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2 MEDICAL ELECTRICITY.

scientific investigation of electricity and magnetism.
Dryden has immortalised him in the following lines :—

“ Gilbert shall live till lodestones cease to draw
And British fleets the boundless ocean awe.”

2. Early medical writers. —It was more than a
hundred years after Gilbert’s time that electricity was
first brought into use as a curative agent, and in
the early applications of electricity to medicine the
statical apparatus was the only form used because it
was the only one known, but for many years after the
discoveries of Galvani and Volta statical electricity still
remained in exclusive possession of the field of electro-
therapeutics.

De Haen (1745) Jallabert (1748) and the Abbé Nollet
(1749) were the first to apply statical electricity to medi-
cine,

In 1758, Benjamin Franklin relates that in conse-
quence of the cures reported to have been made in Italy
and Germany, a number of paralytics were brought to
him for treatment from various parts of Pennsylvania
and the neighbouring provinces. :

In 1759 the Rev. John Wesley, the famous divine,
collected a number of cases in which electricity had
been tried, and published a treatise entitled 7The Des:-
devatum, ov Electvicity made Plain and Useful, by a Lover of
Mankind and Common Sense. In this are given the details
of a vast number of cases treated by electricity. Among
them he mentions that electricity accelerates the pas-
sage of calculi through the ureters. He also relieved
tertian and quartan fevers, and hysteria.

In 1773, Manduyt published a work on statical elec-
tricity,

In 1777, Cavallo published in London a complete
treatise on electricity in theory and practice, with ori-




































14 MEDICAL ELECTRICITY.

city between it and another conductor. In the former
case the body is said to be electrified by condwction, in
the latter by induction or inductively.

Take a hollow metal vessel, insulate it by hanging it
up by silk threads, and connect it with an electroscope.*

If the vessel be unelectrified and we introduce into it
an electrified body, taking care not to touch the sides of
the vessel so that no charge passes from the electrified
body to the vessel, the electroscope will indicate a
charge, and on being tested it is found to be a charge of
the same sign as that on the charged body introduced
into the vessel, ¢.g., if the charged body is a piece of
rubbed glass, the electroscope will indicate positive
electricity. If now it be removed without having
touched the interior of the wvessel, the leaves of the
electroscope will collapse, and the vessel will be left
without charge, if, however, it has been allowed to
touch the vessel, the leaves will remain divergent, but
the body will be found to be completely discharged.

In the first case the vessel is said to be electrified by
induction, and from the second case we see that the
observed induced electrification is exactly equal to, and
1s of the same sign as that of the inducing body. Had
we momentarily connected the vessel to earth so as to
discharge the first induced electrification, and then
removed the charged body without touching the vessel,
the vessel would be found to be charged with the oppo-
site kind of electricity to as great an extent as in the
first case. Similar effects are produced whenever an
electriied body 1s brought near any other body, and
this is what was referred to in § 6, when it was stated
that the light bodies apparently attracted by an electri-

* Faraday’s ‘* Experimental Researches on Static Electrical Induc-
tive Action,”” Maxwell's ¢ Electricity and Magnetism,” vol. i., p. 32.
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fied glass rod, &c., were first electrified by its influence.
In the language of the two fluid theory an electric
charge in any body reacts on the neutral fluid in the
bodies near it, attracting towards itself an equal quantity
of the fluid of opposite sign and setting free an equal
quantity of the fluid of similar sign to itself. This is
generally illustrated diagrammatically by considering
the side of the body nearest to the glass rod as charged
with —electricity and the opposite side charged with -
electricity, the attraction thus overbalancing the repul-
sion.

“ Acting inductively on an uncharged conductor pro-
duces no charge on it as a whole, but merely induces
equal and opposite charges on its two sides or ends.”*

12. Electric quantity.—Hitherto in this chapter
the consideration of quantity of electricity has been left
in the background, and electrification has been spoken
of rather as a state or quality super-induced in bodies
by certain processes. It is now necessary to arrive at
a definite conception of this state as a measurable
quantity, 7.e., as brought about by the presence of a real
or hypothetical something which can be measured and
which is called electricity, a something which has been
referred to for convenience sake in the language of the
“fluid " hypothesis as if it were an actual fluid, but
which, it must be borne in mind, is not that, whatever
else it may be. Let us suppose the existence of a
something which is measurable and which when present
in any body endows it with the properties just described
under the name of electrification, and which is called
Electricity. This electricity then is of two kinds, one
named positive or vitreous, and one negative or resinous.
[t has been seen already that positive electricity repels

* Ayrton, * Practical Electricity,” p. 7.
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electrified conductors are connected by a wire, and
when electrification is transferred along the wire from
one to the other, the tendency to this transfer, which
existed before the introduction of the wire, and which
when the wire is introduced, produces this transfer, is
called the electromotive force from the one body to the
other along the path marked out by the wire.

““ To define completely the electromotive force from
one point to another, it is necessary in general to specify
a particular path from the one point to the other along
which the electromotive force is to be reckoned. In
many cases, é.g., in electrolytic, thermo-electric and
electro-magnetic phenomena, the electromotive force
from one point to another may be different along dif-
ferent paths; if we restrict our attention, however, as
we must do in this part of our subject, to the theory of
the equilibrium of electricity at rest, we shall find that
the electromotive force from one point to another is the
same for all paths drawn in air from the one point to
the other.

““The electromotive force from any point along a path
drawn in air, to a certain point chosen as a point of
reference, is called the electric potential at that point.

‘“ Since electrical phenomena depend only on differ-
ences of potential, it is of no consequence what point of
reference we assume for the zero of potential, provided
that we do not change it during the same series of
measurements.

“ In mathematical treatises, the point of reference is
taken at an infinite distance from the electrified system
under consideration. The advantage of this is that the
mathematical expression for the potential due to a small
electrified body is thus reduced to its simplest form.

“In experimental work it is more convenient to

c
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thermal communication, either by actual contact or by
radiation, heat will be transferred from the body at the
higher temperature to the body at the lower tempera-
ture, till the temperature of the two bodies becomes
equalised. The analogy between temperature and
potential must not be assumed to extend to all parts
of the phenomena of heat and electricity. We must
also remember that temperature corresponds to a real
physical state, whereas potential is a mere mathemati-
cal quantity the value of which depends on the point of
reference we may choose. To raise a body to a high
temperature may melt or volatilize it, to raise a body,
together with the vessel which surrounds it, to a high
electrical potential produces no physical effect whatever
on the body. Hence the only part of the phenomena
of electricity and heat, which we may regard as ana-
logous, is the condition of the transfer of heat or of
electricity according as the temperature or the poten-
tial 1s higher in one body or in the other. With respect
to the other analogy—that between potential and fluid
pressure—we must remember that the only respect in
which electricity resembles a fluid is that it is capable
of flowing along conductors as a fluid flows in a pipe.”

In terms of this analogy the electricity is compared
to the fluid, while the pressure of the fluid at any point
answers to the potential of the electricity at a corre-
sponding point, the difference of pressure between two
points causes the flow of fluid from one to the other,
while similarly the electromotive force or difference of
potential between two points causes the flow of elec-
tricity from one to the other.

The conception of electric potential is a very difficult
one, and this is not the proper place for a discussion of

it in all its bearings ; enough has been said in the long
g2
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BATTERIES. 63

hydrochloric acid. Unfortunately, however, these small
cells as sent from the makers, have already inside them
a charge of sal ammoniac, requiring only the addition of
water to set them in action. It is of no use to charge
these with the zinc chloride. The most expensive part
of the small medical Leclanché cell is its vulcanite case.
In the dry cell this is dispensed with and the latter are
therefore cheaper.

54. Dry batteries.—These are in many ways ex-
ceedingly convenient. They are sealed cells of the

Fig. r1.—Hellesen’s dry cell.

Leclanché type. They will work in any position and
require no special attention whatever, but it must be
remembered that all sealed forms of cell have a capacity
for work strictly limited by the original charge of
chemicals, and cannot be restored to action when run
down by the addition of fresh exciting liquid. In most
of them the zinc plate is shaped like a canister and
forms the containing vessel of the cell, it is packed with
a paste of exciting material, and inside this is the
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mercury cell, which is used in laboratory experiments,
but it requires the utmost delicacy in management, and
15 used solely as a standard for the comparison of elec-
tromotive forces; its electromotive force is 1°434 volts
at 1546,

58. Stohrer’s battery.—This battery, once largely
used in medical work, is a modified form of bichromate

Fiu, 13.—Stohrer's battery.

battery. The elements, zinc and carbon, are arranged
in a double row on a wooden bar, so that a double row
of glass or earthenware cells containing the exciting
fluid can be raised up to them in such a manner that
the correct pairs of plates dip into each cell (see fig. 13).

The battery may be made up to contain 20, 30, 40, or
even 6o cells, these form a double row in a strong oak
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cells then require “forming,” that is, a current is passed
through them for a certain time, and they are then
allowed to discharge themselves through a resistance,
they are then charged in the opposite direction and
allowed to discharge again, and this process i1s repeated
several times. The object of this ¢ forming " process is

Fic. 14.—Accumulator in glass vessel, showing arrangement of plates.

to increase their capacity by the production of a thick
layer of lead peroxide upon the plate which is positive,
and of spongy metallic lead upon the negative. In the
other type of cell, the plates are perforated grids of lead,
and the holes in the positive plates are filled with a
paste made of red lead or peroxide of lead and dilute
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F1o. 17.—Schall's combined battery.

may be consulted by those wishing to purchase any-
thing of the sort. The details of the fittings of these
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batteries vary with the different makers, but instruc-
tions for use are usually supplied with the instruments,
For heating cauteries and for electric light instruments,
a four cell accumulator arranged with a switch to con-
nect the cells into two pairs in parallel, or into four
cells in series, and provided with an adjustable resist-

ey
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Fi1G. 18,—Combined medical battery.*

ance is the best battery, unless the recharging is an
obstacle. In that case a four cell bichromate battery of
large size, with proper connections, will serve the same
purpose.f For further details of lamp and cautery

* L. Miller, g3 Hatton Garden, W.C.
t K. Schall, 55 Wigmore Street, price £6.
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combination work more steadily. In the larger size of
one-half horse-power one begins to reach practical and
good gas and oil engines. The Gardner Engines, for
gas and oil (Norris and Henty as above), cost £15 and
£25 respectively at this power, and can be specially pro-
vided with dynamo, pulleys, belts, etc., complete at
£26 10s. and £36 105s. With one of these sets the
charging of storage cells can be effectively dealt with.
The Pittler Company (144 High Holborn) also list a
¢“one man’’ power gas-engine at nine guineas. When

FiG. z1.—Vandervell's Gas Engine.

charging an accumulator from a dynamo the possibility
of an unexpected stoppage of the machine must be
borne in mind. To meet this possibility automatic
switches have been contrived which at once cut off the
cells from the dynamo circuit if anything goes wrong.
This 1s necessary to prevent the charge already accu-
mulated in the storage cells from running down through
the dynamo circuit to the probable damage both of
dynamo and cells.- When the dynamo is running its
polarity must be verified (§ 62) before joining up the
cells to it.
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the former case there will still remain the need for
providing a portable apparatus to take to a patient’s

F16. 23—The terminals at F are for charging accumulators, or for working a
medical coil; the terminals marked +, —, for direct applications to patients.

house. Although a desire for absolute uniformity of
practice, or the idea of saving oneself trouble, might
make one wish to use current from the mains only,
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The commonest type of transformer for medical use
i1s one which 1s used to convert a small current at 100
volts into a larger current at two or four volts for
cauteries, or at eight or ten volts for small incandescent
lamps, or for use 1n the electric bath, while, occasionally,
transformers may be required to give out high pressures

K Soant
pretevrr Tl
LINBERW

F1G. 27.—Woakes' transformer.

of many thousand volts for generating ozone, or working
Tesla high frequency coils.

A well-known type of transformer for medical use is
Woakes' transformer. It has several secondary coils
all wound upon one bobbin; one for cautery to give
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about two volts and wound with thick wire to carry a
heavy current without heating; one for small lamps,
and one for therapeutic purposes. Each secondary has
its own terminals, and all are excited by one primary
coil. Regulation 1s effected by a sliding arrangement
which serves to bring the secondary coils towards the
primary coil or away from it. In other forms of
medical transformer the iron core is not straight as
in Woakes’ pattern, but is a circular ring of laminated
iron. This is more efficient electrically, but less con-
venient for regulation. Fig. 26 shows a ring trans-
former which has a secondary tapped and brought out
to binding screws at intervals, thus affording a means
of obtaining a great variety of voltages from one

28.—Motor Dynamo. A motor and a dynamo combined on one axle.

instrument. Others again are made with a moving
arm which takes up into circuit more or less of the
windings of the secondary, and so gives very good
regulation of voltage.

71. The conversion of direct current into alter-
nating and vice-versa.—It sometimes happens that a
consumer upon one system of supply desires something
which can only be had from the other system; thus a con-
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sumer in an alternate current area may wish for direct
current to charge accumulators, or a consumer on direct
current may wish for alternate current for an electric
bath or for use with high voltage transformers. Various
devices have been proposed for fulfilling these objects;
for example, a motor driven by the current supplied in
the district is made to drive a dynamo built to give out
the kind of current required. In some cases the two
machines have been combined into one compound
machine with greater or less success. The General
Electric Company stock these under the names of dyna-
motors or motor dynamos, and supply them for battery

FiG. 29g.—Dynamotor. Two sets of windings upon one armature,

charging; that is to say for the conversionof a continuous
current at high voltage into a continuous current of
greater magnitude at a lower voltage, and for bell-
ringing, that is for generating an alternating current of
low voltage from a direct current at 100 or 200 volts.
‘When the conversions have to be from alternating o
continuous  current one must have recourse to two
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The lettering is the same in both of the figures. One
pole of the battery is connected to the binding screw A.
The current then passes by the adjusting screw B, the
vibrator H, and the support K to the horseshoe mag-
net D. After traversing this the circuit gives off a
branch to the binding screw P, and is continued to the
primary coil EE, the return wire from which again gives
off a branch to the second binding screw at P, and is
then continued to the other pole of the battery. The
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Fic. 31.—Induction Coil.

two binding screws at P are thus in connexion with the
two ends of the primary coil, and by means of electrodes
attached to them the patient may be treated with the
primary current of this coil. The secondary coil F is
wound on a separate hollow bobbin and has its term-
inals at S. This bobbin is made to slide like a sledge
on guides so that it can be made to approach or recede
from the primary coil. At G a handle is seen attached
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to the iron core which can slide in and out of the pri-
mary coil, and so further regulate the induced electro-
motive force set up in both the primary and secondary
coils, by varying the strength of their magnetic field.
Another and somewhat neater form of sledge coil is
shown in fig. 32. The general plan of construction is

o .
i S W |_'||I';I'|""

Fi1c. 32.—Induction coil.

the same as in the last figure, with the addition of
divided scales by which the relative positions of
primary, secondary, and core can be recorded and
results verified. It must be borne in mind that the
readings of the scale are not at all in proportion to the
electromotive force or the current induced in the coils,
they merely make it easy to reproduce a given condition
at will.

The mode of action of the automatic wvibrator or
contact breaker is clearly shown in the figures. The
electro-magnet, by drawing down the spring H, breaks
the circuit at the point of the screw B, whereupon the
attraction of the electro-magnet ceases and the spring is
released, and flying up re-establishes the circuit; the
action is then repeated, and the spring is kept in con-
stant movement. By turning the screw B, the pressure
upon the spring and its rate of vibration can be modi-
fied, Instead of the separate electro-magnet it is easy
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of alternation, which have been so ably developed by
Elthu Thomson, Tesla, D’Arsonval, and others, has
turned the attention of medical men to the study of the
contact-breaker of the induction coil, and coils can now
be bought with regulating devices to produce at will
almost any rate within comparatively wide limits, as,
for example, from one vibration to two hundred per
second in Ewald's coil (fig. 33). In this the vibrator

Fig. 33—Ewald's coil.

has the form of a pendulum C, swinging between two
springs B and D. B can be altered in position by

means of the screw A, and so controls the range of

swing of the pendulum. Other coils again are fitted
with a break, ¢ the singing rheotome,” which wvibrates
so rapidly as to emit a high pitched note, estimated at
500 per second. None of these rapid breaks, however,
really attain to the conditions of true high frequency,
which can be obtained with Leyden jar discharges, for
these may have a period of oscillation equal to hundreds
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duction coil is not fully understood, still we are not
without some information upon the subject. Many
curves, most of them wrong, have been drawn from
time to time on theoretical grounds to represent them,
but actual tracings have also been taken, one or two of
which are reproduced here from a paper by Dr. Kellogg*
in which the method of doing so by means of an instru-
ment devised by d’Arsonval is fully described.

Fig. 35 shows the discharge curves of a secondary
coil when the battery current was made and broken

Fi1G. 35.—Secondary coil discharge. Battery current made and broken by hand
A. Wave at make. B. At break (Dr. Kellogg).
slowly by hand. Here the wave at make is completed
before the reverse current of break commences; the
wave has a gradual and uniform contour both at the
make and break and a pause is seen between them.
Fig. 36 shows a tracing taking with the vibrating

Fi1G. 36.—Secondary coil. Vibrator in action (Dr. Kellogg).

* “The International System of Electrotherapeutics,” edited by
Dr. Bigelow (F. A. Davis & Co., Philadelphia), 1894.
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In some medical applications both the poles of the

battery are used equally, and in that case the electrodes
at the two poles may be similar, but more often the cur-
rent is applied to the affected part with one pole, which
is then known as the ¢ active electrode,” and may be
positive or negative according to the treatment required,
the circuit being completed by the application of the

F1G. 40.—Tin electrode and sheath.

other electrode, the ¢ indifferent electrode,” to any
convenient part of the body; under these circumstances
the active electrode may require a handle for its proper
manipulation, while the indifferent electrode is most
conveniently arranged as a simple metal plate, which
can be applied to the surface of the body and left there

I
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the stud numbered o were not continued to the positive
terminal of the battery, and if this latter were connected
instead to a second arm, pivoted on the same axle, but
electrically insulated from the first one and capable of
independent movement (fig. 42), it can be seen that
with the two arms on the studs 3 and 6 the current
would be taken from cells 4, 5, and 6 only, that is to
say the group of cells 4 to 6 would supply the current to
the circuit. In like manner any number of consecutive

Fig. 42.—Double collector.

cells from one upwards could be picked out from any
part of the whole series. It is usual for one of the arms
to carry a circle so divided and numbered as to read off
directly the number of cells in use (fig. 42).

The studs of current collectors must be of good size,
and the pointer just broad enough to touch two at once,
that the number of cells in the circuit may be increased
or diminished without breaks of current and unpleasant
shocks at the moment when the pointer moves from one
stud to the next. At the same time care must be taken
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order:—1, 2, 2, 5, 10, 20, 20, 50, 100, 200, 200, 500,
1000, 2000, 2000, 5000 ohms respectively, so that any of
them can be thrown in or out of circuit by removing or
replacing plugs on the top of the resistance box. It will
be seen that with the above arrangement of coils any

F1G. 44.—Plan of Resistance Cuils.

resistance from 1 to 10000 ochms can be put into circuit,
Such resistance boxes are capable of the very highest
accuracy, but as a rule this is not required in medical
work, and they are damaged if any large current is sent
through them, besides which they are exceedingly

FiG. 45.—Resistance Box.

costly. They are necessary for scientific investigations,
or where it may be necessary to find resistances of
apparatus or the electromotive force of batteries with

high accuracy.
For medical treatment it is more important to have a
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resistance which can be smoothly adjusted and varied
while the current is passing, than one which is gradu-
ated exactly in ohms.

An useful form of adjustable resistance is shown in
fig. 46, where a movable arm is made to touch succes-
sively upon a series of metal studs, the amount of
resistance thereby interposed being shown by figures
marked opposite the studs.

A form of resistance coil that will frequently be
found useful is one which is known as the ¢ wire rheo-
stat.” It is very convenient in cases such as the

F16. 46.—~Adjustable resistance for medical use.

example given above, in which there is a small external
resistance only in the circuit, and a large current is to
be regulated. It usually consists of a long open cork-
screw coil or helix of moderately thick uncovered
German silver or other wire, such as platinum silver
alloy, of high specific resistance. The current is led in
at one end of the helix and a metal sliding piece which
can pass from end to end of the coil forms the other
terminal. The resistance interposed is easily seen to be
proportional to the number of turns of the helix between
the end attached to the terminal and the sliding piece
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through the metallic contact; when it is raised the
current must pass through the badly conducting liquid.
The resistance offered by the liquid varies with the
length of liquid to be traversed and the nature of the
solution, and the rod can be roughly graduated for the
resistance of the liquid to be used. In a modification

v .-,
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Fic. 48.—Graphite rheostat,

of this instrument a damp sponge takes the place of
the liquid ; the resistance varies with the pressure upon
the sponge, which is regulated by turning a screw as
before.

85. Graphite rheostat.—A very handy form of ad-
justable rheostat for high resistances and small currents

L =CICCE .
. -
& - - )
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F1G. 49.—Plan of graphite rheostat.
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1s a sliding graphite resistance, figs. 48 and 49. It
consists of two parallel pencils of graphite, with a metal
sliding piece moving between them, and in contact with
both. As the position of the slide is altered, a greater
or less length of the badly conducting graphite is
brought in the circuit and the resistance of the circuit is
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:varied thereby. Graphite rheostats are also made up
in various patterns,

It must be borne in mind that a resistance, suitable
for regulating small currents, may be burnt and de.
stroyed 1if large currents are allowed to traverse it, also
that a resistance of one or two ohms may be ample for
regulating a lamp or cautery, but will exercise no
appreciable regulating effect upon a circuit of high
resistance. In general a rheostat should have a resist-

Fic. 50.—Vertical galvanometer.

ance approximately equal to that of the circuit which it
is to control.

86. Gralvanometers.—It is generally of the utmost
importance that the medical man shall be able during
the course of an electrical operation to see at a glance
what current is passing, and for this purpose a galvano-
meter is necessary. We may refer the student back to
§ 27 for a cursory account of the theory of the galvano-
meter. Here we have to describe one or two that are
In common use.,
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can be thrown in to reduce the proportion of current
passing through the galvanometer to {4, 35 or 144,
respectively of that in the whole circuit, so that when
one of these is in use the reading of the scale must

Fi16. 52.—Edelmann’s galvanometer.

be multiplied by 10, 100 or tooo, as the case may be,
to give the whole current in the circuit. In this way
the instrument is enabled to give readings over a much
wider range than would otherwise be possible.
The arrangement of the shunt circuits is illustrated in
L
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Both discs are well varnished, and attached to the
outer surface of each there are radial sector-shaped
plates of tin-foil or thin brass disposed around the discs
at equal angular distances. These sectors are not
teasential to the action of the machine, but they make
1t more easily self exciting. With large machines and
carefully adjusted neutralising rods (see next paragraph)

Fia. s5.—Wimshurst machine.

the presence of sectors is of no advantage, for such
large machines excite quite readily without sectors.
Twice in each revolution the two sectors situated on
the same diameter of each disc are momentarily placed
in metallic connection with one another by a pair of
fine wire brushes attached to the ends of a curved rod,
called the neutralising rod, supported at the middle of
its length by one of the projecting ends of the fixed
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machine has been made with ebonite plates, which are
said to be superior to glass, and are not liable to break-

Fig. s6.—Large Wimshurst machine or medical use, with platform, and electrode
for head breeze.

age during transit or use and can be safely driven at a
very high speed. There is, however, a grave objection
to the use of ebonite, as it gradually deteriorates on the
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due entirely to the work done by medical men in the
United States. With characteristic enterprise they

FiG. 57.—The American Holtz machine, medical type. (Waite & Bartlett
Manf. Co., New York).

have elaborated the Holtz machine and taken up the
use of it so effectually that there are now in New York
alone three firms making and selling Holtz machines in
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charges to therapeutics have been mainly developed in
France. The current led off from the primary helix

i

Fic. 64.—D'Arsonval's high frequency apparatus, showing Leyden jars with outer coatings joined by a
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helix and inner coatings fed by an induction coil.
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joining the outer coatings of the jars (fig. 64) is more
often used than the current of a secondary helix or
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muscles, and in the absence of a suitable galvanometer,
the sledge coil must be used, and the distance of secon-
dary coil from primary must be noted and recorded.
For testing the sensibility of the cutaneous nerves one
may use a metallic brush for the active electrode and
should not moisten the surface of the skin; or an elec-
trode devised by Erb may be used. It consists (fig. 68)
of a bundle of 400 metallic wires sheathed and var-

FiG. 68.—Cutaneous testing electrode. a. Side view. b. End view.

nished, enclosed in a vulcanite case of about two centi-
metres in diameter. At one end the wires are all put
in metallic communication, and are attached to an or-
dinary electrode handle, the other end is polished, so
that when applied to the skin it has the effect of a
smooth surface. It covers an area of skin of about two
centimetres in diameter, and into this the current enters
in 400 parts. Thus a more regular action on the nume-
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of the upper limb. If the trapezii be watched and
studied in persons who have the neck and shoulders
bare, it will be seen that these muscles are in almost
continual action during movements of the arms, and,
indeed, much of the beauty of the contours of the neck
and shoulders depends upon the good development of
the trapezii.

Fic. 73.—Paralysis of left trapezius.

When one trapezius is paralysed the difference be- |
tween the two shoulders can easily be recognised, par- |
ticularly if the muscle be wasted as well. On the |
affected side the point of the shoulder is lowered, and |
the line from the neck to the shoulder-tip is hollowed. |
This difference is well seen with the arms hanging at |
the®sides (figs. 73, 74).- The position of the scapula 1s|
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also changed, for the inner border of the bone does not
lie parallel to the vertebral column, as in health, but at
an angle with it, its upper corner being rather further
from the middle line, and its lower angle rather nearer,
at a higher level and more prominent. Duchenne has
explained why this is the case. The shoulder, having

Fic. 74.—Paralysis of the upper part of the right trapezius.

lost the support of the upper part of the trapezius,
hangs as it were suspended by its upper angle from the
levator anguli scapule, and turning, as on a pivot, at
the point of attachment of that muscle, its lower angle
s tilted inwards and upwards, and the acromion sinks
downwards by the weight of the arm. In some cases
of paralysis of the trapezius this tilting upwards of the
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inferior angle is not present. It may even be at a lower
level on the paralysed side, particularly if the lower part
of the trapezius is not completely powerless (fig. 74).

If the patient be told to raise the arms to the head
another peculiar defect comes into notice ; namely, that
the clavicle in its outer half comes into view from be-
hind. This is a valuable diagnostic sign of atrophy of
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F1G., 75, —Paralysis of left trapezius. Clavicle seen from behind.

the muscle—one which, so far as I can learn, has not
previously been pointed out, see fig. 75.

I have seen four cases in which the paralysis was due
to injury or section of the spinal accessory nerve during
surgical operations. In the first of these the incision
was a small one, high up at the posterior border of the
upper. part of the sternomastoid. The nerves were
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injuries, one having been crushed in a lift accident, in
which he broke his forearm, and the other having been
hurt by a heavy packing case, which fell upon him.
Both of these, in addition to other injuries, had para-
lysis of one serratus magnus—the right. Indeed, all
the cases of paralysis of the serratus magnus from in-
jury which I have seen have been on the right side, and
in male patients.

The notion is sometimes entertained that the peculiar
position of the shoulder-blade described above is due to
dislocation of the latissimus dorsi from its position at
the angle of the scapula. This view is erroneous.

208, The rhomboids.—These are supplied by a
special nerve, which comes off from the fifth and sixth
roots. In common with the other muscles, whose
nerves run a somewhat exposed course in the neck and
shoulder, the rhomboids are liable to paralysis from
injury. It is not usual to find them paralysed alone.
When they are paralysed the posterior border of the
scapula is less firmly placed than in health, and the
fingers can be introduced under the edge of the bone
more easily than usual. If the trapezius be well deve-
loped, it is not very easy to make out the paralysis of
the subjacent rhomboids by electrical testing.

209. The scapular muscles.—The supra- and infra-
spinati are often paralysed, as the result of blows upon
the shoulder, though less frequently than the deltoid.

When the spinati are wasted, the spine of the scapula
becomes prominent, and the muscles themselves can be
seen to be diminished in bulk. The patient is unable
to perform external rotation of the humerus in a proper
manner if the infra-spinatus is paralysed ; and the other
external rotator of the humerus, the teres minor, is often
affected simultaneously. though supplied by a different
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through the muscle, and its trunk may also be strained
in dislocations, or it may be compressed by a crutch or
axillary pad. The teres minor suffers with the deltoid
jﬂfhEI] the injury is to the trunk of the nerve ; when the
injury is in the intra-muscular part it may escape. It

Fic. 77.—Paralysis of right deltoid.

is not always easy to determine the state of the teres |

minor by electrical testing, as it is so much covered
by other muscles, nor by observing the voluntary
movements of the patient, as its functions can be ade-
quately performed by the infra-spinatus. The attempt
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and arm muscles already mentioned. In particular,
injury to the child arising during difficult labour is a
common cause, so that Duchenne described it as * ob-
stetrical ” palsy of the arm. Among twenty cases of
which I have notes, seven were caused in this way, four

Fia. 78.—Paralysis of trapezius, gpinati and deltoid on right side.

followed direct injury, one was due to sarcoma of the
cervical vertebrae, though, from extension of the disease,
the paralysis was not long limited to the muscles of the
Duchenne-Erb group. One was associated with an
abscess in the neck, and the remainder came on gradu-
ally and were due to neuritis of some kind.
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trical department at St. Bartholomew’s Hospital with-
out any decided result. The most that could be said
of the cases was that there seemed to be some retarda-
tion of the advance of the muscular atrophy while treat-
ment was in progress. In other cases with the peroneal
type (Charcot-Marie) of muscular atrophy the results
have been equally unfavourable.,

218. Pes cavus.—This has already been noticed
under the heading of infantile paralysis. It is often
present in diseases which lead to muscular atrophy, and
then signifies a paralysis of the interosseal muscles.
But in many cases of pes cavus the electrical reactions
of the interossei are not altered and the deformity is
due to spasm of the long flexors and long extensors
rather than to weakness of the intrinsics of the foot.
Cases of this kind are not uncommon and are seen in
young adults, with a history of gradual onset. Both
sides are involved. The knee jerks are excessive and
the leg muscles are large and firm, the interossei give
normal reactions in these cases which are clearly spinal
in character and correspond best to the descriptions
of primary lateral sclerosis. In these cases electrical
applications do no good but rather the opposite.

219. Neuralgia. Painful neuritis.— The word
neuralgia is applied to many different conditions in
in which pain is felt in the course or area of distribu-
tion of a nerve, and the term has been defined as pain
in the region of a nerve unconnected with inflammation
or other morbid state in the nerve to which the pain is
referred. There is no doubt that a neuralgic pain in
one part may be set up in a reflex way by irritation
acting upon some more or less remote part. Iagge has
given as an instance the trigeminal neuralgia so often
excited by disease of a tooth, and severe supra-orbital
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pain may be instantly produced in some persons by
the eating of an ice. Neuralgia of the testis from
renal calculus is another familiar instance of reflex
neuralgia,

When we compare sensory with motor nerves we
find an analogy between anasthesia and paralysis, and
also between neuralgia and muscular spasm. The two
latter are especially associated with irritation, direct or
reflex, of sensory or motor nerves or nerve centres. And
we may also learn from the comparison of motor and
sensory phenomena that just as in the case of paralysis
the lesion producing it may be in the motor fibres or the
ganglion cells, or in the motor tracts of the spinal cord
or brain, so too in the case of sensory disturbances the
lesion producing them may occupy any part of the sen-
sory tract, peripheral or central, and it is therefore
necessary before arriving at any final opinion as to the
cause of a neuralgic pain, to explore all those parts so
far as is possible. It is folly to regard them all as
“neuralgia” and then blindly to apply remedies for
neuralgia with hopes of cure when the trouble may be
due to any one of a number of causes, some curable
others not curable.

It is useful to distinguish between pains referred to
the area of distribution of a sensory nerve and pains
felt in the course of the nerve-trunk. The former are
more particularly associated with the sensory fibres
proper, and the latter with the mervi mervorum which
supply the perineurium of the nerve-trunks with sensi-
bility. It is of especial importance to examine caré-
fully, in all cases of neuralgic pain, for the possible
existence of pressure or deep seated inflammation as &
cause of the pain. Thus a brachial neuralgia may be
due to gumma or other new growth of the cervical







398 MEDICAL ELECTRICITY.

doulowrenx, is often present when no source of irritation
can be found. The belief that this form of neuralgia is
of central origin has much in its favour. Duchenne’s
treatment for all forms of neuralgia (except those in
which some gross lesion of the nerve was present) con-
sisted in severe induction coil applications to the pain-
ful area, using a coil of many turns with the wire brush
after drying and powdering the skin to diminish its
power of conduction. If the skin were not first dried
the current penetrating the tissues to the trunk of the
nerve was likely to do harm instead of good. He re-
ports one or two cases of severe trigeminal neuralgia
which derived benefit from this mode of cutaneous
counter-irritation, but confesses that his successes were
rare.  Statical treatment by the brush discharge
(§ 102) will sometimes effect a cure. Daily applications
have been advised, and in very acute attacks two or
three applications may be made in one day. Tic dou-
loureux will sometimes disappear by simple positive
charging.

The stabile action of the anode to the painful part is
often of use in trigeminal neuralgia, and this is the
method which should be employed in the first instance.
It is remarkable to see how a recent neuralgic pain will
sometimes fade away quickly under this treatment.
Old standing neuralgias are much less easily got rid of,
but the same mode of treatment should be applied and
persevered in, Bergonié (Arch. d'élect. médicale, Oct., 1897)
has reported the successful treatment of old standing #i¢
doulourenx by means of the battery current with large
pads to cover the whole side of the face, and large cur-
rents. Six cases are given, and a figure of the large
pads to be used. The paper is followed by others
giving the experiences of Guilloz, Bordier, and
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persevered in will cause the complete disappearance
of the trouble. The active electrode must be applied
over the seats of most pain, the indifferent electrode to
the cervical spine. In some cases of brachial neuralgia
of old standing the effect of electrical applications is
rapid and complete. A lady who had consulted many
physicians without relief was referred to me for electri-
cal treatment some time ago and was treated with sinu-
soidal baths. She at once began to improve, and
within a fortnight was completely and permanently
freed from her pains. The cases in which an immediate
cure follows electrical applications are perhaps those
in which neuralgia persists as a habit after the disap-
pearance of the lesion in the nerve which originally
started the neuralgia. I have notes of rapid good re-
sults in brachial neuralgias after various kinds of elec-
trical applications, namely the direct battery current
applied locally, the sinusoidal arm-bath or general bath,
and the statical breeze. |

The cases due to neuritis which occur in the gouty or
rheumatic and those complicated by the presence of the
climacteric period (§ 203) though more slow to dis-
appear, are nevertheless extremely favourable cases for
electrical treatment. As has been mentioned already
one must always examine one’s cases most carefully
for possible new growth, inflammatory or other, or for
conditions leading to pressure upon nerve-trunks before
undertaking the relief of neuralgic pains by electrical
applications. Neuralgia following herpes is well known
to be more obstinate in elderly patients than in those
who are young.

223. Sciatica.—Sciatica varies much in severity,
and in duration. It is now generally recognised that
electrical treatment is useful for its relief, although from
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atrophy of the optic nerve, in cases in which the dis-
ease 1s not running a very rapid course, and before it
has reached a very advanced stage. If employed in
the early stages it appears to do good, and arrests,
with certain limitations, the morbid process, apparently
by acting on the nerve fibres still unaffected. Better
results may be anticipated from the application of the
current antero-posteriorly than transversely, although
neither method has yielded results warranting great
enthusiasm. In neuritis affecting the nerves of special
sense we usually have to deal with a progressive and
degenerative state and on this account treatment cannot
give results like those which may be expected to follow
simple traumatic lesions of the ordinary mixed nerves.
227. Auditory nerve deafness.—The treatment of
nerve deafness by electricity sometimes gives good
results. The method best suited is with the bifurcated
electrode (fig. 69) and the battery current, using the
negative pole and interruptions. The current should
be turned on and off gradually, and should not exceed
ten milliampéres, and should be reduced to five before
making the interruptions. Even with this strength the
patient must be watched for signs of faintness, as syn-
cope may even be produced. Sittings of six to eight
minutes, with ten to twenty interrruptions, are best.
Under this treatment many patients will have the
hearing improved, I have seen a remarkable increase
of hearing power follow even the first applications, and
the effect may be permanently good. The causes of
nervous deafness of course are numerous, and the cases
should be chosen; only those which from their history
and the results of electrical testing appear to be favour-
able should be undertaken. The best results follow on
prolonged courses of daily treatment, and intelligent
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of circulation through the part treated, by a general
dilatation of its blood-vessels, and as a consequence of
the improvement in the circulation the products of
effusion are much more rapidly carried off than would
otherwise be the case. This view is reasonable, and is
perhaps the only one which is capable of explaining
the rapidity of the cure.

There is no doubt that the constant current may be
regarded as having a special power of improving the
circulation in a part and as being useful in this way in
promoting the removal of cedema and products of
inflammation, and generally for the treatment of all
injuries of joints.

With chronic joint pains of rheumatic origin the
local application of the battery current, by means of
large pads, proved equally useful in Remak’s hands.
His best results were in patients who continued to have
stiff and painful joints after the rheumatic fever had
left them. |

He quotes a case where there had been rheumatic
fever ; the patient was ill for seven weeks in his own
house and for ten weeks in hospital. When discharged
he was thin and pale, his joints were stiff, especially the
knee and ankle joints, round which there was thicken-
ing. He was then treated by continuous currents
applied to the several affected joints, and after six days
of treatment was much more free from pain, had more
power, and the thickenings had nearly disappeared.

Muscular spasm round an inflamed joint is also
relieved by applications of the anode.

In those cases of chronic joint affections which I have
had the opportunity of treating relief has commonly
been afforded, sometimes after a brief course of treat-
ment. Chronic rheumatic joint pains will often yield
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electricity in cases of joints stiffened by past inflamma-
tion is incontestable. A point of importance for success
is that the treatment must only be applied to joints
which are no longer the seat of inflammation. It is
necessary to wait until all active mischief in the joint
has subsided.

In another paper kindly sent to me by Professor
Leduc and reprinted from the Gazette Médicale de Nantes,
January, 1893, seven cases are reported which afford
valuable evidence of the advantages to be derived from
applications of electricity to joints stiffened by old
injury or past inflammation. One, a rheumatic case,
in a gentleman aged 47 was such that for two years the
patient had to be dressed and carried from his bed to
his couch by attendants. He could not stand up.
Atfter thirty applications of the battery current during
sixty days he could walk well enough to undertake a
a journey to Paris, and his improved condition was well
maintained. In a conversation with Professor Leduc
in 1899 he told me that he still found the treatment of
stiffened joints by the battery current to be one of the
most satisfactory things in the whole field of medical
electricity. =~ He considers the negative pole to be
the most effective for the purpose. Large electrodes
moulded to fit the surface of the joint are to be used.
The current may be very conveniently applied through
the medium of a monopolar or other arm bath when the
affected joint is either the wrist, the ankle, or the elbow.

230, Inflammatory exudations—adenitis.—The
continuous current is sometimes of great use for pro-
moting the resolution of other chronic conditions due to
inflammation. In enlarged lymphatic glands, Remak
and many other writers have mentioned this effect, or
reported cases. I have myself had under treatment a
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sensitive galvanometer, and the current closed insensibly
with the aid of a rheostat. No unpleasant sensation
should be thus produced, but the patient will subse-
quently on palpation be able to observe a considerable
diminution or total disappearance of the tenderness
which had previously existed. While in the same posi-
tion a suitable suspender is applied, and the patient
then allowed to walk about. Towards the seventh day
the current can be increased to three milliampéres, the
same electrode, however, being still used for a few
days, when it can be somewhat reduced in size. The
kathode is placed above the groin and on the abdominal
wall. By this treatment, rest in bed can usually be
dispensed with, the other advantages over the older
methods being rapid and marked relief of the pain from
the first, and greater rapidity in the disappearance of
the swelling. Onimus also speaks very favourably of
the good effect of electrical treatment in orchitis, and
Dr. Picot, of Tours, has reported good results in forty
cases; they used currents of about five milliampéres.
Dr. Duboc,t of Rouen, has reported two cases of
chronic orchitis and epididymitis following gonorrheea
treated successfully by electricity, one had lasted for
eighteen months in spite of much medication, the other
for nine months. In both cases the swellings disap-
peared rapidly and completely after about six applica-
tions. Two pads were used, one in front of the testicle
and one behind; both were moistened with a twenty
per cent. solution of iodide of potassium, a battery
current of twenty milliampéres was used for ten
minutes. :
232. In serous effusions.—Ascites and hydrocele
have been treated by electricity and several writers have
t Arch. d'élect. médicale, 1894.
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the skin should be so much interfered with as to lead
to a small ulcer and consequent scar, but the hairs
should be removed sporadically, until at the last few
sittings the few remaining ones can be gleaned off and
the place left smooth and bare. If the patch of hairs is
small the sittings must be less frequent, once a week
being quite often enough. When there is plenty of
room to attack a fresh part each time the sittings may
be repeated more often, care being always taken not to
injure the skin at any one point too much.

It is as well to caution patients that there will be a
certain percentage of returning hairs, but that these
can be dealt with a second time if any should so return.

It is very easy to overdo the treatment and leave
scars. It is not wise to attempt the removal of a fine
downy growth on the upper lip of young women.

253. Trichiasis.—The removal of eyelashes for
trichiasis is satisfactorily accomplished by electrolysis,
but it is difficult to carry out owing to the sensitiveness
of the part, and the fineness of many of the most
troublesome hairs. I have had under treatment
several cases suffering from this complaint. In one,
at the commencement of the treatment both cornez -
were hazy, the result of the continued irritation by the
turned in eyelashes; the removal of the eyelashes was
persevered with until every one had been removed ;
by that time the cornez had recovered perfect trans-
parency. The patient has continued free from trouble
from his eyelashes since.

254. Moles.—The best treatment for small hairy
moles is epilation ; when the hairs have been removed
very little will be seen of the mole, for a good deal of
the pigmentation of the skin between the hairs will
disappear when they have been taken out, and the
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and give rise to shock. With large currents such
shocks are undesirable in the case of infants under
chloroform,

An anaesthetic should be given as the pain is severe
during the passage of the current, though it does not
persist after the operation is over.

The needles may be introduced either in a direction
parallel to the surface or vertically; the former is the
best when the naevus has any appreciable thickness.

In some superficial navi a multiple puncturing with
a vertical needle gives the best results, sufficient skin
survives between the punctures to preserve the mark
from being truly cicatricial.

The electrolytic treatment of navus is not so simple
a matter as it may appear to be at first sight. Those
nevl which can be easily excised should not be at-
tempted by electrolysis, which should be reserved for
those which are difficult to do by other methods. If
the navus is very small, that is to say, under a fifth
of an inch in diameter, it may be completely destroyed
in one sitting, and the resulting scar will not be of any
great moment; and here I would urge very seriously
the importance of dealing with nzevus at the first pos-
sible opportunity after birth. Nzavi which are quite
small at birth are often allowed to grow large before
any interference is thought necessary, with the result of
disfigurement, which might have been prevented by
timely treatment. They should always be attacked at
once. Unless navi are large, the first application
should aim at complete destruction, or at least the
major part of the navus should be got rid of at the first
treatment.

Navi may spontaneously disappear, but this is a rare
occurrence, and the usual tendency of a navus in the
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effect is rather different to that of electrolysis with the
negative pole and platinum needles, and therefore a cer-
tain amount of practice is required before one becomes
an adept with the coppered needles; but good results
can be had, and especially when a more thorough de-
struction of a part is desired. The tissues round the
needle turn of a dull greenish colour. The negative
pole must be used in the form of a pad electrode, as the
deposition of copper from the needles takes place only
at the positive pole.

257. Port wine mark. form of navus can be
attacked by a tattooing process, using a fine needle,
and inserting it vertically into the skin, the current
used must be under five milhampéres, and the appli-
cation at each point quite brief. There is no need to
use several needles at once. The operation should pro-
duce minute points of destruction without confluence of
the resulting minute scars. The negative pole is best.
If a port wine mark be closely scrutinised, the position
of many of the capillaries can be seen, and these are the
points into which the needle must be especially directed.
The area affected must be treated in a sporadic manner
at successive sittings as advised for the removal of
superfluous hair. The result is a distinct improvement
in the aspect of the surface; the treatment must be
carried out slowly. It is so slow a process that it is not
often undertaken.

258. Aneurysms.—Electrolysis has been tned for
the cure of aneurysms, particularly for those which are
not suitable for treatment by ligature or compression..
In many of the cases recorded, some temporary increase
of hardness has followed the operation, but the cures
are but few, and the punctures made in the sac walls
have sometimes led to hamorrhage. The piercing of
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electrolytic separation of the neutral salts of the blood
would probably soon recombine in their passage along
the blood stream. The clotting set up in the aneurysm
is soft and diffluent.

259. Stricture of the urethra.—Modern writers
on this subject refer to Crussel, 1839, as the first to use
electrolysis for the cure of this condition, and to Mallez
and Tripier™ as the first to practice it systematically.
A good deal has been made of the difference between
electrolysis of a stricture, and destruction of it by the
caustic alkali set free electrolytically at its surface, as
though the former process were something essentially
different and less injurious than the latter. It has also
been claimed that the stricture can be cured without
any destructive action upon the mucous membrane
which covers it. It is probable that the yielding of a
stricture during electrolysis 1s mainly due to its actual
corrosion by the alkali liberated at the negative pole,
and that the mucous membrane, because it is nearest
to the electrode, must be the first part to perish, but it
is possible that the current produces some interstitial
absorption of the tissues of the stricture, in the way
referred to in § 230.

Mr. Bruce Clark in a paper on the subject} says:i—
““ Where I have had an opportunity of treating an
orifice stricture it is clearly demonstrated that with
such currents as one usually employs, no solution of
epithelial continuity takes place,” and again :—** That
absorption does take place can be witnessed when a
stricture at or within half an inch of the urethral

* ¢« De la guerison durable des rétrécissements de l'urethre par la
galvano-caustique chimique,’”” Paris, 1867.

¢ The Treatment of Stricture of the Urethra by Electrolysis,™
The Practitioner. 1880.
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seconds, No anasthetic is needed; the probe must
always be negative, the positive pole being the usual
pad indifferent electrode. Two or three sittings suffice
to produce cure of the obstruction. The cases related
are confined to those in which the obstruction was at
the punctum or in the canaliculus, and not in the sac
itself. The operation is simpler than the slitting up of
the canaliculus, and the improvement is permanent.
263. Electrolysis for uterine fibroids.—Since the
publication by Apostoli of his method of treating fibro-
myoma, an immense amount of literature has been pro-
duced on the subject. Much has been said both for and
against Apostoli’'s® treatment, and the enthusiasm which
was at first shown in his favour by many writers, has
to a large extent been followed by a reaction against it.
There is no doubt, however, that electrolysis may hold
a place in the treatment of fibroids, because it offers an
alternative to the very serious operation of abdominal
section, and in many cases it affords great relief to the
symptoms of the patient, even if it does not effect a
radical cure of the disease. What has been written
above of electrolysis in stricture of the urethra applies
also to the electrical treatment of fibroids, namely, that
the electrical method competes with other surgical
modes of treatment without offering any decided advan-
tages, and in consequence it is neglected as being un-
necessary, at least in this country. In the absence
of any personal experience of the matter I propose
here to give a short abstract of Dr. Carlet'st original

* See the medical journals, 1888, 1889, and publications by
Drs. Steavenscn, Bartholow, Keith, Massey, Engelmann and many
others.

+ *Le traitement électrique des tumeurs fibreuses de l'uterus,”
Dr. Lucien Carlet, Paris, 1884.
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when there is not much hzmorrhage, for if anything it
increases the tendency to bleeding.

The current must be quite uniform, and must be
raised and lowered very gradually, sudden interrup-
tions with the large currents used are sufficient to give
dangerous shocks.

3. The strength of curvent.—The maximum strength
which the patient can bear is to be employed; when
the uterus is large, a greater strength is needed to pro-
duce the same density of current (see § 112). Cauter-
ization is easily obtained in an uterus of little length
owing to the smaller surface for distribution of the
current, but a much greater current is needed with a
lengthened uterus, owing to its greater area. One
hundred milliampéres 1s the mean strength used by
Apostoli since 1883 (date of Dr. Carlet’s paper, 1884),
and this is generally well borne by the uterus. In hys-
terical patients the current is not well borne, or rather
a fit may threaten, unless the current is very cautiously
increased. The operation must not be undertaken dur-
ing acute perimetritis (or any other febrile condition).

4. The durvation of the operation.—The mean duration
should be from five to ten minutes, according to the
gravity of the case and the tolerance of the patient.
When patients have to return home immediately after-
wards, five minutes suffices in most cases. A strong
current for a shorter time is better than a lesser current
for a longer time.

5, The number of sittings.—An absolute cure with com-
plete restoration to health (ad infegrum), is and will ever
be, beyond our medical resources. Our hope is that
we may reduce the size of the tumour by one-half or
one-third, and remove the symptoms. Whether the
tumours persist or not, the operator should persevere
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reduced, on the other hand she must be encouraged not
to complain unnecessarily ; place the clay electrode on
the abdomen, see that its margins do not touch the
groins or pubes, attach the battery wire, then introduce
the internal electrode with great care and gentleness.
(This is the most difficult part of the operation, and it
may be better to do it before applying the abdominal
electrode). Make sure that it has passed to the full
length of the uterus, examine to see that the vagina
and vulva are perfectly shielded from metallic contacts,
and encourage the patient to press with her palms upon
the clay electrode, so as to keep it well applied. Do not
commence the current till all pain from the introduction
of the electrode has passed off. After the operation tell
the woman that she will have pains for a few hours, and
a slightly tinged discharge for a day or two. She must
rest for two hours before going home, and must then lie
down. Walking exercise is bad. Conjugal relations
must be absolutely forbidden. |

Weak injections of Condy’s fluid or carbolic lotion
should be used once daily.

The intra-uterine electrode has the shape of a sound,
insulated except at its extremity, this part must be of
platinum, and its length should be capable of adjust-
ment to suit the length of the uterus. The insulation
should reach sufficiently far to protect the cervix uter
as well as the vagina. Care must be taken that no
bare metal touches the vulva, or the skin of the thighs,
or a painful sore place will be produced.

Dr. Apostoli’s sound (fig. 87) was fitted with a sliding
vulcanite sheath; platinum pieces, either sharp or
blunt, are screwed into the end of the shatt, and are
chosen of a length to suit that of the uterine cavity.
Subsequently Steavenson modified and improved the
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Besides the simple platinum loops, cutting instru-
ments of various shapes are made by hammering the
platinum flat or by bending it in various ways. Where
a larger incandescent surface is required, a loop or
spiral of platinum supported in grooves on a porcelain
mount i1s made, the porcelain then becomes heated to
redness as well as the platinum (see fig. 92). Different
thicknesses of platinum wire are used, and accordingly
the current required varies greatly in different cau-

teries.
Sometimes a long loop of wire is used as an ecraseur,

being adapted cold to the part to be removed, and then
heated, and a screw can be mounted on the handle

TR
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FiG. gz2.—Cautery for larger incandescent surface.

figured above for gradually drawing up the wire loop
when it is hot. It is as well to mention that the tem-
perature of a cautery must not be allowed to rise above
dull redness. At a white heat the cauterising action
is so rapid that searing of the surface does not take
place, and hzmorrhage may follow as profusely as
after division of the tissues by a knife. A large number
of modified forms of cautery and mount will be found
in the instrument makers’ catalogues. The resistance
of the cauteries just described may vary from ‘025 to
‘04 ohm.

The current required to bring the platinum loops to
redness varies between eight or ten ampéres for the
smaller, to upwards of twenty for the larger ones.

Still larger currents are required for a few cauteries,
which have been constructed for special purposes.
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F16. g3.—Bichromate battery for electric lamps and galvano-cautery.

By far the most convenient form of battery for cautery
and lamp work is an accumulator. An accumulator or
secondary battery gives a steady current, its internal
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The most convenient outfit for cautery and surgical
lamps is a four-celled accumulator. It may be fitted
with a switch for rearranging the cells in two pairs in
parallel, and can then be used either as a two-cell
accumulator of double cells for cautery purposes, or
as a four-celled one for lamps taking up to eight volts.
There is no special advantage in this except for heavy

" g Ft
e

F1G. g5.—Accumulator for lamps and cauteries.

cautery work, and the extra connections are sometimes
troublesome. Figure g5 shows such an apparatus, which
is constructed for surgical purposes. It weighs fifteen
pounds, and is provided with two resistances, one for
lamp and one for cautery use., The connections are so
arranged that the lamp resistance is in series with the
lamp terminals and the cautery resistance with the
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therefore amount to ‘02 + ‘0042 + ‘04 = ‘0642, or say
‘065 ohm. This leaves a margin for faulty contacts and
for rheostat of ‘135 ohm, and the cautery would be
adequately and easily heated. For the kind of rheostat
used with cautery see figures g4 and gs.

But, now suppose that the leads are of a size having a
resistance of ‘o4 ohm per metre. This will give a total
resistance in circuit of ‘02 4 ‘12 4 ‘04 = -18 ohm,
leaving a bare margin of ‘02 ohm for faulty contacts.
This would be insufficient, as there are several points
of contact and a small degree of oxidation or tarnishing
at any one of them would prevent the cautery from
heating, add to which there would in all probability be
a considerable amount of heating in the leads, which
would certainly increase their resistance, and might
destroy their insulation. These examples show the
importance of using conducting wires with plenty of
copper in them, and of keeping all contacts and binding
screws scrupulously clean and bright. A rheostat must
always be included in the circuit when a cautery is to
be heated, if this precaution is neglected, there will
be much trouble from over-heating and fusing of the
platinum loops.

270. Surgical lamps.—Small incandescent lamps
have been adapted to laryngoscopes, ophthalmoscopes,

F1G. g7. —Laryngoscope with electric lamp.

vaginal specula and other instruments (fig. 97 and g8).
They are not used very universally, because in many
cases the maintenance of the battery is troublesome, and
because other sources of illumination are sufficient.
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of his paper on the subject. The patient must be in a
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Fig. 104.—Electro-
magnet.

perfectly darkened room, the lamp is
introduced into his mouth, and the
lips fare closed over its stem; when
the current is then turned on the face
becomes lighted up by a red glow.
If one antrum contain pus a dark
shadow is seen on the corresponding
side, which is most perceptible just
below the eye. A properly arranged
lamp is made for the purpose by Mr.
Schall. It should have an illuminat-
ing power of three or four candles.

The same method of trans-illumina-
tion has been employed for detecting
deep-seated pus in other parts of the
body; it has even been said that by
means of a light in the bladder the
contours of the abdominal viscera
have been traced out. The diffusion
of the light through the tissues, how-
ever, does not give much in the way
of detail.

274. The electro-magnet.—In
certain cases this instrument is very
valuable for the removal of fragments
of iron or steel from the various parts
of the body, especially from the eye.
Permanent magnets can also be
used. Mr, Simeon Snell® has made
large use of the electro-magnet, and
has had great success with it. If

* «The Electro-magnet in Ophthalmic Surgery,” and Brit. Med.
Four., November, ¥883.
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strength, There are, therefore, fairly wide limits of
vacuum within which X ray effects can be produced.
The higher the vacuum in the tube, the stronger is the
electromotive force necessary to work it, but the better
is the quality of the X ray radiance emitted. Or rather,
one may say, the greater is the power of penetration of
the X ray radiance emitted. The words *soft’” and
‘““hard ” are commonly used to designate tubes of lower
and of higher resistance respectively. Thus, we may
say that a tube which is soft when new will gradually
become harder and harder with use, and will, therefore,
become more suitable for photographing the thicker
parts of the body and less suitable for photographing
the thin ones. If too ‘“hard” its rays may have too
high a penetration, and will then traverse bones almost
as freely as soft tissues and will give a photograph
in which the contrasts between the bones and the
soft tissues are insufficiently marked. Dr. Mackenzie
Davidson has introduced a further improvement into
the X ray tube. The improvement consists in using
a piece of solid osmium to receive the bombardment
from the cathode. Platinum is too soft a metal to
stand the full effects of a sustained molecular bombard-
ment concentrated upon one point on its surface; and
on this account in ordinary X ray tubes the platinum
anti-cathode is intentionally placed at a little distance
beyond the actual focus of the bombardment. When
osmium is used, its hardness and infusibility make it
possible to place it in the exact focus of the discharge.
The X rays emitted by such a tube are therefore
emitted from a smaller radiant point, and throw
sharper images than the ordinary tubes.

277. The source of electricity.—Very high elec-
tromotive forces are required to excite an X ray tube,













496 MEDICAL ELECTRICITY,

six-inch coil will only give sparks of one or two inches,
and the sparks can be made longer and longer by

Fio. 106,—Large induction coil.

increasing the tension of the screw of the contact
breaker. The management of the contact breaker
therefore consists in adjusting the tension of its spring

e
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towards the kathode. If the connections are wrong,
the phosphorescence inside the tube is not thus sharply
confined to its proper part, but is irregular and ill-
defined on all parts of the tube. If the room is dark-
ened, a phosphorescent screen held in front of the
anti-kathode will shine brightly, and the hand placed
between it and the tube will throw a shadow in which
the bones are quite easy to perceive. The phosphor-
escent screens are usually ten inches by eight inches in
size. Larger or smaller ones may also be used. But
the small screen is often to be preferred to a larger
one, because with a screen larger than the part under
scrutiny the eye becomes dazzled by the phosphor-
escence of adjoining parts. Various phosphorescent
bodies have been tried in the manufacture of screens,
but the material which has finally asserted its superi-
ority is the platino-cyanide of barium. This phos-
phoresces with a greenish-yellow light. A lttle work
in a dark room with a phosphorescent screen can
be made extremely instructive. In this way one can
learn how easy it is to produce distorted impressions
when the object viewed is not in a plane with the
surface of the screen. And from this one recognises
how important it is in taking X ray photographs to
arrange the careful adjustment of the tube, the patient,
and the photographic plate, in their relations to each
other.

279. X ray photographs.—It has already been
mentioned that Lenard early discovered the effect of
X ray radiations upon photographic plates, even when
the rays had passed through the sides of a cardboard
box to reach the plates. In X ray practice photographs
of the bones are taken by means of photographic plates
enclosed in light tight envelopes of paper. The plate is
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of course be done in a dark room. As with choice of
plate, so with choice of developers; it is best to make
use of those with which one is best acquainted. A very
simple and convenient developer is Rodinal. It has the
advantages of easy preparation, of effective action, and
it does not stain the fingers, As with X ray work
the exposures are seldom very far removed from
what may be called the minimum normal exposure,
a simple developer of maximum strength can usually
be employed without the risk of spoiling the plate in
the process of developing, and whenever the exposure
and the development are both carried out by the same
person it is found that a time is soon reached when
one may very closely assimilate time of exposure and
strength of developer so as to give the best results.
The question of skilful development belongs rather to
photography than to medical electricity, and in many
cases the plates are sent for development to professional
photographers. But wherever the best results are
desired it 1s recommended that development should be
performed by the one who has exposed the plate. An
over exposed plate may be known by a fulness of detail
in the whole plate with a general blackness of the whole
subject if development is fully carried out, while an
under exposed plate shows very great contrasts with
absence of detail in the shadows of the more opaque
parts of the subject, An over exposed plate which has
been developed for too short a time will be thin
and lacking in density all over, although it may show
details of structure in all parts of the subject. When
many photographs have to be done, the time lost during
prolonged exposures may become a serious item. But
in ordinary private practice, where it is not likely
that many plates will require to be done at the same
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an image of the part desired. These parts, as a general
rule, are the vertebra, the kidneys (for renal stone), the
pelvis and hip joints. All these subjects are extremely
difficult to do nicely, even with the best coils, and long
practice is needed in gauging the performance of the
tube, and in adjusting the time of exposure to the bulk
of the subject. When a tube has been found to have
reached the degree of vacuum which just suits the coil
used for these difficult parts, it is well to treasure such a
tube, and to keep it only for these special subjects,
using some other not so good for the easier parts, like
the hands and feet, the forearms and legs. The
tube should always be fixed so that the rays can fall
perpendicularly from it upon the limb and the plate.
Obliquity in the position of either the plate or the limb
is likely to give that distortion which has been referred
to in a preceding paragraph. A little study of these
distortions as seen upon a phosphorescent screen held
obliquely is the best method of learning what effects
these distortions produce, and what is the best way to
avoid them.

280. The localisation of foreign bodies.—A diffi-
culty which early showed itself in the localisation of
foreign bodies by means of X ray photographs is the
difficulty in determining the plane in the limb in which
the foreign body is placed. How deep down isit? isa
question which will constantly be asked before any
procedure for removal can be considered. Various
plans for localisation have been devised. In this
country the methods of Mr. Mackenzie Davidson are
in almost universal use.

The principle upon which Mr. Mackenzie Davidson’s
localiser depends is the displacement of the image of
the foreign body on the photographic plate which is
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but the tube is displaced for the second exposure, just
as in the process just described. From the two nega-
tives two prints are prepared, and these are viewed by
means of a reflecting stereoscope. The binocular image
thus obtained has a most remarkable effect in recon-
structing to the observer’s eye the entire part of the
body in which the foreign body lies; and it appears to
stand out with all its roundness and thickness, and the
foreign body also can be seen as it lies in the depth of
the tissue in such a way as to give a very real picture
of its actual position and depth from the surface. One
or other of these methods, the method of measurement
or the method of stereoscopic view can be adopted.
The essential part for success in either of them is the
exact adjustment and the exact measurement of the
various distances; namely, the distance of the tube
from the plate, the distance through which the tube is
displaced for the taking of the second photograph.
The apparatus devised by Mackenzie Davidson renders
all these details easy by means of dividing scales and
sliding tube holders.

281. Applications to diseases of the chest.—
Although the detection and localisation of foreign bodies
in the tissues is one of the most obvious of the applica-
tions of X ray work in surgery, yet it is not by any means
the only one. More important is the examination of
fractures, dislocations, and other changes in connection
with the bony skeleton. And perhaps more important
still in the future may be the detection of changes in
the soft tissues. The shadows cast upon photographic
plates by X rays depend upon the different densities of
the objects photographed. Thus, whereas in a photo-
graph of a limb the contrast is between bone and the
soft tissues, the detail being visible in the bone and
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282. Therapeutic uses of X rays.—In addition
to the photographic application of X rays for purposes
of diagnosis, we have also to consider the therapeutic
applications of the X rays themselves. Following upon
the discovery that prolonged exposure to X rays pro-
duced changes in the skin—the X ray burn—it has
been found that careful graduation of this effect can be
made to exercise a curative action upon certain skin
diseases, and particularly upon lupus. The whole field
of the application of X rays to diseases of the skin is
one which has not yet greatly been worked at. In this
country Miss Sharpe (see Archives of the Rintgen Ray)
has detailed a number of experiences of her own
of this kind. Abroad, the removal of superfluous hairs
from the skin by exposure to the X rays has been
elaborated by Professor Schiff, of Vienna, who has
succeeded in so adjusting the degree of exposure as to
cause a permanent shedding of the hairs without the
destruction of the skin itself. The matter is one
requiring great nicety of adjustment. The effect is
one probably of damage to the superficial nerve end-
ings, with consequent trophic changes which may affect
only the hair bulbs, either temporarily or permanently,
or may exercise so severe an action as to cause per-
manent destruction of the skin itself. The difficulty
lies only in the adjustment of it. Whether these skin
effects—the X ray burn and the others—are really due
to the direct effect of the X rays themselves or not, is
a little uncertain. As X ray tubes have been improved,
the number of recorded cases of X ray burn have
decreased rather than increased. In the early days
the conditions were tubes of comparatively low vacuum,
long exposures, and tubes placed close to the patient.
Those seem to be the conditions which favour the X
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