Sporozoa. By J. JacksoN CLARKE, M.B. Lond.
F.R.C.S., Curator of the Museum, and Pathologist at St. Mary’s
Hospital. Illustrated. Price 3s, 6d. net.

' For those who wish to obtain a pe i j i
general outline of the subject treated, the abstract
references given by the author will render this a nan:pumti';-elyj eAsy tua‘t.."—fitr:n?it:hmc T

Case Book. A Pocket Case-book for Practitioners and Students.
With diagrams, charts, and suggestions for note-taking. By
ALEX. THEODORE BrAND, M.D., C.M. Bound in limp leather
cover. Price 4s. Loose sheets per doz. 1s., 50 3s, 6d., 100 6s.

Case Book. Student’s Case-book. For recording cases as seen,
with full instructions for methodising clinical study. By Grorce
BrowN, M.R.C.S., Gold Medallist, Charing Cross Hospital.
Fourth thousand, cloth. Price 1s, net.

Case Taking. Cardiac Outlines for Clinical Clerks and Practitioners :
and First Principles in the Physical Examination of the Heart.
By W. Ewart, M.D., F.R.C.P. Lond., Physician to St. George's
Hospital, London. With fifty illustrations. Price 5s. 6d.

*+* A supply of thoracic and cardiac outlines (4} by 33 inches), on
gummed paper, is included in each copy. Separately 9d.

Case Taking. Symptoms and Physical Signs, a formulary for
medical note-taking, withexamples. By the same Author, Price 2s.
Catarrhs. Home Treatment for Catarrhs and Colds. By LEONARD
A. Dgssar, M.D. Illustrated. Price 5s.
Chemistry. Aids to Chemistry. By C. E. ARMAND SEMPLE, B.A,,
M.B. Cantab., M.R.C.P. Lond.
Part I.—Inorganic. The Non-metallic Elements, Price, cloth
2s. 6d. ; paper 2s.
Part II.—Inorganic. The Metals. Price 2s. 6d. cloth ; 2s. paper.
Part III.—Organic. Price, cloth, 2s. 6d. ; paper, 2s.
Part IV.—Tablets of Chemical Analysis. Price ls. 6d. and 1s.
Chemistry. A Short Manual of Analytical Chemistry for Labora-
tory Use. By JouN Muter, Ph.D., M. A, F.C.S. Sixth
edition revised. Price 6s. Gd.
Chemistry. Chemical Notes and Equations. Inorganic and
Organic. By G. H. GemMeLn, F.I.C., F.C.S. Lecturer on
Chemistry, Edinburgh. Price 5s. ; interleaved, 7s. 6d.

“ (Givesin condensed form many important facts and equations speeially useful to students,*
— EKiinturgh Medical Jowrnal. i,

' For refreshing the memory of the student, the book would serve admirably,"— Brilish
antd Colonial Drugnist,

# This is just what the first-year students want, "—Student.

Chemistry, Dictionary of the Active Principles of Plants: Alka-
loids, Bitter Principles, Glucosides, with tabular summary and
classification of Reactions. By Cnarrgs E. Sonx, F.I.C., F.C.S.
Price 10s. 6d.

“ Aa g work of reference the new sections will be much appreciated.” —Nature.
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Chemistry. Guide to the Conjoint Board Examinations. By
P. A. E. Ricuarps, F.1.C., F.C.5. Price 2s. 6d.

t A useful guide in elementary practical chomistry.”—Pharmaceutical Jouwrnal, il
i { n;l:c.q ull the information generally required by medical students on the subject.”—

British and Colonial Druggist.

Chemistry. Manual of Chemistry. A Guide to Lectures and
Laboratory Work for Beginners in Chemistry. By W. SIMON,
Ph.D., M.D, With 16 illustrations and 7 coloured plates.

Price 15s.

Chemistry. Plant Analysis, Quantitative and Qualitative. By G.
DRAGENDORFF, Professor of Chemistry and Pharmacy in the
University of Dorpat, Price 7s. 6d.

Chemistry. The Principles of Theoretical Chemistry, with special
reference to the Constitution of Chemical Compounds. By IrRA
RemseN, M.D., Ph.D., Professor of Chemistry in the Johns
Hopkins University. 5th edit., enlarged and revised. T7s. 6d.

Chemistry. The Progress of Medical Chemistry, its Application
to Physiology, Pathology, and the Practice of Medicine. By
J. L. W. Tuupiceuy, M.D., F.R.C.P. Lond. Price 5s.

Chemistry. The Student’s Chemistry.  Part I. The Non-
metallic Elements. By A. C. MAYBURY. Price 4s.

Chemistry. The Student’s Hand-book, with Tables and Chemieal
Calculations. By H. Leicester GreviLLe, F.IC, F.C.S5.
Second edition, Price Gs.

Children. Aids to the Diagnosis and Treatment of Diseases of
Children. By Jomx McCaw, M.D., L.R.C.P. Price 3s. 6d.
cloth ; 3s. paper cover,

Children. Confidential Chats with Mothers on the healthy rearing
of Children, By Murs, BowpicH., Price 2s.

Children. Practical Guide for the Young Mother. By Dr
BROCHARD, Price 2s.

Children. The Nervous Diseases of Children. An original work
treated in an original manner, By B. Sacus, M.D. Professor
of Mental and Nervous Diseases in the New York Polyclinic.

_ With 170 plain and coloured illustrations. Price 21s.
Curefully compiled and well illustrated,”"—British Medical Journal,

“ A most admirable treatise on a very important and . ject."™
Bogton Medical and Surgical Jouwrnal, 4 s Ll S

Uhil%rent. TEE %iseaésﬂs of Children: their History, Causes and
reatment. By C. E. ArMAND SEMPLE, B.A.,, M.B. C :
M.R.C.P. Lond. Price 6s. e

Children. Howto Feed an Infant. Withan Appendixon the Common
Ailments of Infancy, with their Hygienic and Curative Treat-
ment. By BENSoN BAKER, M.D. Price 1s. 6d.
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Children. How to bring up Children by Hand. By J. Fost
PALMER, L.R.C.P. Price 6d. / " iz

Uhlm:ﬂsis. Chlorosis, the Special Anemia of Young Women, Its
Causes, Pathology, and Treatment. By E. Lroyp Joxgs,
M.D., B.C. Cantab., Pathologist for the staff of Addenbrooke’s
Hospital, Cambridge. Price 2s. 6d.

Cholera: How to Prevent and Resistit. By Professor voN PETTEX-

KOFER and T. WHiTesipE Hime, A.B., M.B. Second edition.
Ilustrated. Price 3s. 6d.

Cholera. The Cholera Microbe and How to Meet It. Read at
the Congress of the British Medical Association, By CHARLES
CameroN, M.D., LL.D., M.P. Price 1s.

Climatology. Health Resorts of Australia. By L. BRruUoK.
Price 2s. 6d.

Climatology. The Book of Climates in all Lands. A Handbook
for Travellers, Invalids, and others in search of Health and
Recreation. By D. H. Cuvrnmorg, M.D., M.R.C.P. Lond.
With a chapter on the Climate of Africa by Surgeon PARKE,
D.C.L. Second edition. Price 4s. 6d. :

Climatology. The Island of Madeira. A Resort for the Invalid
and a Field for the Naturalist. By Surgeon-Genl. C. A. GORDON,
M.D., C.B., Hon. Physician to the Queen. Price 2s. 6d.

Climatology. Ventnor and the Undercliff. By J. M. WILLIAMSON,
M.D., M.B. Ed., Hon. Surgeon to the National Hospital for Con-

sumption. Second edition. Price 1s.

Coca. The Coca of Peru, its Remedial Principles, and Healing
Powers. By J. L. W. THupicauyM, M.D., F.R.C.P. Price 1s.

Colours. A Handbook for Painters and Art Students, on the
character, nature, and use of Colours. By W. J. MUCKLEY.
Fourth edition enlarged. Price 4s.

Consumption. Consumption as a Contagious Disease ; the Merits
of the Air of Mountains and Plains. By D). H. CULLIMORE,
M.D., M.R.C.P. Lond., formerly H.M. Indian Army. Price 5s.

Consumption. Consumption and its Treatment by the Hypophos-
phites. By Joun C. THoroweoop, M.D., F.R.C.P. Lond,
Physician to the City of London Hospital for Diseases of the
Chest, Victoria Park. Third edition, price 2s. 6d.

Consumption. Lectures on the Prevention of Consumption. DBy
WiLLiam MurreLr, M.D., F.R.C.P. Lond., Physician to Out-
patients at the Westminster Hospital. Price 3s. 6d.

“ The book is well worth a careful study.”—Leeds Mercury.
i The lectures are eminently practical and Ineid.—Glasgoie Heralid,
 Wa can warmly recommend this little Look."—Daily Chronicle.
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Consumption. The Animal Tuberculoses and their relation to
Human Tuberculosis. By E. NocARD, translated by H. ScUg-
FIELD, M.D., Edin., D.P.H. Camb. Price 4s.

it An snormous amount of interesting and valuable information, " —Dublin Medical Journal.
A weleome addition to the books of its kind."—Hambay Foet Indien,

Consumption. The Pathology of Tuberculosis (Pulmonary Tuber-
culosis and Tubercular Phthisis). Post Graduate Lectures
delivered at Queen's Hospital, Birmingham. By Geo. F.
CrookE, M.D., Physician and Pathologist to Queen’s Hospital,
and Lecturer on Pathology in Queen’s College. Price 2s, Gd.

Consumption. Tuberculosis from a Sanitary and Pathological
Point of View. By G. FLeEMmiNG, C.B., F.R.C.V.S., President of
the Royal College of Veterinary Surgeons. Price 1s.

Deafmutism. On the Education of Deaf-mutes by Lip-Reading
and Articulation. By Professor HARTMANN. Translated by
Dr. PATTERSON CASSELLS. Price 7s. 6d.

Deafness. Vascular Deafness. By R. T. Cooper, M.A., M.D.
Price 3s. 6d.

Death. Death and Sudden Death. By P. BROUARDEL, Senior
Physician of the Faculty of Medicine of Paris. Translated by
F. L. Bexuam, M.R.C.P. Price 10s. 6d.

Deformities, A Practical Treatise on Orthopedic Surgery. For the
use of Practitioners and Students. By James K. Youxe, M.D.,
Instructor in Orthopaedic Surgery, University of Pennsylvania.
Price 18s.

Deformities. Deformities of the Human Foot, by W. J. WarLsmat,
M.B., F.R.C.S, Senior Assistant Surgeon to St. Bartholomew’s
Hospital, and W. Kgxt Hueers, M.B. Lond., M.R.C.S.E.
Price 18s.

Deformities. The Surgical Treatment of Deformities. By W
ADAMS, F.R.C.S. Price 2s. 6d.

Deformities, Three Lectures on the Growth Rates of the Body
and the Limbs, in Relation to the Processes of Rectification
of Deformity. By WALTER PyE, F.R.C.S. Eng. Price ls.

Dental.  Aids to Dental Surgery. By ARTHUR S. UNDERWOOD
M.R.C.S, L.D.S. Eng. Price 2s. 6. cloth ; 2s. paper. :

Dental. Aids to Dental Histology. By the same author. Price
2s. 6d. cloth; 2s. paper. i

Dental. Manual for the Dental Laboratory. A Practical Guide
to its Management, Economy, and Methods of Manipulation
By CHARLES HUNTER. Price 3s, 6d. '

.Eenzai. Eé:tractinn. See Teeth.

Dental. Guide to the Medical '
PERCIVAL TURNER, Price ?is. E?Il.]d s e R
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Dental. A Manual of Dental Surgery : Includin g Special Anatomy
and Pathology. For Students and Practitioners. By HENRY
SEWILL, M.R.C.S, L.D.S. Eng. Third edition, with upwards
of 200 illustrations. Price 10s. 6d,

Dermatology, See Skin,

Dermoids. Dermoids, or Tumours containin g skin, hair, teeth, etc.

By J. BLanp Surrown, F.R.C.S., Hunterian Professor. 1llus-
trated. Price 3s.

Diabetes. Diabetes and its Treatment. By A. Vinrtras, M.D.,
Senior Physician to the French Hospital, London. 1s. 6d.

Dia.gnnﬁis, Aids to Diagnosis, Three Parts, Price 1s. and 1s. 6d.
each.
Part I. —Semeiological. By J. MiLNer ForHERGILL, M.D.
Part II.—Physical. By J. C. THorRowGoep, M.D., F.R.C.P.
Part III.—What to Ask the Patient. By J. MILNER
ForHERGILL, M.D,
Orin 1 vol. Edited by Dr. THoOrROWGOOD. Price 3s 6d. cloth.

Diagnosis. The Physiological Factor in Diagnosis. By J. MILNER
ForaerGiny, M.D., M.R.C.P. Lond. Second Ed. Price 7s. 6d.

't An exceedingly clever und well-written book, put together in a very plain, practical, and
taking way,"—Edinburgh Medical Journal,

Dictionary. Illustrated Dictionary of Medicine, Biology, and
Allied Sciences, including Pronunciation, Derivation, ete. By

Grorar M. Gourp, A.M., M.D. Half morocco. Price 40s. net.

* A highly valunble picee of work."—ZLancet.
* Is not the outcome of a4 pouring of new wine into old bottles ; it is o fresh gnthering from
the living literature of to-day."— British Medical Sowrnal.

Dictionary. A Vest-Pocket Medical Dictionary, including Pronun-

ciation. By ALBerT H. Buck, M.D. 529 pages. Price 3s. net,
. . lasdrawn his material from sources of unimpeachable authority. . . . anungualified
gucoess, ' — Phornaceiticnl Jowrmal,

Dictionary. Dictionary of British Plants and Flowers. Their
Names, Pronunciation, Origin, ete. For the use of amateurs
and beginners. By H. P. FrrzceraLp. Price 2s. 6d.

Dictionary. Dictionary of German Medical Terms. By G. R.
Currer, M.D. Price 6s, 6d.

Dictionary. Dictionary of Active Principles of Plants : Alkaloids,
Bitter Principles, Glucosides, with tabular summary and classifi-
cation of Reactions. By C. E. Sonn, F.I.C.,, F.C.S. Price
10s. 6d.

icti . Dictionary of Materia Medica and Therapeutics.

Dmtﬁfnggopsis of all Elrrugﬂ in Common Use. By C. HENRI
LeoNarp, A.M., M.D,, and Tuomas Curisty, F.L.S, F.C.5.
Price 6s. ; half morocco, 8s. 6d.
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htheria. A Practical Treatise on Diphtheria ar}d its success

o Treatment. By B. R. MarTIN, M.B. Dub. Second Edition.
Price 2s. _ 1

Diphtrheria,. Diphtheria and its Associates. By LENNOX BROWNE,
F.R.C..S. Edin. Second Edition. Price 16s.

. Puasen in revlow tho recordsd experlence of many oo eebion of ety sro Worthy
ur#]énrrfﬂ?::q:l_uni;‘:;f:s'il1fc=rmntiun for murses and others in attendance upon diplitheritic
WEIEL?E;;I;: ‘H?; ’ll:;:; ::::Lt of safe and sane medical treatment, based on long experience and
PﬁE{BEt:ri:';ﬂ];lllﬁm;ﬁilﬁ gﬁjﬁﬁﬁiﬂmg the hoolk,”—Meveland Jowrnal af Medicine,

Disease. A Study. By J. MiNeEr Foraercirn, M.D. Edin,
M.R.C.P. Lond. Price 1s.

Diseases. The Classification and Nomenclature of Diseases. By A.
RABAGLIATI, M.A., M.D., Senior Surgeon Bradford Infirmary,
Surgeon to the Children’s Hospital. Price 2s. 6d.

Doses and Strengths of the British Pharmacopceia. Price 6d.

Ear. Diseases of the Ear. By Grorce P. Fierp, M.R.C.S., Aural
Surgeon to St. Mary’s Hospital, and Lecturer on Aural Surgery.
Fifth edition, enlarged, with 23 coloured plates and numerous
woodcuts. Price 12s. 6d.

Ear. Text-book of Diseases of the Ear and Adjacent Organs. By
PRrOFESSOR POLITZER, of Vienna. Translated from the third
German edition by OscAr Dopp, M.D., and Edited by Sir W,
Dawpy, B.A,, M.B, F.R.C,5. Profusely illustrated. Price 21s,

t Containg all that is known upon the subject."—Lanecel.

Ear. The Anatomical and Histological Dissection of the Human
Ear, in its Normal and Diseased Conditions. By Professor
PoLiTZER, of Vienna. Translated at the author’s request by
GeORGE STONE, F.R.C.P. Ed. Profusely illustrated. 10s. 6d.

Ear. AidstoOtology. By W. R. H. STEWART, F.R.C.S. Ed. Price
2s. 6d. cloth ; 2s. paper.

Ear. Subjective Noises in the Head and Ears. Their Etiology,

Diagnosis and Treatment. By H. MacNAuGHTON JONES, M.D.,
F.R.C.S. I. and Ed. Profusely illustrated, price 4s. 6d.

Ear. The Hygiene of the Ear. By CaAvALIERE VINCENZO Coz7z0-
LINO, Professor in the Royal University of Naples, and Director
of the Hospital Clinic for Diseases of the Ear, Nose, and Throat,

Translated from the fifth Italian edition by James Erskine,
M.A., M.B. Price 1s.

Ear, Practitioner'’s Hand Book of Diseases of the Ear and Naso-
Pharynx. By H. MacNAveHTON JoONES, M.D., F.R.C.S. I

and Ed., and W. R. H. Stewart, F.R.C.S. Ed. Fifth edition,
with plates and numerous woodecuts, Price 10s. 6d.
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Electricity. A Manual of Practical Medical Electricity, With

. | wn
Chapters on the Rintgen Rays, By DawsoN TURNER, B.A.,
F.[Ié,l F.R.CP. Ed., M.\R.C.P. Lond. Second Edition. Price
i 8. o,
* Valuable alike to students and practitioners,”— Practiti
" A thoroughly reliable and pructical manual of the a!-l.ﬂ.{iu1 g;:l.{?—.—..‘lfcdiml Press and Circular.

Electricity. The Rontgen Rays in Medical Work. By Davip
Warsh, M.D., Physician to Western Skin Hospital, and J. E.
GREENHILL, Copiously Illustrated. In the press.

Electricity. Electricity in General Practice. By E‘f. BoLtoN
Tomson, M.D. Price 2s. 6d.

Etiquette. A few Rules of Medical Etiquette. By a L.R.C.P.
Lond. Price 1s.

Examination Cards: Questions and Answers, By A. T. Scro-

FIELD, M.D. Pathology, 2 sets, 9d. each, net. Minor Surgery,
Bandaging, etc., 9d., net.

Examinations. A Guide to the Examinations of the Conjoint Board
in England and for the Fellowship of the College of Surgeons,
with Examination Papers. By F. J. Gant, F.R.C.S. Sixth
edition, revised and enlarged. Price bs. net.

[New edition in preparation.

Examinations. A Guide to the Examinations of the Apothecaries’
Society of London with Questions, Tables on Materia Medica, ete.
By W. E. Dawson, L.S.A. Second edition. Price 2s. 6d.

t May be studied with great advantage by a student shortly before presenting himself for
examination,” —British Medical Jowrnal,

Examinations. Aidsto Examinations. By D, Warsna, M.D., C.M,,
L.R.C.P. Being Questions and Answers on Materia Medica,
Medicine, Midwifery, Pathology, and Forensic Medicine, New
edition. Price 2s. 6d. cloth ; 2s paper wrapper.

Examinations. Examination Questions on the Medical Sciences,
including the Army, Navy and University Examinations.
By Jaumes Grerc LEAsk, M.B, Abdn, Price 2s. 6d.

Examinations. Guide to Examinations in Practical Chemistry
for the Conjoint Board. By P. A. E. RicHArDS, F.1.C., F.C.5.
Price 2s. 6d. !

Examinations. Practical Pharmaecy for Medical Students ; specially
adapted for the Examination in Practical Pharmacy of the
Conjoint Board. By A, CAMPBELL STARK, Demonstrator on
Materia Medica and Pharmacy at St. George’s Hospital. Price
3s. 6d., or interleaved for note-taking, 4s. 6d,

Exudations. Absorption of Exudations under the Influence of
Massage. By A. KeLrgren, M.D. Ed, and C. CoLomso,
M.D. Turin. Price 1s.
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Eye. Haab's Atlas of Ophthalmoscopy and Ophthalmic Diagnosis.
Translated from the German and edited by ERNEST CLARKE,
M.D. Lond., F.R.C.S., Surgeon to the Central London Ophthal-

mic Hospital. Text with 64 coloured plates, Price 12s. 6d.

U Vary useful to those for whom it is intended. A pgreat advantage of the Atlas isits
handiness,"— British Medical Jowrnal,
“ A very usoeful worlk,"—Lancet.

Eye. Aids to Ophthalmic Medicine and Surgery. By J. HUTCHIN-
SON, jun., F.R.C.S., Ophthalmic Surgeon to the Great Northern
Hospital. Second edition, cloth. Price 2s. 6d.

Eye. Movable Atlas of the Eye and the Mechanism of Vision.
By Prof. G. J. WitkowskI, Price 7s. 6d. See Anatomy.

Eye. On Impairment or Loss of Vision from Spinal Concussion or
Shock. By JaBez Hoce, M.R.C.S,, Consulting Surgeon to the
Royal Westminster Ophthalmic Hospital. Price 1s. 6d.

Eye.  Ophthalmic Notes. A Pocket Guide to the Nature and Treat-
ment of Common Affections of the Eye. By A. VERNON FoRD,
M.R.C.S. Eng., LEK.Q.C.P. I. Price 2s. 6d.

Eye. The Functions of Vision and its Anomalies. By Dr. GIRAUD
Teuron. Translated by LLoyp Owen, F.R.C.S.1., Surgeon to
the Midland Eye Hospital, Ophthalmic Surgeon to the Hospital
for Sick Children, Birmingham. Price 5s.

Eye. The Relations of the Eye to Diseases of the Body. By Max
Kxies, M.D., Prof. Extraordinary in the University of Freiburg.
Authorised translation by Hy. D. Noves, M.A., M.D. TIllus-

trated., Price 18s.
A valuable work."—British MNedical Jowrnal, .
* A work of high merit, and of great practical value."—New York Medical Record.

Eves. The following five works have been translated for euli ety
y ﬂffr the Prevention and Cure of f;?imiizsi e
The Causes and Prevention of Blindness. By Professor
_ Fucns, University of Liége. Price 7s. 6d.
Mind your Eyes. By F. Sarcry. Price 2s, 6d.
How to Preserve the Sight. By Dr. MagN%.  Price 6d,
Care of the Eyes. By HEYMANN and SCHROTER. Price 6d.

On Spectacles, their History and Uses. By Prof. HORNER.
Price 6d.

Fasting and Feeding, Psychologically considered. By L. S
Forees WinsLow, M.B. Cantab., D.C.L. Oxon. Price 2s.

Fever. On the Endemic Hmmaturia of Hot Climates, caused by

the presence of Bilharzia Hematuria. By F. H. H, GUILLEMARD
Mok, MDD, BRGS: Phosty, . | :
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Fever. Text-Book of the Eruptive and Continued Fevers. By Jonn
Wirniam Moorg, B.A,, M.D., M. Ch. Univ. Dub., F.R.C.P.1.,
Professor of Practice of Medicine in the Schools of the Royal
College of Surgeons, Physician to the Meath Hospital, Consulting
Physician to Cork Street Fever Hospital, Dublin. Price 15s.

Food. The Analysis of Food and Drugs. By T. H, PEARMAIN
and C. G. Moor, M. A. Cantab.,, Members of the Society of
Public Analysts. ' In five parts.

Part 1., Milk and Milk Products. 5s. net.

Food. Aids to the Analysis of Food and Drugs. By T. H.
PearMaIN and C. G. Moor, M.A., F.C.S., Members of the
Society of Public Analysts. Price 3s. 6d. cloth; 3s. paper.

Food. The Healthy Manufacture of Bread. By Bewsamin WARD
RicHARDSON, M.D., F.R.S. Price 6d. paper ; cloth, 1s.

Food. The Spirit of Cookery : a Popular Treatise on the History,
Science, Practice, and Medical Import of Culinary Art. By ..
L. W. Tuupicaum, M.D., F.R.C.P. London. Price 6s,

“ Not only instructive, but is wvery pleasant reading, and it explodes a good many
antiguated theories as to the uses and abuszes of food."—Daily Teligraph.
L (!mu of the most impertant works on culinarvy science that has ever been issued from the

Press,"—The Clef.
Foot. Movable Atlas of the Foot; its Bones, Muscles, etc. By
Prof. WiTkowsKIL. Price 7s. 6d. See Anatomy. .

Foot. Deformities of the Foot. By W. J. Warsmam, M.B,
F.R.C.S. Eng., Surgeon to St. Bartholomew’s Hospital ; and
W. KentT HugHES, M.B. Lond., M.R.C.S. Price 18s.

i The best illustrated book on the subject."—&lasgow Medical Jowrnal.
 Will certainly take frout as the standard English treatise on deformities of the foot."—

Australion Medical Journal, X a .
# Ap pxecllent book . . . well up to date."—British Medical Journal,

Forensic Medicine. Death and Sudden Death. By P. BROUAR-
DEL,, Senior Physician of the Faculty of Medicine of Paris.
Translated by F. L. Bexuay, M.R.C.P. Price 10s. 6d.

Forensic Medicine. Aids to Forensic Medicine and Toxicology.
By Wa. MurreLL, M.D., F.R.C.P. Lond., Physician to, and
Lecturer on Materia Medica, Westminster Hospital.  Sixth
thousand. Price 2s. 6d. : I

Forensic Medicine. The Student’s Handbook of Forensic Medicine
and Public Health. By H. Ausrey HuseanD, M.B., F.R.C.S.E.
Sixth edition. Price 10s. 6d. net.

Fractures and Dislocations. Atlas of Traumatic Fractures and

Dislocations. By Professor H. HELFERICH, of Griefswald.
In preparation.

Gall Bladder. Diseases of the Gall-Bladder and Bile Ducts. By
A. W. Mavo Roesoy, F.R.C.S., Hunterian Professor of Surgery
and Pathology Royal College of Surgeons, Senior Surgeon to
the Central Infirmary, Leeds. [In a few days.
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_ Tield Geology, with a Section on Palzontology. By
GBDIWHY. PENNING,gJ];‘.G.S., of H.M. Geological Survey, and
A J. Jukes-BRowNE, B.A., F.G.S. Second edition. Price 7s. 6d.
Geology. Engineering Geology. By the same Author, Illustrated
with coloured maps and woodcuts, Price 3s. 6d.
Gout. Gout and Goutiness ; and their Treatment. By Wair. EWART,
M.D. Cantab., F.R.C.P. Lond., M.R.C.5. Eng. Examiner 1n

Medicine at the Conjoint Board, Price 12s. 6d.
i Ag a text book on gout it is without rival."—Hospital.

Gout. Gout and Rheumatic Gout. By AusTiN MELDON, M K.Q.C.P.,
F.R.C.S.1., Surgeon Jervis Street Hospital, Physician Dublin
General Infirmary. Tenth edition. Price 2s. 6d. :

Gout. Notes and Conjectures on Gout and certain Allied Diseases.
By Dr. MorTIMER GRANVILLE. Price 1s, net.

Gout. The Nature and Treatment of Gout. By Professor EBSTEIN
of Gottingen University. Translated by J. E. BurtoN, L.R.C.P.
Lond. Price 3s. 6d.

Gout. See also Rheamatism.

Gynzcology. The Diseases of Women and their Treatment.
By H. MacnNaveHTON JonEs, M.D., F.R.C.SI, F.R.CS.E.,
Examiner in Midwifery, Royal College of Surgeons, Ireland.

Seventh edition. Illustrated and enlarged. Price 15s.
** A storehouse of information."— The Lancet.
" The work of a mature and experienced suthority.”"—British Medical Journal,
“0f exceptionnl merit, drawn from a field of wide personal experience.”— Medical Press.

Gynzcology. The History and Technique of the Vaginal Radical
Operation. By Professor LEoroLD LANDAU and Dr. THEODOR
LANDAU, of Berlin. Authorized Enzlish Translation by B. L.
Eastaan, M.D., Assistant in the Landan Frauen-Klinik, Berlin,
and Arthur E, Giues, M.D.,, B.Se, Lond., M.R.C,P. Lond.,
F.R.C.8. Edin., Assistant Surgeon Chelsea Hospital for Women.
Price 7s. 6d.

Gynzcology. Aids to Gynzmcology. By ALFrep S. GUBB,
M.D. Paris, M.R.C.S., L.R.C.P., D.P.H., Obstetric Assistant and
Gold Medallist Westminster Hospital. Second edition, enlarged.
Price, cloth, 2s. 6d. ; sewn, 2s.

Gynecology. Clinical Gynwcology: being a Handbook of
Diseases peculiar to Women. By Tuos. More MappEN, M.D.,
F.R.C.S. Ed., Obstetric Physician and Gynweologist, Mater

Misericordizz Hospital, Dublin. Price 12s. 6d.
** An intereating and highly commendable work,"— British Medical Journal.

We cun warmly recommend the work to students and general practiti 3, " —Edin
Medieal Journal, 4 L A

1t is most readable, most instructive."—British Gynecological Journal.

Gynzcology. On some Symptoms which Simulate Disease of the
Pelvic Organs in Women, and their Treatment by Massage.
By A. C. F. Rasacriarr, MA,, M.D., F.R.C.S. With Photo-
graphic Illustrations. Price 7s, 6d.

3
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Gynacology. Atlas and Essentials of Gynmcology. By Dr. O.
SCHAFFER, of Heidelberg. Illustrated with 173 coloured plates
and 54 woodcuts. Price 15s,

Hair. A Synopsis of Diseases of the Skin and Hair. By R. GrASGoW-
PArTEsoN, M.B., Surgeon to St. Vincent's Hospital. Price 1s,

Hair. The Hair: its Growth, Care, Diseases, and Treatment, By
C. H. LEoNARD, A M., M.D. Illustrated, price 7s. 6d.

Hand. Movable Atlas of the Hand ; its Bones, Muscles and Attach-
ments. By Prof. Wirkowsk1. Price 7s. 6d. See Anatomy.

Hay Fever: its Causes, Treatment, and Effective Prevention ; Ex-
perimental Researches. By Cuas. HarrisoN Brackiey, M.D.
Second edition, revised and enlarged. Price 10s. 6d.

Heart. Heart Disease, with special reference to Prognosis and
Treatment. By Sir Wm. H. BrRoADBENT, Bart., M.D., F. R.C.P.
Lond., Physician in Ordinary to H.R.H. the Prince of Wales,
Physician to St. Mary’'s Hospital, [In the press.

Heart. Adherent Pericardinm and its relation to Diseases of the
Heart, By Joun H. F, Broapeent, M.D,, M.R.C.P., Lond.
Price 3s. 6d.

“ Merits careful perusal ; it bears throughout evidence of accurate clinical study and
thoughtinl eriticism.”—~&t. Mary's Hospitol (fazeite.

“ An excellent clinical summary of twelve cases observed by the author while house
physician at 8t. Mary's."—Brituh Medical Jowrnal,

Heart. Clinical Diagrams, with Directions for Recording Cases of
Heart Disease. By Gro. HErRscHELL, M.D. Lond. Price 1s.

Heart. Cycling as a Cause of Heart Disease. By the same Author,
Price 1s. 6d.

“as one can afford to overlook the unmistakable teaching of his little freatise." —Seienee
Siftings.

Heart. Heart-Studies, Chiefly Clinical. By Wwn. Ewart, M.D.
Cantab., F.R.C.P.,, Physician to St, George’s Hospital;
Examiner in Medicine at the Royal College of Physicians.

IL—The Pulse-Sensations. A Study in Tactile Sphygmology.
Price 15s.

Tt {g Tueid in method, easy to read, and all that could be desired in production."—ZLancet,
i The book meets a distinet want ; is original, suggestive, and bears the impress of genius.”
— Medical Press and Circular,

Histology. Atlas of Human Histology. By Dr. A. Brass, of
Gotungen., Translated by R. A. YOUNG, M.D. Lond., B.Sc.
Illustrated by 66 Coloured Plates, with 575 figures, Half
morocco, gilt tops. Price 31s. 6d. +

Histology. Text-book of Normal Histology : including an Account
of the Development of the Tissues and Organs. By Professor
GEro. A. Pigrsor, M.D. Price 15s.

Histology. The Microscopical Examinations of the Human
Brain ; Methods of Research, ete. By EDWIN GOODALL, M.D,
Lond., Pathologist to the West Riding Asylum. Price 5s.
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id Di e. The prevalence in Australia of Hydatid Disease.
Hydgfrld&r]})lig'?ss THmmg}: M.D. Lond,, F.R.C.S. Eng. Edited by
A. B. Lanpoy, M.D. Lond. Price 10s.
A Collection of Papers on Hydatid Disease. Being Part II. of
the above. By A. B. LANDON. 0s.

Hvdrophobia. History, Symptoms, and.Trea,tment of Hydro-
i phgbia. By H. R. Bicerow, M.D. Price 4s.

Hyoiene. A Manual of Naval Hygiene on the Preservgtion of
FngEﬂ-lth and the Prevention of Disease on board Ship. By
Josepr WirsoN, M.D. Second edition. 10s. 6d.

Hygiene. Bread, Bakehouses, and Bacteria. By F. J. Warno,
yg-l‘l#i[.D. Cantab., and Davip Warsa, M.D.,, C.M. Edin. Price 2s.

Hygiene. Lessons in Military Hygiene and Surgery, from the
Franco-Prussian War. Prepared on behalf of Her Majesty’s
Government. By Surgeon-General Gorpboxn, M.D., C.B., Hon.
Physician to the Queen. Illustrated, price 10s. 6d.

Hygiene. A Manual of Sanitation ; or, First Help in Sickness and
when Wounded. Alphabetically arranged. By the same Author.
Cloth, 2s. 6d.; sewn, ls.

Hygiene. Healthy Homes. By Sranrey Havnes, M.D, M.R.C.S,,
F.R.G.S. Price 1s. 6d. cloth ; 1s. paper.

Hygiene. Hygiene of Beauty, with Details of the Cosmetic Art.
Prescriptions for the Skin, Teeth, Mouth, Hair, etc, and
Formule for Perfumes. By Dr. MoNIN. Translated by Mrs. B.
CARDWELL. Price 3s. 6d.

““ Of paramonnt interest to women'—Fentlewoman.
8 Full of hints upen matters feminine."—Fanity Fair.

Hygiene. Nature's Hygiene. A Manual of Natural Hygiene,
By C. T. Kinazerr, F.I.C., F.C.S. Fourth Edition. Price 10s.

Hygiene. Notes on Nuisances, Drains, and Dwellings. By W. H.
PexNING, F.G.S. Second edition, Price 6d.

Hygiene. The Elements of School Hygiene for the Use of
Teachers and Schools. By W. E. Rory, B.A. Price 3s. 6d.

Hygiene. Theatre Hygiene, a study in construction, safety and
healthy arrangement. By W. E. Rotrh, B.A. Oxon. Price 1s. 6d.

Hygiene. The Sanitation of Public Institutions. The Howard
Prize Essay. By R. D. R. Sweerine, M.R.C.S., Medical
Superintendent of the Western Fever Hospital. Price 3s. 6d.

Hygiene. The Catechism of Hygiene and Sanitary Science. Water.
By Patrick Hemir, M.D., F.R.S.E., D.P.H. Camb. Price 4s.
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erg'iene_. The Imperial Health Manual. Being the Authorized
Lnglish Edition of the Official Health Manual, issued by the

Imperial Health Department of Germany. Edited by ANToNY
Rocng, MLR.C.P. 1., etc. Price 2s. 6d. net. !

* A minute encyclopedia of physiology and hygiene.”"—British Medical Journal.

Hygiene. See also Public Health,

Hypnotism. Psycho-Therapeutics. Treatment by Hypnotism and
Suggestion. By J. Lroyp Tuckey, M.D. Third edition
enlarged. = Price 6s.

Indigestion. Indigestion: an Introduction to the Study of Diseases
of the Stomaeh. By GrEorcE HErscHELL, M.D. Lond. Second
edition. Price 5s. net.

*“One of the moat highly suggestive and practical treatises of the diseases of the stomach
ever published."—British and Colonial Druggist.
““ A thoroughly sound, reliable, and conscientious work."— Pharmaceutical Jowrnal.

Infection. Creameries and Infectious Diseases. ByJ. J. WELPLY,
M.D., M.Ch., Q.N.I. Second Edition. Price 1s.

Inflammation. The State of the Blood and the Bloodvessels in
Inflammation. By T. WaHarrtoN Jongs, F.R.C.S., FE.R.S,
Emeritus Professor of Ophthalmic Medicine and Surgery in
University College, London. Price 2s. 6d.

Insanity. Handbook for Attendants on the Insane. Prepared by
Authority of the Medico-Psychological Association. Price 2s.

Intestinal. [Excretory Irritation, and the Action of Certain
Internal Remedies on the Skin, By Davip Warsua, M.D.
Edin.,, Physician to Western Skin Hospital, London, W.
Price 3s. 6d.

Intestinal. See also Abdominal Surgery.

Kidneys. Vaso-Renal Change wversus Bright's Disease. By J.
MiLNER FoTrHERGILL, M.D., Ed. Price 7s. 6d.

Kidneys. Bright's Disease of the Kidneys. By Professor J. M.
OHARCOT. Translated by H. B. Mirrarp, M.D., A M. Re-
vised by the Author, with coloured plates, price 7s. 6d.

Kidneys. Movable Kidney and Intermitting Hydronephrosis. By
G. D. KxigaT, M.D. Price 3s. 6d,

Knee. See Surgery.

Massage. See Rheumatism and Exudations.

Materia Medica. A Dictionary of Materia Medica and Thera-
peutics. A Synopsis of the Action and Doses of all Drugs in
Common Use, By C. HENrI LEoNARD, A.M., M.D., and THOs.
Curisty, F.L.S., F.C.S. Price 6s. ; half morocco, 8s. 6.

P ; o
The Pronunciation, Common Name, Synonyms, English, French, and German. Action E.IJ:
Use;cnf the Drug, its Antagonists, Incompatibles, :s:p'uc’rg]_.ﬂt.a and Antidotes. Its Officinal
and Non-officinal preparations, with their Medium and Maximum Doses.

¥
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' ica. Aids to Materia Medica and Therapeutics. By
MMEI:IE.RJE&IED SEMPLE, B.A., M.B. Cantab., M.R.C.P. Lond.
Part I.—The Non-metallic and Metallic Elements, Alcoholic and
Ethereal Preparations, ete. Cloth, 2s. 6d.; paper, 2s.
Part II.—The Vegetable and Animal Substances. 2s. 6d. and 2s.
Part III.—Classification of Remedies. Cloth, 1s, 6d. ; paper, 1s,
Part IV.—New Remedies of the British Pharmacopeia, Cloth,
2s. 6d.; paper, 2s.
Part V.—Tablets of Materia Medica. Price, eloth, 1s. 6d.; paper, 1s.
Materia Medica. Notes on Inorganic Materia Medica, and its
Chemistry. By J. 5. SHARMAN. Second edition. Price 1s. 6d.

Materia Medica. A Text-Book for Medical and Pharmaceutical
Students preparing for Examination. By W. HANDSEL
GrirrrTes, Ph.D,, F.C.S.,, F.R.CP. Ed. Third edition.
Edited by A, 8. Guss, M.D. Paris, L.R.C.P. Lond., M.R.C.S,,
D.P.H,, Gold Medallist, Prizeman in Materia Medica, West-
minster Hospital. Price 7s. 6d.

" A book of great value . . . astandard text-book."—Edin, Med. Jowrnal.
*“One of the ablest, if not the best work on the subject in our language.”"—Med, Press.

Medical Charities. The Reform of Our Voluntary Medical
Charities. By RoBeErr REID RENTOUL, M.D. Price 5s.

Medical Chemistry. The Progress of Medical Chemistry. Com-
prising its Application to Physiology, Pathology and the
Practice of Medicine. By J. L. W. THUDICHUNM, M.D.,
F.R.C.P. Lond. Price 5s,

Medical Dictionary. See Dictionaries.

Medical Education. Medical Education and Organization. The
Hunterian Oration for 1880. By WaALTER RivingTon, B.A.,
M.B., F.R.C.S., Surgeon to the London Hospital. Price 1s.

Medical Etiquette. A Few Rules of Medical Etiquette. By a
L.R.C.P. Lond. Price 1s.

Medical Jurisprudence. See Forensic Medicine.

Medical Laws. Medical Law for Medical Men: their Legal
Relations popularly explained. By Professor MEYMOTT Ty
M.B, F..S., Bamister-at-Law, and PERCY OLARKE, LL.B.
Solicitor. Leather, gilt edges, price 4s. :

Medical Laws. The Laws Relating to Medical Men. By Jamgs

GREENWOOD, Barrister-at-Law. Price bs.

'* Admirably suited as a guide to the busy practitioner, who frequently runs great risks of

becoming inval i

Medical Profession. A Guide to the Medical Profession in all
its branches, including the Public Services. By C. R. B.
KEeETLEY, F.R.C.S. Second edition. Price 3s. 6d.
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Medical Profession. Guide to the Medical and Dental Pro-

fessions. By PERCIVAL TURNER, with a chapter on Lady
Doctors.  Price 3s. 6d.

' Parents with sons who with to become doctors will find her
. a all the information
necesanry on the subject of training and its cost."— Hearth and Home.

Medicine. Aids to Medicine. By NormanN Davron, M.D. Lond.
F.R.C.P.

Part I.—General Pathology. The Specific and General Diseases,
Price 2s. paper ; 2s. 6d. cloth.

Part IT.—Diseases of the Larynx, Lungs, Pleure, Pericardium,
Heart and Vessels; the Lymphatics and Spleen ; Blood Affec-
tions ; the Thyroid and Suprarenal Capsule. Price 2s. and 2s. 6d.

Part IIL.—Diseases of the Liver, Pancreas, Alimentary Canal,
Peritoneum, and Kidney. Price 2s. paper; 2s. 6d. cloth,

Part IV.—Diseases of the Nervous System ; the Ear; the Skin.
Price 2s. and 2s. 6d.

Or in 2 vols., price 4s. 6d. each, cloth.

Medicine. Student’s Handbook of the Practice of Medicine, By
H. AuBrey HusBaND, M.B,, C.M., B.Sc. Price 7s. 6d.

Medicinal Remedies. Notes on Medicinal Remedies. By J. B,
STEPHENSON, Price 1s. 6d.

Medico-Military Services. Our Services under the Crown. A
Historical Sketch of the Army Medical Staff. By Surgeon-Major
A. Gorg, M.D., Sanitary Officer on the Staff. Price 6s.

Mental Medicine., A Clinical Manual of Mental Diseases, for
Practitioners and Students, By A. CamppeLL CLARK, M.D.,
F.F.P.S.G., Mackintosh Lecturer on Psychological Medicine
St, Mungo's College, Glasgow, Medical Superintendent of
Lanark County Asylum, Hartwood. Price 10s. 6d.

Mental Medicine. A Practical Manual of Mental Medicine. By
Dr. E. REGis, translated by Professor M. B. HauL. Price 10s,

Microscopy. Methods of Microscopical Research., By A. C. CoLE,
Second edition. Price 6s.

Microscopy. Modern Microscopy. A Handbook for Beginners.
The Microscope, and Instructions for its Use. Microscopic
Objects : How Prepared and Mounted. By M. I. Cross and

MARTIN J. COLE. Second edition, enlarged. Price 3s. 6d.

“May be consulted with advantage, especially in difficult points of manipulation.”—
Manehester Guardian, ; : .

¥ The directions contained are sufficiently minute for any beginner."— The Medical Twnies.

i The amateur microscopist will find here new and special processes of exploring the world
of small things."—Lioyd's Weekiy.

Midwifery. See Obstetrics,

Mineral Waters. The Mineral Waters of Europe. A complete
Analytical Guide to all the Bottled Waters, their Medicinal
and Therapeutic Values. By Professor TicaeorNg, LL.D.,
and M., Prosser James, M.R.C.P. Lond. Price 3s. 6d.

“ Buch a book as this is simply invaluable."—The World.
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Mineral Waters. Vichy and its Therapeutical Resources. By
Prosser James, M.D., M.R.C.P. Lond. Price 2s. 6d.
Morals. A Physician’s Sermon to Young Men. By WiLLiam

Pratr, M.A.,, M.D., ete. Tenth thousand. Price 1s. cloth.

""The delicate tople is handled wisely, judiciously, and religiously, as well as very plainly.”
—The GFuardian.

Morals. Revelations of Quacks and Quackery. By “DETECTOR.”
Thirtieth thousand, Price 2s.
Morphia. Onthe cure of the Morphia Habit. By OscAr JENNINGS,
[.D. Paris, F.R.C.8. Eng. Price 2s, 6d.
Mouth. Bacteria of the Sputa and Cryptogamic Flora of the
Mouth. By Frnanpro Vicentini, M.D. Translated by the
Rev. E. J. SturTER and Professor E. SA1EgHI. Price 7s. 6d.

Nerve Supply. Atlas of Cutaneous Nerve Supply. By Jacom
HEeigerg, M.D., and W. W. Wagsrarrg, F.R.C.S. With 10
plates in colours. Price 4s, 6d.

Nervous Diseases. Functional Nervous Diseases, their Causes
and Treatment. By Geo. T. Srevens, M.D.,, Ph.D. With
plates. Price 12s.

Nervous Diseases. Clinical Notes on Nerve Disorders in Surgical
Practice. By Gro, WHERRY, M.A., F.R.C.S. Price 2s.

Nervous Diseases of Children. See Children.
Nervous System. Functional Disorders of the Nervous System

in Women. By F. J. McGinuicubpy, A.M., M.D. Coloured
plates. Price 12s. 6d.,

Nervous Systems. Hand-Atlas of the Normal and Pathological
Nervous Systems. By Dr. C. Jakop. With Introduction by
Professor Ad. V. Striimpell. Translated and edited by JosEpH
Coruins, M.D.  With 78 plates plain and coloured. Price 15s.

Neuralgia. The Surgical Treatment of Neuralgia of the Fifth
Nerve ; being the Lettsomian Lectures for 1892, By Whw.
Rosg, M.B,, B.S. Lond., F.R.C.S., Joint Professor of Surgery
in King’s College, London, and Surgeon to King’s College
Hospital. Illustrated. Price 4s, 6d.

Nose. A Handhook of Diseases of the Nose and Pharynx. By
Jas. B. Barr, M.D. (Lond.), M.R.C.P., Physician to the West
London Hospital. Third Edition. Price Ts. 6d.

Noge. Chronic Nasal Obstruction, and Deformities of the Upper
Jaw, Teeth and Palate. By Mavo Coruier, M.B., M.S.
Lond., F.R.C.S. Eng. [Ln the press.

Nose, _P-:rlypusriu‘the Nose and other Affections of the Nasal
gﬂ.ﬂtj’i t11e11r Successful Treatment. By J. L. W. THUDICHUM,
M.D., F.R.C.P. Lond. Seventh edition, enlarged. Price 2s. 6d.
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Nose and Throat. Diseases of the Throat and Nose. By F. H.
BosworTH, A.B. Cantab., M.D. New edition in one volume.
Price 25s.

Nursing. Questions and Answers on Nursing, for St. John
Ambulance Associations, Nursing Institutes, and Nurses gene-
rally. By Jou~n W. MArtiN, M.D., Author of “Ambulance
Work.” Ninth thousand. Price 1s. 6d. net.

Nursing. Handbook for Attendants on the Insane. Published
by authority of the Medico-Psychological Association. With
illustrations and Questions for Examinations. Third edition.
Price’ 2s.

Nursing. Handbook of Obstetrical and Gynzcological Nursing,
being the Fifth Edition of “A Manual for Midwives.” By the
late Dr. FLEETWOOD CHURCHILL. Greatly enlarged by THos.
More MADDEN, M.D., F.R.C.S. Eng. Price 4s. net.

Obstetrics. Anatomical Atlas of Obstetric Diagrosis and Treat-
ment, By Dr. O. SCHAEFFER, of Heidelberg. Illustrated by
145 coloured plates and woodcuts. Price 12s. 6d.

Obstetrics. Atlas of the Anatomy and Physiology of the Female
Generative Organs and of Pregnancy. Text by ArRTHUR E.

GiLes, M.D., B.Se. Lond.,, M.R.C.P. Lond.,, F.R.C.S. Edin.,
Assistant Surgeon Chelsea Hospital for Women. Price 3s. net.

Obstetrics. Some Results of Induction of Premature Labour for
Contracted Pelvis. By A. A. WARrDEN, M.A., M.B. Price
1s. net.

Obstetries. Aids to Obstetrics. By SAMuEL NaLL, M.B. Cantab.,
M.R.C.P. Lond., First Class Honours Nat. Sci. Cambridge,
late Resident Obstetric Assistant, St. Bartholomew’s Hospital,
Price 2s. 6d. cloth ; 2s. paper wrapper.

Obstetrics. Hints for the Use of Midwives preparatory to their
Examinations, By R. J. M. Corriy, F.R.C.P. Ed. Second

Edition, enlarged. Price 2s.

Obstetrics. The Diagnosis and Treatment of Extra-uterine
Pregnancy. By JouN StrAHAN, M.D., M.Ch. (The Jenks
Triennial Prize Essay awarded by the College of Physicians,
1889.) Price 4s. 6d.

Old e. The Diseases of Sedentary and Advanced Life. By
J. Miner Forserciny, M.D., M.R.C.P. Lond. Price 7s. 6d.

Ophthalmology. Aids to Ophthalmic Medicine and Surgery. Dy
E J. HUTGH%ESDN, Jun., F.R.C.S. Cloth, 2s. 6d. ; paper, 28.
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Osteology. Osteology for Students, with Atlas of Plates. By
ArTHUR TREHERN Norrton, F.R.C.S,, Surgeon to, and Lecturer
on Surgery at, St. Mary's Hospital. Atlas and Text in one

volume, 7s. 6d. ; in two volumes, 8s. 6d.
{ The handieat and most complete handbook on Osteology."— The Laneel.

Osteology. Atlas of the Skeleton and its Articulations, showing
the Bones and Ligaments of the Human Body and Limbs. By
Professor WITKOWSKL Price 7s. 6d. See Anatomy.

‘Overwork. Overwork and Premature Mental Decay : its Treatment.
By C. H. F. RourH, M.D.,, M.R.C.P. Lond. Fourth Edition.
Price 2s. 6d.

Pathology. A Handbook of Pathological Anatomy and Histology.
With an Introductory Section on Post-Mortem Examinations,
and the Methods of Preserving and Examining Diseased Tissues.
By Francis DErAriennp, M.D.,, LLD., and T. MITCHELL
PrunpeN, M.D. 5th Edition. Illustrated by 365 wood en-
gravings in black and colours. Price 25s.

Pathology. Lectures on Medical Pathology. By H. G. SuTroN,
M.5.,, F.R.C.P. Lond., late Physician to, and Lecturer on

Pathology at, the London Hospital. Price 5s.

*Buch a work is to be accepted with gratitude for the thoughts it contains, and the facts
-on which they are based.”—The Leaseat.

Pathology. Handbook of Medical Pathology for the use of
Students. By Drs. HERRINGHAM, GARROD, and Gow, of St.
Bartholomew’s Hospital. Price 7s. 6d.

Pathology. Handbook of Surgical Pathology. Edited by W. J.
WarsHam, M.B., F.R.C.S,, and D’ArcY Power, M.B. Oxon,,
F.R.C.S. Second edition. Price 9s.

“An embodiment of the most modern pathological teaching."— The Lancet.
Pathology. Aids to Pathology. By GILBERT A. BANNATYNE, M.D,
General : Cloth, 1s. 6d. ; paper, 1s,
Special : Cloth, 2s. 6d. ; paper, 2s.
Pathology. Illustrations of Pathological Anatom ¥ ; issued in parts ;
each containing 4 plates in colours, with descriptive text by
'PROFEESGRH KAst, of Breslau, and RumpEL, of Hamburg,
First Series.—Revised and edited by Professor ARMAND RUFFER,
M.D. Oxon, 12 Parts. Price 48s. net, Single parts, 6s. each;
_ single plates, 1s. 6d. each. ‘
Secoud Series.—Translated and edited by A. F. VOELCKER
M.D. Lond. 18 Parts. Price 72s. net. Single parts, 6s. P!‘mh;
| single plates, 1s. 6d. each, [Ln course of publication.
Pathology. Examination Cards, Arranged as questions and
answers for self-examination, By A. T. ScHOFIELD, M.D.,

M.R.C.S. Complete in two sets of cards, price 9d. net per set.
Mr. Jonathan Hutchinson, F, R.C.B., writes : *“ [t is an invaluable means of gelf-tuition,”
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Pericardium. Adherent Pericardium and its relation to Diseases
of the Heart. By J. H. F. Broaneent, M.D., F.R.C.P. Lond.
Price 3s. 6d.

Peritonitis. Localised Peritonitis: its Etiology, Diagnosis, and
Treatment. By JouN Warrack, M.D., Professor of Midwifery
in the Victoria University. Illustrated. Price 1s.

Pharmacology. A Manual of Pharmacology and Therapeutics.
By Wa. MugreLr, M.D., F.R.C.P. Lond., Physician to, and
Lecturer on Pharmacology at, the Westminster Hospital.
Price 10s. 6d.

" There is a joke for every drug in the pharmacopeia. Indeed, its dry humour is the only

dry thing in the 650 pages of the volume,"—Medival Reprints. : 4 ey

::Tha_atudant will find this work an excellent guide. It is full, yot concise.”—The Sealpel.
Indisputably an excellent and comprehensive manual."—Medical Press and Cireuler,

Pharmacopceia. A Vest-Pocket Epitome of the British Pharma-
copeeia. By RusseLn Coomsg, MLA., F.R.C.S. Cloth, price Is,

Pha.]%:nacn%mia. Doses and Strengths of the British Pharmacopeeia,

rice 6d.

Pharmacopeeia. The Pocket Pharmacopeeia. A Précis of the British
Pharmacopeeia, including the Therapeutical Action of the Drugs,
their Natural Orders and Active Principles. By C. ARMAND
SEMpPLE, M.D., M.R.C.P. Second edition, with the Appendix
of 1890. Price 3s. 6d.

Pharmacy. Latin Grammar of Pharmacy, for the use of Students,
with an Essay on Latin Prescriptions. By JoSEPH INCE,
A K.C.L., formerly Examiner and Member of Council, Phar-
maceutical Society. Sixth edition. Price 5s.

U Extremely useful and deservedly successful work."—Pharmacsutical Journal,

Pharmacy. Practical Pharmacy for Medical Students. By A.
(CAMPEELL STARK, Demonstrator on Materia Medica and
Pharmacy at St. George’s Hospital. Price 3s. 6d., or interleaved
for note-taking, 4s. 6d.

Pharmacy. Materia Medica and Pharmacy. A Text-Book for
Medical and Pharmaceutical Students preparing for Examina-
tion. By W. Hanpser GrirriTas, Ph.D., F.C.S., F.R.C.P. Ed.
Third Edition. Edited by A. S. Guss, M.D. Paris, L.R.C.P.
Lond.,, M.R.C.S., D.P.H. Price 7s. 6d.

Pharynx. See Throat. Py )

Physics. A Manual of Physics. Designed for University and
Medical Students. By W. Peppig, D.Se., F.R.S.E,, Assistant
Professor of Physics in the University of Edinburgh. New

edition. Price Ts. 6d. :
¢ Altogether worthy of praise, . . . Wehaveno 11e.ﬁit.at_1ﬂu in giving it high commenda.-
tion, feeling well satisfied that it meets o decided want. —"a,\nturc.
“ Dr. Peddie's manual is deserving of the highest praise.” —Lancel.
‘¢ The work must be pronounced highly satisfactory, creditable to author and publishers,
and calculated to be useful to the readers for whom it is intendod,” —Chemical Neirs.
' The book deserves an extended circulation,”"—=Science and Art.
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Phimosis. Phimosis and Paraphimosis : its Causes, Symptam‘s, and
Treatment ; with a deseription of the ancient rite of circum-
cision. By L. H, Ormspy, M.D., F.R.C.S.L, Lecturer on Surgery
at the Children’s Hospital, Dublin, Price ls.

Phvsiological Chemistry. Students’ Notebook for Laboratory
]wvn:rr}l:{::;1 By A. J. Hauy, M,B. Cantab.,, M.R.C.P., Lond,

Lecturer on Physiology at Sheflield School of Medicine. Price
2s. 6d. net.

Physiological Chemistry. Aids to Physiological Chemistry. By
J. L. W. Taupicauvm, M.D.,, F.R.C.P. Lond., Lecturer at
St. Thomas’s Hospital. Price, cloth, 2s. 6d. ; sewn, 2s.

Physiological Diagnosis. Physiological Factor in Diagnosis. By
J. MILNER ForHERGILL, M.D., M.R.C.P. Lond., Second edition.
Price 7s. 6d.

Physiology. A Manual of Physiology. By G. N. STEWART, MLA.,
M.D., D.Sc.; lately Examiner in Physiology, University of
Aberdeen, and of the New Museums, Cambridge University ;
now Professor of Physiology in the Western University,

Cleveland. With about 300 woodeuts, and 5 coloured plates. 15s.

Tt iz such a book as we should putinto the hands of Hterary students puraning physiology
for its own sake."— Chemical Sournal,

* Must take a high place, both from o theoretical and from a practieal point of view."—
Medieal Press and Circular.

Y May be fnirly sald to represent the most modern school of Eoglish physiology."—Britizl
Mecdical Jowrnal,

Physiology. Aids to Physiology. By B. THoMPsoN LoOWNE,
F.R.C.5., Arris and Gale Lecturer, and Examiner in Physiology,
Royal College of Surgeons of England. Fourth thousand, illus-
trated. In two parts, 2s. each, or in one vol., cloth, 4=, 6d.

Physiology. The Physiologist in the Household. By J. MILNER
Foragreiny, M.D., M.R.C.P. Part I.—Adolescence. Price ls.

Plant Analysis. See Chemistry.

Polypus in the Nose and other Affections of the Nasal Cavity ;
their successful treatment. By J. L. W. THupIcHUM, M.D.,
F.R.C.P. Lond. Seventh edition, enlarged. Price 2s. 6d.

Population, On the Evils, Moral and Physical, likely to follow,
if practices intended to act as Checks to Population be not
strongly discouraged and condemned. By C. H. ¥. RouTn, M.D.,
F.R.C.P. Second thousand. Price 1s,

Posology. Posological Tables: a Classified Chart, showing at a
glance the Dose of every Officinal Substance and Preparation,
By‘ HANDSEL GriFFiTHS, Ph.D., L.R.C.P. Fifth edition,
revised by PETER W. Squirg, F.L.S., F.C.S. Price Is. ; or
mounted on linen, rollers, and varnished, 3s. tid.

Post-Mortem Examinations. See Pathology.

Post-Mortem Examinations. Operative Su reery on the Cadaver.
By JASPER J. GaArRMANY, A M., M.D., F.R.C.S. Price 8s. Gd.
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Prescriptions. The Student’s Pocket Prescriber. By H. AUBREY
Huspanp, M.B,, F.R.C.S.E. Interleaved. Price 1s. 6d. net.

Psychological Medicine in John Hunter’s Time and the Progress
it has made. By FLETOHER BEACH, M.B., F.R.C.P. Price 1s.

Psycho-Therapeutics. See Hypnotism.

Public Health. Aids to Public Health. By J. L. W. TnunicauM,
M.D., F.R.C.P. Lond. Price 1s. 6d. cloth ; 1s. paper.

Public Health. Guide to Sanitary Science Examinations, By
HErBERT JonEs, D.P.H. Cantab. Price 2s. 6d.

Public Health. See also Hygiene and Sanitary Science,

Public Health, The Imperial Health Manual. Being the
Authorized English Edition of the Official Health Manual
issued by the Imperial Health Department of Germany, Edited
by AnTOoNY RocHE, M.R.C.P.1. Price 2s. 6d. net.

Public Health. The Practical Guide to the Public Health Acts
and Correlated Acts for Officers of Health and Inspectors of
Nuisances. By Twos. WHiTESIDE Hime, B.A., M.B. Second
edition, in the Press, enlarged.

Pulse. How to Feel the Pulse and what to Feel in it. Practical
Hints for Beginners. By WitLiam Ewarr, M.D., F.R.C.P.
Lond., Physician to St. George’s Hospital.

[ New edition in preparation.

Pulse. The Sphygmograph: its History and use as an aid to
Diagnosis. By R. E. DupcroN, M.D. Price 2s. 6d.

Rabies. See Hydrophobia.

Rectum. Diseases of the Rectum. By W, AvnineHAM, F.R.CS,,
Senior Surgeon to St. Mark’s Hospital, and F. W. HERBERT
ArniNgHAM, F.R.C.S., Surgeon to the Great Northern Hospital.
Sixth Edition. Price 12s. 6d.

“ An admireble compendium of special knowledge in regard to diseases of the rectum."—
Hosgpital,

Remedies. Notes on Medicinal Remedies. By J. B. STEPHENSON.
Price 1s. 6d.

Respiration. The Therapeutics of the Respiratory Passages. By
PROSSER JAMES, M.D., Lecturer on Materia Medica and Thera-

peutics at the London Hospital. Price 10s. 6d.
¢ Dr. Prosser James has produced a scholarly treatise.” —New Fork Medical Record.

Respiration, Keep your Mouth Shut; a Popular Treatise on
Ii'#-[uut.h-breathing. By Frep. A. A. SmirH, M.D., C.M. Glas.
Price 2s. 6d. e

Rheumatism. Rheumatism : its Treatment by Electric Massage,
etc., in connection with the Wiesbaden Thermal Waters. By
CArRL MorpHORST, M.D. Kiel. Price 1s.
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Rheumatism. Treatment of Rheumatism, Gout, ete, by the
Tallerman-Sheffield Hot-air Bath. Price 1s. 3
_ History of Salt, with Observations on its Medicinal an

saltl)ietatic Ji’mperties. By Evax Magrrerr Boopy, F.R.C.S,
F.S.S., L.R.C.P. Price 2s 6d.

Sanitary Science. Aids to Sanitary Science. For the Use of
Candidates for Public Health Qualifications. By F. J. ALLAN,
M.D., D.P.H. Camb., Assistant Professor of Hygiene, Coliege
of State Medicine, Price 4s. 6d.

Skin. Text-book of Diseases of the Skin. By Professor Karos,
University of Vienna. Authorized translation by Dr. J. C.

Jounsox. With 84 illustrations, Price 25s. ; ’
i A serious, conscientions work, upon which student and practitioner cun alike rely."—
Medical Record, New York,

Skin. Skin Diseases of Infancy and Early Life. By C. M. Canp-
BELL, M.D., C.M. Edin. Price ds.

Skin. A Synopsis of Diseases of the Skin and Hair. By R.
Grascow PATTESON, M.B., Surgeon to St. Vincent's Hospital.
Price 1s.

Skin. Some Diseases of the Skin produced by Derangements
of the Nervous System. By T. StrercHE Dowsg, M.D.,
F.R.C.P.E. Price 2s.

Stricture. Stricture of the Urethra: its Diagnosis and Treatment.
By E. DistiNy Mappick, F.R.C.S. Edin,, R.N. Price 4s.

Stone. The Modern Treatment of Stone in the Bladder by
Litholapaxy, with Cases Illustrative of the Difficulties and Com-
plications met with. By P. J. FreyEr, M.A., M.D., M.Ch.,
Surg. Lieut.-Col. Bengal Army. Second Edition. Price 5s.

* Dr, Freyer's little book is admirable and deserving of all praise.”— The Sealpel.

" Bapecially valuable is the chapter upon complications and difficulties of litholapaxy.'--
British Medical Journal,

“The work is one to be most strongly cornmended.” —Edinburgh Medical Journal,

Surgery. A Manual of Surgery. By Ww Rosg, M.B., Lond.,
F.R.C.S., Professor of Surgery in King's College, London, and
ALBERT CARLEss, M.B. Lond.,, F.R.C.S.,, Teacher of Surgery.
King's College. [In the Press,

Surgery. Aids to Surgery. By GrorerE BrowN, M.R.C.S.
2 parts, price 1s. 6d. cloth, and 1s. sewn, each; orin 1 vol,, 2s. 6d.

Surgery. Applied Anatomy: Surgical, Medical, and Operative.

y JoHN McLacnLaN, M.D., F.R.C.S. Eng., B.Sc., ete. With
238 illustrations. Two vols., price 18s.

Surgery. Brain Surgery. By M. ALLEN STARR, M.D. With 59

illustrations. Price 10s. 6d.

Surgery. Clinical Lectures on Recent Surgery. By ARTHUR
TREHERN NorToN, F.R.C.S. Price 3s.



38 Bailliere, Tindall, and Cox,

Surgery. Minor Surgery and Bandagi i A
: L DUl aging. Questions and Answers
for Self-examination. By A. T. SCHOFIELD, M.D. Price 94, net,

Surgery. The Rules of Aseptic and Antisepti

' ptic Surgery. By Pro-

fessor G. GERSTER, M.D. New York Pﬂlyclinﬁzs. ﬁrit?lrl 248
engravings and 3 coloured plates. Price 15s,

Surg\?rjr. The Student’s Surgery. By F. J. Ganr, F.R.OS.,
Uonsulting Surgeon to the Royal Free Hospital. 850 pp.
illustrated. Price 10s. 6d. :

Surgery. The Surgery of the Knee-Joint. By €. B. Kepriey,
F.R.C.S., S}anmr Surgeon to the West London Hospital, and
Surgeon to its Orthopzdic Department. Cloth, price 1s. 6d.

ourgery. The Text-book of Operative Surgery. By ArTHUR
TrREHERN Norton, F.R.C.S., Surgeon to, and Lecturer on
Surgery at, St. Mary’s Hospital. With 88 steel plates, after
BERNARD and HUETTE. Second edition, half calf, plain, 25s. ;
coloured, 50s.

Surgery. Aids to Surgical Anatomy. Py EUuGENE S. Yonge,
M.B. Price 2s. 6d., cloth; 2s., paper.

Sur%erg. Handbook of Surgical Pathclogy. By W. J. WaLsgaM,

[.B., F.R.C.S,, and D’'Arcy Power, M.B., F.R.C.S. Second
edition. Price 9s,

*An pmbodiment of the most modern pathologieal teaching."—The Lancel.

Surgery. Notes on Surgical Treatment and Minor Operations,
for House Surgeons and Students. By T. F. Horcoon, L.R.C.P.,,
M.R.C.5. Surgeon to the Sunderland Infirmary. Price 2s. 6d.

Surgical Instruments. Chart of Surgical Instruments in Opera-
tions,. By L. H. Ormsey, M.D., F.R.C.S.L., Lecturer on
Clinical and Operative Surgery at, and Surgeon to the Children’s
Hospital, Dublin. Price 10s. ; post free, 10s. 6d.

Syphilis. Syphilis of the Brain and Spinal Cord, its part in the
production of Paralysis, Epilepsy, Insanity, and other Mental
and Nervous Derangements. By T. StrETcH Dowsk, M.D.,
F.R.C.P. Ed. Second edition, illustrated. Price 5s.

Syphilis. Nature and Treatment of Syphilis, and the other so-
called Contagious Diseases. By C. R. DRYspALE, M.D., M.R.C.P.
Lond., F.R.C.S. Eng. Fifth edition, Price bs.

Teeth. Cure and Preservation of Our Teeth. By VooGHT
Dircaam, M.D., D.D.S,, L.D.S. Price 1s,

‘ Altogether, this diminutive work deserves a great success,”—Science Siftings.

Teeth Extraction, with Notes on the Anatomy and Physiology of
the Teeth, for Students. By W.D. WoobDBURN, L.D.S. Dental

Surgeon to the Western Infirmary, Glasgow. Price 9s.
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e

Temperature. Charts for Recording the Range of Temperature,

ulse, Respiration, History, Progress, and Treatment of Cases,

By E. H. Moorg, M.D., M.R.C.P. Price 1d. each, 9d. per
dozen ; or mounted, as a pad, 50, 3s. 6d.; 100, 7s.

Therapeutics. Aids to Rational Therapeutics, for the guidance of
Practitioners and Senior Students. By J. MiLNER FOTHERGILL,
M.D. Second edition. Price 2s. 6d. cloth; 2s. paper wrapper.

Therapeutics. Modern Therapeutics. By Gro. H. NAPHEYS,
A.M., M.D. Revised and enlarged by Drs. Allen Smith and
Aubrey Davis. Ninth edition. Two vols,, half morocco.
Price 30s. each.

Vol. I.—General Medicine, and Diseases of Children.
Vol. IL.—General Surgery, Gynacology, and Obstetrics.

Throat. Affections of the Throat and Larynx, By ARTHUR
TrEHERN NortoN, F.R.C.S., Surgeon to St. Mary’s Hospital.

Second edition, illustrated. Price 6s.
" Bhort, simple, and thoroughly practical instruction. — Medical Press,

Throat. Diseases of the Throat and Nose. A Practical Guide to
Diagnosis and Treatment. With 220 typical illustrations in
chromolithography and numerous wood engravings. By LENNOX
BrownE, F.R.C.S. Edin., Senior Surgeon to the Central London

Throat and Ear Hospital. Fourth Edition. Price 21s.

*One of the completest treatises on diseases of the throat in anv lan 8. "—Britigh
Medical Jowrnal, % o &s

“The best text-book in the English language."—FEd inburgh Medical Jowrnal.

Throat. Diseases of the Throat and Nose. By F. H. BoswoRTH,
A.B. Cantab., M.D. New Edition in one vol. Price 25s,

Throat. Movable Atlas of the Throat, and the Mechanism of Voice,
Speech and Taste. By Prof. WITKOWSKL See Anatomy.

Throat. Tonsillitis in Adolescents. By C. Haig-Browx, M.D
C.M., Medical Officer of Charterhouse. Price 3s. & i

Transfusion. On Transfusion of Blood and Saline Fluids. By
C. EGerTON JENNINGS, F.R.C.S. With Preface by Sz
SPENCER WELLS, Bart. Third edition. Price 4s. 6d.

Tuxm?lugy. Alds to Forensic Medicine and Toxicology. By
WiLLiam MURRELL, M.D., F.R.C.P. Lond., Physician to, and
Lecturer on Materia Medica, Westminster Hospital.  Sixth
thousand. Price, cloth, 2s. 6d. ; paper 2s,

Tuberculosis. See Consumption.

Ulcers. Ulcers and their Treatment. By W. S
- By W. S, CrRawrorD, B.A.
Cantab., F.R.C.S. Ed. Price ls. ; cloth, 1s, 6d.
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Urinary Diseases. Diseases of the Bladder, Prostate Gland, and
Urethra. By F.J. Gant, F.R.C.S., Senior Surgeon to the Royal
Free Hospital. Fifth edition, enlarged. Price 12s. 6d.

Urine. The Urine in Health and Disease, and Urinary Analysis.
By D. CamrpeLL Brack, M.D., Professor of Physiology in
Anderson’s College, Glasgow. Price 7s. 6d.

 Containing no small amount of original observatiom. . . . A useful text-book and a
handy volume of reference,— Langet.

Urine. The Urine; a Guide to its Practical Examination. By
J. Tyson, M.D., Professor of Morbid Anatomy in the University,
and President of the Pathological Society of Philadelphia.
Ninth edition, with numerous illustrations. Price 7s. 6d.

Urine. The Quantitive Estimation of Urine. New System of
Rapid Analysis for Medical Men and Pharmacists. By J.
BarkEer SMITH, L.R.C.P. Lond. Price 1s.

Voice. The Philosophy of Voice. Showing the right and wrong
Action of the Breath and Vocal Cords in Speech and Song.
By CuarvLEs LUNN, Eighth edition. Price 5s.

Voice. Artistic Voice in Speech and Song. Dedicated to Mr. Sims
Reeves and Mr, Santley. By the same Author. 1s.

Voice. The Voice Musically and Medically Considered. By C.
ArRMAND SEmpLE, M.B. Cantab., M.R.C.P. Lond., Physician
to the Royal Society of Musicians. Part I. Musical, price 1s. ;
Part II., Medical, price 2s. ; or in one vol,, cloth, 3s. 6d.

Water. The Water Supply of London; or, Suggestions for an
[llimitable Supply of Water to London at a Comparatively Small
Cost. By C. H. F. Rourn, M.D. Lond,, M.R.C.P., Fellow of
University College, Lond. Price 1s.

Whooping-Cough. Pathology and Treatment of Whooping-
Gclrjugl% thiergillian Prize Essay. By Taos. M. DorAN, M.D.,
F.R.C.S.E. Price 3s. 6d.

Women. Functional Disorders of the Nervous System in Women.
By T. J. McGirLicuppy, A.M., M.D. Plain and Coloured
Illustrations. Price 12s. 6d.

Women. See also Gynscology.

loov. Aids to Zoology and Comparative Anatomy. By MAJOR
400 GEI.{F];‘.EHWDGD, M.D., Honours. Price 2s. 6d., and 2s,

ur Dead Selves to Higher Things. A Course of Human
Fru%xc;ﬁerience and Progressive Development. By F. J. GaNT,

F.R.C.S. Second Edition. Price 3s. 6d.




THE STUDENTS’ AIDS SERIES.

Specially designed to assist Students in committing to memory and
grouping the subjects upon which they are to be examined.

ids to Analysis of Food and Drugs. By T. H. PEARMAIN
A Eand C. G?- Moor, M.A., F.C.S., Members of the Society of
Public Analysts. Price 3s. 6d. cloth ; 3s. paper.

£ at deal of useful information, conveyed ina concise and practical form.,"—The Analyst.

- %ma interested ean afford to negleet this invaluable and infallible handbook."—Science.

¢« The student will find herein some useful details to help him on his way to practical
experience.”'— The Dairyman.

Aids to Anatomy. By GEORGE BROWN, M.R.C.S., and P. MACLEOD
YearsLey, F.R.C.S. Price 2s. 6d. cloth ; 2s. paper.

Aids to Surgical Anatomy. By EvGeNE S. YoNcE, M.B. Price
2s. 6d. cloth ; 2s. paper.

Aids to Bacteriology. By T. H. PearMaIN and C. G. Moo,
M.A., F.C.S.,, Members of the Society of Public Analysts.
Price 3s. 6d. cloth ; 3s. paper.

Aids to Biﬂ]ﬂgg’. Part I.—Elementary Tissues and Elementary
Organisms (Protoza and Protophyta). By Josepr W. WILLIAMS.
Second edition, revised. Price 2s, 6d. cloth ; 2s. paper.

Aids to Botany. By C. E. ArmanDp SempLE, B.A., M.B. Cantab.,
M.R.C.P. Lond., late Senior Kxaminer in Arts at Apothecaries’
Hall. Third thousand. 2s. 6d. cloth ; 2s. paper.

Aids to Chemistry. By the same Author.
Part I.—Inorganic: Non-Metallic Substances. 2s. 6d. and 2s.
Part IL.—Inorganic : The Metals. 2s. 6d. and 2s,
Part III.—Organic. Price, 2s. 6d. and 2s.
Part IV.—Tablets of Chemical Analysis. 1s. 6d. and 1s.

“ Btudents preparing for Matriculation at the London University, and other Examinations,
will find it simply invaluable.” —Students” Jowrnal,
Aids to Practical Chemistry. Especially arranged for the
Analysis of Substances containing a Single Base and Acid
Radicle. By T. Hurp GorpoN. 2s. 6d. cloth; 2s. papér.

Aids to the Diagnosis and Treatment of Diseases of Children.
By Joux McCaw, M.D., L.R.C.P. Price 3s. 6d. and 3s.

: The busy practitioner will find in it many useful hints on treatment."—Lancet.
We cannot but admire the general accuracy of his work."—Glasgow J edical Jowrnal.
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Aids to Dental Surgery. By ArrHUR S Unm;nwaon M.B
M.R.C.S., Lecturer on Dental Sureer {:th DJ [ospital
of London. 2s. 6d. cloth ; 2s. papgr. i e R

Aids to Dental Histology. By the same Author. Illustrated.
Price 2s. 6d. cloth; 2s. paper.

Aids to Diagnosis. Part I.—Semeiological. By J. MiLNER FOTHER-
GILL, M.D., M.R.C.P. Lond. 1s. 6d. cloth ; 1s. paper.

Part II.—Physical. By J. C. THOROWGOOD, M.D., F.R.C.P,
Lond. 1s. 6d. and 1s.

Part IIL.—What to Ask the Patient. By J. MILNER
ForHERGILL, M.D., M\R.C.P. Lond. 1s. 6d. and ls.
The three in one vol., 3s. 6d.
“* A mine of valuable information. " —Edinburgh Medical Journal,

Aids to Examinations. Questions and Answ:.ers on Materia
Medica, Medicine, Midwifery, Pathology, and Forensic Medicine,
By D. Wawsa, M.D,, C.M., L.R.C.P. New Edition. 2s. 6d.

and 2s.

Aids to Examinations. Replies to Questions in Therapeutics.
By BrINDLEY JAMES, M.R.C.S. 1s. 6d. cloth ; 1s. paper.

Aids to Forensic Medicine and Toxicology. By Wi MURRELL,
M.D., F.R.C.P. Lond., Physician to g’.«%estminster Hospital,

Price 2s. 6d. cloth ; 2s. paper.

Aids to Gynzcology. By Avrrep Guss, M.D. Paris, D.P.H,,
Obstetric Assistant and Gold Medallist, Westminster Hospital.
Cloth, 2s. 6d. ; paper, 2s.

Aids to Mathematics of Hygiene. By R. BrucE FERGUSON,
M.A., M.B. Price 2s. 6d. and 2s,

“qwill prove to the student very valuable assistance."—lasgow Medical Journal.

Aids to Materia Medica and Therapeutics. By C. E. ARMAND
SeMPLE, B.A., M.B. Cantab., M.R.C.P. Lond.

Part I.—The Non-Metallic and Metallic Elements, Alcoholic
and Ethereal Preparations. 2s. 6d. cloth ; and 2s. paper.

Part II.—Vegetable and Animal Substances, 2s. 6d. and 2s.

Part I11,—Classification of Remedies, 1s. 6d. and 1s.

Part IV.—New Remedies. 2s. 6d. and 2s.

Part V.—Tablets of Materia Medica. Price 1s. 6d. and 1s.

—
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Aids to Medicine. By NORMAN Dartoy, M.D., FR.C.P,
Physician to King’s College Hospital, Professor of Pathology
in King’s College, London. Price 2s. 6d. each cloth ; 2s. paper.

Part I.—General Pathology, Specific and (teneral Diseases.
Part II.—Larynx, Lungs, Pericardium, Heart, etc.
Part 11I.—Liver, Pancreas, Stomach, Kidney, ete.
Part IV.—Nervous System, Ear, Skin, etc.
Or in 2 vols. cloth, 4s. 6d. each.
o It is well up to date."—Rirmingham Medical Record,

i We can cordially commend this excellent little work,"—Quarterly Medical Magasine.
o Will lighten the weary way of the student very considerably . —Laneét.

Aids to Obstetrics. By Samuen Nair, B.A, M.B. Cantab.,
M.R.C.P. Lond., late House Physician and Resident Obstetric
Assistant, St. Bartholomew’s Hospital. Cloth, 2s. fid.; paper, Zs.

H“ Thﬂtdﬂtﬂilﬂ are accurate, and harmonize with what is given in our lending text-books.”—
oaprital, :

Aids to Ophthalmic Medicine and Surgery. By JONATHAN
HUTCHINSON, jun., F.R.C.S.  Cloth, 2s. 6d. ; paper, 2s.

Aids to Otology. By W. R. H. Stewart, F.R.C.5. Ed., Aural
Surgeon to the Great Northern Hospital, ete. Price 2s. 6d.
cloth ; 2s. paper.

1 Tha condensation has been well done."—Edinburgh Medical Journal.
" For so small & work, it is unusually good."— Lancet.

Aids to Pathology. By GILBERT A. BANNATYNE, M.D.
General—Cloth, 1s. 6d. ; paper, 1s.
Special—Cloth, 2s. 6d.; paper, 2s.

Aids to Pharmacy. By C.E. ArMaND SemPLE, B.A.,M.B. Cantab.,
M.R.C.P. London. Cloth, 2s. 6d. ; paper, 2s.

Aids to Physiology. By B. THOMPSON LOWNE, F.R.C.5., Ex-
aminer in Physiology, Royal College of Surgeons. Fourth thou-
sand. In two parts, price 2s. each ; or in one vol., cloth, 4s, 6d.

¢ Certainly one of the best of the now i ies.” :
talnly. popular Aide Series."—Students® Jowrnal.
" As “Aids’ and not substitutes, they will prove of real value to at-udenta,':'—ﬂﬂdim! Préas.

Aids to Practical Physiology. By J. BrinpLEY JAMES, M.R.C.S
Cloth, 1s. 6d. ; paper, 1s. l &

Aids EP% Physiological Chemistry. By J. L. W.Taupicaum, M.D.,
: F'3. B L?ncL, formerly Lecturer on Physiological Chemistry,
St. Thomas’s Hospital. Cloth, 2s. 6d. ; paper, 2s.

Aids to Public Health. ByJ. L. W. THuDICHU
ic Health. .L.W. , M.D,, F.R.C.P.
Lond. New edition. 1s. 6d. cloth ; 1s. p;,;e?'. FiCEe
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Aids to Sanitary Science. For the Use of Candidates for Public

... Health Qualifications. By F. J. ArrAN, M.D., Assistant

i+ Professor of Hygiene, Coll. State Medicine. 236 pp. Cloth,
4s. 6d.; or in two parts, paper, 2s. each.

** A really admirable eynopsis of what it is most necessary for a candidate to know."—
wlasgowe Medical Jowrnal,

*The information contained is correet, well expressed and well arranged.”"—Public Health.

“The work has been well dome. . . . Will ba found a serviceable and reliable aid."—
Edinburgh Medical Jowrnal,

Aids to Surgery. In two parts. By Grorck Brown, M.R.C.S.
1s. 6d. cloth, and 1s. paper, each ; or in one vol., cloth, 2s. 6d.

Aids to Surgical Anatnmj. By EvceNe S. YonNGE, M.B.
Price 2s. 6d. cloth; 2s. paper.

Aids to Rational Therapeutics. By J. MILNER FOTHERGILL,
M.D., M.R.C.P. Lond. 2s. 6d. cloth; 2s, paper.

Aids to Zoology and Comparative Anatomy. By Major
GrEENWOOD, M.D. Honours in Zoology, University of London.
2s. 6d. cloth ; 2s. paper.

Aids to Geometry (Analytical).

The Straight Line and Circlee By A. Le Surur, B.A.
Cantab. Second edition. Price 2s.

The Conic Sections, with solutions. of questions set at the
London and other University Examinations. By GEORGE
HeppEL, M.A., St. John's College, Cambridge, Member of
London Mathematical Society. Price 2s.
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Banham. Tables of Veterinary Posology and Therapeutics. With
Weights, Measures, etc. By GEORGE A. Banmam, F.R.C.V.S.

Price 2s. 6d.

Beacock. Prize Essay on the Breeding, Rearing, and Fattening of
Cattle and Sheep, and proper treatment of Cows at time of
Calving. By JosepH BEacoCcK. Price 3d.

Bradley. Outlines of Veterinary Anatomy. By O.C. BRADLEY,
M.R.0.V.S, Professor of Anatomy in the New Veterinary
College, Edinburgh. In three Parts,

Part I.—The Limbs. Price 4s.

Part II.—The Trunk. Price 4s.

Part II1.—The Head and Neck. Price 4s.
Or in one vol., cloth, 10s, 6d.

‘Courtenay. The Practice of Veterinary Medicine and Surgery.
By K. CourTENAY. Price 10s. 6d.

“ Written in a clear and concise style : & weleome addition to the library of the horse-owner,
:and those who take an interest in domesticated animals.”—Mark Lane Express.

Dhakmarvala. Demonstrations in the Modes of Handling and
Examining the Horse. By Nowrosr DoRABII DHAKMARVALA,
C.B, V.C., Lecturer on Anatomy and Physiology at the Govern-
ment Veterinary College, Bombay. Price 4s.

Fleming. A Text-Book of Veterinary Obstetrics, including the
Diseases and accidents incidental to Pregnancy, Parturition and
early age in the Domesticated Animals, By GEORGE FLEMING,
C.B., LL.D., F.R.C.V.8,, F.R.G.S,, late Principal of the Army
Veterinary Department. Profusely illustrated. Second edition.

Price 25s.

" Has filled up a void in o more satisfactory and complete way than any other member of
his profession could have done."'— The Field.

'* No man who makes any pretensions to veterinary sclence or stock breeding can dispense
with this work. . . . Remarkably well illustrated, and represents an immense amount of
wesearch, caroful observation, and knowledge.”"—ZLive Stock Journal,

A Text-Book of Operative Veterinary Surgery. Part I. Price
10s. 6d. Part II. in the Press.
Animal Plagues ; their History from the Earliest Times, Nature,
and Prevention. Vol. I, to 1800. Price 15s.
Yol. I1.,, from A.p. 1800 to 1844, Price 12s,

Human and Animal Variolee., A Study of Comparative Pathology.
Price 1s. '
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Fleming. Parasites and Parasitic Diseases of the Domesticated
Animals. A Treatise by L. G. NEUMANN, Professor at the
National Veterinary School of Toulouse. Translated and
Edited by Gro. FremiNg, C.B., LL.D., F.R.C.V.S,, with 365
illustrations. Price 25s.

Practical Horse Shoeing. With 37 illustrations. 9s.

On Roaring in Horses (Laryngismus Paralyticus). Its History,
Pathology, and Treatment. With coloured plate and woodcuts.
Price 6s.

The Contagious Diseases of Animals: their influence on the wealth
and health of the nation. Price 6d.

The Influence of Heredity and Contagion on the Propagation of

Tuberculosis. By G. Freming, F.R.C.V.S., A. LYDTIN, and
M. VAN HErTSEN. Price 6s.

Tuberculosis from a Sanitary and Pathological point of view.
Price 1s.

Gresswell. A Manual of the Theoryand Practice of Equine Medicine.
By J. Brobie GRESswELL, F.R.C.V.S., and ALBERT GRESS-
WELL, M.R.C.S. Eng. Second edition, enlarged. Price 10s. 6d.

Equine Hospital Prescriber. Second edition. Price 2s. 6d.

Bovine Prescriber. Second Edition. Price 2s. 6d.

Veterinary Pharmacopeia. Materia Medica and Therapeutics.
Price 10s. 6d.

Diseases and Disorders of the Horse. Price 5s.

Hill. Higher and Lower Creation ; or, A Plea for Dumb Animals.
By J. Wooprorre Hill, F.R.C.V.S. Price ls.

The Management and Diseases of the Dog. By J. W. HiLL,
F.R.C.V.S. Illustrated. Price 7s. 6d.

Hoare. Manual of Veterinary Therapeuties. By E. WaLnis
Hoarg, F.R.C.V.S. Price 10s. 6d.

# Wea do not hesitate to recommeoend it as a very valuable text-book."— Field,
i A very important addition to veterinary literature.”—JLaneet,

Liautard. Manual of Operative Veterinary Surgery. By A.
Liavrarp, M.D., F.R.C.V .S [New edition in preparation.
Animal Castration. Price 7s. 6d.
Lameness of Horses and Diseases of the Locomotor Apparatus.
Price 10s. 6d.

Lupton. Horses: Sound and Unsound, with the Law relating to
PSu.les and Warranty. By Jasmes IrviNe Lupron, F.R.C.V.S.
Price bs.

McBride. Anatomical QOutlines of the Horse. By J. A. MCBRIDE,
Ph.D., M.R.C.V.S. Third edition. Illustrated. Price 8s. 6d.




20 and 21, King William Street, Strand. 47

Mevrick. Stable Management and the Prevention of Diseases
]r:;mng Horses in India. By J. J. MEYRICK, C.B.,, F.R.C.V.5,,

Superintendent of Horse Breeding for the Punjab. Price 2s. 6d.

Miller—Tellor. The Diseases of Live Stock, and their most efficient
remedies. Treatment of Horses, Cattle, Cows, Sheep, Swine,
Fowls, Dogs, etc. By Wum. B. E. MiLLER, D.V.S.,, President
of U.S. Veterinary Association, WiLLis P. HAzaArDp, A.
Liautarp, M.D., F.R.C.V.S,, and Lroyp V. TELLOR, M.D.

Price 10s. 6d.

Nocard. The Animal Tuberculoses and their relation to Human
Tuberculosis. By E. Nocarp, translated by H. SCURFIELD,

M.D. Edin., D.P.H. Camb. Price 4s.

Poyser. The Stable Management of Troop Horses in India. The
Collinsian Prize Essay. By Major R. Poyser, A.V.D.,

FR.C.V.S. Price 2s.

Reynolds. The Breeding, Rearing, and Management of Draught
Horses. By RicHArp REYNoLps, M.R.C.V.S. Price 3s, 6d.

Robertson. A Handbook of the Practice of Equine Medicine.
By Wu. Rosertson, F.R.C.V.S, late Principal of the Royal
Veterinary College, London. Second edition. Price 25s,

Smith. A Manual of Veterinary Hygiene, By Captain FREDERICK
SyitH, A.V.D., F.R.C.V.S,, Professor in the Army Veterinary
School, Aldershot. Second edition. Price 10s, 6d.

A Manual of Veterinary Physiology. By the same Author. Second
edition, enlarged, illustrated. Price 15s.

Strangeways. Veterinary Anatomy. Revised and Edited by J.
VavcHAN, F.L.S,, F.ZS. Fifth Edition. Price 24s.

Sussdorf. Veterinary Diagrams for Lecturers, showing the Position
of the Viscera in the Large Cavities of the Body. By Professor
SUSSDORF, M.D. Translated by Professor W. OWEN WiILLIAMS,
of the New Veterinary College, Edinburgh. Each 5s. net :
44 in. by 30 in., mounted on linen with roller, 3s. 6d. extra.
Price per set of six, 25s. net., or mounted, 21s. extra.

. Diagram of the Horse, Left or Near Side View.
. Diagram of the Mare, Right Side View.

. Diagram of the Cow,

. Diagram of the Ox.

- Diagram of the Boar and Sow.

6. Diagram of the Dog and Bitch.
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Williams. The Principles and Practice of Veterinary Medicine.
Eighth Edition. With 18 plates (several coloured) and 42
woodeuts. By W. WirLiams, F.R.C.V.S,, F.R.S.E,, Prineipal
and Professor of Veterinary Medicine and Surgery at the New
Veterinary College, Edinburgh. Price 30s,

The Principles and Practice of Veterinary Surgery. Ninth
Edition. With 9 plates and 147 woodcuts. Price 30s.

Veterinary Diagrams in Tabular Form. With coloured
and plain engravings. Size of sheet 281 by 22 inches,
1. The External Form and Elementary Anatomy of the Horse.
Price 3s. 6d., or mounted on roller and varnished, 6s. 6d.
2. The Age of Domestic Animals. Price 2s. 6d. ; mounted, 5s. 6d.
3. The Unsoundnesses and Defects of the Horse. Price 2s. 6d.,
or mounted, ds, 6d.
4. The Shoeing of the Horse, Mule and Ox. Price 2s. 6d., or
* mounted, 5s. 6d.
5. The Elementary Anatomy, Points and Butcher’s Joints of the
Ox. Price 3s. 6d., or mounted, 6s. 6d.
Price per set of Five, 12s. ; or mounted, 27s,

———

DIRECTORIES.

The Register of the Royal College of Veterinary Surgeons;
published annually in accordance with the Act of Parliament.
Price 2s. 6d., post free in the United Kingdom.

Australagian Medical Directory and Handbook. Including
a general Gazetteer and Road Guide, and Local Medical

Directory of Australasia. Edited by Lupwic BRuck. Price 8s.

Commercial Directory for Spain, her Colonies and South America,
containing 500,000 Names and Addresses of the Commercial

Houses, Public Officers, Offices, etec., etc. In 2 vols. Annual,
price 25s.

Irish Medical Directory, with a complete Summary of the Poor
Law Medical Charities, Legal, Military, Medico Educational
Services in Ireland. Price 6s.
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