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NOTE BY THE TRANSLATOR.

S

Turs translation is made from the third edition of the original
Work, now in course of passing through the press. The present
Part includes all that had been printed at the time of the invest-
ment of Paris by the German army, and, in consequence of that
investment, it is published before the original is given to the
world.

Duchenne’s great work on ‘ Localized Electrization’ is not only
a well-nigh exhaustive treatise on the medical uses of electricity,
but it is also an elaborate exposition of the different diseases in
which electricity has proved to be of value as a therapeutieal
and diagnostic agent. No similar treatise exists in the English
langnage: indeed the work is unique.

It has not been without hesitation that I have ventured to add
certain notes to the original. These additions have been made
with strict reference to the requirements of English medical prac-
titioners, and they have particularly in view to facilitate the
practice of medical electricity. In making them, I have been
guided partly by the large experience of the National Hospital
for the Paralysed and Epileptic, and partly by the observations
derived from private practice.

T

70, Guilford Street, Russell Square, W.C.,,
December, 1870,
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LOCALIZED ELECTRIZATION.

CHAPTER L

MEDICAL ELECTRICITY.

THREE varieties of eleetricity are employed in medicine—friction
electricity, contact electricity, and induced electricity.! The first
is also called static electricity ; the last two are included under
the term dynamic electricity.

The first question which suggests itself with regard to 151131]1, t!m
importance of which is self-evident, is as follows :—In their ph}"sl{_}-
logical and therapeutical applications, when it 18 desired to limit
their action within certain organs, is it a matter of indifference
which of the three varieties is employed ? In other words, are the
physiological and therapeutical properties of the three varieties
identical ?

I hLave no intention to set forth the various and discordant
opinions which have prevailed upon this point. To do so would
be to enter into historical questions, which I am desirous as far as
possible to leave unnoticed. But I must observe that several
physicians, who have made a special study of the therapeutical
applications of electricity, have remarked certain differences
between the properties of the static and of the dynamic form.
Fabré Palaprat, for example, taught that static electricity was
chiefly applicable to paralysis of sensation, and to the excitation of
the muscles of relation ; whilst, on the contrary, contact electricity
was only adapted for the excitation of the musecles of organic life,
or of delicate organs, such as the eye, the ear, &ec.

These statements have been reproduced in many special treatises,
although they did not rest upon any serious research ; and although,
as I shall presently demonstrate, they were not in harmony with
the physiological properties ot the different forms of electricity.
It is therefore not surprising that they should have been neglected

[* Thetwo former varieties of electricity | minology should be adopted in works
are now commonly termed by physicists | devoted to the medieal applieation of
Jranklinic electricity and voltaic electricity, | eleetricity. —H, T']

It is greatly fo be desired that this ter-

B 2




4 LOCALIZED ELECTRIZATION,

in practice. It would be wrong, however, to suppose that the
therapeutical action of electricity is always the same, whatever its
source. I make no claim to have entirely solved this difficult
question; but I hope to establish that friction electricity, contact
electricity, and induced electricity possess special physiological
and therapeutical properties, and that each of them will fulfil
particular indications,

ParT T.

STATIC ELECTRICITY.
§ L.—Physiological Properties.

The principal methods employed for the application of static
electricity are, as is well known, electrization by simple contact,
called the electric bath; electrization by sparks; and, lastly, elec-
trization by the Leyden jar. The other methods do not appear to
me sufficiently important to require discussion.

A.— Electro-positive and Negative Baths.

The electric bath has long been ranked among the most valuable
therapeutical agents. According to Giacomini,® the positive form
is applied and acts in the following manner :—“ The patient, being
insulated, is placed in contact with the conduetor of the electrical
machine. The whole surface of the body is thus electrified, while
the air which surrounds the body is rendered electro-negative.
The positive electricity by which the organism is charged is confined
to the surface, and probably accumulates in the skin, by virtue of
the law above-mentioned, for it has no effect upon any internal
organs. Neither the pulse, nor the secretions, nor the intellectual
functions, nor the respiration, undergo any particular change ; and
the accumulated electricity which constitutes the bath, escapes from
all points of the epidermis, from the hair, beard, and nails,” &e.

(Hacomini attributes a hyposthenic influence to the electro-
negative bath, which withdraws from the body a greater or
smaller quantity of its natural electricity. Thisis done by in-
sulating the patient, and by placing his body, and especially
the diseased part, in connection with the cushion or rubber of the
machine. The plate, being then turned, discharges vitreous
electricity in proportion as it has accumulated. It is evident,
according to Glacomini, that the electricity yielded by the cushion
is derived from the nerves of the patient, instead of from the
ground, as in the case of the positive bath.

2 (ited in La Bibliothéque du Médecin Practicien. Paris, 1850,  Vol. xiv. p. 90,

e SRR ——— =
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STATIC ELECTRICITY. 5

This electro-physiological theory has certainly not been founded
upon experiment; for a healthy person, subjected to an electrie
bath, either positive or negative, does not exhibit any symptoms of
an influence either excitant or hyposthenic.

B.—Sparks, and the Leyden Jar.

Whatever may be the form of exciter that is brought into con-
nection with the conductor of an electric machine, and whatever
may be the distance that separates this exciter from the skin, the
electricity furnished by the machine in action will reunite with
that of the body at the epidermic surface, with a greater or less
degree of tension. A pointed exciter allows the electricity to escape
easily; with a knob the tension is greater and the sparks are
less frequent ; but each of these forms discharges itself by a single
spark. An exciter having a plane surface discharges itself by
several sparks at once (from two to five), if it be at a little distance
from the skin.

A metallic brush acts, in this respect, like a plane surface:
that is, it gives off only two or three sparks at a time, whatever
the number of threads of which it is composed.®

Static electricity applied by the exciter—of which the several
actions have just been describell—produces always the same sensa-
tions, differing only in their degree. These sensations may be
compared to those produced by the impact of a small substance
striking upon the skin. They are always disagreeable, however
weak the electric tension. The fecling is never very acute, nor
like that of a burn, or a puneture, whatever form of exciter may
be employed. After a time the skin reddens and becomes more
sensitive. To render the discharge more painful, it is necessary
to employ a degree of tension that can only be obtained by a
Leyden jar of moderate size, sufficiently charged; but then the
excitation will be no longer limited to the skin, and will prodjce
the effects to be described hLereafter.

Under wealk tension, the action of static electricity can always

* A brush of badger’s hair has been
used az an exciter ; and this, being in
connection with an electric machine, and

| determine a eurrent of wir to the surface
of the brush. [Itis this current, analogous
to that which is formed at the surface of

being held at a short distance from the
gkin, oceasions a sensation of coolness
and a very slight pricking. Such o
brush, itself a bad eonductor, i3 eharged
with positive electricity, the execess of
which escapes from the extremities of the
hairs, to umite with the electricity of
the surrounding air. The effect is a series
of rapid and successive re-unions which

the plate of an electric machine in move-
ment, which eanses the sensation of cool-
ness produced by the wvicinity of the
electrifiecd hrush of badger's haie, It is
evident that thizs method of electrization
18 illugory; sinee the natural electricity
of the body undergoes no appreciable in-
fluence.
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be limited to the skin. Such is the tension obtained from an
electric machine of medium power: which is hardly enough to
produce contraction of the superficial museles, especially if the
cellular tissue be rather abundant ; and, if produced, the contrac-
tions will be incomplete,

Although it is possible to confine the action of static electricity
to the skin, it is not possible to concentrate its power upon the
muscular tissue or upon the sub-cutaneous nerves. In fact, the
superficial action of this form of electricity is inseparable from
its deep action. In the latter the electric recomposition is still
effected at the epidermic surface, and produces a cutaneous sensa-
tion that obscures the muscular.

The tension obtained by means of a Leyden jar enables the
current to penetrate through a considerable thickness of tissue.
Thus the current from the jar is sufficient to produce energetic
muscular contraction; but however feeble may be the tension, so
long as it can be measured by Lane’s electrometer, it always
produces a shock, that is to say, a contraction and a sensation
which extends beyond the point excited, and which is felt most
acutely in the nervous centres.

If the exciter be placed over a nervous trunk, the sensation is
like that produced by a severe contusion of the nerve, and is fol-
lowed by a numbness that extends almost to the ultimate rami-
fications. With a sufficient degree of tension, acting either upon
a nerve or upon muscular tissue, the shock is so strong that
the whole limb, or even the whole body, seems as if struck by
lightning.

At the spot at which a Leyden jar is discharged, the skin
oradually loses colour over an area of two or three centimetres in
radius, and becomes of a dull white in a few seconds. The ner-
vous papillee stand erect upon the blanched surface, which is also
somewhat lowered in temperature. The person on whom the
experiment is tried sometimes experiences a feeling of numbness.
Analogous phenomena appear to take place in the muscular tissue
subjacent to the portion of skin that is acted upon. I have had
occasion to make an electric discharge upon the surface of a
denuded musele, and this musele lost somewhat of its colour, over
a small space, for some time. The cutaneous local phenomena
last generally from twenty to thirty minutes; and once, in a
delicate person, I saw them continue for three-quarters of an hour.
After this time, the blanched spot passes, in a few minutes, from a
dull white to an erythematous redness, and undergoes an elevation
of temperature appreciable by the thermometer, and sometimes by
the sensations of the patient.
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It is universally lknown that the discharges of static electricity
are very small in quantity ; and that tor this reason their calorific
and electrolytic effects are feeble.

Finally, the exciting action of the negative pole is greater than
that of the positive, as is also observel in galvanic electricity.!

The organic phenomena just deseribed appear to me to establish :
(1) that the discharge of a Leyden jar produces at first, locally, a
profound torpor, by suspending, for a time, the capillary cirenla-
tion, and by diminishing the ecalorification in the tissues upon
which it acts; (2) that the excitement produced by this method
of electrization is only a kind of reaction, as shewn by the erythe-
matous redness, and by the augmentation of temperature in the
parts formerly bleached; (3) that the reaction is established with
different degrees of facility.

§ IL.—Therapeutical Properties.

The electro-positive bath, formerly used as a general excitant of
the surface of the body, is now commonly abandoned, its therapeu-
tical being as little discoverable as its physiological action.

It is not the same, it is said, with the electro-negative bath,
which is ranked by the Italian school among their most valuable
hyposthenisants. According to Giacomini, the patient subjected
to this bath is de-electrized, is consequently deprived of a greater
or less quantity of a stimulant analogous to heat, and undergoes a
real hyposthenisant effect. Erysipelatous tissues may be seen to
become blanched under its influence ; and chronie inflammations
undergo an unguestionable improvement. Headaches, and neu-
ralgic pains, have been instantly relieved by this kind of electric
flux, as by the application of ice, which abstracts heat, and perhaps,
at the same time, electricity also. Such are the virtues attributed
to the electro-negative bath.

This notion of an electric flux may impress the imagination ;
but it is difficult to believe that the hyposthenic effect is less
doubtful than the excitant property once attributed to the positive
bath. It would, however, be wrong to condemn a therapeutie
agent solely on the ground of the nullity of its physiological action,
especially when it is supported by an authority so great as that of
Giacomini. Tt is therefore necessary to determine by fresh trials
what s the actual value of the electro-negative bath.

* This important fact was diseovered | siologiques produits par U lectricite trans-
by M. Chauvean, the Director of the | mise dans Uorganisme animal a Petat de
anatomical and physiological courses at | courant {nslantand, et & Uetal de conrant
the Imperial Veterinary School at Lyons, | continuw.'

Hee his memoir: ¢ Thiorie des effets phy-
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Electrization by sparks produces a sensation analogous to that
of whipping, and appears principally adapted for cases in which
it is necessary slightly to stimulate the skin; although it would
be insufficient if very active stimulation were desired. In fact,
to obtain such active stimulation, it would be necessary to have
recourse to static electricity of high tension, such as would be
furnished by the Leyden jar, and which would also prodnce such
muscular contractions and general shock as to complicate the
action upon the skin, and to contra-indicate the employment
of the agent. Electrization by sparks is, therefore, useless in
cases of profound and obstinate anmsthesia, or where it is wished
to produce an instantaneous revulsion, such as would be effected
by the actual cautery.

Electrization by sparks, even when they are yielded by a
powerful machine, and by spherical exciters, is only able to produce
contraction of some superficial or very exeitable muscles, such as
the platysma, the upper half of the sterno-mastoid, the margin
of the trapezius, and some muscles of the face. In order that
static electricity mway affect the muscles generally, especially
when they are covered by an abundance of cellular tissue, it would
be necessary to employ a high tension by means of a Leyden jar.
But the resulting shoek, which would possibly extend to the
nervous centres, would render such an operation dangerous or
impracticable.

The knowledge of the local organic changes produced by the
discharge of a Leyden jar enables us better to appreciate the thera-
peutic action. It has been already shewn that an organ so elec-
trified only undergoes excitation after having suffered, for some
time, from all the effects of torpor. It is easy to conceive that if
any organ were exposed to discharges too frequent or too powerf ul,
or if its vitality were already depressed, the stage of electric torpor
might be indefinitely prolonged.

However favourable may be the conditions under which it is
attempted to practise muscular electrization by the Leyden jar, it
will always be imprudent to expose the patient to many discharges.
Henee it would be impossible to electrify all the muscles in cases of
paralysis of one or more of the limbs.

Moreover, the operation is always painful ; since the cutaneous
excitation inseparable from the use of static electricity increases in
proportion to the increase of tension.

It appears, then, on the whole, that the excitation of muscles by
static electricity onght generally to be excluded from practice, and
the more so since it may be replaced by another electric agent,
which will be deseribed in the third section (induced electricity) ;
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and which excites muscular contractility and sensibility in a more
energetic and effectnal manner than the former, without any of
the inconveniences that I have described. I purpose to point out
in the sequel the cases in which its employment will be useful or
Necessary.

It is, however, incontestable that static electricity, which for
many years was used exclusively in medical practice, has wrought
some cures seemingly marvellous. These results shew only that
certain paralyses are always cured by electricity, in whatever form
and manner it may be employed. Unfortunately, these cases have
been so rarve that this mode of using eleetricity has not borne the
test of time, and has been many times laid aside by physicians
after having been taken up with some degree of enthusiasm.

[Friction electricity is used somewhat largely at the National Hospital
for the Paralysed and Epileptic. It has been found in the practice of this
Hospital, and in private cases coming under my own observation, of consider-
able value in the treatment of the following affections :—

(a) Fucial Newralgia, which has resisted other modes of treatment, is
occasionally relieved with rapidity, and permanently, by drawing sparks
along the tracks of the affected branch or branches of the trifacial nerve.
Oecasionally also, but less commonly, electrization by sparks has partially or
altogether relieved obstinate sefatica.

(b) Facial Spasm.—A remarkable instance of the effect of electrization by
sparks in relieving facial spasm (fic conwvulsif) ocemrred in the case of a
hospital patient under the care of Dr. Radeliffe. The patient was a female
forty-eight years of age, and she had suffered for thirteen years from spasm of
the muscles of the left side of the face. The distortion produced by the
spasm was very great, and was apt to be so much exaggerated by slight
emotion, even such as would be ecaunsed by having to address a stranger, as to
make speaking difficult, and to prevent proper attention to her cccupation as
a small shopkeeper. Dr. Radeliffe directed an experimental trial of electriza-
tion by sparks along the lines of the nerves distributed to the affected
muscles.  After the third [ij]il:a.t.;iﬂn the spasm was manifestly relieved, the
distortion being diminished, and the conseeutive paroxysms occurring less
frequently. By persisting with this treatment thrice weekl ¥ over a period of
two months so great an amount of relief was obtained that little distortion

of the face remained, and the patient was able to pursue her business with
comifort.

(¢) Hysterical Aplonia.—Electrization by sparks over the larynx has
proved in the practice of the hospital so effective in the relief of cases of
emotional aphonia, even those of long ‘standing, that it is now almost
invariably used in the treatment of these cases before having recourse to
induced electricity. In six or seven recent cases, electrization by sparks
repeated twice or thrice effected a complete cure. One of these cases was of
nine, another of six months’ duration. The remainder had lasted from four
weeks to three months, The seventh case did not receive any benefit from
the use of static electricity, and the other forms of the agent proved equally
meffective. The case recovered slowly under general treatment.

(d) Lysterical hyperasthesin,—Electrization by sparks over the affected
spot has often proved of great benefit in removing the localized excessive
sensitiveness not unfrequently found in hysterical cases, particularly in the
spinal region. :

. (&) Tremor, whether general or local, is sometimes largely relioved by
imsulating the patient, and charging him with positive eleetricity for a
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period of from twenty minutes to half an hour. For an examination of the
probable influence of [riction electricity in the treatment of painful and
spasmodic affections consult Dr. Radeliffe’s © Leetures on Epileptie, Spasmodie,
Neuralgie, and Paralytic Disorders of the Nervous System.—H. 7]

Part II1.
CONTACT ELECTRICITY (GALVANISM),

The term dynamic electricity, that is to say, electricity in motion,
has been used to denote the electricity produced by contact
(galvanism), and the electricity caused by induetion. This form,
obtained from voltaic piles, or from an electro-magnetic apparatus,
possesses physiological and therapeutical properties essentially
different from those of static electricity.

The most important property of dynamic electricity, regarded
from a physiological ov therapeutical point of view, is that by
which its action can be directed to, and limited within, almost any
organ of the body. It is shown, indeed, by my experiments, that
we may at pleasure confine this agent to the skin, or may cause it
to penetrate the skin, without puncture or incision, and may limit
its action to the subjacent organs, the nerves, the musecles, or even
the bones. Of this I shall give evidence in the sequel.

The cutaneons sensation produced by dynamic electricity may
range from a simple titillation to the most acute pain, The exci-
tation thus produced may always, by the use of special means,
be confined entirely to the skin, whatever be the power of the
current.

The same electro-dynamic force, directed upon a muscle, or
upon a nerve-trunk, has power to produce the most energetic
museular contraction, without any of the general shoek that charac-
terises the action of static electricity, and that usually forbids its
employment.

Such are the prineipal effects to be obtained from dynamie elec-
trieity, which includes contact electricity (galvanism) and induced
electricity.

But each of these forms of dynamic electricity possesses special
properties, physical, chemical, and physiological, such as to prevent
them from being employed indifferently in practice. These special
properties may even fulfil certain determinate indications, and they
therefore require to be separately considered.

§ I.—Physiological Properties.

Quantity and tension being equal, every form of electro-motor
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apparatus of contact has the same physiu]ﬂgim}l p]:npr:rti@a, what-
ever may be the nature of the elements composing 1t.°

The apparatus can be constructed so as to furnish electricity in
oreater quantity, or of higher tension, according to the effects that
it is desired to obtain ; but whatever is done, the different effects
are produced simultaneously, and cannot be completely isolated
from one another,

The intermittent galvanic current exerts a triple physiological
action at each intermission : one at the moment of completing the
current, a second at the moment of breaking it, a third during
the interval between these acts. The physiological action produced
at the instant of interrupting the circuit is weaker than that at the
instant of completing it. Thus, with a pile of thirty pairs of Bun-
sen’s elements, muscular contraction is not produced, in the human
subject, by interrupting the current ; even when moist rheophores
are applied over a portion of skin corresponding to the surface of a
musele: but by the same procedure, the electro-physiological effect
is very manifest at the completion of the current. The power of
the interruption increases, however, in proportion to the number
of elements in the battery. It appears to me that a Bunsen’s
pile of 120 pairs produces at the moment of interruption a con-
traction about equal to that produced by a pile of twenty pairs
at the moment of completion.

The physiological action produced in the period between the
. completion and the interruption of the current is more manifest
the longer this period is prolonged. The current passing during the
period is called continuous.

Galvanie electricity can be applied either by continuous or by
interrupted currents,

The continuous current, limited to the skin, excites, besides the
phenomena of sensibility above deseribed, an organic effect more
or less considerable, from a simple erythema to the production of
an eschar. This organic effect, due to the calorific and electro-
lytic action of galvanism, is produced but gradually ; at least if the
battery employed be not very powerful.

: A constant and very intense continuous eurrent, traversing a
I‘"{h longitudinally, appears only to produce fibrillar and oscillatory
or irregular confractions ;—provided that the current was feeble at
the moment f:f its completion, and was then rapidly raised to its
maximum, wuch, at least, was the result of a trial made upon my-
self with a pile of 120 pairs of Bunsen’s elements. The continuous

- | . - frek i = :
The guantity of electricity furnished | surface of the clements. The fension is
by a pile is in dircct proportion to the | in proportion to their number.
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current also produces phenomena of calorification in the deepest
parts of the organism. The sensation that I experienced was such
as might be produced by the ecirculation of a hot fluid in the limb
galvanized. After a certain time, a deep continuous current pro-
duces a sensation of heat that becomes insupportable; but I have

10t found that the limb is actually raised in temperature.” By

% When I first recorded this

experiment,
I committed the error of not ‘ﬂaﬂ:rihing i
the manner in which it was performed ; |
and as it has appeared to some to be diffi- |

cult, if not impossible, I now detail the
circumstances : — At the time when M,
Despretz, Member of the Institute of
France, conducted at the Sorbonne his
beautiful researches into the simplicity
of the elementary bodies, I found in his
laboratory a Bunsen's pile of 120 elements
of the ordinary size, and with the carbon
in the middle. It was with this pile that
I worked. It is probable that it no longer
possessed its full power ; since it had been
a long time in action, and had been used
for numerous experiments. Still its power

the upper extremities, I was unable to
continue the experiment with the pile of
120 eouples longer than from thirty to
forty seconds; although I could bear the
current from 20 or 30 couples for from ten
to twenty minutes, Subsequently I tried
experiments with a pile of 40 elements of
rotosulphate of mercury, such as I shall
ribe shortly (one of these elements is
nearly equivalent to two of Daniell’s). I
immg each of my hunds in a basin
placed in communieation with one of the
electrodes; and in this way allowed the
eontinuous current to pass for nearly ten
minutes, I could have borne it for a much
longer time. The first time that I pro-
ceeded in this way, I felt, after two

was such that, on grasping in each hand
a metallic rheophore, eovered with leather
thoronghly wetted, I found it difficult
to support the shock ecaused by the
completion of & current of from forty to
fifty elements. In order not to expose
myself to the shock of the action of 120
elements, I opposed to the passage of the
current the resistance of a eolumn of dis-
tilled water, ten centimetres in length, by

minutes of the continuous eurrent, a kind
of fibrillar oscillatory contraction in the
flexors of the thumb and fingera. A sen-
sation of somewhat painful stiffness, in
the same regions, led me to infer the
existence of a continued spasm, althongh
I could not prove this by the movements
of the thumb and fingers. The operation
was followed by a feeling of futigue in the
arms. On the day following, tlhe samse

placing in the circuit a tube filled with
the water ; such as will be deseribed here- |
after (Chap. IV.) under the name of a
moderating tube. After having received
the shook of the completion of the current,
which was thus LFr:‘m’cl;i" weakened, I
grodually increased its power, by dimi-
nishing the distance that it had to pass |
through water, until the continuous cur- |
rent reached me in its full force. T was |

experiment, performed in the same man-
ner and under similar conditions, yielded
an almost identical result. The feeling
of fatigue that I experienced in the an-
terior regions of the forearms and arms,
if not exactly painful was at least very
uncomfortable. I have repeated the ex-

| periment very often upon myself, and also

upon other persons; and I have always
observed, during the passage of the con-

gurprised to find that I could bear this | tinuous current, sometimes the fibrillar
current long enough to effect the ex- | contractions, sometimes only the sensa-
periment of which I have recorded the | tion of stiffness in the muscles of the
results. My skin remained uncbanged, | forearm, or of the arm, but in an irregular
because my hands and the rheophures | manner. A similar trial made with the
were freely wetted, because the epidermis | lower extremitics by placing the feet in
of the palm of the hand is thick, and | basins connected with the poles of the
beeanse the experiment was only of short | ?ﬂﬂ, produced only numbness and fatigue ;
duration, The skin of other parts of the | I have sometimes seen fibrillar eon-
body, if exposed to such a current, would | tractions. Each experiment muunnnl{
duu{';tless wve been burnt more or less | lasted from ten to twenty minutes. (
deeply, and would have suffered infoler- | shull return to this subject in the third
able pain, The method pursued had t.!m chapter.) : ‘
advantage, by avoiding cutaneous pain, | I ought to ndd that, in all my experi-
of rendering it possible to analyse the ments wale upon either the superior or
deeper sensations caused by the passage  inferior extremities, by plunging the hands
of such u current in a longitudinal diree- | or feet in basins of water connected with
tion through the nerves and muscles of ' the pile, sensations of pricking were felt
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diminishing the number of pairs of elements, the phenomena above
deseribed diminish; and, when there are only fifteen or twenty
couples, they become at last inappreciable.

Is the continuous current really an hyposthenisant of nervous
force ? If we may apply to mankind the results obtained by vivi-
section, the reply should be in the affirmative. We know, in fact,
that a continuous current, passed for a certain time through the
nerves or the limbs of an animal, not only diminishes the motor
power, but even produces paralysis. I shall shew in the sequel, by
the results of experiments, that this kind of hyposthenisant action
is not appreciable in man. (See Chap. IIL.) With regard to the
action of the continuous ¢urrent upon sensation, although after a
certain time it produces numbness of the limb through which it
passes, I do not believe that it can be considered as an hypos-
thenisant of the nervous system, or, in other words, as an
anwesthetic,

The sensibility of the skin appears to me to be more acutely
excited by a galvanic current of rapid intermission than by a
continnous current; although the opposite holds good for their
organic action. Thus the continuous current produces a more
rapid erythema, vesieation, or destruction of the skin. The erection
of the nervous papille, and the disorganization of the tissues,
should be ascribed to the action of the continuous current ; and
are effects to which the periods of completion and of interruption
confribute but very feebly. It is for this reason, doubtless, that
the rapidly intermiftent current disorganizes the skin much less
than the continuous current. But, inasmuch as it is impossible
to avoid the continuous action that takes place between the com-
mencement and conclusion of each intermittence, so it is impossible
to excite the skin galvanically withont the production of more
or less organic change. The calorific action of the negative (zinc)
pole is greater than that of the positive (copper or carbon pole).”

Of all the varieties of electricity, it is the galvanic that acts most
powerfully upon the retina, when applied to the face by means of
moist rheopliores. A galvanic current directed upon the nerves
of the fifth pair, or even upon their ultimate ramifications, exerts
a special action upon the retina; producing three luminous sensa-

in the skin of the back of the hands or importanee of this point.) Lastly the sen-
feet respectively. These sensations pro- | sibility was always most strongly excited
gressively increased, and were soon re- | in the part or limb that was placed in
Flnced by one analogous to that produced | connection with the negative pole,

iy the action of a strong sinapism, Thera| * It has long been known that the
was, however, no vesication, even although | other cliemical (electrolytic) and phy-
the current was continued for half an hour, | siological phenomena are more pronounced
(I shall refer hereafter to the practical | at the zine pale.
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15 LOCALIZED ELECTRIZATION.

tions (phosphenes) at each intermission. These sensations are felt,
the first and most powerful, at the completion of the cirenit; the
second, much less powerful, at its interruption; and the third, so
feeble as only to be perceptible in the dark, in the interval between
the two former. To whatever point of the face, or hairy scalp, the
moist galvanic rheophores are applied, they always produce a sue-
cession of luminous sensations of a very dazzling kind, even with
an extremely weak current—provided that the region excited is
supplied by the fifth pair. The luminous sensation only affects
the retina on the same side as the galvanic excitation; and it be-
comes larger and more brilliant as the exciters are brought nearer
to the median line. Lastly, the light is perceived on each side,
when the galvanie exciters are placed on the median line, where
the ramifications of the fifth pair of each side appear to be blended
together. We may even produce the electric phosphene by
calvanizing the chorda tympani; but I have not been able to
do this with induced electricity. (I shall return to this subject
at a convenient opportunity.) The knowledge of this special
property of galvanism, which is only found in a degree infinitely
less developed in other kinds of electricity, is of the highest
importance in medicine, as the sequel will shew.

It is, however, on the contractility of muscle that the inter-
mittent galvanic current displays a physiological power infinitely
greater than the continuous eurrent.

The galvanization of muscle by intermissions excites more acute
sensations than the electrization by induced currents.

What is the action of continuous currents upon the vascular
nerves? I shall return to this important question in the third
chapter, which is devoted to a critical examination of the different
methods of electrization, and in which, after having tested com-
paratively the therapeutical action of continuous currents in the
treatment of atrophie paralysis and of atrophy, I shall have to
inquire whether the beneficial results obtained by the different
kinds of electricity can be explained on physiological grounds;
or, in other words, whether we have any accurate knowledge of
their action npon the circulation and upon the vascular or trophic
nerves.

§ IL—Therapeutical Properties.

The galvanic excitation, which, when confined to the skin, may
produce there, besides very acute sensation, a considerable organic
effeet, such as erythema, or wcsmﬂ.tmn, or even an eschar, fulfils
certain special indications. It is adapted, for example, to the
cases in which it is desired to obtain at once an acnte immediate
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action and a durable effect, analogous to that of the moxa, or
of cauterization by hot iron.

M. Matteuci, drawing therapeuntic deductions from his vivisec-
tions, has advised the employment of a continuous ascending
eurrent in tetanus, as an hyposthenisant of the nervous system. He
says it is natural to suppose that the passage of a continuous cur-
rent along a tetanized limb would destroy that state by producing
paralysis. In support of his theory, this celebrated physicist cites
a case in which tetanus was cured by the influence of the con-
tinnous current. The fact is important; but it requires to be
confirmed by further experience. He has also endeavoured to
establish, on electro-physiological data, a method of galyanization
by continuous currents, for the treatment of paralyses of sensation
and of motion. I purpose to examine the value of these electro-
therapeutic deductions in the third chapter, which is devoted to a
eritical notice of the different methods of electrization.

The galvanization of muscles by intermittent currents may
certainly be employed with advantage in the treatment of paralyses
of movement, and of muscular atrophy ; but the inconveniences
imherent in this method of electrization (its calorific action and the
size and unwieldiness of the necessary apparatus) render the
method by induction generally preferable.

The chemical properties of electricity by contact may be advan-
tageously applied in therapeutics. We know, for instance, how
happily they have been utilized by surgeons for the coagulation of
the blood within aneurismal saecs.”

What is the therapeutic value of continuous eurrents in atrophy
and atrophic paralysis? I shall return to this question in the
third chapter.

Galvanization of the skin is not applicable to the treatment of
eutaneous ansthesia, because it produces vesications and eschars.
But the calorific action of galvanism may sometimes be employed
with benefit in surgery, in the destruction of certain tumours, and
in the canterization of wounds, either used as an actual cautery in

* Draite des Phenoménes fa‘ier:tm}’hy- much as possible,
siologinues des Animauz, Paris, 1814 The positive pole of the pile exerts a
* Although this application of galvanic | congulating action; while the negative
electricity to the treatment of anecurisms Poln}, on the confrary, acts as n solvent,
has been for some time abandoned, it is | The idea has been entertained of applying
not impossible that it may one day be | this special property of the positive 1;.”1}3
revived with some suceess. I think it | to the treatment of certain fibro-plastic
will first be necessary to examine what @ deposits which form between the laminw
conditions of size of surface and number  of the cornea. The first attempts of this
of elements should be combined, in order kind appear to have been erowned with
to obtain considerable eleetrolytic action,  success.
while the ecalorific action is masked as
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the manner of Middeldorf, or to
Nélaton and Ciniselli.'

produce electrolysis, as by MM.

- By reason of its power to excite the retina, galvanism should
be applied to the face with great circumspection, The luminous
sensation produced by it is so dazzling that it may injure the sight
if the application is too prolonged, the intermissions too rapid, or
the current too intense. The following case is an example :—

Case T—For about a month T had electrified a patient, suffering from
paralysis of the muscles of one side of the face, with my electro-dynamic

apparatus (an induetion apparatus

with battery). Improvement was

I Tt was in France that the calorific |
action of galvanism was first employed as
a means of cauterization. Recamier and
Pravaz, in 1841, attempted to destroy
cancers of the neck of the uterns by a
ealvanic current, In 1850 M. Nélaton
also made some very felicitous applications
of the ealorifie properties of galvanism ;
and was ably seconded by M. Jules
Regnauld, then chief physician in his
elinique, who contrived a galvanic battery
ot smull size, ensy application, and great
heating power ( Gaz. des Hfﬁitﬂm’ 1852).
M, Nélaton thought that this method of
cauterization might be Em].l)}oyed with
advantage in cases where the diseased
part was deeply situated—as in the
pharynx, for example. After him M.
Alph, Amussat, and in Germany, Dr.
Middeldorf, of Breslan, have employed, |
in analogous cases, the cauterizing power
of galvanic currents, with no less success
than M. Nélaton.

The electrolytic action of galvanic eur- |
rents has also been applied with good |
results to the destruction of certain |
tumours. Humphry Davy, in 1807, was |
the first to show the power of elec-
tricity to produce decomposition of the |
body, by means of the following experi-
ment. He subjected a morsel of museular
fibre to the action of a pile of 130 pairs
for five days. The fibre hardened and
dried rapidly; and, when incinerated, it
left mo trace of saling residue. The
potash, soda, and ammonia had gone over
to the negative pole; the three mineral
acids and the phosphoric acid to the
positive pole. Davy obtained similar
results by subjecting to the action of the |
battery living bodies and the leaves of
plants, DMatteuei has also shewn the
action of the pile mpon living animal
substances. In the writings of Crusel
we find the fundamental principles of
the electrolytic method. n 1841 he
published his first work,— (Sur le gal-
vanisme comme moyen curalif chimique
eontre les maladies loeales), and sinee

then, up to 1849, he sent a succession
of memoirs and papers fo the Academy of
Beiences, in which he first called the
method the electrolytic treatment. The
Academy, when solicited to make a report,
declared that “these communications, in
the opinion of the commission appointed
to examine them, do not seem sufliciently
developed to allow of a judgment being
formed upon the method.” The essays
fell into oblivion; and the author himself
abandoned the practice in order to return
to the gulvanic eautery, for which he has
since substituted a hydrogen flame for the
destruction of tumours.  In 1860, Cini-
selli recalled attention fo the researches
of Crusel upon the electrolytic or decom-
posing properties of zalvanism as applied
to the destruction of morbid growths, and
made a communication upon the subject
to the Burgical Society of Paris, from
which I have taken the following extract :
“ My first attempts at electro-puncture
have led me to the axiom that, in apply-
ing electric currents to the tissues, it is
not always by the calorific action that
sears are produced. They are formed
also, even frequently, when there is no
appreciable elevation of the temperature
of the conductors,” In 1862, M. Ciniselli,
in a new work, proved that the tissue

. changes produced by electric currents are
- analogous to those produced by potential

coustics. In July 1864, M. Neélaton had
the merif to be the first to popularize elee-
trolysis in France.— (Nélaton, Comptes
rendus de U Acad. des Sciences, 1864). He
published a most interesting sccount of
the destruction of a naso-pharyngeal
polypus by the electrolytic method. I
need not farther continue this history ;
and will only add that M. Ciniselli em-
ployed a columnar Voltaie pile, composed
of from 20 to 40 or more elements; and
M. Nélaton a Bunsen's battery of nine
elements, each sixteen centimetres in
height by eight in width, and of high
tension.
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gradually produced. The exciters were applied daily to the paralyzed
museles withont inconvenience, althongh the apparatus was of considerable
power. The sight was never in any way affected; and the patient never
perceived any luminous appearance during the operation. One day, the
inventor of a new galvanic apparatus applied to me to make trial of his
machine. Not being then aware of any facts that shewed the necessity for
caution, T directed the eurrent of this machine, at its weakest, npon the
paralysed muscles, which contracted, but muech less strongly than they
ordinarily did under the use of the induetion apparatus. At the same
moment the patient saw a considerable light in the eye of the corresponding
side. He called out, “ Your room seems all on fire!” He begged of me
that T would desist from making the application. On recovering from the
dazzling he complained of much obseuration of the sight; and could not see
towards the side on which the galvanism had been applied. The other eye
did not suffer. T ordered him an immediate footbath, and a blood-letting on
his return home. The sight didk not improve; and, notwithstanding the use
of various stimulants and of an appropriate treatment, only very slight
amendment was obtained.

It is to this accident that I owe the discovery of an action of
galvanism on the retina, far more powerful than that of induced
electricity : a discovery which led me, in its turn, to researches
into the different properties of the various kinds of electricity
with regard to the production of phosphenes. g

This unfortunate circumstance, not possible to have been fore-
seen, ought not to be lost to science. It furnishes therapeutic
applications that are of great importance to the sick ; shewing that
induced electricity, furnished by an electro-dynamic apparatus
even of great power, has no sensible action upon the retina, while
galvanism, even in a very feeble dose, energetically influences that
organ. It is therefore legitimate to hope that the judiciouns
employment of the electricity of contact may produce therapeutic
effects that will be useful in the purely nervous affections of the
eye. Such expectations have been confirmed by experience.

Lo sum up—1. Galvanic electricity acts strongly upon the
retina, when the excitation is direeted upon parts in which the
fifth nerve ramifies. 2. This kind of electricity may be an useful
therapeutic agent in purely dynamic affections of the gight. 3.
On the contrary, induced electricity, yielded by an electro-dynamic
apparatus, acts very feebly upon the retina. 4. But, for the
reason that induced .electriuit}f is insufficient when it is necessary
to sti mulate the retina, it is exclusively adapted for the cases in
which it is wished to stimulate the facial muscles, without exposing
the retina itself to the perils of over-stimulation.

Parr III.

INDUCED ELECTRICITY.
Although it forms no part of my present plan to explain the
principles that govern the development of induced currents {(prin-
0
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18 LOCALIZED ELECTRIZATION.

ciples that may be found in any treatise upon physics), T think it
necessary to state certain general considerations, which must be
kept in mind by all who use this kind of electricity in electro-
physiological experiments, or in the seience or practice of medicine.
Addressing myself to a medical publie, generally but little
conversant with the technicalities of treatises on physics, 1 shall
avoid the use of these technicalities; and, in order to be intel-
ligible to all readers, shall express myself as much as possible in
ordinary terms.

The different forms of induetion apparatus derive their force, as
is well known, either from a galvanic pile, or from an artificial
magnet. The former are called electro-dynamie, the latter electro-
magnetic instruments. Both are composed of a wire of copper,
covered with silk, of variable length and thickness, rolled in tight
spirals so as to form a coil, in the centre of which is placed either
a bar of soft iron or a magnet. In most of the electro-dynamie
instruments a second copper wire, finer and longer than the first,
18 rolled around it so as to form a . second coil. The ordinary
electro-magnetic apparatus has only a single wire, rolled around
an electro-magnet, or around each arm of a magnet.

It is also well known that, to obtain the action of an electro-
dynamic instrument with two coils, we complete the communica-
tion between the extremities of a eirenit formed by an electro-motor
and by the wire rolled round the central bar of soft iron (the wire
of the primary coil). At the instant when this circuit is completed,
a change is wrought in the electric state of the wire, and also of
the soft iron—which latter becomes for the time a magnet. If the
circuit be opened, a new eleetric and magnetic change is produced ;
the natural electricity of the wire returns to its normal state, and
the iron loses its magnetism. It is only at the moments when
these changes are produced that the phenomena of induetion are
manifested in the primary coil, by the material influence of the
spirals and of the temporary magnet upon the spirals themselves;
so that no electro-physiological phenomena are observed in the
intervals. (The current produced under these conditions is called
the extra current). If we place in the circuit a living contractile
organ, the muscle of a frog for example, at the moment when the
civeuit is completed the muscle contracts, and then returns to its
state of repose. If, then, the cireuit be re-opened the muscle again
contracts, but this contraction is much less energetic than the
former. The same electro-physiological phenomena are produced
by the current proceeding from the wire rolled around the first
one, and induced by it. And if, in place of a muscle, we put a
galvanometer in the cirenit of wire, we see the needle deviate at

O ey e e
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every completion and interruption of the current, but in opposite
directions for the two.

The current that is instantaneously developed in the second coil,
at the moment when the circuit formed by the first coil and the
battery is completed, pursues an opposite direction to that of
the current of the battery. It is, doubtless, for this reason that it
has been termed the negative or inverse induced current. On the
contrary, the current induced in the second coil, at the moment
when the ecircuit of the first eoil is interrupted, travels in the same
direction as that of the generator current, and is called the positive
or direct induced current. Lastly, it may be shown that the
tension of the induced is infinitely greater than that of the extra
current. It therefore follows that the identity of the two currents
is not perfect; and I shall hereafter show, experimentally and by
clinical observation, that the two currents differ essentially as
regards their physiological aetion.

I have stated that the circuit developed in the first wire has
been called by authors the extra or induetive current; and
that of the second or superimposed wire the induced current of
the first kind. I myself formerly called them the current of the
first and of the second kind. I now discard these appellations,
in order not to introduce confusion into scientific nomenclature,
and because the new terms that I propose are most in accordance
with reason and physiology. For the future I shall not employ
the expressions formerly used to denote the different currents,
because these expressions are liable to be misinterpreted by the
generality of practitioners, who are not familiar with the history
of the ancient nomenclature. I shall speak of the extra current
as the current of the first coil; and of the eurrent of the first kind,
of authors, as the current of the second coil. I hope that these
names, perfectly intelligible to everybody and not opposed to any
hypothesis, will be generally accepted by the profession.”

* The experimental researches that I | felt, however, that I was justified. in an
][1111:113]13& some years ago, and of which  endeavour to express in the clearest
may say that their exactness has never | manner the current with which we are

been disputed, although the facts have
been variously interpreted, have shown
in an incontestable manner that the two
induetion eurrents possess each their
gpecial qualities, depending not only
upon the length and thickness of the
wire, but also upon the mode of induetion.
It was therefore necessary to denote the
two currents by terms perfectly clear and
precise ; for which purpose it wos neces-
sary to modify the existing nomenclature:
a proceeding that should never be at-
tempted without absolute necessity. 1

now concerned. Perhaps T ought to ex-
plain on what the general nomenclature
of induced enrrents 1s founded.

That has happened with regard to the
currents of induced electricity, which
commonly happens with regard to many
other matters; the nomenclature of the
snbject has been built up gradually, in
accordance with the srowth of scienca,
The first discovery of Faraday was simply
that o fine metallie thread, rolled nround
another thread that was traversed by a
current, hecame  itself the eent of an
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20 LOCALIZED ELECTRIZATION.

Let us now examine what occurs when an electro-magnetic
apparatus is put in action. A bar of soft iron is placed at a short
distance from the poles of a magnet, in such a manner that it may

alternately approach and recede

from them by a rotatory move-

ment. We place the soft iron at first crossways with the magnet,
and complete the circuit of metallic thread, rolled either vound the

soft iron (as in the instruments

the magnet (as in the instruments of Dujardin or of Breton) by
placing between its free extremities either a galvanometer or
the living muscle of a frog. If now we communicate a movement
of rotation to the soft irom, so as to bring it opposite the poles of

of Pixii or of Clark) or round

instantaneous eurrent, at the moment
when the circuit formed by the inner
thread was either interrupted or com-
pleted. Henee the expression “the in-
duced enrrent,” that of the fine thread;
and “the inductive current,” that pro-
ceeding from the battery. Dut it was
dizseovered, after a time, that the spirals
of the inductive wire acted one upon
another, so as to produce also a special |
indueed current at the moment of opening
and of closing the circuit. This special
current, distinet from that produced by
the battery, but produced in the same
wire, was called the exfra current. It
was next ascertained that separate helices
superim upon the primary spiral
traversed by the current from the bat-
tery, induced currents one on another;
oceasioning a sueccession of secondary
induced currents. It became necessary
to distingunish these by names. NM.M.
Henry (Princeton), Beequerel, Abria, De
la Rive* Pouillet, and others, used the
terms currents of the second order, of the
third, fourth, and fifth orders and so on,
for the eurrents induced in the second,
third, fourth, and fifth helices. And, by
a singular contradietion, they retained
the term exfra current, for eurrent
induced in the first helix; and they
called the inductive current, or eurrent of
the battery, the current of the first order.
They knew, however, that the exfra cur-
rent, produced, as has been said, by the
action of the inductive current upon its
own spiral, behaved in all respects like
the other induced currents, with which
it ought to be classed. I have thought it
most reasonable to call this exfra current, |
the first current induced, the induced cur- |
rent of the first order, after the principle of |
nomenelatire established by the physicists |
above eited. In my electro-dynamie and |
electro-magnetic instruments, in which

| third, fourth, fifth, and sixth orders. But,.

the two threads oceupy the places of the
first and second spirals, or superimposed
helices, mentioned above, we obtain the
induced eurrents of the first and of the
second order.

This brief historical retrospeet exhibits
the insufficiency or confusion of the no-
meneclature hitherto employed. For those
not familiar with a certain conventional
language (and few practitioners are thus
familiar), the names first, second, and
third order would indicate eurrents of the
same kind, but classed according to their
distinetive characters or their superposi-
tion, while the name extra eurrent would
appear to indieate one of another kind.

There is vet another source of confusion
in the received nomenclature, in which
some call the current of the battery the
current of the first order, while others call
it the inductive currenf, and reserve the
name eurrent of the first order for that of
the second spiral. Finally, M. de Moncel
distingunishes the currents of the first two
helices as the primary and the secondary
currents. Which of all these is the
claszical nomenclature ?

In electrodynamic instruments, instead
of excluding, so to speak, the current of
the first helix from the family of indueced
currénts, it will be found, I think, more
reasonable and more philosophic to call
it the current of the first order; since .
the other currents superior to it have .
been distingunished by physicists, accord- -
ing to the superposition of the helices:
traversed, as the currents of the second, .

in order to avoid any confusion with,
terms already in use, I propose, in place:
of calling the extra current the current!
of the first order, to call it the current of?
the first helix; and to call the current:
next superior to it the current of thes
second helix.

* [e la Rive, Trdild d'électricité theorique ef appliguee, Paris, 1854,
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the magnet, the needle deviates from the mﬂgnetic meridian,
or the muscle contracts. Presently the needle returns to its
former position, or the muscle to repose. If a fresh movement be
given to the iron, so as to malke it once more transverse to the
poles, a fresh deviation of the galvanometer needle will tn:ke place
in a direction opposite to the former; or the muscle will again
contract as energetically as at first.

These phenomena of induetion are produced in the electro-
magnetic precisely as in the electro-dynamic instruments, by virtue
of a modification wrought in the state of the magnet and of its
soft iron, and in the state of the eopper wire rolled round the soft
iron or the magnet.

The theory is as follows :—When the soft iron is brought oppo-
site to the poles of the magnet, the natural electricity of the iron
is decomposed by the magnet, is attracted to the opposite poles
and recomposed. There results a neutralisation of the artificial
magnet, and an induced modification of the electricity of the
copper wire, the spirals of which also act upon one another. When
the soft iron is withdrawn from the magnet by rotation, the
magnetic fluid of the magnet regains its liberty and aceumulates
at the poles. The soft iron, the polarisation of which ceases at the
same moment, returns fo its normal state, and the copper wire
sustains a fresh induetion.

If at the moment when these electrical modifications oceur we
interrupt the eircuit formed by the wire, the power of induetion is
very considerably increased. Nearly all eleetro-magnetic instru-
ments are arranged so that these interruptions of the eurrent only
take place when the soft iron arrives opposite the poles of the
magnet. It follows that they produce, by the rotation of the iron,
one inductive action that is very feeble, inappreciable by man, and
one that is powerful : the first when the iron is transverse to the
poles of the magnet, the second when it is opposite to them.

In the electro-magnetic instruments the interruptions of the
current are affected by a little bobbin (commutator) placed upon
the axis of the soft iron (armature). The latter is put in move-
ment by a mechanism of toothed wheels, so that the rotation of
the iron may be rendered extremely rapid.

This rapidity of rotation is essential to the force and even to the
action of electro-magnetic instruments, for the reasons following :—

When the current of an electro-dynamic instrument is inter-
rupted, the induetion and magnetization of the soft iron cease
abruptly with the cessation of their producing cause; and the
change from a great magnetic intensity to zero occurs suddenly,
and without transition in the central soft iron of the bobbin,

i s
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With electro-magnetic instruments it is different. If the magnetic
current be established by the juxtaposition of the soft iron with
the poles of the magnet, the interruption takes place onl y at the
moment when the iron is transverse to the poles. If the soft iron
slowly describe the arc of a circle in order to assume this position,
the magnetic current established between the magnet and the iron
will diminish gradually until it ceases.

But if the iron revolve very rapidly the passage of the current
from its maximum to zero takes place in a time so short as to be
nearly equivalent to a sudden interruption, as in the volta-electric
instruments, and to produce a powerful induction. We should
hence imagine that the inductive force of an electro-magnetic
instrument would be greater the more rapid the rotation of its
soft iron. It 1s found, however, that in these instruments the
power dimini-hes when a certain rapidity of intermission is ex-
ceeded ; as happens also in electro-dynamie instruments furnished
with Masson’s wheel. This phenomenon, which has long perplexed
physicists, is produced by a mechanical cause, and depends on a
vice of construction that I will explain hereafter,

Prior to my researches, the electro-magnetic instruments hard
only a single helix. I caused to be constructed an apparatus of
double induction, in which the two helices, superimposed and fixed
upon a magnet possess, as I will show hereafter, differéntial pro-
perties like the helices of electro-dynamie instruments with double
current. The theory and deseription will be given in the fourth
chapter,

The foregoing observations not only show that induced elee-
tricity cannot iurnish a continuous current, being essentially
intermittent or instantaneous, but also that each intermission is
composed of two currents opposite in their direction. It has also
been shown that the current at the end of each intermission is the
only one that exerts a powerful physiological action. Lastly,
the ordinary electro-magnetic instraments have no action except
in rapid intermission; while the electro-dynamic instruments
furnish intermissions either rapid or slow at pleasure.

§ I.—Different physiological action of the current of the first heli,
and of the curvent of the second heliw.

The excitation of the skin by induced electricity, however long
continued and however intense, produces no organic action beyond
erection of the papillee and a little erythema. There are persons,
however, in whom the skin is liable to inflammation under the

influence of the slightest canse; and in them the current of
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the second helix, which exerts, as we shall see, an elective action
on the cutaneous sensibility, may produce an erythema that will
last for many days. '

In the present state of science, no difference has been established
physiologically between electricity communicated to organs from
the induced current of the first or of the second helix. We shall
see facts, however, which prove incontestably that each of these
currents acts physiologically in an especial mapner?® In the
experiments by which they are demonstrated, it is necessary first
to equalise the power of each helix by holding a moist rheophore
in each hand. (It is known that, on thus placing oneself in the
cireuit of an induced current, each intermission communicates to
the upper extremities a shock that extends to the wrists, the
elbows, the shoulders, or even the chest, according to the strength
of the current).

A.—The current of the second helinx exeites the retina more vividly
than does that of the first helim, when applied to the face or to the
eyeball by means of moist emcitors,

This special property of the current of the second helix, the
production of stronger luminous sensations than the current of
the first helix, is infinitely more developed in my electro-magnetic
apparatus with two spirals* than in my electro-dynamic apparatus,
Thus the current of the second helix of my electro-magnetic
apparatus aects powerfully on the retina, applied to any point of
the face, even when a very feeble current is employed; while
the current of the second helix of the volta-electric instrument
only produces luminous sensations when comparatively powerful ;
and even then only when the moist rheophores are placed on the

* Abria alone has endeavoured to de-
termine the comparative power of physio-
logical action possessed by the second,
third, fourth, fifth, sixth, and seventh
helices; or, in ordinary language, of the
current of the first, second, third, fourth,
fifth, and sixth order; but he has not

studied the differential action of the extra |

eurrent (current of the first helix), and of
the current of the first order (current of
the second helix), the only difference that
it is important to know in practice, since
the differential actions deseribed by Abria
are quite insignificant therapeutically,
1 should say also that there is no resem-
blance between the researches of Abria
and my own. Abria simply took the
rheophores in his hands to compare the
different action of indueed currents of
different orders; and when any current

gave him more powerful shocks in the
upper extremities, he inferred that its
physiological power was greater. This
was all. In my experiments, as we shall
see hereafter, I first equalised the strength
of the currents that 1 wished to compare ;
and then studied their differentinl action
upon the sensibility of the gkin., of the
mugeles, of the retina, &e. Abria was
unable to undertake such researches, be-
cause he did not know how to localize
the electrie force in certain organs; a pro-
ceeding that requires before all things, spe-
rinl anatomical and physiological know-
ledge,

' T'he apparatus with two spirals, or
of double induction, which 1 was the
first to construct, will be fully described
in the fourth chapter.
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second helix, when he held both rheophores in the same hand.
The observation led me to institute a series of experiments, which,
repeated frequently, and on many persons, have always given the
same results. .

If, after having equalized the force of the currents of the first,
and of the second helix, by taking in each hand a moist rheophore,
and obtaining from each current an action that is felt, let us say,
as far as to the elbows, their action is compared anew by taking
both eylinders into one hand, freely moistened (it being well
understood that the eylinders do not touch each other), it will be
found that the sensation produced by the current of the first helix
is more acute, and more penetrating than that produced by the
current of the second. These phenomena of sensibility are the
more pronounced, the more rapid the intermissions. The sensa-
tions and contractions, limited to the hand that holds the two
moist rheophores, result from the direct action of the current upon
the subcutaneous nerves of the palmar surface of the hand and
fingers, and upon the muscles of that region.

The current of the first helix produces also a more acute sensa-
tion when it is directed upon the muscles of other regions of the
body.

There are some musecles in which it is easy, by reason of their
isolation, to display this special action of the current of the first
helix upon the muscular sensibility. I may mention, as examples,
the deltoid and the supinator longus, on the middle part of which
the exciting sponges may be placed as near together as possible.
If in such experiments we place the two currents in identical con-
ditions by equalizing their tension (by means of a tube of water),
we may see how the current of the first helix excites most the
muscular sensibility. But when we experiment in regions where
the muscular layers are more or less thick, and are superimposed
on one another, the difference of action of the two currents on the
muscular sensibility is less easy to display; because the current
of the second helix is of a greater tension than that of the first,
and, as I will soon explain, its recomposition takes place more
deeply—so that a large number of muscular fibres are thrown into
contraction, and sensation is proportionately augmented.

It would be reasonable to infer that the sensibility of other
organs more or less deeply seated beneath the skin would also be
~more acutely excited by the enrrent of the first helix than by that
of the second. I have proved this for many of them; for the
mixed nerves, the testes, the bladder, the rectum; and for these
the difference of sensation excited by the two currents is con-
siderable,
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D.—The ewrvent of the second heliz: produces move energetio reflex
contractions than that of the first heliz,

This proposition follows from the foregoing experiments, which
should be completed in the following manner:—

Having first equalized the action of the two emirents on the
sensibility of subeutaneous organs, by holding both moist rheo-
phores in the same hand, a rheophore should then be taken in
each hand. It will be found that, of currents which act with
equal force in producing sensation, that of the second helix will
produce contractions which ascend much higher up the arms.

It is necessary to explain the mode of physiological action in
these phenomena. The contractions observed in the upper ex-
tremities when a moist rheophore is held in each hand, are mani-
fested above the point excited, that is, in a direction contrary to
that of the nervous force. They are due to the reaction of the
spinal eord, excited by the electric current which passes along
the limbs, from the extremities to the centre. I shall return, in
Chapter IIL, § 3, to this mode of electrization, which I have
denominated the mode by reflex action.

BE.—When the moist rheophores ave applied to the surface of the skin,
the current of the second helixz penetrates the tissues to a greater

depth than that of the first.

T arrived at the above conclusion in the following manner. I
had frequent occasion to localize eleetric excitations in muscles
that had lost their contractility and their electric sensibility,
consequent upon some injury to their nerves; as, for instance, to
the radial nerve. When I employed the current of the first helix,
I was able to limit the exeitation to the paralysed muscle, even
when the strength of the current was considerable. There was
neither sensation nor contraction. DBut, if I replaced the current
of the first helix by that of the second, after having equalised the
two by taking the two rheophores in each hand, the muscles of
the anterior region of the fore-arm would be thrown into contrac-
tion, and the patient experienced sensation.

" Tt is evident that, in the latter case, the current had penetrated
more deeply than in the former, and had been recomposed in the
muscles of the anterior region, after traversing the interosseus
space. 1 have seen similar phenomena in the leg, when the
internal or external popliteal nerve had been wounded; that is
to say, that the current of the second helix excited at once the
paralysed and the sound muscles, while that of the first, apparently

i
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of equal strength, was limited in its action to the paralysed muscles
Ulllzf. d

Tt has, therefore, been shown by the foregoing :—

1. That the eurrent of the fivst helix excites most acutely the
sensibility of certain subcutaneous organs; the nerves, the muscles
(proportionately increasing their contractility), tlu:.u rectum, the
bladder, the testes, the epididymis, and the spermatic cord.

9. That the current of the second helix acts most powerfully
upon the cutaneous sensibility, upon the sensibility of the retina,
and penetrates most deeply into the tissues.

¥.—Theories of the differential physiological properties.

Whatever be the cause of the differences observed in the physi-
ological properties of the currents of the two helices in every
double-induction apparatus, differences observed in varying degrees
in different instruments, according to the varieties in diameter and
relative length of their coils, it is incontestable that these pro-
perties, so important physiologically and therapeutically, and
which cannot be combined in a single helix,—it is incontestable, 1
repeat, that these properties are not physiologically identical. It
is this that I mean to express by saying, apart from any physical
theory, that the currents of the first, and of the second helix possess
different physiological properties.

With regard to the physical theory of these differences, esteeming
myself fortunate to have pointed out facts of such great practical
importance, that had previously escaped observation, I prefer leaving
their explanation to others, to physicists, more able than myself to
deal with them. In a communication addressed,® in 1856, to the
Academy of Medicine, upon eertain new physiological properties of
induced currents, I confined myself to expressing an opinion that
there was some connection between the degree of tension of the
currents, and their power to penetrate deeply beneath the skin.
If T did not attempt to explain also the physical causes of the
other differences, it was not for want of experimental inquiry into
the subject.’

* Duchenne, Note sur queljues pro- | in the text, we measure their physio-
prictes differenticlles des courants d'indue- | logical power anew, after causing them
tion de premier et de seeonde ordre (Bull. | to traverse a portion of distilled water
de U'Acad. de Med., 18 Mars 1856, t. xxi, | in a glass tube, it will be found that the
p. 938). See also Rapport de M. Bouvier | current of the first helix is much more
(ihicl., p. GT1). weakened than that of the second. When

¢ The following experiment will show | my most powerful induction instrument
that the currents of the first and of the | is'in action at its highest grade, and its
second helices possess different degrees | two currents are equalised, the current
of tension. If, after having equalised of the first order ceases to be perceptible
the two eurrents in the manner deseribed  after having passed throngh distilled
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My first idea, when I had thoroughly convineced myself of the
difference in the effect of the two eurrents upon the sensibility of
the skin, the idea that would naturally have presented itself to any
physicist, was that this difference might perhaps be explained by
the difference of tension. I was induced by this belief to make
certain experiments, the results of which were entirely negative.
Being unable to solve my problem, or, in other words, being unable
to find the explanation that I sought, I thought it best to abstain
from publishing my experiments. In this decision I now think T
was mistaken; since many physicists of the first reputation and
of the highest talent have attributed the different properties of the
currents solely to the difference in their tension.

“The extra current,” they say, “and the current of the first
order, do not enjoy elective properties over this or that funetion;
but they have an action more or less energetic by reason of their
tension,—tension which they owe to the size, the inductive power,
and the insnlation of the wire that they traverse. Thus an induced
current, produced in a wire much longer, and of much less dia-
meter than the first, has a much greater tension than the extra
current produced in a thicker and shorter wire, Thus powers and
properties, apparently different, result from the greater tension of
the current that produces them.”?

From the foregoing theory eritical deductions have been framed
with regard to the arrangement and properties of my electro-
dynamic and electro-magnetic instruments, made, as is well-known,
with reference to their application in medicine. Since these dedue-
tions diminish the value of my physiological researches, and of the
practical considerations that flow from them, I think it my duty to
make known my own experiments with regard to this important
question, experiments which seemed to me to prove that the
physiological differences between the induced currents of the first
and second helices were not solely due to differences in their ten-
gion ; that their properties are really special to each, and, at present,
are not capable of explanation.

In order that my experiments should be simpler, and more
decisive, I studied the phenomena of induetion without the inter-

water for a distance of eight centimetres; | second ; or, in other words, that the
while that of the second helix is still | former has o much less degree of tension
very appreciable after passing through | than tha latter. Y £
thirty centimetres, These phenomena " Traite des applications de T'électricile
are the same, whether the currents be | o la therapeutique, par A. Beequerel,
furnished by an electro-dynamic or an | 1857, p. 58. I may mention that the
eleetro-magnetic apparatus. They show | physical part of this book is due to the
that the current of the first helix over- | assistance of M., E. Beequerel, whose
comes the resistance of the water with | learning and abilities are world re-
mueh more ditieulty than that of the | nowned.
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vention of magnetic force; that is, by producing induction by the
initial voltaic eurrent alone, and waiting to test afterwards the in-
fluence of temporary magnetism as an initial force also producing

induection.

a.—In my electro-dynamic instruments with double current, the
difference in diameter and length of the fwo wires which pro-
duced the extra cwrrent (current of the first helix) and the current
of the second helix, did not alone explain the different action of
those currents on the sensibility.

Eaxperiment.—1 constructed two helices, nine centimetres in length, of
copper wire, covered with silk. In one the wire was one millimetre in
diameter, and 200 metres in length; in the other a sixth of a millimetre
in diameter, and 1000 metres in length. In the centre of the helices was
a space, intended to receive a bar of soft iron or a bundle of iron wire, but
left empty during the present experiment.

In this state, the current of a pair of Bunsen’s elements, eirculating with
intermissions through each of the separate helices, gave origin to two instan-
taneous currents of unequal power. That which was developed in the thicker
and stouter wire (the extra eurrent of authors) exerted a physiological action
mfinitely greater than that of the fine wire.

I then equalised the physiological force of the two currvents, by placing the
moist rheophores one in each hand, or both in the same hand, or on the plane
of the muscles, and by then cansing the current of the thick wire to pass
through a tube filled with distilled water of such a length that the shocks
produced were equal to those of the current of the fine wire.

If, after thus equalising the physiological power of the two eurrents, their
action on the cutaneous sensibility was compared, it was found that the fine
and long wire did not excite this sensibility more acutely than the thick and
short.

1t follows from this experiment that an extra current developed
in a helix of very long and slender wire (1000 metres in length,
and one-sixth of a millimetre' in diameter) does not excite the
cutaneous sensibility more actively than an extra current developed
in a wire much shorter and thicker (200 metres in length, and a
little less than a millimetre in diameter).

It is also evident that, if the action of a current upon the
cutaneous sensibility bore any direct proportion to the degree
of tension, the extra current developed in a fine wire should act upon
the skin much more powerfully than that developed in a wire

thicker and shorter. This dues not require to he demonstrated.

b—The fine and long wire of my electro-dynamic apparatus of
double cwrrent only acquires its special action wpon the eutaneous
sensibility when ifs eurrent is induced by a thicker wire.

If the same helix of fine wire, that was used in the foregoing
experiment, was exposed to the inductive influence of the helix
of thicker wire, the current circulating in its coils instantly acquired
the special property by which the sensitiveness of the skin is

Fem e e e
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acutely excited; the property that I have made known as being
peculiar to the current of the second helix, The experiment was
tried as follows :—

Faxperiment.—I mounted the two helices used in the preceding experiment,
and made a second fine helix, the same as the former, to cover the helix of
larger wire. Into the latter I conducted an intermitting current of the same
electro-motor. The force of the eurrent of the second helix, when produced
by the induction of the first, was very considerably angmented (as would be
foreseen). In order to compare the special properties of this second helix,
yielding an induced current, with those of the similar helix, yielding only
an extra current, I caused the current of the former to pass through a
water regulator, until it was impossible, with the moist hand to distingnish
one current from the other. They might therefore be thonght to be per-
fectly equal, with regard to their physiologieal action upon the sensibility of
the skin. But on limiting their action to the surface of the skin, and test-
ing them alternately, the induced ewrrent of the fine ;m“.re was found to
produce much more sensation than the fine-wire extra current.

We have therefore seen in this experiment, that a helix made
of wire 1000 metres in length, and one sixth of a millimetre in
diameter, and of which the power, as the source of an extra cur-
rent, scarcely equalled that of a helix made from a wire 200
metres in length, and one millimetre in diameter, acquired an
enormous increase of power, as regards the cutaneous sensibility,
when excited by an inductive helix of the thicker and shorter
wire,

It will doubtless have been observed that in tle foregoing
experiments I refrained from placing the soft iron in the centre
of the inductive helix ; that is to say, that magnetism had no
influence upon the phenomena of induction that I have deseribed.
My experiments were conducted in this manner for the purpose of
showing how little foundation there is for the opinions of certain
writers, who have aseribed the special action of the current of the
second helix to the influence of magnetism. *“ There 1s,” says
M. E. Becquerel, “another observation that should be made. M.
Duchenne, by placing in his instruments a second helix over the
first, has thought he obtained from it only a current of a superior
order to that of the first. But, from such an arrangement, the
result is very complicated : because, in the second helix, as in
the first, the predominant action is due to the influence of the
central magnet.”

This opinion is valueless, in the face of the experiments above
recorded ; because in them the differential action of the two
currents was displayed quite independently of the presence of
the temporary magnet. If I had placed a bar of soft iron in the
centre of the inductive helix of large wire, the iron wonld have
become strongly magnetic, and would have re-acted upon the in-
duced current of the helix, increasing its power, as may easily he




INDUCED ELECTRICITY. 31

shown. This increase of the power of the current of the first helix
would have increased in proportion, by its influence, the power of
the current of the second helix. This is all. To say that the
magnet acts directly upon the second helix, and confers special
properties upon its current, is mere hypothesis, and the objection
1s set aside by my experiments,
 We may therefore say that the special action of the current of
the second helix upon the cutaneous sensibility, or the special
action of a helix of fine and long wire induced by a helix of wire
that is thicker and shorter, cannot be explained entirely by the
great tension of the current. What, then, is the exact explanation
of the phenomenon ? This is a question that ought to employ
the ingenuity of the learned physicists who have criticised my re-
searches; and who, I repeat, by reason of their special knowledge,
are far more competent than myself to enter upon such inquiries.
Let us, however, admit for an instant that the greater action of
the current of the second helix upon cutaneous sensibility is due
solely to the greater tension of this current. How, then, shall we
explain why the current of the first helix, the tension of which is
infinitely less, excites much more acutely than the other the sensi-
bilities of certain sub-cutaneous organs (muscles, nerves, bladder,
rectum, testes)? How, also, shall we explain the elective action
of the current of the second helix upon the sensibility of the

retina 7 ¥

* M. Chauveau, endeavouring in a |

recent book to generalize on the physio-
logical effects of induced currents, has
coneluded from some experiments on
animals:—*“1. That the physiclogical
effect of electricity is the result of a
mechanical disturbance of the molecules
in the track of the currents. 2. That
this disturbance depends entirely upon
the tension of the cwrrents, and is not
directly influenced by the gquantity of
electricity set in motion. 3. That the
various portions of the track of the elec-
tricity, in an animal eonductor, do not
undergo the same degree of mechanical
excitation ; because the tension, instead
of being uniform throughout the con-
duetor, is always stronger at the extreme
points, and, especially, at the point of
escape (negative pole).”

The experiments made upon the human
subject, by the aid of localized eleciricity,
and deseribed in the text, show that the
energy of all the physiologieal effects of
an induced current, far from being always
in direct proportion to its tension, is

sometimes greater under the influence of |

a current of lower temsion (the current

of the first helix, or the extra current of
anthors).

| should observe also, that it is known
in physics, and may be ghown by experi-
ment, contrary to the statement of M.
Chauvesu, that the electric current has
less tension at the negative than at the
positive pole; so that a more powerful
physiological action at the negative pole
cannot be attributed to the greater tension.

Lastly, M. le vicomte Dumoneel gave
additional support to the poesition that
I defend, in a work that he addressed in
1858, to the Academy of Sciences. He
has shown by experiment that the physio-
logical power of an induced current is
not always due to its tension; and his
experiment is deseribed in the following
communieation, with which this ingeni-
ous and learned physicist has favoured
me.

“We may,” he says, “conclude from
this experiment, that the tension is not
the gole cause of the power of indueed

- currents to produce physiological effects ;

and that the different effects observed
by M. Duchenne, from the action of
gecondary currents and extra eurrents
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We cannot, therefore, in the present state of knowledge, find a
satisfactory physical theory of the differential physiological pro-
perties of the currents of the first and of the second helix ; and we

must be content, for the time, with a simple recognition of incon-
testable facts.

§ IL—Differential therapeutic properties of the induced currents.

Induced electricity is the only therapeutic agent which, limited
to the skin, is capable of producing acute cutancous sensation
which ceases suddenly with the operation, which can be graduated
from simple titillation to the most acute pain, either through all

intermediate degrees, or by passing suddenly from one extreme to

cannot be entirely due to the differences
in their tension.

“1 have demonstrated by the apparatus
represented in the figure (fiz. 1); which

is compoged of two straight electro-mag-
nets B and D, furnished with induction
bobbins at their polar extremities, that
when the two armatures E F and G H

Fig. 1.

are let down over the poles of the
magnets, the induced currents excited by
the closing and opening of the inductive
current across the bobbins A and C,

althongh more intense in their action |

upon the galvanometer than when the
armature B F is raised, give much more
powerful shocks in the latter case; and
yet the two currents, measured by the

action to the difference in the rapidity

f the demagnetization of the magnetic |
i be ¥ | between the nervous system and the

centres in the two cases; because the

be cited; and I have shown that, under
certnin eirenmstances, the inverse current,
which never gives appreciable physio-
logieal effects, yields some that are more
energetic than those of the direct current.
Furthermore, we know that the negative
pole of the induced current re-acts most
powerfully upon the animal economy ;

| although the experiments of M. Riess

theostat, have the same tension. It is |
impossible to ascribe this difference of

and myself have shown that the current
of the positive pole possesses the greater
tengion. We must therefore conclude, as
I have said, that the reciprocal relations

same effects are produced by interrupting | action of electricity are not sufficiently

the two inductive and induced eurrents
simultaneonsly by means of a double
toothed wheel. Morcover, this effect is
not the only one of its kind that could

| understood, in the present state of science,
| to furnish us with & priori explanations
| of all the phenomena that have been
| observed."”
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the other, without ever disorganizing the skin, or leaving any
trace behind further than a slight erythema or a little elevation
of the papille. It is evident that such an agent will fulfil a
number of indications ; whether we wish to excite the sensibility
of the skin, as in cases of eutaneous angesthesia; or whether we
wish to produce some revulsive local action, as in neuralgic and
rheumatic pains. This cutaneous excitation may be repeated
frequently, and may be applied to all points of the surface, even
of the face, since it leaves no mark behind; and it may be con-
trolled in accordance with the excitability of every patient, or of
any region of the body.

There is often need for an intense current in the treatment of
certain muscular affections. In such cases, only induced elec-
tricity is applicable ; since it does not exert the calorific action of
contact eleetricity.

The chemical or electrolytic action of induced electricity is so
feeble, that it is useless as a means of coagulating the blood, in
the treatment of aneurisms. Induetion instruments will, however,
even when of small size, exert a considerable influence upon con-
tractility, and this greatly facilitates their employment.

A—The different physiological actions of the induced eurrents of
the first and of the second heliz cannot be applied indifferently in
practice.

The two induced currents (of the first and of the second helix)
the physiological properties of which are so dissimilar, should
exert a different therapeutic action, answering, for each of them,
to some special indications. Although empirical trial has often
played a principal part in therapeutics, we should nevertheless be
guided in such empiricism by the physiological action of medicinal
agents. The path that T have followed, in the therapeutical use
of the eurrents of the two helices, has been that which was traced
out for me by physiological experiment. If, however, the phy-
siological differences between the currents had been scarcely
sensible, T should in that case have drawn from them no thera-
peutical deductions ; in order not to complicate unnecessarily the
art of medical electricity, which, as we shall see, is sufficiently
difficult already. There must be something more than slight
varieties between these physiological properties. I may sﬁy,
without exaggeration, as regards their effect on the cutaneous
sensibility, that they differ as water that is warm differs from water
that is boiling, or as iron slightly warm differs from iron that is
white-hot. :

We do not, indeed, find so great a difference between the two

D
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currents as regards their other properties; although even for
these it is very notable; and if applied indifferently in certain
cases, and under certain conditions, the currents will produce
aceidents more or less serious.

Nothing has enabled me to foresee the existence of these pro-
perties; and I have only become acquainted with them by long
practical experience, and always at the expense of the patients
operated upon ; or, in other words, by accidents. Among recent
examples, in faradization of the testes, in a case of impotence, with
the current of the second helix, (two moist rheophores, one in front
the other behind, were applied to the serotum at the level of the
testes), the patient experienced some pain, Instead of diminishing
the force of the current, I changed it for the current of the first
helix (by turning the index of the commutator of helices of my
electro-dynamie apparatus), thinking that, as the tension of the
latter was far less, it might penetrate less deeply, and perhaps
produce less sensation. The very contrary took place, the pain
becoming much more acute. It seemed to the patient, so to
speak, as if the testes were being torn from the cord.” The same
thing has occurred in every patient with whom I have repeated
the same experiment. The epididymis and the cord are alike
much more sensitive to the exeitation of the first than of the
second helix. Amnother time, having to treat paralysis of the
bladder, I introduced one rheophore into that viscus, and another
into the rectum (for the construction of the rheophores, see page
95), and caused the passage of a sufficiently strong current from
the second helix, with two intermissions in a second. The patient
felt only a very bearable sensation. But, as the tension of the
current was very great, it was difficult to avoid its penetration to
the sacral plexus, in such a way as to produce powerful shocks
in the lower limbs. I therefore changed suddenly, without any
warning, to the current of the first helix, on account of its lower
tension. The patient immediately complained of horrible pain in
the hypogastrium. Three other patients, who were then under
treatment, all complained of similar pains under the same eircum-
stances. I have often repeated the experiment, when acting
solely upon the bladder or the rectum with a double rheophore
that will be deseribed hereafter; and the loecal sensation has
always been incomparably stronger from the current of the first

* The patient was a distinguished pro- | and the current of the first order have no
fessor of physies; and certainly, after this | elective properties with regard to this or
argumentum ad hominem, he would no | that function, but they have a more or
longer hold the opinion of MM. Bec- | less energetic action, by reason of their
querel, who wrote “The extra current | tension.”
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helix than from that of the second. These experiments are not
harmless; because in many cases the acute sensations have been
followed by neuralgic pains in the organs over-excited. The
difference in the action of the two currents upon the sensibility of
the retina is far from being as great as in the preceding cases; but
I have seen many persons who have been inconvenienced by bril-
liant phosphenes, produced by the current of the second helix,
when I have excited regions supplied by the branches of the fifth
pair, such as the face or the tongue. Patients have been even
fearful about their sight, and have complained of musca® volitantes,
after such operations.

These facts show, therefore, that the currents of the two helices
must not be employed indifferently or indiscriminately; and that
the practitioner must be circumspect in the selection of one or the
other of them,

B.—Cases in which we should employ by preference the eurrent of
the first or of the second helia,

The differential action of the eurrents of the two helices being
known, it is easy to foresee in what cases the one or the other
should be chosen.

The extreme energy with which the current of the second helix
acts upon the sensibility of the skin, renders it a most valuable
agent in the treatment of cutaneous ansesthesia, or in producing
a cutaneous revulsion or shock greater, if desired, than that
of the actnal eaufery, without any destruction of tissue, e.g., in
rhenmatoid and neuralgic affections. It is unnecessary to add
that the current of the second helix will sueceed in a number of
cases in which that of the first would be wholly powerless. 1 have
frequently seen cutaneous anwmsthesia yield rapidly to the current
of the second helix, when an apparatus possessing only the cur-
rent of the first helix more powerful than the former in exciting
muscular contraction, had failed to exert upon it any appreciable
influence !

If it be desired to practise electric excitation npon deep masses
of muscle, protected by thick aponeuroses or covered by an adipose
subcutaneous cellular tissue, thick or cedematous, the current of
the second helix perfectly fulfils the indication, by virtue of its
greater tension; or, in other words, on account of its power of
penetration,

Again, the current of the second helix, which acts less upon the
muscular sensibility than that of the first, should be preferred
when it is desired to provoke energetic contraction with as little

D 2
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pain as possible; as in children, and in cerebral paralysis, when it
is necessary to avoid reaction of the nervous centres,

The current of the first helix, the tension of which is feeble,
succeeds perfectly in cases where it is desired to excite acutely the
sensibility and the conftractility of small and superficial museles,
without going beyond their limits ; as in paralysis with muscular
insensibility, or local atrophy. In paralysis of the seventh pair,
for instance, when the electric contractility is more or less weakened,
it is indicated to excite acutely the muscles that are paralysed.
These are of small thickness, and it is necessary to select for them
the current of least tension (that of the first helix) when it is not
wished to carry the excitation too deeply.

The singular property possessed by the current of the first helix,
of exciting acutely the sensibility of the bladder and rectum, is
valuable in cases where these organs are the subjects of simple
anmsthesia,” or when, at the same time, their contractility is lost
or diminished. I shall describe hereafter a case of anmsthesia
of the bladder, which by itself constitutes a serious affection, since
the patient, feeling no desire to micturate, allows the organ to
become distended, and is unconscious of its fulness until this is
manifested by dribbling. By such distension, the bladder becomes
paralysed secondarily. In such a case it is plain that the current
of the first helix would be indicated; but in a case of muscular
paralysis of the bladder, where one feared any over-excitation of
the sensibility, the current of the second helix, which acts power-
fully on the contractility and feebly on the sensibility of the organ,
ought to be preferred. The same considerations are applicable to
paralysis of the sensibility or of the contractility of the rectum.

Dijfferent denominations of the various kinds of electrieity.

It follows, from what has been said, that each of the sources of
electricity, of which I have described the physiological and thera-
peutical properties, responds to special indications. It is, there-
fore, necessary to introduce a nomenclature to express clearly the
employment of each.

The word electrization shonld be used only in a general sense.

The application of frictional electricity may be called static

19 Tn the face of the facts set forth in | is to omit from consideration evidence
the preceding pages, to maintain before obtained by electro-physiological experi-
an Academy of Seciences, in the present = ments and by a long course of elinical
day, that the extra current and the | observation, or is a proof of sueh igmo-
enrrent of the first order, independently | rance as to imply absolute incompetence
of their tension, have no elective proper- | to deal with any electro-physiological or
ties with regard to this or that function, therapeutical question.
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electrization : and that of contact electricity, galvanization. Dut
this last word has, in general, been employed indifferently in
medical practice, to denote the use of either contact or induced
electricity. The electro-physiological and electro-therapeutical
considerations above laid down will render plain the disastrous
effects of such confusion.

Since, then, it is necessary to coin a word to express exactly
induced electricity and its application, may we not take the word
from the name of the discoverer? The name of Galvani has
been given to contact electricity; and I would give to induced
electricity the name of Faraday. Thus induced electricity itself
may be called faradism; and its employment may be called

| faradization. Such a nomenclature seems to me to be the more
happy, since it not only establishes a well-marked distinction
between induced and contact electricity, but also does honour to
the name of a philosopher to whom medicine is indebted for a
discovery far more valuable in therapeutics than that of Galvani."

[Mr. J. Netten Radeliffe has taken objection to the nomenclature adopted
by Duchenne in respect of the application of “ frictional ” and “ contact elec-
tricity ” to medical purposes. The use of the word elecirization, sometimes in
a general, sometimes 1n a special and limited sense, is, he thinks, apt to
confuse, The terms * frictional electricity ” and * static electricity ” are words,
moreover, passing into disuse among physicists; while the terms * contact
electricity ” and “ galvanism " are almost entirely disused in physiecal science.
M. Radeliffe thinks that it would be an advantage to have a series of terms
which, while securing the object which Duchenne had in view, would
not clash with the nomenclature adopted by physicists. He writes, * The
electricity of chemical action (‘contact electricity,” ‘galvanism,’ so-called)
is more correctly and gemerally designated after the name of the original
discoverer, Volta, volfaic dectricity. Faraday suggested that frictional elec-
tricity should be termed after the illustrious philosopher Franklin, whose
name is especially conneeted with its early experimental study, franklinic
electricity, and the name is now being widely adopted by physicists. B
applying the method of terminology which Duchenne has so happily use
in respect of the induced current, to other forms of eleetricity, a series of
terms is obtained which would be accurate in form as the praetice of nomen-
clature goes, true to science in fact, free from confusion, and particularly
I convenient in usage. The series would be (1) faradaic electricity, or fara-

eisim ; and, as respeets the pathological and therapentical application of the
agency, furadization; (2) vellaic dectricity, or voltaisin ; voltaization ; (3)
Sfranklinie electricity, or franklinism; frankiinization”—( The Practitioner,
vol. L p. 19.—H. 1']

'L At present, the above nomenclature | although MM, Beequerel have main-
18 universally used in practical medicine, | tained that it was not acceptable.
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CHAPTER IL
LOCALIZED ELECTRIZATION,

PART THE FIRsT.

The Fundamental Prineiples of the Method.

AT the commencement of my researches, having adhered to the
principles of electrization given in special treatises, and my first
attempts having been, if not unfortunate, at least little encouraging,
I was soon convinced that my ill success might be attributed to
the imperfection of the operative proceedings until then in vogue,
and to which Ihad had recourse. Reserving a eritical examination
of them for the next chapter, I may say here that their greatest fault
is the difficulty of acting upon the diseased part without exposing
healthy organs, or even the . entire nervous system, to the incon-
veniences or dangers of the electrie stimulation. Moreover, it is
impossible, in using these methods, to attain to any exact study of
the museular eleetro-physiology, or electro-pathology.

It then suggested itself to me that it would be possible to obtain
more important and more definite results, if I could either arrest
electricity in the skin, without stimulating the subjacent organs,
or cause it to penetrate the skin without influencing it, and to
concentrate its power upon a nerve or a musele; in a word, to
make it penetrate to deeply-seated organs.

§ I. How to direct electricity through organs 2 How to set limils
to ifs action 2

This problem, so difficult in appearance, was very simple in
reality. For its solution nothing was needed beyond a careful
analysis of the phenomena daily seen in practice, on applying to
the moist or dry skin, the rheophores' of an induetion-instrument
of medium power. The following are the principal facts that
enabled me to accomplish the work I had undertaken. They fur-
nish the basis of localized electrization.

1, If the skin, and the metallic rheophores are perfectly dry,
and the cuticle of considerable thickness, as in persons who are
much exposed to weather by their occupation, the current is
recomposed on the surface of the epidermis, without reaching the
dermis, and produces sparks and crackling, but no physiological
phenomena.

! [Conduetors or divectors.—H. T. |
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2. If the two rheophores, one moist and the other dry, are
placed on two points of the surface, the person experimented upon
will feel, at the point where the dry rheophore has developed
only physical effects, a superficial and evidently cutaneous sensa-
tion. The opposite electricities, in such a case, are recomposed at
the dry point; but after having traversed the dermis by the aid of
the moist rtheophore.

3. If the skin be very slightly moistened, on a part where the
epidermis is very thick, a sensation that is superficial, but stronger
than in the preceding case, and without either sparks or erackling,
is produced at the. points where the dry metallic rheophores are
placed. Here the electric recomposition takes place in the thick-
ness of the skin.

4. Lastly, if the skin and the rheophores are both thoroughly
moistened, the eurrent produces neither sparks, nor erackling, nor
burning sensation, but very variable phenomena of contractility or
sensibility ; accordingly as we act upon a muscle, or muscular
faseiculus, a nerve, or an osseous surface. In the latter case an
acute pain of a very peculiar character is experienced ; insomuch
that we should carefully avoid placing moist rheophores over such
surfaces.”

It follows from these experiments that we may, in faradization,
arrest at pleasure the power of electricity in the skin; and that,
without puncture or incision, we may make the current traverse
the skin, and may limit its action to subcutaneous organs, that is,
to nerves, musele, and even bone. :

It is difficult to conceive, however, that electricity will act upon
subcutaneous organs without, at the same time, physiologically
exciting the skin itself. One is apt to think that the sensations
produced by electrization of deep organs are due either to excita-
tion of the skin only, or of the skin and the deep organs together.

* I will attempt to generalize these
phenomena. Tt is well known that ten-
~sion electricity has a great tendency to
. escape by points. The same oceurs with
dynamie electrivity, when recompositions
occur between the epidermis and dry
theophores. In fact, the epidermis and
the rheophores present each a number of
asperities by which the fluids of opposite
denominations, proceeding from the bat-
tcr?- or the induction apparatus and the
body, eseape to be recomposed and neutra-
lized ; producing erepitation and sparks.
If the skin has been traversed, the exci-
tation is then superficial, and can only
produce eutaneous phenomena, that is,
cutaneous sensations. But if the aspe-

ritics are abolished by a film of water,
the electricity traverses the skin en masse
and is remm]i;o;ed deeply, either in the
muscles or in bone, or in nerve; the more
deeply the more intense the current.
There will then be no more sparks or erack-
ling, or cutaneous sensations; but only
physiological phenomena in accordance
with the functions of the organs that are
excited. These latter phenomena display
o difference between the physiological
effects of tension electricity and dynamice
electricity. The former always produces
glectric recomposition between the rheog-
phore and the epidermis, in whateyver
manner the operation is performed,
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The following experiments may serve to show that the sensation
produced during faradization of the skin by dry rheophores, applied
to an equally dry surface, is entirely the result of eutaneous exci-
tation ; and that the sensation produced by the application of very
moist rheophores to the surface, on the level of a muscular plane,
can only be attributed to direct excitation of the musele.

First experiment.—Having found, in a wounded patient in the Hotel Dien,
a part of the external crural musecle laid bare, T applied over the musele, and
on the denuded portion, a dry metallic rheophore. The resulting contraction
was accompanied by a dull sensation, special to eleetro-musenlar contraction.
I then placed the same rheophore on the plane of the same musecle, but npon
uninjured skin, and I obtained only a burning sensation, withont muscular
contraction. Having replaced the metalliec rheophore by moist sponges
contained in the exciting eylinders, and these being placed upon the skin, in
a plane corresponding to the erural muscle, I obtained contraction, with the

same peculiar dull sensation that was produced when the dry metallic rheo-
phore was in contact with the dennded muscle.

Second experiment,—A patient, in whom the radial nerve had been destroyed
by a bullet-wound of the lower part of the arm, had lost the sensibility and
the electric contractility of the muscles of the posterior region of the forearm ;
while the sensibility of the gkin remained intact, from the integrity of the
cutaneous nerves. I applied the dry metallic rheophores on the skin of
the anterior and posterior antibrachial regions, and they produced an acute
burning sensation. 1 replaced the dry rheophores by the eylinders with
wet sponges, which produoced in the posterior region neither sensation nor
contraction, althongh contractions attended by sensation were manifested in
the anterior region; where also the burning sensation produced by the dry
rheophores was replaced by the dull and peeuliar sensation of muscular
contraction.

I have many times repeated similar experiments in other patho-
logical conditions, not only on muscles, but on mixed nerve-
trunks; and I have arrived at the conviction that the electrie
excitation may reach a muscle or a nerve, without exerting any
action upon the skin in its course. :

It should, however, be remembered, that in certain cases sensa-
tions really produced by the excitation of the skin, or of the
cutaneous nerves, may be attributed to muscular sensibility alone.
In order to explain how such an error may be avoided, it is neces-
sary to enter into certain details.

(«). It has just been shown by experiment that, if the skin
and the rheophores are sufficiently moist, and in perfect contact,
the former is traversed by the current without being excited ; and
that the electric recomposition takes place more or less deeply in
the subeutaneous tissnes. But at the moment when the rheo-
phores and the skin are brought into contact, and when contact as
yet is not perfect, the surface presents certain asperities \\'llll:h
occasion electric recompositions, attended by sensations of prick-
ing and burning, and even by crepitation and sparks, especially if
the current be that of the second helix, with its power of exciting
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cutaneous sensibility, and if the current be sufficiently strong,
The same phenomena are repeated at the moment of separating
the rheophores from the skin. In order to avoid this electro-
cutaneous excitation during the faradization of musecle, it is neces-
sary to avoid establishing the current until the contact between
the skin and the rheophores is complete. (I shall hereafter point
out the precautions to be taken in order not to produce cutaneous
sensations.) '

(b). The moist rheophores act invariably upon the cutaneous
nerves when placed over their course. In order to study the
phenomena resulting from their excitation, the tension of the
current should not be sufficient to penetrate to the muscles.
The faradization of a cutaneous nerve produces a sensation which
is continued along the course of the nerve, beyond the point
excited, to the finest ramifications; where it occasions tingling
and pricking, proportionate to the degree of intensity of the
current, and the rapidity of the intermittences. The sensations
are also more acute when the nerves are excited at a point near
to their finest ramifications : thus they are produced more strongly
by faradization of the collateral nerves of the fingers and toes,
than of the cutaneous nerve higher up. The excitability of the
eutaneous nerves differs greatly. It is carried to the highest
degree in some of them; the frontal, for example, derived from
the opthalmic of Willis, cannot be touched without provoking
acute pain in the faradized point, spreading from thence to all
the ramifications. In other nerves faradization is only appreciable
by the extension of slight tingling over the regions of their distri-
bution. The cutaneous nerves of the limbs are generally in this
latter condition. -

A knowledge of these phenomena renders it possible to dis-
tinguish the complex sensation, due to the simultaneous excita-
tions of cutaneous nerve and musele, from that which is the result
of the excitation of muscle alone. Indeed, when the moist rheo-
phores are placed on the plane of a muscle, and over an excitable
cutaneous nerve, the participation of the latter is shown by the
tingling or pricking which extends along its ramifications, and by
a special pain, if the nerve be very sensitive, limited to the point
excited. When the rheophores are so moved as to avoid the
cutaneous nerve, the tinglings and the local pain cease instantly,
and allow the purely muscular sensations to he perceived.

§ 1L s it possible to concentrale the electric force in a muscle?

We are met here by an objection seemingly very serious, which
would present itself naturally to all minds, and which nearly
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arrested me at the beginning of my researches. If it be true that
we can concentrate the electric force in a musele, 4s it also certain
that the resulting excitation will not itself produce the phenomena
called reflex, by reacting wpon the nervous centres? In other words,
@8 it mot to be feared that the electrization of a muscle may provoke not
merely its own contraction, but also that of other muscles 2 1f it had
been so, I should certainly have renounced my idea as & chimera,
and all the researches that I owe to its realization would have to
be recommenced. The following experiments have convineed me
that the reflex action of the cord does not disturb the muscular
phenomena produced by localized electrization :—

First experiment.—Having removed the skin from the face of a living rabbit,
T divided the facial nerve of one side only, in order that the muscles supplied
by it might be eut off from all connection with the cord. I then applied
electric excitation to each muscle of the face, alternately on the two sides.
The muscles contracted separately, and equally on both sides.

Second experiment.—1 then destroyed the brain of the same animal, in order
to place the cord in a condition favourable to the production of reflex action,
and again excited the muscles as before. The results were absolutely the
saame,

A similar experiment on the muscles of the lower limbs, after having excised
a portion-of one of the sciatic nerves, produced similar results.

Third experiment.—After having decapitated a number of frogs, I destroyed
the spinal cord in some, leaving it intact in others. In all these frogs I threw
individual muscles into contraction, even the little musecles of each elaw,
without any mingling, even in those with spinal cord unhurt, of the least con-
traction due to reflex excitement.

Lowrth experiment—When in the human subject we compare the contrac-
tion of the muscles of a perfectly anmsthetic limb with those of a limb in
which sensation is perfect, we do not discover any difference between the two,
as regards the manner in which the musecles respond to localized faradization.
In both, each muscle contracts singly.

Fifth experiment.—In cases of cerebral hemg?legia (a condition favourable
to the pruc{ﬁ;tian of reflex phenomena) localized faradization produeces isolated
contractions as certainly on the diseased side as on the healthy one.

I may add that, in all my experiments upon men and animals, I have made
single muscles and single fasciculi contract with as much facility and cer-
tainty as when acting on the museles laid bare, and freshly removed from
their positions. I have publicly repeated these comparative experiments at
the Hotel Dieu, at La Charité, and at the Lariboisitre Hospital.

Sixth experiment.—In 1852, I made some interesting experiments upon a
patient in La Charité (under M. Cruveilhier), in whom reflex phenomena were
very easily developed. The lower limbs were entirely deprived of movement;
and yet the slightest impression on any part of the skin covering them threw
them into violent action which he was unable to control.

Cutaneons excitation of the upper limbs, however powerful, produced no
movement of the lower. If the sensation experienced by the patient was
slight, as when a finger was drawn over his thigh, the movement would be
trifling, and confined to the limb touched; but if the sensation were greater,
the movement would be more extensive, and would be executed by both limbs
at once. :

The movements consisted always of flexion of the thigh upon the pelvis,
of the leg upon the thigh, and of the foot upon the leg. I never saw any
contraction of the muscles antagonistic to the flexors. The movements were
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evidently due to the reflex action of the cord, called forth by excitation of the
gkin of the paralysed limbs. y

1 wishﬂdr:; d%,smvm' whether electro-museular exeitation would produce
reflex netion with the same facility, when individual muscles were made to
contract. At the instant of applying the moist rheophores to the skin, on the
surface over the tibialis anticus, the entire limb was thrown into the state
of flexion described above. This was entirvely due to the touch of the sponges
wet with cold water; the apparatus being not then in action. s

Immediately after the limb had fallen again into its habitual inertia, the
rheophores remaining all the time in contact with the same points of skin, T
discharged one intermission of an induced current of moderate strength. To
my great surprise the tibialis antieus contracted singly, without producing
any reflex action in the other museles. ThAg?

I repeated this experiment seven or eight times in succession (that is, with
a single intermission of an induced current_each time), and obtained always
the isolated contraction of the tibialis anticus, although the power of the
instimment was gradually increased to its maximum, and althongh the patient,
each time, experienced a marked sensation. It was also easy to obtain, in
E:E bznma manner, the contraction of every one of the museles of the lower

I repeated the same experiments, only employing a current of very rapid
intermissions in place of that with the intermissions distant. (The effect upon
the sensibility was heightened by the rapidity, a subject to which I shall
recur in the following chapter). The phenomena changed; and the isolated
muscnlar contraction was followed by energetic contractions due to reflex
action, The very acute sensation experienced by the patient had been trans-
mitted to the nervous centres, and had produced reflex contraction,

It follows from the above that reflex contractions are produced
during electro-muscular excitation only in certain pathological
conditions ; and that it is possible even in these conditions to
make individual muscles contract singly, by directing upon them
an induced current of slow intermissions, so as to produce only a
moderate sensation.

It appears also to be shown that reflex action is more readily
provoked by excitation of the skin, than by excitation of the
muscular sensibility.

I used to accumulate here proofs in refutation of the objec-
tions urged against localized electrization in 1848 ; and, if I still
recur to them, it is because a distinguished writer, M, J, Guérin, to
whom science is indebted for valuable contributions on muscular
pathology, has attempted, in a eritical article published in the
‘ Gazette Médicale,” by objections founded upon the reflex action
of the cord, to set aside localized electrization, and all the
researches that flow from it.

From the whole of the facts, it appears, in the plainest manner,
that electrization will cause a muscle to contract singly, without
provoking other muscles to reflex contractions, even in the states
most favourable to the latter phenomena.

It has hence been possible for me to create this method, which
limits electric excitation to each of the organs, without its being
necessary to puncture or incise the skin. I shall now endeavour
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I use the following method of discharging the two eleetricities,
accumulated in a Leyden jar, upon the muscle that I wish to
excite, and of graduating the force in such a manner as not
to produce a general shock.

The apparatus necessary consists of an electric machine, a
Leyden jar, and a Lane’s electrometer placed upon the table of
the machine.

The inferior coating of the Leyden jar, A (fig. 2), is placed in
connection with the arms, ¢, of the conductor of the electric machine
B, by means of a conductor D. This interior coating also com-’
municates with E, the knob of one of the horizontal branches of
the electrometer. This branch is insulated by the glass upright
¥, on which it rests. The external coating of the jar is connected
by the conductor G’ with the upright H, which commnunicates with
the second branch of the electrometer. Two excitors, terminating
in the knobs J and K, mounted on long insulating handles of
glass, are placed in conneetion, J with the branch H', K with the
extremity L, of the conductor of the electrical machine.

Fig. 2.

All things being thus arranged, the operator applies the excitor
J, which receives the positive electricity of the exterior coating of
the jar, to a point of skin over the muscle that he wishes to make
contract ; and when he desires to excite the contraction, he brings
the other excitor, K, which receives the negative electricity of the
interior coating, nearly but not quite in contact with the skin, over
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the surface of the same musecle. It is necessary that the extremities
of the excitors should always be at least two centimetres distant
from each other, The force of the discharge is regulated by the
number of revolutions of the plate. If only a feeble contraction
be desired, the excitor K is brought near to the skin after one or
two turns only. To obtain a stronger contraction, a greater or less
number of additional turns must precede the discharge. It may
happen, however, from error or inadvertence, that the jar is too
powerfully charged ; and that its discharge may produce either a
very strong contraction, or an action that penetrates to one of the
neighbouring muscles, or a very painful sensation, that is followed
by general excitement contra-indicated in the partieular case. It
is to avoid such mischances, tronblesome and sometimes dangerous,
that I use Lane’s electrometer. Of its two uprights, H and F,
the former is movable, and can be made to approach or recede -
from the latter by the serew M. A scale of millimetres, placed at
the base of H, indicates the distance between the balls J' and E'.
Before discharging the jar upon a muscle, I regulate the force by
approximating or separating these balls, according to the degree
of excitability of the muscle, the region in which it is situated,
and the therapeutic end that is desired. If I should be deceived
about the number of turns of the plate, the jar cannot be over-
charged, because the accumulated vitreous and resinous electricities
will reunite and neutralize each other between the two knobs Ef
and J', as soon as they acquire sufficient tension to overcome the
resistance of the intervening air; a resistance which is well known
to be in direet proportion to the distance between the knobs.

Is it desirable to have recourse to the advantages of the above
procedure of muscular electrization, in the application of tension
electricity ? Is it not evident that it concentrates its action upon
the muscles that require treatment, without exposing healthy
organs, and especially the nervous centres, to the dangers of an
inopportune excitation? The procedure admits of directing very
strong discharges upon the muscles, when their pathological con-
dition needs such, either from atrophy, or from diminution or loss
of their irritability or sensibility.

When, on the contrary, the excitors are placed far apart, or one
of them is held, according to common practice, in one hand of the
patient, while the other is brought near to the diseased organ or
part on which the therapeutic action of electricity is to be directed,
we see the local effect complicated by phenomena of shock more
or less extended or general; so that we cannot, without danger,
exceed very weak doses.

The phenomena of general shock ave always the result of ex-
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citation of the nervous centres. They are analogons to an effect
that I propose to discuss in Chapter ITI., under elentrizntiun_ b_}r
reflex action. This excitation of the nervous centres may, 1t 1s
true, find its indication in electro-therapeutics ; but it should at
least be avoided when the indication does not exist, or when its
oceurrence might be dangerous. Tt is this method of electrization
that oceasions, in certain conditions, serious accidents, as I shall
show in the sequel; and yet mountebanks are permitted to practise
it in public places! .

It is a great mistake to suppose it possible to localize electric
excitation in a muscle, by directing upon its surface the discharges
of a powerful electric machine. To correct this mistake, it 1s
sufficient to analyse the phenomena of interior recomposition
which produce a kind of shock in return, and which must neces-
sarily overrun the whole nervous system, when a portion of the
natural electricity by which the body is pervaded escapes from
‘a point on the cutaneous surface, to neutralize electricity of a con-
trary name proceeding from a machine in movement.

Another advantage in the employment of the Leyden jar is that
it then becomes unnecessary to use an electrie machine of large size
and high price; which would with difficulty find a place in the
consulting-room of the practitioner. A small machine with a
single conductor, and with a plate fifteen or sixteen inches in
diameter, is sufficient to charge a powerful Leyden jar; the action
of which may always be diminished at pleasure by Lane’s electro-
meter, used as deseribed above.

§ I Museular electrization by contact electricity, or localized
museular galvanization.

I have said already, in the first chapter, which treats of the
physiological and therapeutical effects of the different kinds of
electricity, that galvanic electricity, administered with an inter-
mittent current, is distinguished from static, principally in that
it can be made to penetrate the skin without exciting it, and
that its action can be more easily localized in subcutaneous
organs. We shall see that galvanic electricity is useful to
localize electric action in the muscles or in the nerves that supply
them.

Unfortunately, many inconveniences attend the application of
this kind of electricity to muscular electrization.

The calorific and electrolytic action of galvanism, and its property
of acately exciting the retina when applied to the face, are enough,
I think, to proscribe its employment in the study of muscular
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electro-physiology and pathology, especially that which concerns
the individual muscular action, and the treatment, by inter-
mittent eurrents, of paralyses of movement, particularly when the
treatment requires frequent applications. What I have before
stated in the preceding (first) chapter, renders it unnecessary to
dwell on this part of the subject.

I.—MEpIicAL BATTERIES.

A.—Batteries of large surface and with inconstant eurrents.

For a long period, the only batteries employed in medicine were
those with inconstant currents, in which the electricity was pro-
duced by the action of sulphuric acid upon a plate of zine; while
a plate of copper was the collecting element. This was the pile
of Volta; and it was tried in succession in many different forms.

All these forms, although they were for a long time used exelu-
sively, have now been abandoned for medical purposes; because
they lose their power after a short period, and
becaunse they vary much during the course of even
a single experiment, although it may last only from
ten to fifteen minutes. I shall therefore content
myself by briefly recalling them by the aid of figures
and descriptions taken, for the most part, from the
admirable treatise of M. de la Rive.

(a). The columnar pile of Volta (fig. 3) is cele-
brated as being the first form in which the illus-
trious inventor realized his conception. It was
SSSny  speedily abandoned on account of the quick dessica-

Fig. 3. tion of the circles of eloth or of paper which sepa-
Columnar File of Volta. rated ﬂlﬂ disks.

(b). The wooden trough battery with fixed metallic divisions,
called after its inventor the Cruikshank battery (fig. 4), is the
form in which the great battery was
made that was presented by Napoleon
to the Eeole Polytechnigue in 1806. It
was with this that Gay-Lussac and
: Thénard made their experiments in

Fig. 4. 1808. This form has many inconvenis

Crolicehiank's Arovatl SASERY: ences, especially that it requires much
time to prepare; and that, unless the partitions are very securely
fixed, they allow of communication between the fluid in the several

cells,

4 De la Rive, Traife d' Flectvicite théorique et pratique.  Paris, 1854, t. 1.
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(¢). The Cruikshank battery was replaced by the cylindrical
glass battery (fig. 5), already suggested by Volta, and known as
the crown of cups
(couronne de tasses)
battery; or by the
poreelain trough bat-
tery, with movable
metallic  elements
(fig. 6).

The Royal Insti-
tution of London
possesses a  battery
of this construction,
containing two thousand pairs of elements. It was with this that
Davy and Faraday conducted their admirable experiments.

(d). Wollaston’s battery (fig. 7) differs from the foregoing
chiefly in having the surface of the copper double that of the zine,
by which the power is increased.

Fig. 5.—Cylindrical Glass Battery.

Fig. 6.—Poreelain Trough Battery.s Fig. 7—Wollaston's Battery,

(¢)- In the battery of Berzelius (fig. 8), the copper surrounds
the zine, without touching it, and serves to contain the liquid. In

Fig. 8. —Berzelinss Lattery,

* An armngement intermediate between the trough battery strictly so ealled, and
the battery of a cirela of cups,
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practice its employment has been attended with inconveniences
that have prevented its general adoption; although it rendered
valuable service in the first researches into electro-magnetism.

B.—Batteries of large surface and with constant ewrrents.

(a). Daniell's battery (fiz. 9). In 1836, Daniell countrived a
battery in which he succeeded in avoiding rapid weakening of the
action, or variations
of the power during
the passage of the cur-
rent, It is a battery
with porous organie
diaphragms, and with
two liquids, a solution
of sulphate of copper
for the copper, and
acidulated or saline
water for the zine.
It is highly useful
for protracted experi-
ments, and especially
for inquiries into the

Fig. 8. —Daniell’s battery. chemical effeets of
the current.

(b). Grove's constant battery (fig. 10) resembles that of Daniell in
having two kinds of liquid and a diaphragm ; but the copper is

replaced by platinum, the sulphate of copper

by nitric acid, and the porous diaphragm

" is of smooth unglazed porcelain. This bat-
tery is the most useful for the production
of the electric current ; because it combines
enormous power with a constancy only little
less than that of Daniell.

(¢). Bunsew's constant battery (fig. 11) is

a modification of that of Grove by the sub-
stitution of carbon for the platinum. It is
constant for a longer period, but is less
energetic than that of Grove. It is much
in use, especially in Germany.

The batteries of Bonijol and of Deleuil
differ from that of Bunsen only in the form and place given to
the carbon.

Among all the foregoing batteries, that of Daniell has been
most generally employed for medical purposes.

F)
E
i
§
]
H

Fig. 10.—Grove's battery.
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The large batteries with extensive surface, which are at pre-
sent chiefly used in medicine, are the modified Daniell, the proto-

Fig. 11.—Bunsen's battery.

sulphate of mercury battery of Marié-Davy, the sulphate of lead
battery of Marié-Davy, and the battery of Siemens (Remak’s).
These forms will require more particular description.

(d). The balloon battery of Daniell, by Parelle (fig. 12). T used
for a long period, for the application of continuous eurrents, one
of the modified Daniell’s batteries, which, of
the forms then known, was that whieh furnished
the most enduring and most steady, eurrent.
Instead of having the positive pole within, and
the necative pole without, as in the original
form, the poles of this apparatus had the con-
trary arrangement. The zine plates, 14 centi-
metres in height, were amalgamated, and im-
mersed in a solution of sea-salt, placed between
the porous cell and the external vessel. The & BLESIE B
porous cells containing the solution of sulphate  wig, 12—A Dantell’s coll
of copper were surmounted by glass balloons "' Meies Bioons
(mverted flasks) full of erystals of sulphate of copper, moistened
with water. This arrangement gave way to the use of a very
large porous cell, in the middle of which was a grating supporting

% 1, tube introduced into the balloon. | immersed in the solution of sulphate of
A. O, lateral openings in the tube, D, D, | copper. O, porons cell containing the
cover of wood, pierced by two openings | solution.  — eonduetor fixed to the zine
for the conduetors. + rod of copper | that surrounds the porous cell.

B 2
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a considerable quantity of the crystals, and supplying the action
of the battery for a long period.

For more than ten years, I have had constantly in action, in
my room, twenty or twenty-five Daniell’s elements of this arr ange-
ment, some to charge my appmatus others to work a telegr alnh
bells, and an electric clock. To these, when united, I ﬂ.dd at
pleasure a score of other elements of the same kind, which I have
used since 1860, for some new investigations of the action of con-
tinuous constant currents; investigations, the results of which will
be stated in Chapter IIL

Well, notwithstanding the greatest care, this pile is far from
being constant; and the least change of temperature is sufficient
to cause considerable changes in the force of its current between
one day and the next. These variations of temperature increase
or diminish the eoncentration of the saline solutions, whenee result
proportionate variations in the strength of the current. To avoid
these considerable oscillations, it is necessary that the room in
which the pile is placed should be constantly maintained at the
same temperature, by an appropriate system of warming. This
precaution is indispensable in winter, because a frost will diminish
the power of the apparatus by one-fourth, one-half, or even more.
Changes of temperature also occasion damage and accidents to the
pile, which becomes encrusted, and the porous vases are broken
by the erystallization that takes place in their pores. In summer,
a Daniell’s battery is always more powerful, because the saline
solutions are more concentrated; but it is not the less exposed to
considerable oscillations, only not so considerable as in the winter.
It is said that a Daniell's balloon battery will act for six months ;
but, under the most favourable circumstances, I have always cleaned
mine at least every three weeks. It requires experience to know
how dirty and tedious is that manipulation ; and it will be found
necessary, on each occasion, to replace a greater or less number
of the porous cells, and of the balloons, so that the maintenance of
the apparatus becomes somewhat costly.

(e). Marié-Davy’s battery of protosulphate of mereury. The de-
sideratum that I have pointed out appears to me to be fulfilled,
in great measure, by the protosulphate of mereury battery of M.
Marié-Davy (fig. 13).7 This battery has been used at the Ministry
of the Interior, for the service of the electric telegraph, fora period
of eight months, requiring no other care during that time, than
an oceasional addition of water to supply the loss by evaporation.
The current appears to have been, in this application to telegraphy,

* M. Marié-Davy presented his battery to the Academy of Seiences in 1854.

T i TR SR I S



MEDICAL BATTERIES, 53

as constant as that of a Daniell’s pile. I have constructed in
my rooms a battery of proto-sulphate of mercury, of forty ele-
ments, like that used at the Ministry of the
Interior. I have kept it in action for com-
parison with the Daniell’s battery, and for
the performance of some new electro-physi-
ological and therapeutical experiments upon
the most constant currents. During more
than eight months it has been in action,
preserving nearly all its original power. I
have simply poured into it, from time to
time, a little water to fill up the cells. This
battery has not appeared to me to be so
sensitive to variations of temperature as
that of Daniell ; and, during the winter, it has not broken a single
porous cell. Its elements have only one-third the surface of those
of Daniell; and, consequently, it occupies much less space, and
gives a smaller quantity of eleetricity. 1t possesses, however, a
greater electro-motive power than the battery of Daniell.

Unquestionably, in some respects, the battery of sulphate of
mercury is inferior to Daniell's. Thus il polarises more; and
wastes more rapidly under the influence of closure of the current
by a metallic conductor, especially when the current is too long
closed. My eleetric clock, for example, which closes the ecireuit
for one-half of each second, exhausts in a few days (in three days)
a sulphate of mercury battery, the porous cell of which has been
filled by the salt; although it will go for three weeks with a
Daniell’s battery, preserving a sufficient force.

Fortunately, however, this polarisation and rapid exhaustion of
the sulphate of mercury pile, under the influence of too prolonged
a current, are not observed, or only in a slight degree, when the
intra-polar conduector is organie, or, in other words, is a bad con-
ductor. Thus I have passed a continuous current from my pile,
for twenty or thirty minutes, through the upper limbs, the hands
being placed in basins of water, and each hand holding an elec-
trode, without the current being much enfeebled after the operation.
For medical uses the importance of this fact is manifest.

One of the greatest inconveniences attending a Daniell’s pile,
especially for medical purposes, 1s that it exhausts and tarnishes
itself in repose nearly as much as in action. Fifteen elements of
my Daniell’s pile had been at work for three weeks, for the ap-

[ :L E
Fig. 18.—ell from Marié-Davy's
protosulphate of mercury battery S

* Z, zine. O, carbon eollector, D), porous eell containing the protosulphate of
mercury. V, external vessel,
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paratus in my rooms, for my bells, chamber telegraph, and electrie
cloek, while other fifteen elements had been at rest for the same
period. The latter were nearly as much soiled and enfeebled as
the former.

I shall show hereafter how, by means of an apparatns that I
have called the isolator and distribufor of the battery currents,
I have been able to moderate this rapid exhaustion. The sulphate
of mercury battery, however, wastes but little dnring the intervals
of its application, and may, without doubt, be kept in activity a
considerable time, as much as six or eight months, for certain
purposes. The power to preserve a sulphate of mercury battery
for so long a time without having to devote to it incessant care,
oives it an incontestable superiority over the Daniell’s ; and the
aggregate of all these advantages induces me to give the pre-
ference to the sulphate of mercury, for the application of con-
tinnous currents for physiological and therapeutical purposes.

The description of this battery is not yet to be found in standard
works ; and 1 will therefore describe here the one that I have had
constructed upon the model of that at the Ministry of the Interior.
Each element is composed (1) of an exterior glass eylinder (V, fig.
13); (2) of a eylinder of zine, Z; (3) of a porous cylindrical cell,
D; and of a piece of carbon, C, placed within it. The external
cylinder, eight centimetres high and six in diameter, is one-third
full of water, in which is immersed the zine. This is seven centi-
metres high, and is formed into a cylinder four centimetres and a
half in diameter. The porous cell, as high as the zine and three-
and-a-half centimetres in diameter, is a third full of paste of
protosulphate of mercury,’ in which is placed a piece of carbon
twelve centimetres high, two-and-a-half wide, and twelve milli-
metres in thickness. A plate of copper, riveted and soldered at
one extremity to the zine of one element, is placed in communica-
tion with the carbon of the next. It is unnecessary to say that a
battery formed of forty of such elements is put together like all
other batteries for obtaining physiological effects. The details are
given in elementary treatises on physics. Many inconveniences
have led me to doubt the excellence of this battery. The plates
of copper oxidize rapidly at their points of contact with the
carbon; and break on account of their amalgamation with
the mercury. I have obviated these inconveniences by giving the:
pieces of carbon such a height that the acid mercurial solution ||

 To make the paste, a sufficient quan- | it into a paste. The preparation shomld |
tity of water should be poured upon | be made at the time of setting up the:
enough powdered proto-sulphate of mer- lptlu.

cury for all the elements, and mixed with
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ascends with difficulty to the point of contact; and I have checker
endosmosis by dipping the upper end of ﬂﬂi_*" (f“"hﬂl‘ in melted
wax, which, in cooling, fills the pores into which it has penetrated.
For greater firmness, I have covered this npper end with a coat of
varnish, except at the points of contact. Lastly, I have platinized
the plates of copper at their points of contact. : .

(f). Marié-Davy's sulphate of lead battery.—The high price of
protosulphate of mercury has probably stood in the way of its
introduction into common use. This would doubtless be foreseen
by the inventor; who has employed himself in endeavours to
remove the obstacle. Moreover, the battery leaves us something
to desire, as I have said, with regard to the constancy of its
action.

It has occurred to this ingenious physicist: (1) to replace the
mercurial paste by a paste made with powdered sulphate of lead
and a saturated solution of marine salt; (2) to substitute for the
earbon a thin plate of tinned copper, seven centimetres square,
and rolled upon itself; (3) to fill the space between the porous
cell and the external wvessel with a concentrated solution of
marine salt; (4) to coat with tin the plates of copper that form
the connections between the two parts (zine and lead) of the
battery. '

Thus formed, the sulphate of lead battery affords a cwrrent of
the greatest constancy. In a damp place and in an even tem-
perature it has been in action for more than a year in my room,
requiring no farther care than to replenish the saline solution
from time to time, so as to keep it always at nearly the same level.
It is much less costly to procure or to maintain than the battery
with sulphate of mercury ; and for all these reasons I prefer it to
all others for the application of continuous ov interrupted voltaic
eurrents. But, as its electro-motor force is less by one-half than
that of the sulphate of mercury, I have found it necessary to
increase the number of the elements in order to meet the demands
- of praetice. Moreover, its bulk is such that it is only applicable
in my own house.

(7). Stemens’ battery (called also Remak’s).—Quite recently, a
battery, invented by a very distinguished Prussian engineer, M.
Siemens, has been much extolled in iermany. It is often called
also Remak’s battery ; from his having rendered its use general
in medical practice.

This battery of Siemens’ (fig. 14) is no more than a modification
of Daniell's, in which the inventor has sought chiefly to increase
resistance by placing between the porous cell that contains the
sulphate of copper and the zine a paste of paper and sawdust
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moistened with water, and by inereasing considerably the distanee
between the zine and the porous cell. This particular arrange-
ment affords the most constant current of any of the modifications
of Daniell, and it is the one which will work
for the longest time, they say, without re-
quiring to be touched. Can it be said that
it 18 not necessary to renew from time to time
the erystals of sulphate of copper contained
in the glass tube? After having become con-
siderably weaker during the first three or four
weeks, a Siemens’ battery will, indeed, remain
nearly stationary for a year or more. If it
only becomes constant when it has lost three-
fourths of its power, this is paying a little
dearly for the constancy.

This battery, which is quite sufficiently dear, is excellent for the
application in medicine of continuous constant currents, but is
defective for all other purposes.

For this reason I still prefer the employment of the sulphate of
lead. It furnishes a current not less constant, it will work for a
long time, not requiring to be cleaned, or to have the sulphate of
lead renewed, before the lapse of about a year; it requires no other
care than to pour, from time to timé, a little salt water between

Fig, 14.—Cell of Silemens'
{or Hemak's) battery.!

the porous cell and the external vessel; its electrolytic action is '

not considerable ; it is adapted for the application of continuous and
constant currents to therapeutics or to physiological experiments ;
and it will at the same time work my domestic telegraph and my

electric clock ; and, finally, it is moderate in price, and not too
bulky.

[Stohrer's Battery with Lifting Apparatus—Stchrer, of Dresden, has con-
structed a very excellent battery for medical purposes. This battery consists
of carbon and zine, without an earthenware cell. The carbon (fig. 15),
hollow within, filled with sand, and closed by a glass stopper, serves for the
reception of a concentrated solution of chromie acid in water. Of this
solution, ten or twelve drops will suffice for a long time. In daily and
continued use, this portion must be renewed as often as the diluted sulphurie
acid in the glass. The zine surrounds the ecarbon; but is kept from
contaet by glass insulators. These elements are placed in a ecirenlar glass.
cell, which serves for the reception of diluted sulphuric acid. This cell!

e — —_—— —

' A, porous diaphragm cemented to
the gluss tube B, filled with a solution of
sulphate of copper and with crystals.
O, plate of copper fixed in the porous
dinphragm, and eommunieating with the
exterior by the wire (. %, a cylinder of
zine surrounding the glass tube, and
communicating with the exterior by the

copper wire Z'. 1), paste of paper placed!
between the dinphragm and the externall
| vase, and below the zine. E, saw-dust,,
filling all the space between the glasss
tube, the external vase, and the papers
paste,
moistened with water.
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is so arranged in the completed apparatus, that it can be moved vertically up
and down; and can be fixed at any point. : By this arrangement, the acid can
be bronght into contact with the whole, or with part of the zinc and carbon;
or, by shutting down the glass, can be exceluded from them altogether. In
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Fig. 15.—Stihrer’s battery. Fig. 16.—Muirhiead's battery.

the latter case, the acid will only fill the lower third of the glass. The
advantages arising from being able to remove the elements at once and
without difficulty from the exciting fluid, and from the equal facility with
which they may be brought into action, are obvious. If the battery be in
daily use, the zine wounld require to be re-amalgamated, and the acids renewed
every six or eight weeks. Twenty-four or more pairs of the elements are
‘arranged upon a stand to form a battery for medical use.

Muirhead's Battery—This form of hattery, as adapted for medical purposes
by Mr. Becker, of the firm of Messrs. Elliott Brothers, is in use at the National
Hospital for the Paralysed and Epileptic. It is a modification of Daniell’s
battery,and has been largely employed in this country for the electrie telegraph.
The tension of the battery is low, but the action is very uniform. The ele-
ments consist of a zine plate (fig. 16, z), unamalgamated (% x 1% x 1 inches),
and of a thin copper plate, 3% x32 inches (fiz. 16, ¢). The copper plate
is immersed in a solution of sulphate of copper, placed in a porous cell
(fig. 16, p); the zine plate is immersed in simple water, contained, with the

rous cell and its contents, in a quadrangular porcelain vessel. The porce-
ain vessels are constructed in couples, each holding two pairs of elements,
and five of these cuﬂ)lea are packed in a strong oak box. The arrange-
ment of the battery adopted at the National Hospital for the Paralysed and
Epileptic, as least complex, is that shown in fig. 17, in which ten boxes, con-
taining 100 pairs of elements, are placed npon a simple open stand.

In nsing this battery for medical purposes, single pairs of elements are not
brought into action. The pairs, to the eightieth pair, are grouped in sets of
five; and the remaining twenty are grouped in tems. The terminal wires
of the cells thus arranged, are attached to buttons in rear of two re-
volving dises, numbered respectively from 5 to 45, and from 50 to 100;
and by turning the dises, the operator, without detaching the conducting
wires with which the rheophores are conneeted with the instrument, can
bring into play the current from as many sets of cells as he desires,

When in daily use, the cells require to be recharged, and the zine plates
cleaned every two months; and new zine plates are needed every eighteen




, - o8 LOCALIZED ELECTRIZATION.

months. Mr, Becker has added to the battery, as a means of ascertaining its
state of action, and as a gunide to the operator, an ingeniously construeted
Uik tangent galvanometer. The battery, when freshly charged, and all connections

£

':'r

E! ! 3

Fig. 17.—Muirhead's battery as arranged at the National Hogpital fur the Paralysed and Epileptic.

' cleaned, is in its most effective state; but as the strength gradually
diminishes, it is essential for the medical practitioner to kmow the degree
of diminution at any given time, in order that he may determine the number

i of cells to be used. The galvanometer coil has about one unit resistance, and

K in the foot of the instrument a bobbin is inserted, which has about 130 units’

ey resistance, and  which has no influence on the needle. This additional

g bobbin is inserted to make the resistance of the galvanometer somewhat

(i) equal to the resistance of the battery itself. The terminals are connected

| with a simple commutator, o that the cunrrent can be made to traverse the

i galvanometer or not. :

When the battery is in perfect action, it has been found that—

i D cells give 45° deflection,
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Should five cells give only 22° deflection, the battery wounld be half its
strength (if for the sake of illustration we take the angles for the expression
of the strength instead of the tangents), and a higher number of cells should
- be placed in action, where before five were suflicient. } l
f To show how additional resistance thrown into the ecircuit affects the
reading of the galvanometer, the following observations were made by

Mr. Beeker. When 100 cells are used, then— |
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10,000 B A units in eirenit, gave 13° deflection.

0 r 25‘, 32

E:% : i1 33‘3 ¥

ﬂ i{}U{] s ” %]-: 18

1,000 E » 65°
500 % o R
B{HJ i1 it ﬂﬁ ik
100 3 i 70°

¥
is table may give a hint to the operator, in what degree the resistance of
mc;ggl au;m]ﬂ; ni;r t'lgm human body i1}f11mnr:es the effective strength of the
hattery, although it must be borne in mind that the human bedy has a very
variable resistance, _

The Becker-Muirkead Battery has been in use at the National Hospital for the
Paralysed and Epileptic, and in my own private residence for several years.®
With ordinary watchfulness of its state of action, and care as to regularity
in re-charging and cleansing, it has proved a very effective and frustworthy
instrument. For a fixed, large surface, constant-current battery, it is the
form best fitted, to the present, to meet the wants of the English practitioner.

*

For, from the large extent to which Muirhead’s battery is used for the electric
telegraph in the kingdom, little difficulty is experienced in making good
accidental damage, or necessary deteriorations, at a reasonable cost. More-
over, from the simplicity in detail of the instrument, it can be cleaned,
re-charged, and repaired with facility by a person of ordinary intelligence.—
H, T

C.—Portable batteries of small surface.

In order to diminish certain inconveniences of the batteries of
large surface, instruments have been designed composed of a great
number of small elements, which ean be combined within a narrow
compass ; and which, in little bulk, possess sufficient electro-motor
power, without our having to fear too great calorific or electrolytic
action.

I proceed to give a description of several forms of these small
electro-motor instruments, which constitute a real progress as
regards their therapeutical application in certain cases; although
they are, for the most part, far from combining all the conditions
that are to be desired. :

(@). Gaiffe's portable battery of chloride of silver—M. A. Gaiffe,
favourably known by the ingenious arrangements of his instruments
for medical electricity, has sent me a description, or rather a
detail, of a portable battery of constant continuous current that
he has constructed. Tt is the chloride of silver battery of MM.
Marié-Davy, E. Beequerel, and Warren de la Rue; who, at dif-
ferent. times, have made communications with regard to it. The
original idea belongs to M. Marié-Davy;* and M. Gaiffe has

* [In my own house the battery is | mental modes of packing, if such be re-
placed in a closet on the aren floor, and the quired. Giving off no fumes or odours,
conducting '_wirm with dises brought into | it may be placed in any room without
the consulting-room. I may adi, inei- | hesitation, never becoming offonsive.—
dentally, that this form of battery lends ! i, 1]
itself very readily to ingenious and orna- |~ * See, for the method of re-charging

N,
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rendere_ﬂ it applicable to medical uses by the improvements that
he has introduced. The following is the notice sent to me on the
subject :—

“The apparatus (fig. 18) is fitted in a box, the size of which
depends upon the number of elements that it contains. The Lox

Fig. 18.—Gaiffe’s portable battery of chloride of silver,

* for thirty-six pairs, represented in fig. 18, is 20 centimetres high,
20 long, and 18 wide.

« A double top CDETF, which forms the upper part of the
box and covers the battery, serves to support the various ap-
pendages necessary for the use of the nstrument. These are,
A, A’ electrodes which deliver the current, and from which the con-
ducting wires proceed ; M, M, haudles by which to combine, in
greater or less number, the elements of the battery, and to direct
the current in the course desired; G, a galvanoscope, serving to
show the passage of the current.

« All the pairs, being identical in size and arrangement, can be
placed in the box one for another; and they are so constructed
that they can only be placed in a position proper for their being
combined. The various contacts are made antomatically by

putting the elements in place.

the cells, the fourth page of M. Gaiffe’s | instrument for the continuous and in
printed instruetions. The cells are that for the induced eurrent.
charged in the same manner in the
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« This general axrrangement of the instrument greatly simplifies
its manipulation, and will promote the extended employment of
the continuous eurrent,

“« A pair of elements with chloride of silver, having eight square
centimetres of working zine surface, will correspond, as regards
quantity, to a new and well charged pair of Remal’s. The electro-
motor force is a little less, about in the ratio of 5 to 6. In order
to obtain the equivalent of a cumbrous Remalk’s battery of 24
pairs, it is sufficient to have 86 pairs of chloride of silver with
eight centimetres of surface.

“ Lastly, the cost of the battery does not exceed thirty centimes
the working hour, when the human body forms part of the circuit.”

I have now experimented with this battery for about a month,
and have been well satisfied with the results obtained. Its
transport is as easy as that of an induction instrument ; and its
application requires none of the manipulation inevitable in the
use of other batteries; but I have not had it under observation
sufficiently long to be able to determine its actual value, or to say
how far it fulfils the promises of the inventor with regard to its
electro-motor force, and with regard to the constancy of its con-
tinuous current,

(). Small colummar pile of the Conservatoire des Arts et Métiers.—
There has long been made in England a small columnar battery
(a diminutive of Volta’s pile), of which each disk, formed of two
plates of copper and zine soldered together, has a diameter of
about one centimetre and a half. This battery is formed of a
greater or less number of couples. The disks, and the cireles of
cloth which separate the couples, all have a central perforation, by
which they are strung on to a cotton wick, so as to form a little
column, To excite the battery, the whole is dipped in vinegar.
The circles of cloth and the cotton wick remain impregnated with
the liquid for some time after they are withdrawn from it. The
current of this pile is sufficiently steady ; because the acid used
(vinegar) attacks the metal plates slightly.

This little pile oceupies only a small space, but it requires to be
cleaned after every time of using, and thus oceasions much loss of
time. From the number and the small surfaces of its elements, it
increases the physiological power of the battery while diminishing
its bulk and calorific action. This was evidently an improvement,
the utility of which, unfortunately, was little understood, for the
apparatus has remained almost unknown; and the idea which
governs its construction has been too long neglected.

[J’fum{ﬁmﬁfﬂ m!u?{mar batfery.—Dr, William A. Hammond, of New York,
has devised a very ingenions columnar battery, of the effects of which he

i

]
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speaks very highly, when he has had oceasion to make use of the interrupted
galvanic current in the treatment of infantile paralysis, the variety he terms
“organie,” and to which Duchenne has given the designation * fatty atrophie
paralysis of infaney" (paralysie afropliyue graisseuse de Penfance), The
following is Dr. Hammond's deseription of this instrument :—

“Tt consists of a series of elements formed of plates of perforated zine
and copper, as shown in fig. 19. These plates are soldered together, the
copper being bent over at the sides, the zine laid upon it,and the two
securely fastened. A thin piece of wood is then placed between the plates,
to prevent their being pressed together. The elements rest upon a plate of
hard rubber, and are kept in place by four hard rubber rods. Two other
plates of hard rubber, having each a large hole in the centre, and four holes
for the rods, rest on the top. These are kept in place by pins which pass
throngh holes in the rods. The-whole iz hung to an iron or brass support
as shown in the figure, and a saucer underneath catches the vinegar nsed to
set the instrument in action.

“To arrange the apparatus, an element with a copper wire soldered fo
the copper plate, is placed upon the lower piece of hard rubber; upon the
element, a piece of flannel, and so on. The elements are so placed that
the copper is always below. The last element has a piece of copper wire
soldered to the zine plate. Insulated wires are used to connect the poles
with the electrodes.

“To set the apparatus in action, strong vinegar is poured upon the top.
It passes through the elements, and moistens the flanmel. 1f the plates
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Fig. 10, —Hammond's columnar batiery.
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were not perforated, the flannel would only be moistened at the edges, and
thus a great loss of power would be the result.

L g 1 f perforated copper plates.”*— The
Quugﬁg}?rJﬁl:iﬁl“g? Il-'gjygﬁg{});ilgut,lmhdlgﬂiéinn and Mec }cu.l Jurisprudence,’
vol. i. pp. 62, 63.)—H. T']

(¢). Galvanic chains of Golberger and of Pulvermacher. — Of late
years the little voltaic instruments known as ;,mf:mmﬂ chains have
been introduced. They rest on the same principles as the fore-
going ; that is, they are formed of a great number of elements
having but small surface.

The first chains of Golberger, which possessed no kind of pro-
perty, because the elements that composed them were not disposed
in the manner necessary to establish a galvanic eurrent, soon gave
origin to the galvanic chains of Pulvermacher (figs. 20 and 21).
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Fig. 20.—Pulvermacher’s galvanic chiain, Fig. 21.—Another form of Pulvermacher's galvanic chain.

These are admirably combined to produce, in small bulk, galvanic
eurrents of great physiological power, with but moderate calorifie
action. They are arranged in the following manner. Each couple
is formed of a zine wire, rolled in a close spiral, but with its coils
not in contact, around a cylinder of wood one-and-a-half or two
centimetres in length and five or six millimetres in diameter,
These couples are united together by little rings of copper, the
eopper wire communicating with the zine, and wvice versa, forming
chains varying in length according to the intensity that is desired.
In this way may be formed batteries of 300 or 400 elements.
The chains, having been steeped in vinegar, yield currents, and
preserve this property for many hours; although they become
much weakened in a very short time. Pulvermacher’s chain, which

- = S i

' These batteries are manufactured by Messrs. Chester, of New Yorlk,
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is thus a happy modification of the voltaic pile, has been prin-
cipally intended to be employed as a topical application ; and the
eleetro-cutaneous excitation that it produces has been found useful
in the treatment of obstinate rheumatoid or nenralgic pains. But
the continued interruptions due to its mobility and its rapid
polarisation render it an apparatus ill suited for wuscular electri-
zation, and especially for the application of continuous currents,
[Pulvermacher has recently effected a considerable improvement in the
construction of his chain battery. He has discarded the eylinder of wood, and
substituted for the wire thin zine and copper plate. The dimensions of the
elements of the different sized chains remain the same, but each segment

is formed of a cylinder of copper plate, perforated with longitudinal open-
ings; and within the copper eylinder is a eylinder of zine withont perfora-

tions. The zine is separated from immediate contact with the copper by

a few stout threads. An unbroken link, which forms part of the copper
cylinder, serves as the means for joining the several segments. This construe-
tion permits the withdrawal and renewal of the zine cylinder when neces-
sary.—/f. T.]

(d). Ribbon battery of Duchenne—To avoid the inconvenience of
mobility of the elements, I constructed a small voltaic apparatus,
resting also on the prineciple of the multiplication of elements
with diminution of their surfaces. It was formed of little cubes, a
centimetre and a half in height, each composed of a band of zine
and a band of copper, folded repeatedly upon themselves, and
separated by a small diapbragm of linen, or, better still, of gold-
beater’s skin. These little cubes, connected by soldering, and so
adapted that the bands of copper communicate with the bands of
of zine, were fixed in a wooden frame (fig. 22).
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Fig. 22.—The Ribbon battery of Duclhenne.

One hundred and fifty of these little elements were arranged
in a frame, having a surface of sixteen centimetres by twelve. 1
called the apparatus the ribbon battery. In order to put it in
action, it was placed for a few minutes in a vessel of vinegar. A
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rheotome (instrument for causing intermissions) moving by clock-
work, and connected with one of the poles, allowed me to obtain, at
pleasure, intermissions of greater or less rapidity.

It is not necessary to deseribe the advantages of this ribbon
battery, in which the elements are fixed and soldered to one
another; advantages that I have not found in Pulvermacher’s
. chains,

The latter form of battery is only fit to be used for topical
applications; the former is more trustworthy, and more con-
venient, when it is wished to produce localized galvanization.
Lastly, the ribbon battery is more powerful than a Pulver-
macher’s chain, and is not, like it, exposed to a very rapid de-
terioration.

(€). Small fension baitery of Alph. Mathieu. — 1 prefer to my
ribbon battery the small electro-motor apparatus represented in
fiz. 23.  Conceived in the same spirit, it differs {from: the ribbon

Fig. 23.—Eleetro-motor Instrument of Alph. Mathicu.

bﬂ_tterjf in its more simple and more skilful construction, and in

being easier of management, rather than in any difference of its

elements. By means of an ingenious mechanism, forming part

?f the Aapparatus, a continuous current may be used, or one with

intermissions either very rapid or more or less slow, through a fly-

wheel which eontinues to revolye for from ten to fifteen minutes
.
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when once an impulse has been given to it.” The following is a
deseription.,

This battery, of small dimensions, is contained in a handsome
box, divided into an upper and a lower part. The lower part
receives the liguid required to charge the battery, In the
upper part, a tablet of open work receives the extremities of 400
eylindrical elements. These elements are contained one within
another in pairs, one of brass in one of zine, and are separated by
a slight porous tube, rendering each pair equivalent to a galvanic
couple. The liquid surrounds them on all sides, within and with-
out, and descends along the sides when the battery is in action.

Between the lid, which is closed by a glass, and the space oc-
cupied by the battery, is placed the mechanism for intermissions.
On the right are the knobs that govern this mechanism. The
movement is furnished by a fly-wheel, started by a rack C.
The rapid intermissions are produced by the vibrations of a spring,
struck by the fly-wheel. The slow intermissions are produced by
means of two toothed wheels, also gnided by the fly-wheel, and
acting by means of pegs upon a lever arranged for the purpose.
Each wheel produces a different intermission; and one or other of
them is put in action by the play of a slide, worked by drawing
out the stop A.

On the left are the binding serews, N P, for fixing the con-
duetors. For the continuous eurrent, the knob D) must be turned

until it is stopped. The knob B, which may be turned more _I

or less up to its point of arrest, serves to graduate, with perfect
regularity, the electro-motor foree of the current.

The exciting liquid having been poured into the lower compart-
ment, the elements are immersed by pressing upon the knob E.
After a few minutes, they may be raised to their former position.

The pile is charged with commeon vinegar, or with pyroligneous
acid, pure or diluted, or with glacial acetie acid, in the proportion
of about ten grammes to the half litre of water, or even with salt
and water.

If it be desired to carry the apparatus about, the liquid must be
emptied out; and, this done, the battery will continue in action for
a whole day, without a sensible diminution of force.

Bjr’wmum‘s portable EIELHH.:‘AI'.'—'M. Foveaux, of the firm of Messrs. Weiss
and Co., has recently designed and constructed a portable battery, which
surpasses all others with which I am acquainted for efficiency of action, com-
pactness consistent with efficiency, and freedom from the annoyanees which

too often attach to batteries of which smallness of bulk is an important
condition. This battery is formed of fifty pairs of Smee’s elements, packed

5 This instrument is made by the inventor, M. A, Alph. Mathicu, mechanician.
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into a hnnds:nrnc mahogany box, which measures in length 14 inches, in
11;|nr1e~,{:}m11‘.]1 74 inches, and in height 10} inches (fig. 24). The cells containing

Fig. 21, —Foveaux's portable battery

the exciting fluid (diluted sulphurie acid), and which are constructed of
vuleanite, are attached to an ingeniously devised lifting arrangement. When
the lid of the box is closed, and the battery is out of use, the cells and the
contained exeiting fluid are depressed beneath the elements, and the latter are
no longer immersed. When the lid of the battery is raised, to place the
instrument in use, the cells are elevated and the elements immersed in
proportion to the extent to which the lid is thrown back. By this arrange-
ment the zine is withdrawn from the destructive action of the acid when the
apparatus is not in use, and the waste of the element may be obviated to the
greatest extent. 1 have used this battery chiefly, as yet, in cases in which
the interrupted galvaniec current has been required for diagnostic or thera-
pentical purposes. A battery with the elements similarly arranged, but
somewhat differently packed (an earlier arrangement of M. Foveaux's), was
largely nsed for six weeks at the National Hospital for the Paralysed and
Epileptic, and at the end of that time was still effective. As a portable
battery, and for diagnostic purposes, Foveaux’s battery leaves little or
nothing to be desived. Tt is exquisitely construeted, and fully supplies a long
felt need.—1/. 1]

It has been said already that the calorific and electrolytic
action is diminished in the forms of apparatus just deseribed
(the columnar battery, Pulvermacher’s chain, Duchenne’s ribbon
battery, Mathieu’s battery), but it is not so much diminished that
it cannot be used in case of need. In fact, all these mstruments
may be made entirely to disorganise the skin, causing it to pass
through every stage of burning, when their action is limited to
this organ. They may consequently replace, in a certain degree,
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the moxa and transcurrent cauterisation.” They are even prefer-
able to those means, since they may be made to produce an action
more or less gradual, according to partienlar indications, while the
pain ceases immediately after the formation of the eschar. Those
who have preseribed the therapeutic application of the batteries
of small surface have too often forgotten the dangers or the incon-
veniences of their calorific or electrolytic action.

These instruments, having the power to produce energetic
museunlar contraction, appear, at first sight, likely to be very
useful in the treatment of paralysis. Unfortunately, they rapidly
become enfeebled ; almost immediately, indeed, after being set in
action. To illustrate this, it will be sufficient to relate a single
experiment with a Pulvermacher’s chain. T directed an inter-
mittent current upon the biceps of the arm, the apparatus being
at its maximum. The contraction of the muscle was such, at the
first intermittence, that the fore-arm was strongly flexed npon
the arm, and the patient experienced an acute sensation. But the
second contraction was a little less strong than the first, and each
successive contraction became weaker, until, after about twenty
intermisgions, the musecle scarcely contracted at all. I repeated
this experiment frequently on different museles, and found that the
wealkening was more rapid the more frequent the intermissions,
The continuous eurrent, again, exhausts the apparatus more quickly
than the intermittent. These little instruments are powerful, there-
fore,—on the condition that they are not set in action! The weaken-
ing, however, is only temporary ; and, if the eurrent be out of use
for a quarter of an hour, the apparatus will recover its original force.

The temporary weakening of these small voltaic piles, even
under the influence of intermittent currents, joined to their
continual and progressive exhaustion, renders it very difficult to
measure or caleulate their action. On account of the sources of
weakening to which their physiological action is exposed, these
batteries of small surface are, it may be conceived, inapplicable to
the localization of electric excitation in individual muscles or
nerves, and especially for the electro-physiological and patho-
logical researches which require extreme precision. How, in-
deed, can we measure a force that is subject to such variations?
How can we graduate the dose to the excitability of the organs,
s0 different in different states of health or of disease ?7

¢ Tf it be desired to produce deep and | pile of M. Grenet [or the battery s]]-nf_-inll}-
rapid cauterization, as by & moxa. it is  constrneted for lh‘ﬂ purpose by Stdhrer,
necessary to use n battery of large sur- | of Dresden.—I. T.]
face, like that contrived by M. Regnault, | 7 M. Hl.‘lllmli..lt'rltlrmmg my statements
and already described at page 16; or, | on the action of the galvanie current, !151.-4
still better, the powerful and ingenious | written (Galvanofherapie, Paris, 1860,
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The considerable and rapid polarization produced in the small
gulvanic batteries by the continuous currents, prevents them from
being used for the physiological or therapeutical study of such
currents,

Among the galvanic batteries of large surface that I have
described above, those only of which the current 1s most constant,
and of which the electro-motor force is the greatest, are applicable
to localized muscular galvanization.

II—OPERATIVE PROCEDURES FOR LOCALIZED (FALVANIZATION.

" The precepts that it is necessary to observe, in order fo practise

localized muscular galvanization by intermittent currents, dare
absolutely the same with those about to be stated for the practice

of localized museular faradization.

§ IIL.—Localized electrization by induced electricity, or localized
muscular faradization.

Of the three kinds of electricity, induced electricity is the most
fitted for muscular electrization, especially when that operation
requires to be practised frequently, and for a long time. To be
convinced of this, it is only necessary to recall what has been said
in the first chapter, on the special therapeutical and physiological
effects of each kind. Thus faradization excites the most powerful
muscular contractions, without at the same time acutely exciting
the cutaneous sensibility, without producing shock, without throw-
ing the organs into a kind of stupor, without rupturing capillary
vessels; in a word, without occasioning, like static electricity,
any acecidents from which the patients might recover with diffi-
culty. We know, again, that galvanism and faradism possess,
in a nearly equal degree, the power to penetrate more or less
deeply beneath the skin; or, in other words, to concentrate their
action on muscles or nerves, without affecting the skin; but that
the chemical and physiological properties of faradism are infinitely
little developed as compared with those of galvanism, and are too
weak to be appreciable during muscular faradization. We know,
lastly, that faradization produces only a faint phosphene ; and that
its action upon the retina does not complicate in a distressing
manner, like that of galvanism, the electrization of the muscles of

p. 46):—“M. Duchenne appears to be | or has he not understood the question
ignorant of the difference which exists | at issue, which refers only to small vol-
between s constant and an inconstant | taie batteries ? I am not aware that M.
chain; although he lives in Paris, ncar Beequerel's constant chains liave been
M. Beequerel, the celebrated inventor of | used for medical purposes,

congtant clains,” Is this good fuith?
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the face, We have, therefore, good reason to say that faradie
electricity, which in no way alters the tissues, is essentially
medical electricity.

Tt is when we wish to limit exactly the power of electricity nupon
certain musecles or fasciculi, or upon individual nerves, that we
understand the value of faradism, and the need of employing those
induction instruments which unite all the properties that I have
been deseribing.

L.—The historic question.

Before proceeding to explain the method of localized faradiza-
tion, of which, whatever may be said by M. Becquerel, I deem
myself to be unquestionably the inventor, it is necessary to glance
at the historie question.

From the time when the pile of Volta was first applied to electro-
physiological experiment, all the world has seen that rheophores,
placed upon the moist skin, over masses of musecle, called those
masses into contraction at the moment of completing or of
breaking the circuit. No refinement of observation was needed in
order to establish this fact, which, moreover, was mentioned in the
accounts given of physiological experiments made with voltaic
currents, prior to the discovery of induced electricity.

Still later, when induced currents were for the first time applied
to electro-physiological research, it would have been necessary to
be blind in order not to observe that the rheophores, when placed
upon moist skin, produced contraction of the muscles beneath, as
had long been known to be the case with intermittent galvanie
currents.

At the time when I commenced my experimental researches
upon localized electrization, every one used moist rheophores in
order to provoke, by their application to the surface of the skin,
muscular contractions by means of any kind of battery or any
apparatus of induction.

It was certainly not with such insufficient ideas, and by such
coarse methods, that I have been able to establish the method
that T have ecalled localized electrization, and more especially
localized faradization. This method was only really created on
the day when I discovered the means of confining to the surface
of the skin the action of even the most intense induced currents;
and when I had shown, by experiments upon mankind in a normal
state, as well as in certain pathological conditions, that it was
possible to make induced currents penetrate the skin without
exciting it, and to concentrate their action upon the organs
beneath. It had not really deserved the name of localized elec-
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trization until it had been rendered clear by special anatomical
and electro-physiological knowledge. Then, with the help of
induction instruments and of appropriate rheophores, it became
possible for me to lay down the rules by which electric exeitation
may be limited to different depths, to each muscle, or group of
museles, to each nerve, and to a great number of nternal organs.

I am indebted to the use of localized faradization, by the methods
which I am about to explain, for the discovery of the individual
actions of many of the muscles® This method, applied to certain
pathological and therapeutical investigations, has given very
beautiful results that have been tested and confirmed by a large
number of observations.®

I1.—Choice of an induction instrument.

The choice of a good apparatus is of such importance, in the
practice of localized faradization, that I shall devote a whole
chapter (Chap. 1V.) to the question. The considerations that I
shall have to set forth cannot be well understood until I have
given the anatomical and physiological data upon which localized
laradization rests.

For the present I am content to say that, without the proper
instruments, localized faradization could scarcely have been realized,
and that, without their aid, I could not have opened the way for
researches in electro-physiology, pathology, and therapeutics, the
importanee of which is now well established.

% See Duchenne, Recherches eclecfro- | works are certainly in no way to be

physiologiques sur le mechanisme de Iainompnred to those of the illustrious
* physionomie humaine, 1862; Physiologie | Faraday, although the Academy has
des  movemenls deémontrée a@ Taide de | proved that his prefensions are un-

Pexperimentation €lectrique et de Pobser- | founded, hiz claims have this much of
wation elinique, 1866,

¥ Until now, I have been unwilling to
enter upon the historical question that I
- have thus briefly set forth; because I
wish to avoid the appearance of glorifying
my own work, It appeared more suitable
to leave the matter to those who were
disinterested with regard to it. I find it
necessary, however, to be more guarded,
since the invention of my method of
localized electrization has lately been
claimed by a physicist of merit, Masson,
Professor at the Eeole Polytechnique.
This philosopher has acquired some fame
in the history of indnm electricity; but
attention has chiefly been drawn to his
name by the incessant claims of priority
that he has addressed to the Aeademy of
Seiences. with regard to the discovery of

electricity by induetion. Although his

reason, that he believes himself to have
been the first to observe the phenomena
of induction. But how shall I charae-
terise his new pretensions, since, notwith-
standing his ignorance of anatomy and
physiology, he claims priority of in-
vention for a method of electrization
that' could only be ereated by the aid
of speciul anatomical and physiologieal
rescarch, and which is not applicable
without the exact knowledge, and the
observation of the rules, which I have
deduced from my experiments?  Another
physicist, M. Becquerel, has also sup-
ported the pretensions of Masson before
the Academy of Sciences. He was
equally incompetent with him, as regards
questions of anatomy and electro-physios
logy. This must be his exeuse,
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1II.—Choice of rheophores.

Muscular faradization is practised, either by concentrating the
electric excitation in a nervous plexus, trunk, or filament, which
shall conduct it to the museles dependent upon it, or by directing
the excitation upon individual museles or fasciculi. In these
different operations, the rheophores should always be brought as
near as possible to each other.

The first mode of faradization produces general movements:;
that is, the contraction of many muscles or of all parts of a single
muscle ; and is called éndirect muscular faradization. The second
oives more partial movements, from the excitation of one muscle,
part of a muscle, or a fasciculus; and is called direct muscular
Sfaradization.

Each of these modes of faradization requires a special proceeding
that I will deseribe.

It is known that, on placing upon the skin the moist rheophores
of an induction apparatus, the electricity concentrates its power in
the organs placed immediately beneath the skin. Consequently,
to excite muscular contraction, it is necessary to set the rheophores
on points corresponding to the surface of the musele or of its nerve;
the rheophores being placed in communication with the intra-
polar extremities of an induction apparatus by metallic eonductors.

For the museles of the trunk, which have a large surface, I apply
moist sponges contained in cylinders (fig. 25), or metallic disks
(fig. 26) covered with wet leather. These
are furnished with insulating handles, as
in fig. 25.

To limit the electric action in muscles
that present only a small surface, as those
of the face, or the interossei, I employ
conical metallic rheophores (figs. 27 and
28) which serew into separate handles.
The conical rheophores are covered by
leather soaked in water,) and are pressed
by their extremities to points over the
muscles to be faradized. They also serve
me to guide the electric action upon
nerves, when I practise indirect muscular
faradization,

Fig. 26. Fig. 26,

[
Fig. 26,—Metallic rheophore with : : v
Sk A e b The moist leather which covers the

4T, 26—Metallic theophore with  atg]lie rheophores opposes much less re-

! T habitually use the fingers of leather gloves, turned inside out.
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gistance than wet sponge to the faradic current. The difference
i due to the different thickness of thestwo bad conductors that
have to be traversed by
a current directed upon
the surface of the body.
Therefore, in certain cir- g===
eumstances, I prefer the
metallic theophores of large surface (fig. 26),
also covered with wet leather, to the moist
sponges ; because the former practically increase
the power of the current. The large metallic
rheophores have also the advantage that they
may be more or less pressed upon the skin,
without annoying the patient, as in the ecase
of the sponges, by water being freely squeezed
out from them.

LV . —Indirect muscular faradization.

Indirect muscular faradization requires, as
may be supposed, an exact knowledge of the
positions and the anatomical relations of the
nerves, It is most practicable in the limbs, /5

where most of the nervous trunks, subcutaneous i o ouvary metattic
at some point of their length, are accessible ™™ o o0 e
to rheophores. hedptiire:

In the upper limbs, electrical action can be preecisely limited to
the median nerve, at the inner side of the lower third of the arm, and
to the ulnar, at its passage along the channel which separates the
inner cordyle from the olecranon. Faradization of the radial may
be practised at the outer side of the humerus, at the junction of its
middle and lower thirds, where the nerve escapes from the humeral
channel. It would be impossible not to stimulate directly, at the
game time, some fibres of the triceps and brachialis muscles. The
musculo-cutaneous nerve may be faradized in the axilla. It is
also possible to localize the eleetric action in some terminal
branches ; for example, in those that supply the musecles of the
thenar eminence, and in the eollateral nerves.

In the lower limbs indirect muscular faradization is still more
gimple. The crural nerve is found in the fold of the groin,
external to the femoral artery; and the popliteal nerves in the
. Jpopliteal space. It should be known that electricity will not reach
the internal popliteal nerve, which is protected by a great thick-
ness of cellular tissue, unless the current be somewhat powerful.
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The sciatic nerve is only accessible at its origin in the pelvis,
through the posterior wall of the rectum. The process for apply-
ing faradization to it will be explained hereafter.

In other regions, the practice of indirect museular faradization

becomes more difficult and more delicate. On the face, the trunk

of the portio dura, concealed in the thickness of the parotid, is
inaccessible to electro-excitation, whatever be the strength of the
current. It can be reached at its issue from the stylo-mastoid
foramen, by introducing a conical rheophore, covered with wet
leather, into the external auditory meatus, and resting it on the
lower cartilage; at this point the trunk of the nerve will be
distant from the rheophore only three or four millimetres. Its
branches may be faradized at their points of emergence from the
parotid ; and the contraction of the muscles supplied by them is a
certain index that they are execited.

In the supra-clavieular region the rheophore, placed immediately
above the clavicle, acts npon the brachial plexus; at the summit
of the supra-clavicular triangle it is in relation with the external
branch of the spinal, at a finger’s. breadth above the clavicle, and
over the clavicular attachment of the trapezius the rheophore acts
upon the nerve which supplies the serratus magnus and deltoid ;
at the same distance above the eclavicle, but towards the inferior

attachment of the sterno-cleido-mastoid, are the nerves which

supply the pectoral, the flexors of the forearm upon the arm, and

all the museles of the anterior region of the forearm which receive )

the excitation.* Lastly, over the scalenus anticus, the electrie
excitation i8 brought to bear upon the phrenic. I shall explain
the method which should be employed for the faradization of this
nerve, when I speak of the electro physiological and pathological
study of the diaphragm. The great hypoglossal is almost sub-
cutaneous at the level of the great cornu of the os hyoides, where
it passes between the stylo-hyoid and the hyo-glossus. At this
point the rheophores should be placed, when it is desired to fara-
dize this nerve. I shall speak hereafter of the faradization of the
olosso-pharyngeal, of the pneumo-gastrie, and of the recurrent.

Y.—Direct muscular faradization.

Direct muscular faradization consists, as I have already stated,
in causing each muscle, or fasciculus of muscle, to contract indi-

2 T am certain that, in the different times, and always, on placing the rheo-
points above stated, we find, in the  phores on these points, have seen con-
midst of the brachial plexus, the nervous | traction produced in museles which
fibres which go to form each of the | receive spinal influence from each of the
nerves which arise from it; for I have nerves.
repeated the experiments thousands of |
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vidually, or rather, in directly exciting the muscular tissue, by
placing moist rheophores on points of skin corresponding to its
surface.

It is right to administer to a muscle only the dose of electricity
proportionate to its degree of excitability, which is variable with
each, It is therefore necessary that the operator should always
have one hand at liberty, ready to control, during faradization, the
graduator of the apparatus. The same h&ncl serves also to act on
the intermissions of the current (in a manner to be explained
hereafter). This part of the operation should never be entrusted
to a stranger, because the physician should relax or press the
movement of the rheotome, according to particular indications,
‘which present themselves at any moment, even during the fara-
dization of a single muscle. One hand only, the opposite to that
(which controls the graduation of the intermittences, should held
and manceuvre the rheophores. The handle of one should be
placed between the thumb and the index, that of the other
between the middle and ring fingers, the fingers being placed so
as to keep the handles in the palm of the hand. This method
permits faradization to be practised with great rapidity. TFigs.
29 and 30 are intended to show the manner of holding the
rheophores,

In fig. 29, the cylindrical rheophores, fitted with moist sponges,
|anr the disks covered with wt leather, are held in the left hand ;

H| L || ‘H h
U' 'u"" “\H

Fig. 20.—Method of holding the cylindrical or disk rheophiores in a gingle hand,

hile 1;11@ right regulates the intermittence, by mani ipulation of the
W
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Ilig. 30 represents the conieal rheophores, covered with moist
leather, held in the left hand, and placed upon the triangular
muscle of the lips.

It is always necessary to place the rheophores over the fleshy
bodies of the muscles, and never over their tendons ; because
(as it is hardly requisite to state), the stimulation of the latter
does not produce muscular contraction,

[Mr. J. Netten Radeliffe gives the accompanying illustration (fig. 81) of the.
method of holding the rheophores (* The Practitioner,” vol. i., pF ]ﬂgﬁ).—:}ﬂ .‘f'.]e

Fig. 30.—Method of holding the conical rheopliores.  Flg. 31.—Mode of holding theaphores according
to Mr. Hadeliffe,

In order to faradize a muscle completely, it is necessary that
the moist rheophoves should cover the whole of ifs surface: and,
when they are not large enough to do this, they should be applied in
succession to all points of the surface. The thicker the substance of
the musele, the more intense should be the current; because a weak
current will only produce exeitation of the superficial layers.

I proceed to develope this capital proposition, and to demon=
strate its truth. 1

(a).—When the moist rheophores are placed on the upper part of
a long muscle, we see, under the influence of an induced currentsf
of medium force, this part of the muscle swell, and we feel it
harden ; while, it the same rheophores are placed over the low orf,
part of the muscle, the lower part swells and hardens in its turngd
Rheophores applied to one point of a broad muscle cause contrac=:
tion only of the fibres with which they are in relation ; the neigh-
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bouring fibres remaining relaxed. It follows that the e.\:eitm.;inu
of the musele only occurs at the points which are brought into
eonnection with the rheophores. _ :

(D). My researches have shown me that, 1:'111(1@1' the influence of
an apparatus of strong tension, the electricity penetrates b[leepl},r
into the tissues. The following observations support this pro-
position. In lead-palsy, as T shall have occasion to show, certain
muscles of the posterior region of the forearm become atrophied,
Land do not contract under the influence of faradization. If the
tension of the current be moderate, we do not see any movement
of the limb when the rheophores are placed over the paralysed
muscles ; if the tension of the eurrent be very great, we see that
the muscles situated beneath those paralysed are thrown into con-
traction. In the former case, the electric excitation has been
limited to the paralysed muscles; in the latter, it has penetrated
these muscles to act on those covered by them. In very fat or
cedematous persons electricity does not reach the museles at all,
unless by the aid of a current of strong tension. It follows, from
these facts that, in the practice of direct museular faradization, the
tension of the current should be proportioned to the thickness
both of the muscle to be excited and of the tissues to be traversed.

It is well understood that in all these experiments care must be
taken not to excite the muscular nerves ; either by placing the rheo-
phores at a distance from their emergence or their immersion ; or,
where the nerves cannot be avoided, by operating with a eurrent of
moderate tension. In fact, since the moist rheophores arve only
placed in relation with the surfaces of the musecles, and since
the muscular nerves enter at the deep surfaces of all superficial
muscles, it is certain that the contractions produced by a moderate
eurrent are nof exeited through the medium of nerve ageney.

(¢). When the moist rheophores are applied to points corre-
sponding to the surface of a muscle, the execitation produced by the
electric recompositions acts simultaneously upon all the anatomical
elements (muscular fibres, motor, sensitive, and ganglionic nervous
filaments, arteries and veins) which enter into the composition of
the portion of muscle excited; while, if the contraction be pro-
duced indirectly, that is to say, by placing the rheophores over
the motor-nerve trunk, at a distance from the muscle to be
excited, only the muscular fibres are inflnenced. Consequently,
the direct faradization of a musele is not complete, even when its
contraction en masse has been produced by the excitation of its
nerve, if the rheophores have not been moved over all the points
| corresponding to the surface of the muscle.

Need I add that, in the living subject, when the museles are
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78 LOCALIZED ELECTRIZATION.

excited by the process of direct faradization, it is impossible to act
singly upon each of the anatomical elements, since all these ele=
ments inevitably receive, at the same time, the direct excitation
of the current? Such a remark would be little less than a gra-
tuitous insult to the intelligence of my readers. No one can be
ignorant that, during life, these elements cannot be separated as
in an anatomical preparation.

I have long advocated direct muscular faradization in the
treatment of affections in which the muscular properties are in-
jured ; and principally in atrophy and atrophic paralysis.

This doetrine rests upon a long experience, and proceeds from
numerous facts related in the many memoirs that were reproduce .
in the previous edition. The doctrine, without doubt, has not '§
been laid down explicitly enough in my writings; for certain
authors have attacked direct muscular faradization with violence
According to M. Remak, and according to other authors (his fol-
lowers) I should only act upon the musele, in this mode of elec-
trization, through the medium of its proper nerve, and whe
placing my rheophores over its point of immersion. In order
thus to travestie the method of direct muscular faradization, my
opponents could not have read that I have advised, as stated above
the movement of the motst rheophores over all the points corresponding
to the cutaneous surface of the muscles. That by this process the
musecular nerve will sometimes be influenced, if the eunrrent is
strong enough, is incontestable; but, in order for muscular fara
dization to be complete, it is nevertheless necessary to carry the
excitation over all the muscular surface. It is true that M. Remak
denies the existence of muscular irritability and sensibility.? Con-
sequently, according to him, what could be the utility of direct
excitation of musecle ?
 Evyen admitting—what I dispute—that these properties could be
as much excited through the intermediation of the nerves as when
the rheophores are placed over the muscular tissue, would it be a
matter of indifference, therapeutically, that the electric excitation
should be applied directly to the tissue of the muscles, the capil
laries, and the vaso-motor nerves which accompany them? M.
Remak and his pupils are too good physiologists to maintain
such a position. A little reflection should, therefore, make them

3 For M. Remak to make me say that | trisiring gelzhmier Muslkeln, Berling
in direct electrization, the muscular fibre | 1856). My reply to this strange eriti=
contracts solely by reason of its irrita- | cism was published in a well-known and 3
bility (Hallerian irritability) is to atiri- highly esteemed journal, Jahrbiicher fiir

bute to me an enormity that I have | gesammte Medizin, May 1856, and in La
not committed. (Ueber methodische elee- | Revue medicale, 1856,
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understand the therapeutical importance of direct muscular fara-

dization. _ oal)
Nothing ean be more easy than this direct faradization,

especially in the superficial regions of the trunk and limbs, to
those who possess any knowledge of surface anmatomy. For the
deeper layers of the muscles of the limbs the process is more
difficult ; although most of these muscles offer some point of
their tissue that is sub-cutaneous, and aceessible to direct excita-
tion.

I could show, by a synoptical table, the points on which the
rheophores should be placed, in order to practise direct and partial
faradization of the muscles. But such a work would be beyond
the limits 1 have imposed upon myself; and would be of little
~value to those who have not forgotten their anatomy. The prac-
titioner who desires to perfect himself in the art of localized
faradization should, however, study myology from a special point
of view; and should seek to learn exactly the points at which
the superficial and the deeper muscles come into relation with the
surface. With regard to those inaccessible to direct faradization,
the number of which is not great, we have always the power to
excite them indirectly, that is to say, through the medium of their
motor nerves.

VI.—Ezxcitability of nerves and muscles,

The faradization of a mixed nerve or of a muscle always pro-
duces, in the normal state, contraction and sensation. It is very
important for those who study the art of localized faradization, in
its applications either to physiology, pathology, or therapeutics,
to be acquainted with the degree of excitability of the nerve or
muscle upon which the electric stimulant is directed. If all

organs possessed the same degree of excitability, the practice of

this method of faradization would be very easy. It would be
sufficient to know the thickness of tissue to be traversed, and its
resistance to the current, the proper state of dryness or humidity
of the skin, and the best form of rheophores for obtaining deep or
superficial action; to know superficial muscular anatomy, and the
points of immersion or emergence of the motor nerves, so as to
be acquainted with the parts on which the rheophores should be
placed, either for the direet or indirect excitation of each muscle.
Unfortunately the matter is not so easy; since each organ, each
muscle, each nerve possesses its own degree of excitability, of con-
tractility, or of electric sensibility.

It would be unsuitable to enter at great length into details on
this point of the subject; but it is as necessary to mention certain
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phenomena, ignorance of which might lead to many errors, and
sometimes even to serious accidents.

A.—EBeeitability of the motricily of nerves, and the contractility
of museles,

The motricity * of the external branch of the spinal nerve (ve-
spiratory nerve of Bell) is the most excitable. Hence the muscles
or parts of muscles that it supplies will be thrown into action
by a very feeble electric eurrent. For example, the lower half of
the sterno-cleido-mastoid, and the middle and inferior portions
of the trapezius, are but little excitable. But, if we direct upon
the superior half of the sterno-mastoid, or upon the external border
of the upper half (the clavicular portion) of the trapezius, a current
that is too weak to produce even the commencement of contraction
in the other parts of the same musecles, we see the head bent, or
the shoulder eleyated, or the side excited, by a brusque and violent
movement, If the rheophore is placed over the apex of the supra-
clavicular triangle, the same movements are energetically produced
by the simultaneous contraction of the superior parts of the
trapezius and of the sterno-mastoid® It seems to me to follow,
from this experiment, that the extreme excitability, which exists
only in limited portions of these museles, is due to the presence of
the external branch of the spinal nerve.

I proceed to show the dangers to which the patient is exposed
during faradization, if the operator is not acquainted with the
important fact just stated. At the beginning of my researches I
eould not find in writers any warnings to put me on my guard
against the too numerous accidents that I have had to regret.
The following, among others, oceurred during faradization of the
trapezius in a case of paralysis of the upper extremity. I had
directed a tolerably strong current upon the upper half of the
trapezius ; and then, passing suddenly to the external border of
that musele, I placed a rheophore upon the apex of the supra-
clavicular triangle in such a wanner as to touch, at the same time,
a portion of the upper half of the sterno-mastoid. The head
executed a movement of rotation and inclination so foreible that
the patient felt something crack, and had acute pain in the neck.
He also experien{:ed stunning, and tingling in the extremities ;
and required to be bled immediately. If the apparatus had been
oraduated to its maximum, would there not have been an accident

+ The power that a nerve possesses, | nerve is distributed fo the upper half:
when artificially stimulated, to excite | of the sterno-cleido-mastoid, and to the.

muscular contraction, | upper half of the trapesius, especially at
s The external branch of the spinal | its external margin,
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of extreme gravity? This fact led me to the discovery of the
oreat excitability of the respiratory nerve of Bell, which I believe
to be the most excitable of all the nerves; but this discovery, as
we have seen, cost me somewhat dear.

% Remak has eriticised the experiment
which shows the great excitability of the
respiratory merve of Bell, by making,
and commenting upon, the experiments
following.
rheophore over the oecipital extremity of
the trapezius, and another over the spine
of the scapula, according to the direction
of the musenlar fibres, and then passed a

moderate induced current, from which he | )
' to deduce any strict conclusion from

obtained only slight contractions. In

another experiment, he left one of the
‘rheophores in its former position (either

that at the oceiput or that at the scapula),
and placed the other over the border
of the trapezius, at the point of entry of
the accessory nerve of Willis. The same
current then produced elevation of the
shoulder and inelination of the head.
He has made analogous experiments
upon the biceps of the arm, and has
obtained similar results, that is to sav, o
eontraction of the muscle en masse, from
excitation of its motor nerve, and very
weak contractions when the rheophores
were placed over the extremities of the
muscle, The only rational conclusion to
be drawn from these experiments is that
excitation of a motor nerve produces
contraction of all the fibres to which it
18 distributed (and hence a considerable
movement) ; while faradization of the
parts of a muscle remofe from the points
of immersion or emergence of a motor
nerve, Lﬁmdu::es contraction only of those
fibres that are in relation with the rheo-
ﬂpre&, and of these only the more super-
| ficial if the tension of the current be
glicht: whenee a feeble and limited
‘movement. By acting alternately upon
bare muscle, and upon its nerve, it may
be seen that this conclusion is perfectly
correct. It is, therefore, not surprising
that direct faradization should produce

less movement than indirect; since a |
imuch smaller number of muscular fibres |

are thrown into contraction by the
rmer, Moreover, in these experiments
f M. Remak, the rheophores were placed
at the extremities of the muscle (at the
occipital extremity of the trapezius and
on the spine of the scapula, and in the
same way for the biceps), that is to say,
ower structures in greal part aponeurolic or
tendinous, so that the contractions weuld
necessarily be feeble, becanse only o few
muscular fibres would be in relation with
the rheophores.  If M. Remak had placed

He has placed a moist |

his rheophore entirely upon muscular
fibre,—for instance, a little above the
middle portion of the border of the tra-
pezing,—I am sure that he would have
produced a marked contraction of the
clavicular portion of the musele, which
he evidently could not obtain whilst the
rheophores were placed over the apone-
urotic extremities.

It is plain that it would be difficult

experiments so badly performed. We
shall see, however, from his manner of
interpreting them, how ardent is the
imagination of M. Remak. In the first
place, he fails to see that the difference
in the movements obtained in the
several experiments depends upon the
fact that, in the one case, the excitation
of the museular nerve causes the con-
traction of all the fibres to which it is
distributed ; while in the other, only a
small number of fibres, namely those in
the neighbourhood of the aponeurosis,
are situated beneath the rheophores, and
thus called into contraction. Every one
else wonld conclude from this that the
tendinous or aponeurotie fibres, in their
normal state, are not irritable; but M.
Hemalk, taking the aponeurotic for mus-
cular fibres, draws from his experiments
the following deduetion against the
Hallerian contractility. *'I'hat which
strikes us the most,” he says, ““is that
these experiments, besides their practical
significance” (this practical significance
being, according to M. Remak, that the
electric current should be exclusively
directed upon the motor nerve at its
point of immersion or emergence—a
retrograde precept as I have shown)
“* contribute essentially to the solution of
the question, respectable by ifs antiquity,
of the so-called irritability.” The solu-
tion of which M. Remak wishes to speak,
is the reversal of the doctrine. A little
above, in fact. introdueing irrelevantly the
question of the doetrine of irritability, he
has said, * It is searcely necessary for me
to point ont how little these physiological
experiments justify the pretended doctrine
of Hallerian irritability."

If M. Remak has only such arguments
as these in opposition to the Hallerian
irritability, that doctrine has nothing to
fear from his attacks. The micrographic
physiologist should know, better than
any one, that such a question can only
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B.—Eacitability of the Sensibility of Muscles.

It is of much less importance to the operator, especially in the
application of faradization to therapeutics, to know the degree of =
excitability of the motricity of the nerves, or of the electric con-
tractility of the muscles, than to know what is the degree of
sensibility developed by the faradization of these nerves or of these
muscles. It is, indeed, the exaggerated sensibility of certain
regions, or of certain subjects, that sometimes renders muscular
faradization impracticable. When I set forth, in the sequel, the
results of faradization applied to the treatment of certain kinds of
paralysis, it will be seen how the exaltation of the electro-muscular
sensibility can render localized faradization dangerous. It is,
therefore, upon a knowledge of the degree of excitability of the
electro-muscular sensibility that the art of loecalized musecular
faradization, as applied to treatment, chiefly rests. Although the
individual differences are greater in this respect than for the electro-
musecular contractility, I am convinced that it is possible to find an
average that will serve as a general rule, just as there exists
an average or ordinary dose of any medicine.

Without entering into the details of my researches on this
interesting subject, I purpose to set forth, with regard to the
excitability of the sensibility of each of the muscles, certain
general facts which may be guides to the operator in direct
musecular faradization.

The electric sensibility is very acute and easily excited in the
musecles of the face. This is due to the fifth pair of nerves, from
which these muscles receive filaments. In faradization of the
facial museles it is necessary to avoid placing the rheophores over
points corresponding to the infra-orbital or mental nerves. Ix-
citation of these nerves produces very acute pain, which extends

be studied experimentally by placing | acquainted with the researches of MM.
nnder the microscope a museular fibre, | Ol. Bernard and Kolliker upon the action
separated from all anatomical elements of | of woorara, which destroys immediately
nerve, and by then subjecting it to some | the excitability of the nerves and of the =
stimulus—such, for example, as that of a | spinal cord, butleavesintact the irritability
galvanic or an indueced current. . But | of the muscular fibre. This particular
this is precisely what was done by M. | action of the Indian poison would suffice, -
Lebert, in 1842, with the muscular fibre | without the I'nregmm:,]' experiments, to
of insects, and afterwards of rabbits, and | establish the truth of the Hallerian doe-
of dogs: it is what has been since done | trine. Let us add to such facts those
hundreds of times by a great number of | which are furnished by the researches
observers: and it is done every day by | of M. Longet, and by daily pathological®
M. Robin, and is shown in his excellent | observation, and we obtain an aggregate
lectures. If M. Remak, by chance, | of proofs sufficient to earry convietion
refuses to see what has been - seen by | even to the most obstinate minds.
everybody else, I still ask if he be un- |
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to a distance,—to the incisor teeth, and sometimes to the base of
the orbit. :
Excitation of the frontal nerves, given off by the ophthalmic
nerve of Willis, produces pains which radiate over the head; and
it is for this reason that direct faradization of the frontal m_uscle,
which is crossed by these nerves, is very painful. The Drblculﬂf
muscles of the eyelids, the depressor al® nasi, the levator labii
superioris aleque nasi, the quadratus menti, the levator menti, the
orbicularis oris, and the triangularis menti, are the most excitable.
The order in which they have been enumerated indicates the
degree of their sensibility. Next come the zygomaticus major and
minor, the masseter, and the bucecinator, which is comparatively
little excitable. I rarely faradize the levator anguli oris, for fear
of acting upon the infra-orbital nerve.
. In the neck the platysma is as excitable as the superior half of
the sternomastoid, and as the external border of the superior half
of the trapezius” The other muscles of the neck are much less
excitable.
The pectoralis major, and the muscles of the infra-spinous fossa,
are moderately sensitive to electric excitation; the deltoid, and
the muscles of the arm, a little less so. The muscles of the
anterior region of the forearm are much more sensitive than those
of the posterior region.
~ The longissimus dorsi, and the sacrolumbal museles, have very
little sensibility.

The muscles of the buttocks, and the tensor vagine femoris, are
very sensifive to electric excitation ; as compared with the musecles
of the external and posterior regions of the thigh. Those of the
internal crural region are more sensitive than those of the external
‘erural region.

The muscles of the posterior region of the leg have very little
sensibility, when compared with those of the interior and external
Tegion.

It is possible to express in numbers the degree of excitability
of each musele and nerve; and such investigations will be the
subject of a special work. I am so familiarised with the practice
of localized faradization that I am able, with the help of my new
apparatus, to administer to each musecle or nerve the dose of
électricity required for the production of an energetic muscular
g contraction, and that without causing much pain. It requires

! The extreme eensitiveness of the ® OFf the muscles of the lower limbs,
platysma leads me to suppose that it is | the tensor vaginm femoris is the most

HPE]I-”HM by the external branch of the | sensitive to electrie exeitation.
ol nerve,
a2
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long study of faradization to attain to this degree of certainty;
which fortunately does not seem to be absolutely necessary for
the application of the method to therapeutics, j

It 18 perfectly certain, as I have shown, that a rheophore suffi-
ciently moist, and in perfect contact with the skin, produces no
sensations but such as are purely muscular; unless it chance to
be placed over the track of a cutaneous nerve. But it must
not be forgotten that, at the moment of application to the skin, =
and before the perfect contact is established, a cataneous blends
with the muscular sensation. It follows that muscular faradization,
especially with rapid intermissions, is much more painful at the
moment when the rheophore is placed in contact with the skin, =
It is necessary to proceed as follows, in order to avoid exciting the
mixed and very painful sensation.. Before placing the rheophores
upon the skin, they should be bronght into contact with each
other, so as to neutralize the current. When they are properly =
placed upon the skin, and lightly pressed down, they may be
carvefully separated a little, so that the electric recomposition may
take place in the muscle that is to be excited. I adopt also
another and equally simple method, which consists in not allowing
the current to pass until the rheophores are placed in position
over the muscle.

’U.—fﬁ'w points of selection in the practice of localized museular
faradization.

The general precepts set forth in this paragraph are perfectly
clear. The chief of them may be summed up in the following
manner. When the electric excitation is localized in a nervous
trunk, or in the muscular nerves proceeding from it, we have
indirect muscular faradization; but when the excitation is applied
to the muscular tissue, we have direct muscular faradization. |

(a). Bat,if the precept is clear, the execution is not always easy;
especially when it is desired to produce contraction of individual®
muscules or fascicnli for some eleetro-physiological purpose. J

The nervous trunks of the limbs are, for the most part, easil gy
accessible to rheophores, since they nearly all present some pnin '
of their continuity immediately beneath the skin. It is not the
same with the nerves of the muscles. Some of them, indeed, may §
be assailed at points remote from the muscles to which they are
distributed (as, for example, the phrenic nerve, in front of thes
scalenus anticus; the nerve of the serratus magnus, above '-‘; f
clavicle), and near their points of emergence. With regard tos
other muscular nerves (those of the limbs), we can neither reach

11
their points of emergence or of immersion without acting upon &
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part of the muscular tissue behind the deep surface of which they
are concealed. This, however, does not prevent the current from
penetrating to them, when such an action 18 required.

An exact knowledge of the points of emergence and immersion
of the muscular nerves is absolutely necessary in order to study
the proper action or the state of the properties of muscles, or
of those fasciculi which, physiologically considered, are often
distinet muscles themselves. At the beginning of miy researches,
I found it a matter of the greatest difficulty to limit exactly the
action of the current to each muscular bundle, because 1 did
not possess the knowledge. It was necessary to commence new
anatomical studies, in order to determine, as exactly as possible
(because in this respect there are certain individual differences),
the points of exit and of entrance of the nerves; and by these I
learnt to avoid the nerves, when I wished to excite single fasciculi ;
and to excite them, when I wished to obtain the contraction en
snasse of large muscles or fasciculi.

It is not always sufficient, however, to be able to avoid the
points of exit or of entrance of the nerves, in order to obtain
the isolated contraction of one of the bundles of a musele. There
are cerfain points of election on which the rheophores should be
placed ; and which must be sought in order to be perfectly known.
- 1 will take as an example the extensor communis digitorum. In
a person in whom the forearm measures twenty-four centimetres
from the olecranon to the styloid process, the point of emergence
of the nerve is, as a rule, six centimetres from the epicondyle.
Before dividing, the nerve has a length of two centimetres; and
its point of immersion is at twelve centimetres below the epicon-
dyle; it being then divided into two branches. With these
anatomical data, it is evident that a rheophore of small surface
placed over the nerve prior to its division,—that is, over the central
part of the extensor communis at a point between six and eight
centimetres below the epicondyle,—will produce simultaneous con-
traction of all the fasciculi of the musele, if the current be suffi-
ciently penetrating to reach the nerve. But at twelve centimetres
below the epicondyle (the point of immersion) the rheophore must
be brought into relation with two branches in order to produce the
same effect. In other words, the rheophore must either cover a
large surface, or only one of the branches will be excited, and only
two fascieuli will be thrown into contraction.

If it be desired to obtain isolated contraction of each fasciculus
of the extensor communis, it will evidently be necessary to avoid
the nerve before its division, and to seelk the points at which the
muscular fibres constituting each fasciculus become subeutaneous,
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These points are : for the fasciculus of the index, on the inner side
of the second radialis externus (extensor carpi radialis brevior) at
from 10 to 14 centimetres below the epicondyle; for the fasciculus
of the ring finger, a little below the epicondyle, on the plane of =
the posterior aspect of the ulna. It is requisite, in all these
operations, to use a current that is only slichtly penetrating (that
of the first helix), and of moderate strength; in order that the
excitation may not reach the deeper layers.

By following the anatomical data that I have set forth, I have
been able to obtain with certainty, in the first patient presenting
himself, isolated contraction of the fasciculi of the extensor com-
munis, and also contraction of the other fasciculi that move the
fingers and the thumb.

(#). It was with reference to the difficulties that the practice of
localized muscular faradization presents even to an anatomist, if
not possessed of these data, that I wrote, in the former editions,
the following lines :—* It must not be supposed that it is sufficient
to know the precepts that I have laid down, and to be an anatomist,
in order to possess completely the art of making each muscle or
fasciculus contract singly. To attain this degree of skill, it is
necessary to be énitiafed into a vast number of details, which I
eannot enter upon without transgressing the limits that I have laid
down.”

Remalk, misinterpreting nitialed as if it referred to some
mystery, played upon the word, and referred to it perpetually
and maliciously in his brochure. However, having knowledge of
the general precepts already laid down, he ought to understand,
especially after having seen me make the application, that it would:
be possible to initiate himself into these anatomical details. He
is said since then to have done so, by seeking, in dissections, the
points of immersion of the muscular nerves.”

9 Tn Qetober, 1852, Remak did me the | contract singly, he adds, * Whoever has
homour to be present, with MM. the seen the skill and confidence with which
Professors Richter (of Dresden), Jacksch | he (M. Duchenne) throws the great musecles
(of Prague), Hébra (of Vienna), and | into contraction could almost complain
other German savants, at a sdanceat which | of his intention to preserve his secret.”
I demonstrated experimentally the fune- | (p. 11.) _
tions of certain museles by electricity. | When I experiment in the presence of
M. Remak writes, in the brochure already | pupils, I habitually remember to explain
cited, that this séunce was of such interest | the anatomical reasons that induce me to/ 8
that he gave an account of it, on his | place the rheophores upon this or that
return from Paris, to the Medical Society | point of election, in order to obtain either &
of Berlin. But he explains that my | the contraction of a muscle en masse or
verbal explanations were confined to | the contraction of one of its fasciculi of 5
physiological demonstration; and did | portions. But, before the select auditory i
wot include my method of localized of which Remak formed part, I shonldss
electrization. Then, not having under- | have thought it out of place to deliver

stood how it was possible to make museles | a lesson on anatomy.




MEDICAL BATTERIES. BT

The directions given by Remak for obtaining the tetanic con-
traction of a muscle en masse teach nothing about the points of
emergence and of immersion of the nerves; and they cannot even
serve to supply a general rule, Thus, according to him, 1 order
to make a muscle contract en masse, it is necessary to place one

* When, at that sfance, I was seen to
produce contraction en masse of the ser-
ratus magnus, by placing the rheophores
gn the side of the chest, by the anterior
i‘ ‘border of the latissimus dorsi, was it
- necessary to explain that the rheophores
. were in relation with the nerve of the
['-:ae.rratus magnus? When the same rheo-
- phores were };]m::ml at the juncture of the
- middle and lower thirds of the margin
| of the trapezius, was it necessary to say
| to those professors that I was then
| exciting the external branch of the
| spinal nerve from the cervieal plexus?
" The contraction en masse was sufficient
to show them what was done. This
| method of museular electrization by the
~intermediation of the nerves was the
“indirect muscular faradization that I had
" described in a general manner, in my
writings and my experimental sences,
~ without entering into details about the
points of emergence and immersion of
the motor nerves. Again, when, during
‘the same seéance, I wished to obtain
isolated contraction of the portions of the
trapeziug which are physiologically dis-
finct muscles, they saw me avoid, as
anuch as possible, the points of entrance
of nerves, and place the rheophores in
succession on each of the parts that form
what I have called the respiratory (cla-
“wicular), the elevator, or the adductor,
portion of the trapezius.
- During several hours that the seunee
lasted, Remak saw me produce, in sue-
cession, contraction of a large number of
muscles en masse, and of separate fasci-

1
o
B

rheophore on a point of the border of the muscle towards w{l’aich the
entrance of its mervous trunk occurs. If this principle will hold
‘wood for some muscles, it will not for many others. In support of
‘my assertion, [ will take as an example one of the muscles w]:ll_uh
it is said may be made to contract by this procedure—the deltoid.
On whatever point of the border of that muscle we apply the
rheophores, we obtain only partial contractions; since, as the place
- of entry of the nerve is at the union of the upper third of the
 muscle with the lower two-thirds, and of the posterior third with
‘the anterior two-thirds, the rheophores can only encounter its final
yramifications. The principle of Remak is, on the contrary, appli-
cable to the trapezius. The method that he employs to make

culi—the former by exeiting their ner-
vous trunks, the latter by £lacing the
rheophores upon them, beyond the points
of immersion of the nerves. This t
eritic, however, who has witne the
results that I obtained, and has made
them the subject of eulogy, obtained no
glimpse of the particular methods that
allowed me to obtain them! With whom
is the blame? Did I trust too much to
his anatomical knowledge? Had micro-
seopie anatomy caused him to forget that
which can be seen with the naked eye?
Such seems to be the only solution of the
enigma.

Remak, who has thus represented me
as a kind of prestigiator, whose dex-
terity he praizes, but who preserves his
secrets from him, says again, * It must
egunll}r be admitted that he (DM, Du-
chenne) has not yet perfeetly fixed upon
the anatomical conditions of the results
that he obiains; and that he owes his
knowledge of the aforesaid points (the
points of eleetion on which the rheophores
should be placed) perhaps to chance or
rather to the trials by which he has
arrived at his method.,” Then Remalk,
for the honour ef seience, sots himself to
work, and discovers that these famous
points of election are the points of entry
of the museular nerves. Unfortunately
for the priority of this discovery, the
experiments that he adduces to explain
the anatomical reasons for these points
of election are precisely those that I
performed before his eyes, at the sfance
at which he was present in 1852,

ey —————
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that muscle contract en masse is nearly that which he saw me
practise in 1852 (without then understanding it). 1 say nearly,
because Remak states that he places only one rheophore on the
branch of the accessory nerve of Willis, while the other is placed |
on a point of the muscle. But it is impossible to produce con-
traction of all the parts constituting the trapezius except by
placing the rheophores on the points of the cervical border of the
muscle at which the two trapezian nerves penetrate: the one on
the trapezian branch of the spinal (five centimetres above the
clavicle), the other below the frapezian branch of the cervieal
plexus (three centimetres above the clavicle). Then, on the side
excited, we see the head ineclined, the shoulder raised, and the |
scapula drawn towards the median line: then we see the three por-
tions of the musecle swell, and stand out in relief beneath the skin.
In 1855' I wrote: “This work (in which would be shown the
anatomical points on which the rheophores should be placed, in
order to study the proper action of muscles or of their divisions)
would certainly be very useful ; but, with the desire to shorten it =
as much as possible, and to facilitate study, I intend to set forth
the data, at some future time, in a synoptical table with figures.
This project canmot be put in execution until I have entirely
terminated my researches on museular electro-physiology.”* ,
Taking up my idea, and desirous, without doubt, to put it more =
quickly in execution, a German writer, Dr. Ziemssen,® has shown
on anatomical plates the points on which the rheophores should be
placed to produce isolated contraction of musecles; declaring, in the
preface to his book, that he wishes to render the employment of
my method of musenlar electrization easy to every practitioner.
We must not praise this work too much ; for the writer unfor- -
tunately has fallen under the influence of the errors of Remalk.
He says that the method consists solely in always placing the
rheophores over the points of immersion. Nothing, certainly, can
be more simple and more easy than this; for which he has only
needed to use certain anatomical plates, as I had advised in my
reply to M. Remak. (The points of immersion of the nerves are
shown with the greatest exactitude in the plates of M. Ludovie
Hirschfeld* As these are drawn to half the natural size of an

! De [Electrisation localisee, Paris, | synoptical table? I cannot double my
1855, in 8vo. p. a8, existence. : W N ]

* It is well known that, since 18353, I 3 Ziemssen, Die  Electricitit in ders
have never ceased to exert all my nc- | Medizin, Second edition. Berlin, 1866. &
tivity in the publication of new electro- | 1 Neurologie ; ou Description et I:*on_n- ]
physiological researches. Why, then, graphie du  Systéme Nervewr. Paris,
should I be so bitterly reproached | 1833-4.
because I have not yet prepared the |
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adult, it is possible, with the help of a compass, to ascertain exactly
the points).

Since Dr. Ziemssen has made himself acquainted with my reply
to M. Remak, he should have understood, it seems to me, after the
detailed explanations into which I entered, and which have been
reproduced above :—

(1). That my manner of practising direct muscular excitation is
not that which he has deseribed as being mine. It is true, indeed,
that I sometimes place my rheophores over the points of immersion
or emergence of muscular nerves, in order to produce the con-
traction en masse of each muscle; but, again, I sometimes avoid
these points of immersion, in order to obtain isolated action of the
tasciculi, which often, indeed, are really independent museles.

(2). That it is, consequently, not sufficient to mark, as he has
done, the points of immersion of the muscular nerves; but that it
is also necessary, as I have given an example in p. 86, to point
out the spots on which the rheophores should be placed when it
is desired to throw only single portions or fasciculi into action.
(These points are not always easy to find; and, as Remak says,
I have sometimes had to seek them empirically.)

(3). That the figures, on which the points of emergence and of
immersion of the nerve are marked by a sign, are certainly
useful ; but that they are not sufficient for practical purposes. It
is necessary, in fact, and I cite, as an example, the faradization of
the extensor communis digitorum or of its fasciculi, to choose a
fixel marked point, and to make known the average distances
between the marked point and the point of election.

Parr THE THIRD,
CUTANEOUS ELECTRIZATION.

Cutaneous electrization may be practised by means of cither
static or dynamie electricity.

§ L—Electrization of the skin by static electricity.

In order to limit static electricity to the skin, it is necessary to
use only a feeble degree of tension, Indeed, cutaneous exeitation,
by that form of electricity, does not exceed certain degrees of
tension without penetrating more or less deeply to subentane-
ous organs and producing shock. = For this reason, the therapeutic
1_1:.:tmu of eutaneous statie electrization, which must be very weak
n order to be confined to the skin, is seldom indicated and almost
always insufficient, as I have shown already in Chapter 1.
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§ 11— Eleetrization ﬂf the skin by cﬂymmi'c Efﬂs‘i?‘zbi'fy : or culancous
galvanization.

I have already said that cutaneous excitation by dynamie
electricity is practised by dry rheophores, applied to the dry skin,
and that the resulting sensation ranges from simple tingling to
acute pain. It is well known that galvanism does not act upon
the skin without causing an alteration more or less considerable
(vesication or cauterisation); while faradism produces no greater
organic change than little papules or erythema. It follows that
cutaneous galvanization should only be applied in certain cases:
and that cutaneous faradization, which respects the tissues, is one of
the most valuable and most frequently indicated therapeutic agents.

§ I1I.— Electrization of the skin by the induced current ; or cutaneous
Jaradization. :

These reasons have determined me to treat specially of entaneous
faradization ; the methods of applying which are the same as for
cutaneous galvanization.

I.—MODE OF OPERATING.

The different electro-cutaneous exeitability of different regions
of the body requires the use of different methods of cutaneous
faradization. The procedures are of three kinds: faradization by
the electric hand, by solid metallic rheophores, and by electrie
threads. '

Each of these methods possesses a special action, which may be
rendered available in therapeutics ; and I proceed to deseribe their
application.

A.—The electric hand.

In this method a moist rheophore is used (a sponge contained in

a cylinder) like that shown in fig. 25. This is put into communi-

cation with one pole of the apparatus, and is then applied to some
insensitive part of the patient’s body. The other rheophore, in
communication with the other pole, is held by the operator, who,
having first dried the skin to be faradized by some absorbent
powder (lycopodium or rice starch), passes the back of his free
hand, also dried, over the points which he wishes to excite.

B.—Solid metallic rheophores.

The skin must be dried as above described ; although if the
epidermis be very thick and hard, as it becomes from some occu-
pations, and chiefly on the hands and feet, which are often in more
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or less continuous contact with air and water, it may be necessary
slightly to moisten the surface, in order that the E]EI_‘:t-l'iu excitation
may penetrate to the dermis. Large dry mi’fiﬂnlﬂ rheophores,
eylindrical, olive-shaped, or conical, as shown in figs, 27, 28, 30,
and 31, are then applied to the skin and moved over its surface.
Rheophores of the first shape are used to excite, by their outer
face, the skin of the chest and limbs; the second for faradization
of the hairy scalp.

The rheophores should always be moved, more or less quickly,
over the diseased parts. In certain special cases, when it is desired
to produce a very strong revulsion over a very small surface, the
point of the olive may be kept for some time stationary. When
the conical rheophore is thus employed, it is called by patients the
electric mail, from their comparing its action to that of a hot nail
penetrating the skin. This method of procedure is chiefly appli-
cable to the neighbourhood of the vertebral column.

C.—Metallic threads.
The metallic threads (fig. 32) are employed in the form of a

little brush, contained in a eylinder, which is serewed to an in-
sulating handle. There are two methods of faradi-

zation by the metallic threads. They may be moved
over the affected surface, or this surface may be lightly
struck with the extremity of the brush; or they may
be held in contact with the skin as long as the patient
can bear them. The first proceeding has much
analogy, as regards its action on the sensibility, to
transcurrent canterization. The second I have called
electric fustigation. The third, seldom endured by
patients, may be employed in certain deep-seated
affections,—in the treatment of white swellings, for
example, and fo aid the absorption of tumours and

enlarged glands. It may be deseribed as the electric
WO,

II.—PHYSIOLOGICAL AND THERAPEUTICAL ACTION.

The application of the electric hand to the ex-
cifation of the cutaneous sensibility produces, in the
face, and under the influence of an intense current,
& very acute sensation. On other parts of the body . 0 "3
the sensation produced is hardly more than if the — threads.
hand rested long on the part. The smart erepitation caused by
the passage of the hand over the surfuce is the only effect produced.
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_The solid metallic rheophores act energetically upon the sen-
sibility of the face, even with a slight current. They actively
stimulate the skin of the trunk ; but they are often powerless on
the palms of the hands and the soles of the feet, whatever the
intensity of the current.

The metallic threads triple the power of faradization upon the
cutaneous sensibility ; and are almost always the only agents
capable of exciting it acutely on the palms of the hands and
the soles of the feet, in profound anmsthesia of these regions.

The sensations produced by these several methods of faradization
are different. On the face the electric hand produces the effect of
a rough brush tearing the skin; and the metallic threads exert a
deeper action. When they are kept stationary, the sensation is
like that of hot needles piercing the tissues. The fustigation by
threads produces a sensation that differs from this only in its
duration. No other agent, not even fire, produces pain equal to
that caused by metallic threads; if we may judge from the state-
ments of patients who have also experienced the moxa and trans-
current cauterization. It is very difficult exactly to express these
different sensations, and I have striven to do so by using the
terms habitually employed for the purpose by patients themselves.

In the normal condition, the cutaneous excitability by electricity
differs greatly in different parts of the body. It is necessary, in
order to use faradization successfully in cutaneous anmsthesia or
in various lesions of tactile sensibility, to know the differences, in
this respect, between various regions in the healthy state.

The skin of the face is indebted to the fifth pair of nerves for
exquisite sensibility, and its electric excitability is so great that
the most feeble faradic current produces an acute sensation ; even
when its effect is scarcely appreciable on other parts of the body.
The skin of the face is more sensitive to eleetric action near the
middle line than elsewhere; thus its sensitiveness is greater on
the eyelids, the nose, and the chin, than on the cheeks. The skin
covering the upper eyelid, the ale and point of the nose, the
borders of the nostrils, the sub-nasal depression of the upper lip,
and the line of junetion of the labial skin and mucous membrane,
are the points on which the electric excitation is felt the most
acutely.

On the forehead the sensibility is less than on the face, and still
diminishes as the hairy scalp is approached. In the latter it is
comparatively slight ; and is only excited by a tolerably powerful
current.

The sensibility is notably greater on the neck and trunk than on
the 1]]]_‘.]]5; in the cervical and lumbar I‘Egiﬂllﬁ than in other parts
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of the trunk; on the internal and anterior aspects of the limbs
than on their external and posterior aspects.

The skin of the palm of the hand possesses the least electric
excitability, and that of the sole of the foot more, except at its
middle and internal portion. In persons whose hands are much
exposed to air and moisture, the sensibility of the skin covering
them is so blunted that particular methods and a very strong
eurrent are necessary in order to excite it.

There is no other therapeutic agent the action of which is
comparable to that of cutaneous faradization. By this alone, the
sensibility of the skin may be excited to any extent, either in
passing rapidly from a simple tingling to the most intense pain,
or in passing gradually through all intermediate degrees. By this
alone can an excitation be produced, which that of the actual
cautery scarcely equals, without disorganising the tissues, without
even raising the epidermis, however prolonged may be the opera-
tion. The sensation produced ceases suddenly, and nearly always
completely, as soon as the rheophore is no longer in contact
with the skin; and the instantaneousness of the action allows
the electric stimulation to be carried rapidly to all points of the
surface of the body.

This exposition of the chief properties of cutaneous faradization
should afford an idea of the power of its therapeutic action, and of
the numerous services that it is calculated to afford in practice.
These I shall have many oceasions to establish in the course of the
work.

Parr THE Fourra.

Faradization of internal organs, the genital organs, and of the
organs of the senses,

Most of the organs situated within the cavities of the body are
accessible to faradic excitation,® either directly, by the action of
rheophores placed upon their tissues, or indirectly, by stimulation
of the nerves that govern them. I proceed to deseribe the

different methods that I have adopted, in order to direct upon

these organs the faradie exeitation.

§ I. FarADIZATION OF INTERNAL ORGANS.
1. Faradization of the rectum and muscles of the anus.

Involuntary stools and descent of the rectum are often caused
by paralysis of the sphineter and levator ani; and it may then be

* I repeat that it is not sufficient | either that the electric recomposition
that an organ should be traversed by an | should take place within its tissue, or
electric current in order to be excited by | that the nerve which governs it should
it. It is necessary for that purpose, | be directly stimulated.
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necessary to faradize these muscles. For this purpose a metallic
olive (fig. 33), mounted on a stem of metal, insulated by gum

A e e b o e PPty o i g, O e [

Fig. 83.—Rectal rheophore,

elastie, is introduced into the rectum, and then connected with
one of the poles of an induction apparatus. A second (moist)
rheophore is moved over the circumference of the anus. When
the apparatus is in action, the stem is so moved as to place the
olive in contact with the musecles of the lower part of the rectum ;
that is, with the levator and sphincter ani. In order to excite the
muscular coat of the rectum, the olive should be moved over all
its internal surface. It is always necessary first to free the rectum
from foecal matter, by means of enemata.

If it be desired to overcome constipation, due to insensibility
of the mucous membrane of the rectum or to paralysis of the
muscular coat, the rheophore must be introduced as before
described, and moved over the whole surface of the intestine.

The margin of the anus is so sensitive that the slightest faradic
excitation produces insupportable tenesmus.  Care
must therefore be taken always to insulate the
stem that bears the olive, unless it be wished
to act upon the sphineter muscle.

2. Faradization of the bladder.

In all faradic operations upon the bladder, the
organ must first be emptied, as in faradization
of the rectum. Without this precaution, the
excitation, instead of being limited to the parietes
of the two organs, would extend to the sacral, or
the hypogastric plexus.

In order to faradize the muscular fibres of
the neck of the bladder, an olive-shaped rheo-
phore is introduced into the rectum, as above
desceribed. A curved metallic sound (fig. 54),
insulated, by being covered with an elastic
catheter to within two or three centimetres
of its vesical extremity, is then introduced into
the bladder, and placed in connection with one

. of the poles of an induction apparatus. When
Fig. 3. —Urethral  thig is in action, the sound is drawn back in

rheophore,
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such a mauner that its extremity is brought in contact sucees-
sively with all points of the neck of the bladder. The patient
submitted to the operation feels contractions that result from the
excitation of the muscular fibres that go to form the sphincter
of the neck of the bladder.

If it be desired to excite either the sensibility or the contrac-
tility of the bladder as a whole, the vesical rheophore wust be
moved over all parts of the internal surface. It is not always
‘necessary to have recourse to this operation in paralysis of the
bladder, complicating paraplegia. It is sometimes possible, in
such cases, to re-establish the function by energetic faradization
of the museular walls of the abdomen. The same operation will
also often overcome the constipation that is habitual in paraplegia.
Numerous facts in my possession appear to show that a certain
number of cases of paralysis, both of the rectum and of the
bladder, have no other cause than
paralysis or debility of the abdominal
walls.

The electric excitation of the rectum
may be attended with so much incon-
venience as to be a difficulty in the
way of the procedure that I have de-
scribed, and to require to be avoided.
For this purpose I introduce two rheo-
phores into the bladder; and I have
had made, by M. Charriere, an instru-
ment that I call the double vesical
rheophore (figs. 35 and 36).

The double vesical rheophore is
formed of two flexible metallic stems,
enclosed in an elastic catheter of double
channel, which separates them from each
other. The two stems have such termin-
ations as are shown in fig. 36 ; so that
when approximated, as in fig. 35, they
resemble an ordinary sound. The in-
strument is elosed by pushing the elastic
eatheter forward, and 18 introduced into '
the bladder. The stems are then pushed =~ &%  Fig.90,
forward for three or four centimetres, o o ‘el theopliors,
while the catheter is held still, in such a F1g. 85 U, Rt
manner that the extremities may separate. Then, after each stem
has been c.:mmected xTit.h the pole of an induection apparatus, the in-
strument is handled in the way already deseribed. The double gum
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cathether, which encloses the stems of the rheophores, must never
be penetrated by moisture, because the currents would then pass
from one rheophore to the other, and would be recomposed in the
interior of the catheter, instead of reaching the extremities. It is
necessary to empty the bladder for this reason also.

3. Laradization of the uterus.

In certain cases of amenorrheea, electric excitation of the neck
of the uterus may be practised with advantage. For this purpose
I use a rheophore like the double one for the bladder, but differ-
ing from the latter in the curvature of the stems, and in the larger
size of the terminal plates (figs. 87 and 38). It is introduced

closed, as in fig. 38, into the vagina,

— and then the two plates are made to
B~ separate, as in fig. 37, by pushing
the stems onward through the double

gum tube that covers them. The
operator guides each of the plates by

the index fingers of his free hand, and

: . places them on the sides of the cervix.
ﬁ% It then only remains to connect the
stems with the poles of an induetion
apparatus. The facts that I have ob-
served show the good effects of this

stinate amenorrheea, that are not wholly
dependent upon chloro-anemia.
Fig. 31. If it be desired to excite the organs
Fig o1—Uterine rieorhore, opn.—contained in the pelvis, by indirect
faradization, the terminal olive of the
rectal theophore should be directed to the posterior wall of the rec-
tum. The eurrent then traverses the coats of the intestine, and
concentrates its action upon the sacral and hypogastric plexus

behind it.

4. Faradization of the pharynz and cesophagus.

Taradization of the pharynx is practised by means of a rheo-
phore called a pharyngeal. Thig consists of a metallie stem, very
flexible, or jointed like an cesophageal sound, termiating in an
olive-shaped metallic extremity, three or four millimetres in
diameter, and protected by a gum tube to insulate the stem. The
curvature of the jointed rheophore may be inereased or diminished

method of excitation in cases of ob-
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at pleasare, by means of a mechanism for the purpose, so that,
when introduced into the pharynx its olive-shaped extremity may
reach to the inferior constrictor.

In order to faradize the constrictor muscles, the olive is moved
over the surface of the msophagus, while a moist rheophore is placed
on the back part of the neck. The operator should beware of
directing the olive against the lateral walls of the pharynx, which
are in relation, from top to bottom, with the pneumogastric. If
the rheophore were placed over the nerve, the electric action,
instead of being limited to the pharynx, would be carried further,
to organs the stimulation of which would be dangerous, or at least
contra-indicated.

To faradize the cesophagus, an eesophageal sound is required,
conveying and insulating a metallie stem, terminating in a small
olive-shaped metallic bulb. This rheophore, thus insulated, acts
only on those parts of the wsophagus that are in contact with the
olive-shaped bulb; and hence it is neecessary to move this bulb
over every part of the organ that it is wished to excite. We know
that the cesophagus is in relation, in its cervical portion, with the
left recurrent nerve, lodged in the groove that separates the ceso-
phagus from the trachea, and that it is accompanied, in its thoracie
portion, by both pneumogastric nerves, which are situated lower
down, the left in front of it, and the right behind it. Tt is sufficient
to mention these anatomical data, in order to show the difficulty,
or even the impossibility, of avoiding, during faradization of the
esophagus, the conveyance of the excitation to nerves that supply
the most important organs. The operation therefore requires
much prudence.

9. Faradization of the laryna.

The muscles of the larynx that are concerned in phonation,
except the thyro-arytenoid and the erico-arytenoid, are accessible
to the direct action of faradization. I have practised the following:
method many times.

I introduce into the pharynx the pharyngeal rheophore, and
carry it down below the posterior part of the larynx. The second
(moist) rheophore being placed on the exterior, at the level of the
erico-thyroid muscle ; and the apparatus being in action, I move
the pharyngeal rheophore, after having increased its curvature, in
Such a manner as to bring its olive-shaped extremity into contact
Wwith the posterior face of the larynx, and I then move it up and
down. In this operation the stimulus is carried directly and
successively to the posterior erico-arytenoid and to the arytenoid
H
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by the pharyngeal rheophore; and to the erico-thyroid® by the
moist external rheophore. .

Indirect faradization of the larynx is still more simple. By
directing the extremity of the pharyngeal rheophore to the lateral
portions of the inferior constrictor, we act upon the inferior laryn-
geal nerve, which supplies all the internal muscles of the larynx.
The left inferior laryngeal may also be reached through the

wsophagus.

My experience has shown that the above procedure would
frequently be very advantageous in aphonia due to paralysis of
the muscles of the larynx. T shall record, in the sequel, many
cases in which I have practised the operation with success,

_[Duchenne makes no reference to the use of the laryngoscope to facilitate
direct faradization, or galvanization, of the muscles of the larynx. Tt is
probable that his experience has shown that the intervention of the laryngo-
scope is practically rarvely necessary. Precision of manipulation, however,
18 af all times to be cultivated, and this is only possible of the larynx by the
aid of the laryngoscope. Ziemssen has treataf the subject of laryngeal elec-
trization with great perspicuity in his work Die Electricitit in der Medizin,
and I append a translation of his observations which I have no doubt will
prove acceptable to the English practitioner.—H. 7.

ZIEMSSEN ON LARYNGEAL ELECTRIZATION.

“ The electric excitation of the nerves and muscles of the larynx has latterly
become of great practical importance; on account of the inereasing certainty
of laryngoscopic diagnosis, and especially on account of the evidence thus
obtained of tﬁe frequency of paralytic conditions of the laryngeal muscles,
affecting them either singly or in groups.

“ Much labour has been bestowed in recent years upon endeavours to find a
satisfactory basis for electrical treatment of the larynx. The first attempts
were to find the laryngeal branches of the vagns nerve in the neck, and to
excite them through the soft parts superficial to them. These attempts,
made upon patients suffering from some disorder of the nerves or muscles of
the larynx, were sometimes followed by beneficial therapeutical results; and
it was thence inferred that the excitation of the nerves in gquestion had been
accomplished. This conelusion, I believe, was not justified; and it has still
to be proved, notwithstanding the admitted recoveries, that it is generally
possible to direct an electric current upon the superior and inferior laryngeal
nerves through the skin. Gerhardt has been at the pains to test the effect of
the excitation in the only practicable way, by means of the laryngeal mirror,
and he obtained only negative or doubtful results. He found, in healthy
persons, on applying the induced current to the regions of the neck that are
superficial . to the course of the recurrent nerves,—mamely, for the superior
laryngeal nerves to the vicinity of the superior cornua, for the recurrent
nerves to the inferior cornua of the thyroid cartilage,—that he produced
neither closure of the glottis, nor tension nor vibration of the vocal cords, nor
andible change of tone. He observed, on the contrary, after excitation on
both sides, a tremulous falling apart of the vocal cords after the utterance ok
vocal sounds: the glottis in one case attaining one-half, in another threes
fourths of its normal inspiration width, After excitation on one side, hé
observed a similar effect on the voeal cord of that side only.

¢ M. Lorget has shown, by direct and | erico-thyroid performs an important park
well-coneeived  experiments, that the | in the act of phonation.
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« T have repeatedly witnessed the same phenomenon myself, both in patients
and in healthy persons, and I have not been able to regard it as arising from
excitation of the recurrent, but only as the result of an impression upon the
larynx generally, I have seen this tremulous and uncertain condition of
the vocal cords chiefly in sensitive and unpractised persons; and in practised

rsons also npon whom some unusual impression had been made npon the
Erynx by cauterization, faradism, or galvanism, although the special nerves
and museles of the organ had not been included in the cireunit. _ :

“ While, therefore, I cannot admit that the result above deseribed is a
satisfactory test of successful excitation of the recurrent, I think that we
possess, in energetic’ detraction of the epiglottis, a certain sign of excitation
of the superior laryngeal. This phenomenon may sometimes be produced
from within, and chiefly from the pyriform sinus, which is crossed obliquely
by the internal branch of the superior laryngeal—sometimes running under
an elevation of the mucous membrane (plica nervi laryngii, Hyrtl.).

“The reason why it is =0 seldom possible to excite the inferior laryngeal
nerves alone from the cutaneous surface may be found, I believe, in their
deep position, and in the layers of musele by which they are covered, and
which prevent, by their contraction, the pressing in of the clectrode and the
penetration of the current. These layers are formed by the platysma,
the sterno-thyroid and sterno-hyeid, the omo-hyoid, the thyro pharyngeus,
and the crico-pharyngeus. The inaccessibility of the recurrent would also
often be due to the enlarged lateral portions of the thyroid body; and the
adipose tissue of the neck may also hinder the pushing in of the electrode
towards the deeper parts.

“ Althongh, therefore, it cannot be denied that, in partienlarly favourable
conditions, with a thin neck, a small thyroid body, and a platysma not
extending far forwards, it may be possible to isolate the laryngeal nerves
from the surface; yet they generally, on account of their deep position, are
withdrawn from the reach of direct excitation, and any attempt to act npon
them, especially upon the recurrent, from the skin, must be regarded as a
highly doubtful procedure, not to be controlled by any satisfactory test of its
success,

“We must, of course, fully admit that, by the percutaneous application of
electric currents, therapentic results have been obtained in cases of paralysis
of the vocal cords, and in disorders of innervation of all kinds, especially in
hysterical subjects. The observations of Bamberger, Gerhardt, von Bruns,
Tobold, Meyer, and Benediet, place this beyond doubt. Such knowledge,
however, affords only an uncertain and deceptive basis, and does not assist
in the special treatment of a diseased part,such as a single paralysed musele,
or group of muscles, with currents of a known intensity. On the one hand,
we are quite uncertain whether the current will generally penetrate to the
parts requiring excitation ; and, on the other, the complicated funetions of
the recurrent merve deprive us of the power of influencing, through its
means, determinate groups of muscles; such as those that open or close the
- glottis, or that render tense the vocal cords.

“This deficiency of the percutaneons method has been perceived, of late
years, by others beside myself. Duchenne, Mackenzie, Gerhardt, and von
Bruns have all laid stress upon the possibility and necessity of direct elee-
frization of special portions from the }E arynx. Duchenne’s observations lack
the lnrjrngmaupl_c basiz; but the other authors named have employed the
mirror as a guide to the operating hand. Gerhardt and von Bruns alone
appear not to have gone beyond isolated experiments upon patients; while

kenzie limits the direct action of the current to the vocal cords and the
arytenoid cartilages, without having considered the complicated anatomieal
relations, or the possibility of a detailed diagnosis, and of a localization of the
current corresponding thereto.

“The greater number of specialists in the domains of laryngeal diserse and
qlectmwth_empeutlcﬁ, a8 Tobold, Meyer, Benedict, and others, content them-
selves with the pereutaneous method, on account of the difficulty of the
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internal application, especially because of the irritability of the muecons
membrane of the mouth and larynx. The last-named anthor plainly declares
the divect excitation of the laryngeal muscles to be ‘ unnecessary,’

“ During several years that I have studied this question, T have applied
myself, first, to tﬁﬁrfmt the method of application upon a number of persons
habitnated to the process, and, next, to demonstrate its utility and thera-
peutical value in suitable cases. On the second question T have spoken else-
where; " and heve I confine myself to the first.

“The direct electric excitation of the laryngeal museles from the pharynx,
which in all other cases T prefer to the percutaneous method, is inapplicable
to one pair of muscles only; and these only are easily accessible from the
surface. These are the crico-thyroid muscles (recte and obliqui, Henle).
They extend, in the front of the neck, both vertically and obliquely (from
above, downwards, and inwards), on both sides of the conoid ligament,
from the thyroid to the ericoid cartilage; and they are thrown into strong
contraction by two electrodes, placed one on each side of the conoid ligament.
Not only can the approximation of the two eartil be felt by a finger in
their interspace ; but a vocal note sounded during the contraction (by which
the tension of the vocal cords is increased) will be raised about a semitone.

“ The isolated excitation of the internal laryngeal museles from the ph :
is at first attended by great difficulties, as well for the operator as for the
subject. For the first, rapidity in the introduection of instruments, without
unnecessarily touching the root of the tongue or the fauces, complete know-
ledge of the anatomy of the parts, with special reference to the objects of the
procedure, steady and certain holding of the eleetrode in the right place, and,
above all, patience, are required. For the patient, the at first constantly-
occurring annoyances, such as nausea, or even vomiting, acute hypersemia of
the muecous membrane, cough, temporary aphonia, &e. &c., can be over-
come by weeks of steady perseverance. By the mecessary perseverance on
both sides, we generally at last obtain such a tolerance of these sensitive
regions to the contact of the sponge-covered electrode, and to the action of
the electric stimulus, that the duration of each single excitation may be
extended to half a minute. Many of the persons that I experimented upon,
and of my laryngeal patients, became able, while the electrode rested, say in
one sinus pyritormis, not only to breathe quietly, but to execute swallowing
movements, and to sound notes, during the f]émﬁage of the current. It will be
evident that movements of the internal soft parts during the action of the
current cannot wholly be prevented, even after longer practice, since musenlar
contractions are produced, not only of a reflex character, but also by the
direct action of the current itself. The entire disappearance of the laryngeal
image from the mirror, at first very perplexing, is soon prevented by

ractice.

P The strength of the induced or galvanic current that is applied is best
determined by testing it, immediately before, upon the face. An induced
current that produces distinet contraction of the frontal musele, or of the
corrugator supereilii, a %alvanic current from eight to twelve of Siemens’
elements, and producing faint twitching of the facial museles, will be suffi-
cient, on account of the small size of the laryngeal museles, their superficial
gituation, and the moisture of the epithelial surface that covers them.

“ As a laryngeal electrode, I use a slender sound, eurved like a catheter,
sorewed into a wooden handle, and insulated up to its point. This t
terminates in a little knob, which is covered by a thin layer of the finest
sponge. The double excitor of Duchenne, in a_somewhat modified shape, is
very useful for bilateral internal excitation. To begin with, an excitor may
e made from an English gum catheter, by cutting off its extremity down to
the eye, and by drilling a hole throngh the point of the stilet, go as to be able
to fasten the sponge securcly. Mackenzie's laryngeal galvanizer, and von

I T T

7 See * Laryn pisches und Laryngotherapeutisches,” Deufschen Archiv fiir
Klin. Medicin. Bd. I1., Heft 3.
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Brun’s laryngo-electrode are convenient instruments, since after their intro-
duction the circuit can be made and broken at pleasure, by pressure of the
finger upon & contrivance for the purpose. Such a contrivance is especially
useful for the simultaneous introduetion of both poles into the pharynx. An
operator who does not possess these instruments, may allow the eircuit to be
completed, by an assistant, with a second electrode, furnished with a larger
sponge covering, and applied either to any distant part of the body, or,
in therapeutical procedures, to some selected spot of the surfice over the
larynx, as soon as the laryngo-electrode is in its place. : :

“ The introduetion of the laryngo-electrode should be accomplished quickly,
with the right hand, and without any avoidable contact with the teeth,
‘]c]nu%ue, or fauces ; while its course is watched in the mirror held in the left

Q.

“ Among the immediate effects of the excitation, hyperamia of the selected
spot and its vicinity, increased mucous secretion, transient hoarseness,
inclination to eough, and pain in the neck, are unavoidable. These effects
mostly disappear in a few hours, or even sooner. The therapeutical effect,
where any such is to be expected, shews itself after the disappearance of the
first effects ; but, after the early sittings, has usually itself disappeared by
the next morning. That the irvitation of the mmcous membrane of the
posterior surtaces of the arytmnoid cartilages, of the pyriform sinuses, or of
the voeal cords, in long continued treatment, may occasion acute inflarnma-
tion, uleeration, or soreness, need not be feared, if pauses of a few days are
made, from time to time, between the otherwise daily applications. Even in
continuing the treatment for many months, I have never seen any injurious
local action.

“ The localization of the electriec enwrrent upon the several museles is to be
accomplished as follows :—

“The arytemoid muscle (transversus) is the easiest to reach with the
electrode. As soon as the point of the electrode is placed upon the posterior
surface of the arytmnoid cartilage, the eircuit should be closed by an assistant
or in any other manner. By the shortening and contraction of the n.ryfaanni[i
musele, the posterior surfaces of the arytenoid cartilages arve arched, and the
cartilages are approximated. On this account especial care is required, lest
the occurrence of the eontraction should cause the point of the electrode to
slip from its place. The juxtaposition of the cartilages that is produced by
the arytenoid muscle is very energetic. Absence or incompleteness of the
effect, in consequence of paralysis or Illlm*esis of the muscle, is a very important
and common cause of aphonia and hodrseness, especially in the hysterical.
The diagnosis of this condition presents mo difficulty even to the inex-
perienced.

The erico-arytenoideus lateralis is to be reached at the bottom of the

. pyriform sinus, in a direction backwards, in the immediate vicinity of

the outer margin of the plate of the cricoid eartilage; but it requires great
dexterity and practice in laryngoscopic localization. The point of the
electrode must take a conrse directly downwards, and must be firmly pressed,
0 a8 to reach the muscle by stretching the rather loose mucous membrane
that covers it. The tendency of beginners is to bring the point of the
electrode too far forwards in the pyriform sinus; and, in order to counteract
this, T advise a larger and longer curve to be given to the electrode, and the
handle to be depressed during the action.

“The effect of isolated exeitation of the crico-arytmnoidens lateralis is to
pmd_uce slight rotation of the arytmnoid cartilages, with movement forwards
and inwards, so that the processus vocalis and the free edge of the vocal cord
approach the middle line. The glottis is little influenced by this, only so far
a8 the cartilage, and especially the vocal process, change their reiative position
to their fellows. If the patient inspire quickly and deeply during continnous
contraction of the muscle, the vibration of the prominent, and yet lax, vocal

cords produces a loud jarring sound, and their vibrations may be clearly
sCCI.
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“The thyro-arytenoideus externus (Henle), or ary-syndesmicus (Luschka
Merkf:?, which rests close against the anterior and upper margin of the erico-
thyroideus lateralis, and also the thyro-arytwnoideus internus, lying some-
what further inwards, can both be reached from the pyriform fossa. The
position of the electrode must be changed, so that its point presses down-
wards, inwards, and forwards; while the handle is carried upwards and out-
wards, towards the upper teeth and angle of the mouth,

“The effect of the direct excitation of the thyro-arytznoidens, thus
produced, consists only in a drawing of the arytenoid cartilages forwards
and downwards. It is manifest that no tension of the voeal cords can be
produced, =0 long as the arytmnoid cartilages are not fixed inwards and
backwards by the arytenoidei transversales and the ecrico-arytenoidei
postici; nor the thyroid and cricoid cartilages approximated by the ecrico-
thyroidei.

“In these excitations from the pyriform sinus, in which a certain degree of
pressure is required, care must be taken not to confound mechanical move-
ments impressed upon the parts of the larynx by the point of the electrode
with movements resulting from muscular contraction. To prevent such an
error, it is necessary to study the position of the arytmenoid cartilages, and of
the soft Earta, after the introduction of the electrode, with the cireuit at first
open, and then closed.

“The two thyro-arytenoidei interni can be reached from the glottis, by

lacing the electrode, during inspiration, quickly and steadily upon, or

tween the vocal cords. By closure of the glottis by reflex action, the
sponge-covered end of the electrode will be canght between either the true
or the fulse voeal cords. In the first case it tonches the former by their
margins, in the second, from above. This method of excitation is highly
irritating to the mucons membrane of the larynx; and should not be often
repeated during one sitting,

“The crico-arytienoideus posticus, the actnal dilatator glottidis, lies npon
the posterior surface of the cricoi;i cartilage, on either side of a central
prominence. According as it is wished to stimulate the right or the left
muscle, the point of the electrode must be made to glide from the arytznoid
cartilage either to the right or left behind the plate of the ericoid cartilage.
At first the constrictor muscles offer strong resistance; and it is sometimes
necessary for the patient to swallow, in order that the electrode may be
guided to its right place. Bometimes these muscles may be excited from the
pyriform sinus, by carrying the electrode backwards and downwards. As
soon as the muscle contracts and bulges, the electrode is liable to slip from
its place; so that its position should be attended to.

“ The effect is slight rotation of the arytenoid cartilages on their axis, in a
direction outwards, and also movement of them backwards and ontwards, so
that the glottis is completely opened. If the patient attempt to produce a
note, while one musele only is excited, a false and deeper note is produced,
since only the vocal cord of the other side is brought into play.

“ The museles of the epiglottis, which receive their nerves from the superior
laryngeal, namely, the thyro- and ary-epiglottidei, can be excited either
directly—from the lateral portions of the base of the epiglottis—or indirectly,
where the internal branch of the superior laryngeal nerve passes through the
laryngo-pharyngeal sinus. :

“ The glosso-epiglotticus, which consists, according to Luschka, only of a
few terminal bundles of the longitudinalis lingna superior, in the neighbour-
hood of the glosso-epiglottic folds, can seldom require the attention of the
surgeon. It can be reached, from the glosso-epiglottic ligament, more easily
than any of the museles that have been mentioned.

“The vagus nerve can be reached, according to Duchenne, from the
cesophagus ; and, according to Semuola and Gerhardt, from the surface of the
neck. The first method presents many difficulties, since the operator works
in the dark. The second is easier, but of still more doubtful values since,

on account of the deep position of the nerve, even when the electrode is in
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i it ] i toid, immediately
the right position (on the inner margin of the sterno-mastoid, . ‘
lmlﬂwgt-he lnmﬁ-h}'ﬂid), the thickness of the superincumbent soft parts protects
the nerve in most cases, if not always. DMy ex riments with both methods
have, as yet, led to no positive results.”—1. T

Fig. 30.—Dr. Morell Mackenzie's laryngeal rheophore,

6.—Faradization of the stomach, the liver, the lungs, and the heart.

Even when moist rheophores are employed, and whatever may
be the strength of the current, the thickness of the thoracie
and abdominal parietes will not permit the electric excitation to
reach the regions situated within their cavities. Most of these
organs may, however, be faradized indirectly, thanks to the
pneumogastrie, which is acecessible to rheophores in the pharynx
and in the esophagus. It is plain that the effects of faradization
of the pneumogastric must vary according to the height at which
that nerve is excited. From the lower part of the wsophagus, the
excitation of the nerve is communicated solely to the stomach and
the liver ; while from the upper part of the pharynx, it is com-
municated to all the organs that the nerve supplies. To faradize
the pneumogastric at its upper portion, the olive of the rheophore
should be carried over the inferior and lateral part of the pharynx,
and the circuit completed by placing the second rheophore on the
nucha.®

When it is wished to limit the action to the stomach and liver
an olive-shaped rheophore should be carried by an insulated stem,
to the cardiac orifice, and the circuit completed by placing the
second rheophore upon the epigastric region.

Is faradization of the pneumogastric sometimes indicated ? At
present, experience has taught us nothing worth notice as to the
therapeutic value of the proceeding. I hope, however, that it may
be applied with success to the treatment of certain obstinate

* It is necessary to remind the reader | geal nerve, which springs from the in-
that in its cervical portion the pneumo- | ferior and internal portion of the gangli-
gastric rests during its whole course upon | form plexus, lies below and to its inner
the prevertebral muscles; that in the | side, and that, arvived at the side of the
angular Hgﬂﬁﬂ it is covered posteriorly, on | pharynx, at the level of the middle con-
ane side by the internal jugular vein, on | strictor musele, it gives off the external
the other by the common and the internal | Iaryngeal, and the nerve of arrest of
carotid artery; that the superior laryn- | Sion.
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104 LOCALIZED ELECTRIZATION.

nervous affections of the viscera of the chest or abdomen,—for
instance, to gastralgia. It is needless to say that, in these cases,
the faradization of the pneumogastric should be practised at
different heights. ;

The procedure is not always free from danger. I need only
recall the important organs that are subject to the pneumogastric,
in order to impress upon my brethren the need of great caution in
similar researches. The following accident occurred in my prac-
tice, and may serve as a warning to others. Whilst moving a
rheophore over the lateral and superior parts of the pharynx, with
a current of rapid intermission, but moderate intensity, the patient
fell suddenly into syncope. When restored, he said that he had
experienced a kind of suffocation, and an indefinable sensation,
Since then, having faradized the pnenmogastric many times at the
same height, with one intermission per second, and with a very
moderate current, the same accident has not occurred, but the
preecordial sensation has been felt every time. I once saw the
necessary caution negleeted, in faradizing the pharynx of a young
man, in whom that organ, and the velum palati, were paralyzed
consecutively to an angina. A profound syncope was immediately
produced by the operation; and, in this case I have no doubt that
the pneumogastric had been irritated by the current.

Faradization of the pneumogastric at the lower part of the
cesophagus may be practised without inconvenience.

Case IT.—I made this application, in fact, a score of times, npon a woman
named Célestine Bonhamy, twenty-three years of age. The metallic olive,
with its insulated stem, was carried to the lower part of the cesophagus, and
was bulky enough to be in contact with the internal surface of the canal, so
that the pnenmogastrics, which, at the cardiac surface, are placed close to the
wall of the cesophagus, one in front and the other behind, could not escape
the action of the electric exeitation. The rheophore (a moist sponge in a
eylinder) wazd]l)}uced upon the epigastrinum. The application was mmﬁ; with
a view to modify the state of the digestive tube, which had seemed to be
paralysed for a month, The stomach was enormously distended with gas,
and the constipation obstinate. When I allowed the current to pass with
one intermission a second, the patient felt moderately painful shocks at the
level of the olive; the stem was shaken by an evident movement, and the
patient liberated a considerable quantity of flatus. But no appreciable phy-
siological phenomenon was produced during the operation; even when I had
increased the force of the current to the maximum of the apparatus. Once
I employed a very rapid current of slight intensity. The pain was very
acute, the patient cumpla.iuegl uf_u deep constriction ; _but t1_1is was all.
There was no appreciable modification of temperature or eireulation.

T cannot leave this subject without mentioning an experiment
that I made upon a man, after faradization of the pneumogastric.
T examined his urine after this excitation (once only, it is true),
and discovered the presence of glucose by the usual tests (liquor
potasswe and Barreswell’s solution). There was no glucose in his
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urine ordinarily. I believe this to be the ﬁrst_rcapetiti_nn, on man,
of the experiments of M. Cl. Bernard upon animals: in whom he
produced a temporary diabetes by faradization of the pneumo-
gastrics.”

7.— Faradization of the diaphragm.

I shall explain the method of applying faradization to the dia-
phragm, in the electro-pathological study of that muscle.

[Duchenne’s method of exciting the diaphragm is to place & conical metallic
rheophore, covered with wet leather, on each phrenic nerve, to allow a very
rapid eurrent to pass, and to interrupt it at regular intervals to allow of
expiration. In order to find the phrenic nerve, he presses the skin of the
neck in opposite divections (outwards and inwards) by two fingers placed
over the external border of the clavicular fasciculus of the sterno-mastoid.
The rheophore is then placed between the fingers, across the course of the
nerve and pressed down.—f. T.]

8.—The portion of intestine comprised between the stomach and the
rectum, although inaccessible to dirvect faradization, may be excited
by reflex action.

It is possible to excite the intestine indirectly, by a sort of
reflex action, by placing the rheophores on two very distant points
of the canal. Thus M. Leroy ({’Etiolles) has produced evacua-
tions by passing galvanic currents from the mouth to the rectum.!
In 1854 (the time at which I made my experimental researches
upon the functions of the diaphragm), I repeated this experiment
upon horses, with M. U. Leblane, by passing an induced current of
rapid intermissions. I confess that I was not able to obtain an
alvine evacuation, whatever might be the intensity of the induced
current. But we remarked that during its passage, if it were
intense and very rapid, the sacro-spinal museles, the respiratory
museles, and the motor museles of the limbs, became tetanic.®

_ ® FLegons de Physiologie experimentale. | and one of the members of the couneil
aris, 1856, Tome i. has proved, by application to the living
! Leroy (d'Etiolles), Memoire sur le | human subject, that it is possible in this
traifement de Uileus eb des étranglements | way, without risk, to produce energetic
intestinaux internes, lu & U Adeademie de | intestinal contractions. Lastly, M. Les-
Meidevine, 1826, suivi d'un rapport de | trohan has shown, by experiments upon
M. P. Dubois (Archives génerales de | animals, the utility of the same current
Meidevine, tome ii1.). Rapport fait a la | in asphyxia.”
Bociele génerale des naufrages (Asphyric), | * The experiments were conducted in
dournal de la Socicte generale nau- | various ways. 1. In a horse lying upon
frages, tome iv. 1840, its side, its feet secured by hobbles, the
“To stimulate the contractility of the | rheophores of my induction instrument
digestive tube, there is,” he says, “another | were placed, the one in the mouth, and
and a more powerful means, more speedy | the other in the anus, the instrument
and less hurtful than tobacco fumigations, | working with rapid intermissions and a
namely, the establishment of a galvanic | medium degree of intensity. They
eurrent from the mouth to the anus, | immediately I_Jm-[lm:&d general tetaniform
This eontractile action was long ago dis- | convulsions in the limbs and trunk,
played by experiments upon animals; but no alvine evacuation. During the
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This method of electrization of the intestine acts upon the spinal
cord and upon the medulla oblongata with much more energy than
the former, It is the excitation of the nervous eentres which pro-
duces the tetanic contraction of so large a number of muscles;
and it is therefore necessary to have recourse to the procedure
very cautiously, and to administer only a gentle dose, lest we
should produce asphyxia by artificial and prolonged contraction of
the respiratory muscles, or by arrest of the heart’s action. T shall
return to this procedure, which has also been used in the treat-
ment of asphyxia.

This proceeding, besides being dangerous in certain cases, could
only be used in very slight intensity in the human subject; be-
cause the rheophore, applied to the mouth, would excite the
extreme sensitiveness of the fifth pair of nerves, and would pro-
duce phosphenes. 1 attempted this operation on the patient
mentioned above; but she could not bear it, even when very
glight. I then modified it as follows: one rheophore was placed
in the cesophagus, near to the cardiac orifice, the other in the
rectum. It was then possible to use a full current, The whole
intestine was evidently excited, and the patient had daily colie
and abdominal pains, but I did not succeed in overcoming the
constipation.

I see no necessity to employ these proceedings, which are
painful, and not free from inconvenience. By placing one rheo-
phore in the rectum, and a second (moist) on the abdominal wall,
I have often succeeded in obtaining an alvine evacuation. This
method produced a stool in an hysterical woman who had suffered
for three weeks from a constipation that M. Briquet had been
unable to overcome, and whose abdomen was enormously tym-
panitic.® By the same method I relieved internal strangulation
of the intestine in a woman who would have undergone an opera-
tion if I had not succeeded. I shall recur to this case by-and-
by.

§ II.—FARADIZATION OF THE ORGANS OF THE SENSES.

I proceed to set forth briefly the different methods of faradi-

zation that are most successful in paralysis of the senses.

first second, the respiration was sus- | influence of the induced current passed,
pended ; but on its return, it was aceeler- | as in the former experiment, from the
ated during the five or six seconds that | mouth to the anus, whatever might be
the experiment lasted.  its intensity. The tetaniform contractions
The heart continued to beat through- | of the limbs and of the trunk were
out the whole experiment, and with | carried to their utmost limits, so as to
inereased rapidity. 2. In another horse | constitute opisthotonos.
that was about to be killed at Montfaugon, | ? Briquet, Traite clinique of ftherapen-
and that I laid open, I did not observe | tique de Uhysierie, p. 661. Iaris, 1853
any appreciable contraction under the |
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A.— Action upon paralysis of touch.

Apply moist rheophores on the track of the collateral nerves,
. and to the pulp of the fingers.

B.—Action upon certain forms of paralysis of the retina
(amaurosis).

I have shown in the preceding chapter, that galvanism possesses
the special property of exciting the retina very acutely ; producing
luminous sensations when moist rheophores are applied to parts of
the face on which the branches of the fifth pair ramify ; and that
. these sensations increase in acuteness as the rheophores approach
the median line. It suffices to recall these facts, in order to
know how to operate, when it is an indication fo excite the retina,
‘as in amaurosis. In default of a galvanic current, it would be
possible to use the induced current of the second helix of a mag-
“neto-faradic apparatus. The action of this current upon the retina,
‘although less than that of galvanism, is still sufficiently powerful.

To direct excitation of the retina may be added electro-cuta-
‘neous excitation of the circumference of the orbit.

I shall hereafter describe the methods of faradization of the
"-;'-J’bﬂulm' muscles, in treating of paralysis of these muscles.

C.—Action wpon paralysis of hearing.

(1). Iill the external auditory meatus with tepid water, and
place a metallic rheophore—a sound, for example—in the water.
Complete the circuit by a second rheophore on the nucha. (This
‘method, to which I shall return, has allowed me to institute
electro-physiological and pathological researches into the uses of
the chorda tympani.)
~ The sensibility of the membrana tympani is very great; and
hence it is necessary to avoid rapid intermissions and intense
currents. I purpose to treat specially of certain forms of nervous
giea.fuesa; and we shall then see that some of these forms, and
even some of congenital deaf-mutism, have been successfully
treated by these procedures.

D.—Aetion on paralysis of smell.

A moist rheophore being placed over the nucha, the second (n
metal sound of small diameter, insulated by caoutchoue except
at its extremities) is moved over all points of the nasal mucous
membrane.

1t is often sufficient to excite very feebly the general sensibility
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of the mucous membrane, in order to recall the lost or weakened
sense of smell.

E.—Aection upon paralysis of taste.

The metallic rheophores must be moved over the base and over.
the borders of the tongue,

Electric excitation of the senses of sight, hearing, smell, and
taste, should be performed with extreme circumspection, because
liable to react acutely upon the brain. It is, therefore, contra-
indicated in all cases in which it is necessary to avoid eentral
excitement. In operations of this kind, we should always com-
mence with a minimum dose, increase it gradually, and never
produce much pain. It is also prudent to use a current of slow
intermission,

FARADIZATION OF THE MALE GENITAL ORGANS.

The secretion of semen may be diminished or perverted ; and it
follows that the sexual appetite is not awakened by the generative
instinet, and that erection is absent or incomplete. It may be
indicated to act upon the secretmg organ of the semen, the testis;
and also upon the reservoirs in which this secretion is elaburated, .
the vesicul® seminales,

Faradization of the testicle is extremely simple. The mmst,'
rheophores are placed upon the scrotum, over the testicle or the
epididymis. The current traversing the skin, concentrates its
action upon the glands. The sensation produced is very painful,
and extends to the loins, if the current be intense, and %peclﬂ]]y
if the intermissions are rapid. It is analogous to that produced
by compression of the testicle or of the epididymis. The latter is
more sensitive to electric excitation than the former. Fﬂ,radimti[mf {
of either should bLe performed with a moderate current; since
their over-excitation may be followed by a very painful neuralgia,
as happened in the case of a patient treated by myself. I may
here repeat that the current ot the first helix, even if of feebla
tension, excites these organs more acutely than that of the secuud
helix. -
Faradization of the vesicul® seminales is accomplished by the
aid of the rheophore for the rectum already described. The bowel
being first emptied, the rheuphme is introduced, and so directed
that its olive-shaped termination may be brought into ru]atmq
with the vesiculse. Ior this purpose, it is suffi cient to move thal
rheophore from right to left, and wvice versi. A strong current
will penetrate the 1111:&51?111&, and reach the vesiculm, exciting them
energetically. I need not say that the circuit should be com=

el
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pleted, by placing a second rheophore on some insensitive part of
the body. When there is no contra-indication, I introduce the
gecond rheophore into the bladder, and excite the bas fond, so as
to place the vesiculm between the two rheophores.

The seminal fluid often dribbles away, not only in consequence

of a kind of paralysis of the vesicule, but also from paralysis of
the levator and sphincter ani, and of the muscles of the urethra.
It is then proper not only to faradize the vesiculwe, but also to
direct the excitation upon all the muscles that coneur in the act
of ejaculation. Faradization of the levator and sphincter ani has
been described. The bulbo and ischio-cavernons muscles are
faradized like those of other regions of the body ; by placing moist
rheophores on points of the skin corresponding to their surface.
~ There may exist a kind of weakness or paralysis of the ejacu-
Jatory ducts, which occasions seminal losses, or a too rapid
~emission during sexual congress. This affection may be cured
by faradization of the orifices of the ejaculatory duets, by means
of an urethral rheophore terminating in a little olive-shaped
‘metallic knob, the stem being insulated by a caoutchoue sound.
The knob is introduced into the urethra as far as the orifice of
the ducts, and the second moist rheophore is placed upon the
 perineum. I shall return to this important question when I treat
| specially of paralysis of the genito-urinary organs.
- The testes, the skin of the penis, the scrotum, the perineum,
the glans peuis, and the urethra, may be in a state of complete
- anmsthesia. I have seen impotence that could be referred to no
~other cause than this general insensibility of the genital organs.
In such a case I used the following methods of faradization. I
‘excited the sensibility of the testicles by the method deseribed
~above. Then a vesical rheophore was moved slowly along the
urethra, acting principally upon the most irritable points, the
Hoss® navicularis. Lastly, electric fustigation by metallic threads
was employed to restore the sensibility of the skin of the penis
‘and scrotum. I shall return to this case hereafter.

Parr T Frrra.

The General Effects of Localized Faradization.

- Beyond the local and immediate action produced by electric
recompositions, oceurring within organs, faradization exerts also
general effects, of which it is necessary to take account in practice.
The influence of general excitation may increase the secretions, the
perspiration for example; and it may make itself felt by this or
that organ, according to individual predisposition. It is thus that,
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in amenorrheea, the menstruation is recalled or modified by fara-
dization, in whatever manner it is applied.

I have proved that electro-physiological excitation is limited, in
general, to the points which are in relation with the rheophores
but it is a belief widely diffused among practitioners, that faradism
always over-excites the nervous centres. If this belief be well
founded, we may see how much danger would attend the use
of such a therapeuntic agent, in the treatment of certain forms of
paralysis, and especially of cerebral paralysis.

By taking care to keep the rheophores near together, it is cer-
tain that the action of the currents is felt but feebly by the nervous
centres. In the following chapter I shall deseribe the means of

directing the excitation upon these centres, when it is necessary to

excite them.
It would be easy for me to show that faradization reacts upon
the nervous centres, only by the intermediation of the sensibility

that it over-excites. When we produce contractions, by the

influence of a very intense and rapid current, in muscles that are
paralysed in consequence of cerebral hemorrhage, and that are at

the same time deprived of their sensibility, the electric excitation

will be localized in the parts to which it is applied, the muscles

will contract energetically, and the patient will not even have any

consciousness of the process. However frequent or long continued

“the operations, he will be in no way incommoded. If, on the con-
trary, the same current be applied, in the same patient, to muscles

that retain their normal sensibility, it will not only produce imme=

diate and very acute pains in the muscles themselves, but will
produce also a general over-excitation that may be a source of |

danger to the brain.

It appears from these considerations that localized faradization
reacts very faintly upon the nervous centres, when so practised as

not to exeite the sensibility too acutely ; and when the rheophores
are kept near together.

But there is a point which it is important to know in every
application of electricity to man: I refer to the dynamic influence
that may be exerted upon patients by the change in their natural
electricity that is produced by electrization. In order to give any
account of these phenomena, it is essential to explain the physical
change that is wrought in the body by the action of the faradie
current. At the moment when the rheophores of an induction
apparatus are applied to the surface, the natural electricity of the
dermis is decomposed, and opposite electricities collect towards
each of the rheophores, and escape in sufficient quantity to
neutralise the current that comes to trouble their vepose. This
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neutralisation being effected, the two opposite electricities, by
which the body is still penetrated, reunite to regain their normal
state, and do not again separate until a new current comes to
disturb them. Such is the series of physical phenomena pro-
duced, more or less frequently, in man ; according to the Tﬂ.l)ldlt;,f
and the frequency of the induced current that is directed upon his
organs. _

The modifications that are thus wrought in the natural state of
the electricity of the human body do not produce, in general, any
appreciable dynamic effect. But it should be known that, in cer-
“tain nervous conditions difficult to analyse or to explain, man does
not bear with impunity these changes in his electric state. There
are then developed certain general phenomena, which, if they do
not contra-indicate the use of faradization, at least show the
necessity for caution in its employment. It is well known that
some persons are very seusitive to electric changes in the atmos-
phere. I know a lady who, during a thunderstorm, is stricken for
some hours with general paralysis. I have also seen persons who,
under the influence of faradization, suffer from singular nervous
troubles. These general effects are not produced by the excitation
of organs; but appear to depend upon the modification of the
electric state of the body. Thus faradization may produce
dazzling, a feeling of faintness, or general numbness, although the
operation, very slightly performed, has occasioned no local sensa-
tion. I have seen, in La Charité, a young paralysed girl so
gensitive to the influence exerted upon her general state by in-
duced currents, that faradization was contra-indicated in her ease,
although it produced no loecal sensation. I append an account of
the case, which was one of much interest :—

(Clase TIL.—Salle St. Vincent, No. 26 (service de M. Andral)—Eugénie Thou-
venir, aged sixteen, born in Paris, of good constitution and Iymphatic
temperament. Continual contraction of the flexors of the fingers and thumb
of the left hand ; so that the fingers cannot be extended by any effort. The

tient can herself flex and extend the left fore-arm. She walks without

ragging the left leg; but is easilg fatigned, and feels a weakness of that
side. On the left, a needle thrust deeply into the tissues, or a hard blow on
an osseous surface, produces no sensation; the hands and feet have lost tactile
sensibility. In standing or walking, she feels the ground only with the
plantar surface of the right foot. On the left side there is insensibility of
the skin of the face, of the conjunctiva, and weakening of sight, loss of smell,
- taste, and of the general sensibility of the nasal and buccal mucous mem-
brane. Although thus insensitive to impressions from without, the patient

- suffers from frequent and deep-seated pains in the left arm and leg. She
cannot bear pressure on a ﬁxe::?i- and limited spot below her breast, which is

the seat of continued pain. She vomits five or six times daily, either food or
drink. She has no attacks of hysteria, no strangulation, no palpitations, no
abnormal heart murmurs ; but a murmur in the carotid.

At the first séance for faradization, excitation of the skin, muscles, bones, or
periostenm, and even of the nervous trunks, occasioned no kind of sensation
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on the diseased side. The muscles contracted in response to the excitation,
but without the consciousness of the patient. At the second sdunce, as at the
former, she felt some of the local sensations commonly produced by electrie
recomposition ; but she complained of a kind of stiteh in the left side, with
suffocation, palpitations, dazzling, nausea, and cephalalgia. These pheno-
mena were more severe, the stronger the current, and the nearer the rheophores
were placed to the precordial region. If the rheophores were applied to the
healthy side, the ordinary phenomena produced by electric recomposition
were displayed without any general effects. These strange phenomena
induced me to repeat the following ﬁ:ffenment several times, in the presence
of MM. Andral, Therial, Lacaze, and the students in attendance upon M.
Andral's clinique. We arranged so that the patient could neither see nor
hear what was done; and then the rheophores were placed at the lower
extremity of the left leg, so as to produce eleciric recomypositions in the ekin.
As soonas the apparatus was set in action, the symptoms above deseribed
appeared. Leaving the rheophores in place, the course of the eurrent was
interrupted in a manner that the patient could not know, and instantly the
symptoms disappeared. The rheophores, placed upon the healthy side, pro-
duced either muscular contractions and sensations or a burning sensation,
according to the tissne in which the electric recompositions occurred:; but
they never occasioned any of the general phenomena deseribed above. This
experiment repeated very frequently, and on many days in succession, gave
always the same result. The patient was so sensible of the electric influence
that she recognised the very faintest currents when applied to the diseased
side; although the phenomena oecasioned by the same eurrents, when applied
to the sound side, were scarcely &Epre-ci&h!e. Every time that she was
exposed to the eurrent, however feeble, and for however short a time, she
suffered for a long period afterwards from pains in the head, disturbance of
vision, general malaise, a stitch in the side, and a redoubled occurrence
of vomiting to which she had long been subject.

It is very difficult to find the key to these singular phenomena.
The th ory of local electric recompositions is certainly not appli-
cable to them ; because, on the left side, the patient was deprived
of sensation in the parts on which I acted, and did not experience
any of the ordinary physiological effects of electric recompositions,
occurring in the skin, in the muscles, &e., &e. They can only be
explained by the reflex action of some important point in the ner-
vous centres, under the influence of the peripheral exeitation of
certain zones ; although the organs excited were themselves struck
with insensibility. ,

An extreme reflex excitability of the nervous centres, of the
heart, or of the respiratory organs may also be developed under
the influence of certain pathological states. Faradization is then
a two-edged weapon. However, by proper circumspection, we may
always avoid danger. We may even, under certain circumstances,
take a fortunate part in sustaining or in regulating functions
essential to life, such as those of the heart, or of respiration. I
shall have occasion to record a remarkable case, in which a slight
electro-cutaneous excitation with the hand, on the precordial region,
prolonged for many days the life of a patient who, during con-
valescence from membranous angina, and under the influence of
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diphtheritic poison, being in a state of extreme excitability, had
attacks of grave syncope, and was constantly in danger of arrest of
the heart’s action. _

The general nervous disorders in question may sometimes be
produced even when the subject is in his natural state. Thus, I
could mention one of my confireres and friends, who cannot submit
to electrization without experiencing vertigo, dazzling, &e., how-
ever feeble may be the electro-physiological effects produced in
him. I am unable to say what are the causes which predispose to
this extreme susceptibility to electrie influences.

From the facts stated above, I deduce the following proposi-
tions :(—

1. The changes wrought in the state of the natural electricity,
by which the human body is pervaded, may produce, independently
of the local electro-physiological phenomena due to localized
faradization, general effects of a particular kind.

2. Most commonly, these general effects are not appreciable.
- They are only manifested in certain rare idiosyncracies, or patho-
- logical conditions, the caunses of which are usually unknown.

3. These general effects, the chief of which are giddiness,
- dazzling, nausea, and even vomiting, render the application even
. of localized electrization difficult. Sometimes they contra-indicate
its employment.

- 4. We may, however, under certain circumstanees, have recourse
| to if, in order to encounter serious disorders of the circulation or
- respiration,
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CHAPTER ITL

HIETORICAL AND CRITICAL OBSERVATIONS UPON THE PRINCIPAL
METHODS OF ELECTRIZATION.

WaaTEVER preference I may declare for the method of electriza-
tion described in the foregoing chapter, has not been arrived at
without long comparative study of each of the methods that have
preceded it. In the present chapter I purpose to set forth the
results of these researches.

Static electrization (by the electrical machine) is the most
ancient of all modes. I have already, in the first chapter, said
enough about its physiological and therapeutical properties; and
its application for the purposes of treatment is now generally
abandoned.!

I propose, therefore, to examine as briefly as possible, and to
compare, by the light of my own experience, the therapeutic value :
1. of electro-puncture ; 2. of electrization by reflex action; 3. of
localized electrization by induction currents and by interrupted
galvanic currents; 4. of continuous constant currents; and I shall
preface the therapeutical results of my own practice by certain
physiological considerations.

PArT THE FIRST.

ON THE VALUE OF ELECTRO-PUNCTURE A8 APPLIED TO THE
TEEATHMENT OF PARALYSIS.

§ 1. Historical reﬂra'speet.

The application of electro-puncture to the treatment of paralysis
was a distinet step in advance, when Sarlandiere introduced it into
practice. In order to estimate correctly the services rendered
to therapeutics by this method of electrization, it is necessary to
recall what was then the state of medical electriecity.

It is well known what enthusiasm this agent excited in its
infancy, when the electrical machine was first invented. We may;
indeed, find records of incontestable cures, due to the use of elec~
tricity of tension, in the authors who were employed about the
subject at the time in question, that is from 1743 to 1754, Kruger,
professor at Helmstadt, was the first to use electricity as a curative

[' See Observations, p. 9.—H. T.]
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agent, in the beginming of 1744 Two years later, In 1‘?4!’?‘, when
the effects of the Leyden jar (the strong discharges of which had
at first inspired great terror), had become familiar, Hermann Klyn
cured, by this instrument, a woman who had been two years
paralysed. After these observers ecame the Abbé '_N'ﬂnﬂt: Privata
of Venice, Sauvage, and Zindult, a Swedish physician, who used
the jar in the treatment of chorea in 1753.% e
Medical electricity, unjustly abandoned some years after its blrthl,
had been taken up again with fresh ardour. Manduit was nomi-
nated reporter to a commission by the Royal Society of Medicine,
in order to determine the actual worth of electricity in paralysis.
Notwithstanding the brilliant report of this learned physieist, made
in 1773, and in which the cure of paralysis by electricity was
represented to be the rule; notwithstanding the works of the Abbé
Bertholon, in 1779, of Cavallo, in 1780, of James Larry, in 1800 ;
and notwithstanding a great number of treatises which were pub-
lished upon the subject in Franee, in England, in Geermany, and
elsewhere, electricity was unable to bear the test of time. The
results obtained from it were not in accord with the hopes that
had been entertained by some ardent minds, and there followed a
- period during which the agent suffered under disrepute.
~ The discovery made by Galvani in 1789, and, soon afterwards,
| the pile of Volta, afforded to medicine a new and precious source
- of electricity ; of which numerous applications were made in
!,;"i:matice, especially in Germany, from 1797 to 1804, I shall
~return to this as a matter of history, when treating of the applica-
tion of continuous currents, But, this time also, either that the
- possibly exaggerated predictions of experimenters were not generally
realized in practice, or that the proper method of application was
" not known, or that the instruments then in use were insufficient
~or irregular in their action, or difficult and ineonvenient of use,
- galvanism was unable to preserve medical electricity from general
neglect.
~ Such was the state of things existing in France, at the time
when Sarlandiére coneeived the ingenious idea of using acupune-
ture in order to direet and limit the power of electricity in the
deeper parts of the organism.® This method, which supplemented
the weakness of the instruments by increasing the physiological

* We may even carry back medical | creature is found; and I have known an
electricity to times still more remote ; for | inhabitant of Martinique who was cured
that of the torpedo was employed by the | of facial hemiplegin by the discharges of
ancients, even before Galen, as a remedy | the torpedo.
against a certain number of diseases. | * Sarlanditre, Memoires sur Ueloctro-
Some ph‘{-,'ain:ianﬂ employ it even at the punciure. DParis, 1825
present day in the countries where the
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action of the electricity, without exposing the patients to the
startling effects of the Leyden jar, soon superseded the older modes
of application, and gave new life to medical electricity. Magendie,
by his talent and by the authority of his name, powerfully contri-
buted to its popularity.

§ II. Critical considerations.

I shall next endeavour to show that electro-puncture is far from
the attainment of the end that was proposed by Sarlanditre and
Magendie. -

1. Electro-puncture does not evactly localize electricity in the organs.

I hope to afford proof of the foregoing proposition, by analyzing
successively the phenomena of electro-cutaneous sensibility, and
the phenomena of electro-muscular contractility and sensibility,
that are witnessed under the influence of electro-puncture.

In thin patients, or in those whose subeutaneous cellular tissne
is scanty, needles thrust into the skin, in such a manner as not to
pass through the dermis, produce, even under the influence of a
very feeble current, simultaneous excitation of the skin and of the
muscles and nerves, if the needles are placed over the eourse of
muscles or nerves. In order that the excitation may be confined
within the skin, it is necessary that the cellular tissue should be
either plentiful or infiltrated with serosity, and that the current
should be extremely wealk.

Electro-puncture cannot produce muscular contraction without,
at the same time, exciting the sensibility of the skin. In order to
prevent this effect, M. Pétrequin has covered the needles with a
layer of caoutchoue, leaving only their extremities free, for an
extent of one or two millimetres, commencing a millimetre from
the point. But the covering of caoutchoue, which is not very
thick, speedily becomes moistened and softened when the needle
is plunged into the ftissues. It then permits the passage of the
cwrrent; and the skin is excited almost as acutely as if the needle
were bare. Patients on whom [ have made comparative trials
with the insulated and with the common needles, have been
unable to discover any difference between them as far as regards
their action upon the skin.

The eutaneous sensation produced by electro-puncture masks §
the muscular sensation produced by the direct excitation of the:
muscle into which the needle is plunged. It might be supposed!
that the two sensations are the same, and that they blend to-
gether ; but this is not the case, as may be shown by the following
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. experiments. In wounded persons I have inserted needles in
denuded portions of muscle, and also at points where the muscles
were still covered by unbroken skin; and I have applied electricity
in both situations. In the former, I produced the dull sensation
proper to muscular excitation ; such as is commonly produced by
placing moist rheophores upon the healthy skin. In the latter
the sensation was very acute; and resembled that which follows
electro-cutaneous excitation, as in faradization by metallic threads
upon a dry skin,

We cannot produce at pleasure, by means of electro-puncture,
the contraction of a muscle or of a single fasciculus, or of a few
fibres only. Indeed, althbugh I have been careful to place the
needles. at a distance from nerve-trunks, the muscular con-

tractions observed in my experiments have nearly always been
irregular and unforeseen ; sometimes merely fibrillar, and limited
to a certain radius from the needle, at other times involving an
entire muscle, or even several muscles at once. It is evident that,
in these cases, the effects have varied accordingly as the needle

- has come into contact with nervous filaments proceeding to one or
to many museles, or with muscular fibres alone. It follows that,

- in musecular electrization by acupuncture, chance alone will preside

. over the phenomena of contraction, and will dominate over the will
- of the operator.
~ Sarlandiére recommended that the needles should be placed at
- a distance from nerve-trunks; and believed that the therapeutic
influence of electro-puncture was greatest when exerted upon the
- mervous terminations. Magendie had the hardihood to practise
~ electro-puncture with needles that traversed the nerve-trunks
- themselves, The latter proceeding may appear easy to those who
- possess some anatomical knowledge; but it is by no means so
- simple as may be imagined by those who have not tried. If it be
true, for instance, that we may sometimes succeed in piercing the
median, ulnar, and erural nerves, we cannot in like manner succeed
with the radial, the sciatie, or the popliteal. In the face, we may
place needles in the sub-orbital and mental nerves. But who could
pretend to hit with any certainty either the trunk or the branches
of the portio dura? The method appears to me to be nearly
always impracticable. Moreover, it does not help us to confine
the electric action to the nerve. We caunot reach the latter
without piercing the skin, which is then inevitably excited.

2. Blectro-puncture is insuflicient or inapplicable in anwsthesia or
lesions of tactile sensibility. '

I shall hereafter show that, as a rule, in aumsthesia, cutaneous
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faradization will recall sensibility only in the points which are
brought into contact with the rheophores. It thence follows that,
in order to obtain a cure by electro-puncture, it would be necessary
to cover, with a great number of needles, the whole of the portion
of surface that had lost its sensibility. It is manifest that such
an operation would be impracticable, especially if it were to be
frequently repeated. In certain slight cases the excitation pro-
duced by a very small number of needles may be sufficient to
restore the sensibility ; but such cases are only exceptional.
Electro-puncture is not available for the restoration of tactile
sensibility to the hand or to the sole of the foot; because we
cannot insert needles into either the fingers or the plantar integu-
ment without danger of producing inflammation or whitlow. 1

3. Electro-puncture, applied to the treatment of paralysis of move- '
ment, does not appear to produce the results that are obtained
by localized electrization. !

Numerous and incontestable instances of suceess bear witness to 4

muscular paralysis; and it has done much more than the methods
which preceded it. It must, however, yield the palm to localized
faradization, by the aid of moist rheophores placed upon the sound
skin; a method the importance of which I shall shortly have to
establish,

" There are no rules with regard to the manner of applying
electro-puncture in paralysis. In what points of the paralysed
limbs should the needles be inserted? In what number should
they be employed? What degree of power should be employed ?
All this is left to the determination of each operator.

Some practitioners, after the example of Magendie, have en-
deavoured to pass the needles into the nerve-trunks which supply
the paralysed musecles, DBut it follows, from my investigations,
that the electric excitation of nerve-trunks, in the treatment of
paralysis, produces results that are but unsatisfactory. Moreov er;]
if the mode of excitation were excellent, the electrization of
nerve-trunks by puncture would almost al-.m;-;'s be impracticable,
for the reasons already stated. 3

The method generally adopted is to place, at the superior and
inferior parts of the limb, needles that are connected with t]1
poles of a galvanic or faradie instrament. DBy this method
the excitation is produced in a most unequal manner, and aff
only a small number of muscles. Those musecles that do naﬁ
receive the stimulus directly, commonly remain paralysed ; sum&

4
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of them are excited by reflex action. The method borders upon
that of electrization by reflex uction, which forms the subject of
the second part of this chapter.

In order that excitation should be complete, in the treatment of
paralysis by electro-puncture, it would be necessary that needles
should be inserted into each of the paralysed muscles. Moreover,
as it seems to me to be demonstrated, by numerous facts, that ﬂ_ie
therapeutical action is limited, in general, to the points that are in
contact with the rheophores, or at least that it extends over but a
small radius, it would be necessary that the number of needles
used to excite each muscle should be proportionate to its bulk and
length. The operation would become a torture to which patients
would never submit, especially in paralysis of some extent, by
reason of the time that would be required and of the inevitable
suffering that would be produced.

On the other hand, how simple and rapid is the localized fara-
- dization of each one of the paralysed muscles, by means of moist
rheophores moved over the unbroken skin. In electro-puncture,
the needle traverses the thickness of the muscles, whilst, in
- localized faradization, the moist rheophores act only upon their
surface. We might, therefore, suppose that the electro-puncture
would possess more therapeutic power than localized faradization.
Such an opinion would be unfounded ; for I have already shown
that, on applying a moist rheophore to the surface of a muscle, the
electric excitation penetrates the tissues the more deeply, the more
intense the current. Faradization, therefore, by the aid of moist
rheophores, will penetrate a muscle in the direction of its thick-
ness as readily as by the aid of needles. Moreover, by moving the
rheophores over the whole surface of the muscle, the electricity is
distributed to every part of it, which can never be done by electro-
puncture.,

I have seen many cases of paralysis undergo improvement under
the influence of localized faradization by moist rheophores, in which
electro-puncture had previously completely failed.

If electro-puncture were as efficacious and as practicable as
muscular faradization, the pain inseparable from the former method
should lead us always to prefer the latter. I shall, moreover, show
hereafter that painful electrization is dangerous in some forms of
paralysis, in those of cerebral origin for example. Electro-puncture
18 therefore contra-indicated in such cases, and also in all those
that require numerous applications. (We shall see that the cure
of some forms of paralysis requires from sixty to eighty appli-
cations.)

It is especially in children that it is desirable to practise
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electrization without pain. How many parents, and even how
many practitioners, would shrink from inflicting upon young
paralytics the torture of electro-puncture, which is always painful,
however feeble may be the current.

There are yet other inconveniences which attach themselves to
electro-puncture, but which are not to be feared in connection
with the method of localized electrization that I advise. T refer
to the disorganization of the tissues through which the needles
pass, and of the inflammations and abscesses excited by them. T
need not dwell upon these accidents, which have been recorded by
all the observers who have praectised electro-puncture.

Lastly, electro-puncture frequently occasions severe and obstinate
neuralgia. The following is an example. One of the pupils of
Magendie, A. Bérard, consented to undergo an eleetro-physio-
logical experiment, and allowed the professor to perform electro-
puncture upon his face. His complaisance, or rather his curiosity,
cost him dear ; for the operation was followed by a facial neuralgia.
from which he suffered cruelly for five or six months. He became
one of the most brilliant professors of the Ecole de Paris, but,
unfortunately, he was too soon lost to science. My information
was derived from his brother, the professor of physiology.

The foregoing considerations, however, must not lead us to
conclude that electro-puncture should be altogether abandoned.
I believe, on the contrary, that in certain cases it may be a potent
auxiliary to localized faradization.t

PART THE SECOND.

ON THE VALUE OF ELECTRIZATION BY REFLEX ACTION, AS
APPLIED TO THE TREATMENT OF PARALYSIS.

§ L. Passage of induced currents from the nerve-extremities to
the centres.

Before commencing the study of the therapeutic influence of
this method of electrization it is important thoroughly to under-
stand its physiological action.

1. Phystological action.

A —Following the known laws of the propagation of the nervous
fluid in the motor nerves, the motor action is exerted only in the

¢ Electro-puncture has been called upon | by destroying certain hepatic and ovarian
to render great services in surgery in the | cysts, and by coagulating the blood in
treatment of hydrocele, by promoting the | anenrisms.
resolution of certain ganglionic tumours,
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direction of the nerve-branches which proceed to mugc]eg. and
never in the contrary direction, It follows that electrization of
the nerve-terminations of limbs will never call into contraction
muscles which receive their nerve-filaments from branches given
off above the point excited.

This is, in fact, what occurs when we localize electric excitation
in the terminations of nerves, by holding both the rheophores of
a galvanic battery, or an induction apparatus, in one hand (with
the well understood precaution that the ecirenit shall not be com-
pleted by allowing them to come into contact). We then experience
some contraction of the muscles of the thenar and hypothenar
eminences, produced by direct execitation of the museles, with
pricking and tingling in the fingers, under the influence of the
equally direct excitation of the collateral nerves, or of the digital
tissues ; the muscles of the forearm do not enter into contraction.

But if, in place of holding both rheophores at the same level in
a single hand, one is separated from the other, either by placing
one in the hand and the other higher up on the limb, or by holding
one in each hand, we then see confraction of the musecles of the
Jore-arm or arm, according to the degree of intensity of the
current. The muscular contractions produced by this method of
electrization are irregular, and do not correspond with the degree
of pain that accompanies them. The pain, indeed, is not confined
~ to the musecles in contraction, but extends to the wrists or the
elbows, or even to the shoulders when the current is intense. The
sensation in that case is very painful, and leaves behind it an
aching of the joints.

In these various experiments the excitation is always greatest
~in the arm the hand of which grasps the positive pole, so that it
receives an ascending current. From these two experiments I
draw the following conclusions :—1. Electrization localized in the
merve-terminations of a limb produces only local phenomena in
accordance with the funetions of the organs excited; that is,
sensations limited to the part, 2. In order to produce con-
tractions of muscles situated above the nerve-terminations, it
1s necessary to separate the rheophores in such a manner that
the currents may traverse the limbs, or rather their nerves, in
a8 longitudinal direction ; this ds electrization by reflex action.
9. Lastly, the electrization by reflex action operates specially
upon the sensibility, ascends to the posterior roots of the nerves,
affects the anterior roots, and thus produces, in the muscles
dependent upon the nerves the terminations of which have been
excited, irregular contractions that are but little in harmony with
the intensity of the sensations.
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Whenever the moist rheophores of an induction apparatus,
applied to the skin, are a little apart from one amother, in such
positions that the current traverses the limb longitudinally, then
the extremities of the limb, althongh they are not in communi-
cation with the rheophores, will exhibit muscular contractions
from reflex action. If, for instance, we place one rheophore upon
the anterior surface of the fore-arm, and the other near the spine
in the cervical region, we shall not only see contraction of the
muscle situated in the plane of the rheophore, but also of other
muscles of the arm and fore-arm.

B.—Electrization of the nerve-extremities by reflex action is
often practised by placing the extremities of the patient in two
basins of water, each of which is connected with one of the
rheophores of an induetion instrument.

It is possible to apply faradization at once to the upper and
lower limbs, and in a more general manner, by placing both hands
in a basin of water communicating with one of the poles, and both
feet in another basin communicating with the other. This method
excites the nervous centres, and especially the spinal cord, in a
very general and energetic matter, even when the current is of
small intensity. If the intermissions are rapid, all the muscles
of the limbs are thrown into tetanic contraetion, and the accom-
panying sensation, which is felt chiefly in the joints, is very
painful. At this degree of intensity this method of eleetrization
is followed by severe lumbago.

We may classify under this kind of electrization the electric
bath, which may be also called the electro-dynamie, in order to
distinguish it from the bath of static electricity given by the
friction electric machine. The former consists of a bath, the
water of which is in contact with one of the rheophores of an
induction instrument, or of a battery of intermittent eurrent, while
the other moist rheophore is applied to some part of the body
that is not immersed; commonly to the upper and back part
of the chest.

By this proceeding also, the spinal cord is excited in a general
manner, nearly as much as by reflex faradization of the peripheral
extremities of the nerves, and with the same energy.

O.— Electrization by centripetal or centrifugal cwrrents with

" currents of induction—In electrization by reflex action, physio-

logists have attached great importance to the direction of the
currents, resting upon experiments which show that in certain
animals the direct (centrifugal) currents act upon the motility,
and the inverse (centripetal) currents upon the sensibility.

- Induced currents, under ordinary conditions, cannot be said to
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be either direct or inverse. Im fact, each Intermission of the
induced current (of the second coil) is produced by two successive
currents travelling in contrary directions. The intermissions pro-
duced by all the ordinary rheotomes deseribed in the sequel (the
toothed wheel and the tremblers) afford these alternations. Dut it
is sometimes desirable to avoid the alternations, especially in
certain physiological experiments, or in therapeutical applications,
where it is wished to pass only a direct or an inverse current. In
order to fulfil this indieation, I had made, some twelve years ago,
an instrument which is a modification of the wheel of Abria,
joined to a commutator of the poles. This instrument is repre-
sented in fig. 40.

APPAREIL

Fig. 40.—Distributor of the entrance and {ssue of induction carrents, and commutator of the polos,

Like the wheel of Abria, it is composed of two toothed wheels,
A, B, the teeth being alternately of wood and of brass. In the
figure the shaded teeth represent those of wood, and the unshaded
those of metal, mounted upon the same axis, but insulated; the
brass teeth of each wheel communicate with the brass monunts
8 and 16, in which turns the wooden axle common to both the
wheels, which move together (thus differing from the instrument
of Abria, in which the wheels turn independently). The two
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wheels are so arranged that their respective teeth only correspond
by half their surfaces, so that the two springs 9 and 15 only rest
at once upon the metallic parts of the teeth for one half of their
extent.

Things being thus arranged, let us first follow the course of a
battery current through the commutator C (fie. 40) and to the
extremities of the wire of the primary coil of a double-induction
volta-electric apparatus, represented by the knobs 7 and 11. The
two poles, n, p, of the pile are brought to 1 and 2, knobs which
communicate with each of the isolated halves, 3 and 4, of the
commutator C, so that they ean be made to change sides by
turning the button D of the commutator from left to right, or viee
versi. One of these poles—suppose the negative—passes from 3
and 5 to 6, a knob to which is attached a conductor in communi-
cation with 7, one of the extremities of the wire of the primary
coil; the other, or positive pole, p, goes from 2 and 4 to 8, a
metallic support communicating with the metallic teeth of the
wheel A. At 9 is a spring in contact with these metallic teeth,
and connected with 10, a knob to which is attached a conduetor
in communication with 11, the other extremity of the wire of
the primary ecoil.

In these conditions the wheel A is only an ordinary rheotome,
producing by each of its teeth, or at each intermission, while a
rotatory motion is communicated to it, two currents in opposite
directions, one at the completion and the other at the interruption

of the circuit, in the wire of the second coil, the extremities of

which, represented by 12 and 18, are connected by some metallic
or organic conductor.

But if one of the extremities of this wire—13, for example,—

is conducted by a wire to 14, and so to 15, a spring resting on the
metallic teeth of the wheel B, which themselves communicate
with 16, the support of this wheel, and with the knob 17, it is
manifest that if the cireuit of the second coil is completed by a
conductor placed in communication with the knob 17, and with
the knob 12, which represent the two extremities of the wire of
the second coil, the organ placed in the circuit will receive only

the current of interruption, when the wheel is turned from left to

right, and only the current of completion when the wheel is
turned from right to left. The connection between the metallic
teeth and the wood of the wheels A and B will explain how an
organ placed in the circuit will receive at pleasure only the one
eurrent or the other.

In fact, the cireuit of the second coil being completed, by the
contact of the spring 15 with the metal teeth of the wheel B, only
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at the moment when, during the revolution of the wheel from left
to right, it breaks the inducing cireuit of the primary coil, it is
only the current of interruption that can be transmitted to the
indnced circuit. It is unnecessary to say that the contrary occurs
when the wheels A and B are turned in the opposite direction.

In order to show the utility of the rheotome above described, it
is sufficient to say that it has enabled me to investigate, physio-
logically and therapeutically—

1. The influence of eentrifugal or centripetal induced currents.

2. The comparative values and the comparative effects of the
indueced currents of interruption and of completion.

3. The influence of centrifugal or centripetal induced currents,
with reversal of the poles at will.

2. Therapeutic action in the treatment of paralysis.

It is sometimes desirable to stimulate the nervous centres. In
such cases we commonly have recourse to the various medicines
which possess a special property of producing muscular con-

- tractions by their influence upon the nervous system. Electriza-

tion of the nerve-extremities by reflex action operates in an
analogous manner. I have therelore applied it to the treatment
of eertain cases of paralysis in which I was able, without danger,
to extend the stimulation to the nervous centres,

I have not always been able to congratulate myself upon the
results obtained by this method. The paralytics that [ have
faradized by its means have, it is true, in some cases received
benefit; but, consecutively to the treatment, some of them have
experienced deep-seated pains in the course of the nerves the
extremities of which had been excited, pains that have frequently
been persistent, and have assumed the character of neuralgia.
The energetic excitation of numerous nerve-branches, specially
subservient to sensibility, explains the frequency of these accidents.

Under certain ecircumstances, faradization by reflex action has
exposed the patients to consequences of the most serious character.
The following case is an example :—

Case IV.—A medical student, M. X., mt. 22, had been struck by apoplexy in
1851. The hemiplegia, which affected the left side, and which was due to
cerebral hmmorrhage, had gradually disappeared in the course of a year.
But the voluntary movements were impeded by the continued contraction
of certain muscles, especially the flexors of the fore-arm and of the hand,
& contraction which extended to a greater number when he wished to per-
form eertain movements, or when he experienced any impression whatever.
Such phenomena are not symptomatic only of a sclerosis of the spinal cord,
a3 seems to be established by modern reseavch; but they may indicate a

condition of hypersemia which it is necessary not to over-excite, on pain of
producing the most serious accidents, Tgnorant of this danger, the student,
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126 LOCALIZED ELECTRIZATION, .

i
who had imperfectly nnderstood one of my publications, thought it possible
to apply without risk, in all cases, faradization to the treatment of cere-
bral hemiplegia, in six months or a year after the absorption of the hamor-
rhage. The young man had not understood the difference between an electric
excitation limited to the muscles, and a method that calls them into con-
traction by a powerful electrization by reflex action, We shall see the result
of his hope to hasten his recovery. : ;

“Having put in action an induction coil, with intermittences (by a trembler)
of great rapidity, he took one of the metallic cylinders in each hand, so
that the current passed through his brachial nerves from end to end. At
the moment when it began to pass, his hands closed with great force, and
he was unable to relinquish the eylinders. TFeeling then that his paralysed =
limb was contracting very painfully, he had presence of mind to overturn
the Bunsen’s pile with his foot. The eurrent was stopped instantly, but it
was too late. It action, although continued only for a few seconds, had =
already occasioned serious injury. The head was extremely painful, the
contraction extended to the whole side, and the poor fellow, who was alone
in his room, was found an hour later in convulsions upon the floor. He
was removed to La Charité, under M. Piorry; -and there I heard from
himself the history I have related. His life was for many days in danger;
and, notwithstanding repeated depletion, purgatives, and a blister to the =
nucha, painful and tetanoid contractions persisted for many weeks. At last,
after a long sojourn in the hospital, he was able to leave; still suffering
from contractions of the right side, much more general and much more
severe than before he conceived the unfortunate notion of curing himself
by reflex electrization.

If, in this case, the electric excitation had been limited to the
paralysed muscles, notwithstanding the peculiar cerebral condition,
and the hypersmia which may exist at the point where a
secondary sclerosis of the cord has been developed,—conditions
which, in my judgment, would contra-indicate even localized
faradization,—these grave accidents, evidently due to over-stimula-
tion of the centre, would not have taken place. I have learnt
thus much by long experience; for I have many times faradized
locally the museles of patients who were in the same state as this
young man, and without producing any inconvenience. I have
come to the conclusion that localized applications are in such
cases simply useless, but not dangerous when made with eircum-
spection. At the commencement of my researches I often
faradized by reflex action the antagonists to the contracted
muscles of hemiplegic patients, and I sometimes had occasion
to repent doing i, so that it is necessary to be cautious in the
employment of a method that has proved to be so dangerous. '

Electro-dynamic baths, given in a dose so feeble as not to
provoke museular contraction, produce an excitation that increases
muscular force in certain forms of general paralysis. I have
often employed such baths with sucecess.

The mode of application already referred to I think preferable, -
on account of its simplicity, to other and more complicated =
methods,
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§ [1.—EXCITATION BY REFLEX ACTION IN PASSING INDUCED
CURRENTS FROM THE MOUTH TO THE ANUS,

I. Physiological action.

The already described methods of faradization by reflex action
do not strongly exeite the spinal cord, excepting at the points of
origin of the brachial and lumbo-sacral plexuses. There is yet
another procedure which produces a more general reflex excita-
‘tion of the cord. I refer to the method by placing one rheophore
of an induction apparatus in the mouth, and the other in the
anus; the already mentioned mode of application of Leroy
(d'Etiolles). 'The following is a brief account of the experiments
by which I have studied the physiological action that it thus

- produces:— ) :
Experiment 1.—1 have already. stated that in 1853, I repeated, upon a
horse, the experiment of Leroy with an induced current. The current was
Afeeble; but strong enough for its reflex action to produce general tetanoid
contractions in the limbs and trunk, during which the respiratory move-
“ments and the action of the heart were not suspended. 2. I repeated
“analogous experiments upon rabbits; and many were made, in my presence,
in the laboratory of my friend M. Liégois. With an excessively feeble cur-
‘rent there was no appreciable result beyond a slight contraction of the
* fongue and of the muscles of the face. The force of the extra current of

‘my instrument, which had been originally at its minimum. and not only

g0, but had been passed through a stratum of water in the moderator to
~ be hereafter deseribed, was then progressively inereased until it produced
; tetanoid contractions of the muscles of the trunk and limbs. Neither the
- respiration nor the heart’s pulsation were arrested, but they were suspended
during one or two seconds. The experiment, repeated twice upon the same
‘rabbit, and for from twenty to thirty seconds each time, gave always the
. same resunlts. But, when the strength of the current was so much increased

a8 to tetanize and render immovable the walls of the thorax, a needle thrust
Jinto the heart also ceased to oscillate.

We see, therefore, that when the rheophores are placed as

- deseribed, a feeble induced current of rapid intermission ecan

‘produce tetanic convulsions of the limbs and trunk, evidently by

reflex action of the whole cord, without arresting either the eir-
culation or the breathing.

Another fact not less important follows from these experiments,
namely, that this mode of faradization produces a comparatively
feeble reflex excitation of the medulla oblongata. Notwith-
standing the general tetanic convulsions that are produced, the
respiration and the heart’s action, although suspended for one or
two seconds, have continued during the twenty or thirty seconds
during which the experiment lasted ; and it was only to be noticed
that these movements were increased in rapidity.

Every experimenter knows how feeble a current, applied to the
exposed pneumogastrie, will arrest the heart and the respiration
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128 LOCALIZED ELECTRIZATION.

and knows also that the most feeble faradization of the superior
laryngeal suspends respiration instantly. Should he, therefore,
doubt that the medulla has been really excited in the experiments
during which a current of the same degree of foree has been
passed from the mouth to the anus, without producing great
disturbance of the respiration ?
It is necessary, as we have seen, that the current should attain ,t
a very high degree of tension, in order that the respiration should
be completely stopped, or that the heart should cease to beat. }
It is not even shown that, under these circumstances, the
arrest of the respiration and of the heart is due to excitation of
the medulla oblongata. Indeed, the tetanic contraction was not
at its maximum, so that the inspiratory muscles, principally the
diaphragm and the intercostals, which were only in a certain degree
of rigidity, were able, under the influence of a great inspiratory
effort, to contract yet more, and to produce movement. In the
second experiment it is manifest that the maximum tetanic state
of the same inspiratory muscles would be necessarily opposed
to any respiratory movement of the thorax; by which may be
explained the rapid death which befel the animals thus treated.
The arrest, observed in the last experiments, of the oscillations of |
a needle thrust into the heart, does not prove that that organ had
then ceased to beat; because the oscillations may have heen
stopped by the extreme rigidity of the intercostal muscles traversed
by the needle, while in the former experiments these museles =
were not sufficiently rigid to stop them. The correctness of this
explanation is shown by the fact that, when the muscles relaxed
on the suspension of the faradization, although the rabbit had
ceased to live, small oscillations of the needle again gave evidence
of contraction of the heart.
The facts and considerations that I have advanced show, there-
~ fore, that the mode of general faradization under discussion does
not powerfully excite the medulla oblongata, and this is all that I =
endeavour to establish,
I do not maintain that the procedure exerts no influence upon
the medulla oblongata. I donot think, indeed, that in these experi- .
ments, when one of the rheophores is placed in a region (the
mouth) deriving its nerves from the medulla oblongata, and from
a part of the pons Varolii, that these points of the mervous cen-
tres can possibly altogether escape excitation. Certain facts
show, indeed, that there is a real reflex action of the medulla. _
Thus, when the faradization has been moderate, we have seen
that the cardiac and respiratory movements have been increased
in frequency. Lastly, we may see that, in asphyxia, this mode of }

T ,_v.!,.._.-.-.l-—_
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faradization of the cord by reflex action has power to re-excite
respiration that has been suspended for some minutes; and that
it will also re-establish and develop the contractions of the heart,
when they are only appreciable by the feeble and very slow oscil-
Jations of a long meedle thrust inlo the orgam, although the
current employed has been very feeble, and insufficient to produce
reflex contractions in the limbs.

IT. Therapeutic action.

Faradization by reflex action of the spinal cord, and of the
medulla oblongata is indicated in asphyxia; and experimentalists
have thought that the best method of using it for this condition

“is by placing one of the rheophores in the mouth, and the other in
the anus.

A.—History. This method of general electrization by reflex
action was, as I have already stated, advised in 1825 by Leroy
(d’Etiolles), who used the galvanic eurrent in cases of asphyxia.
It was again brought into notice, for the same purpose, by
MM. Legros and Onimus, with the difference that they employed

~ a battery of constant current, while Leroy had only the inconstant
battery of Wollaston,

B.—My own first emperiments. In 1854, I made my first experi-
ments upon the horse, with regard to the therapeutic action of
Leroy’s method, modified by the substitution of the induced for the
- galvanie current.

An analysis of the physiological effects of this kind of faradiza-
tion soon assured me, that it was the most certain method to
excite the general reflex action of the cord; that the reflex con-
tractions produced were very energetic; that with rapid inter-
- missions they became tetaniform; and that with a very intense
current, they might rapidly produce asphyxia by contraction of
the muscles of the trunk, so that the method could not be used
in any strong dose without danger.

But, as I found that in weak doses it neither arrested the
respiration nor the circulation, although it still produced reflex
contractions of the limbs, I did not hesitate to apply it imme-
diately to the human subject. It will be remembered that I
experimented upon the hysterical patient whose case has been
already mentioned. T repeated, under analogous circumstances,
the same experiment upon others; and I proceed to describe what
were the principal phenomena that I observed.

Having commenced with a current of slight intensity, or too
Wweak to produce reflex contractions in the limbs, the patients
complained of no sensations, but such as were oceasioned by a

I
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130 LOCALIZED ELECTRIZATION.

slight contraction of the tongue, of the sphincter and levator ani,
and by phosphenes; while the pulse and the respiration were a
little increased in frequency. The procedure was perfectly well
borne, as the enrrent was not sufficiently intense to produce reflex
contractions in the limbs. But, having in this way obtained no
result, as against the maladies that were to be overcome, I gra-
dually increased the intensity until reflex contractions were
obtained ; taking care, in order to avoid all danger, to diminish
the speed of the intermissions to one or two in the second. The
patients then experienced painful shocks, chiefly in the legs—
pains which were followed, after the passage of the current, by
a feeling of general lameness. In one patient, who suffered from
complete anwmsthesia and analgesia, I was able to produce, in con-
sequence, during fiffeen or twenty seconds, and with a weak
current of very rapid intermission, general reflex tetanic contrac-
tions. The heart did not cease to beat, nor the respirations to be
made ; but the patient remained for some time dazzled by the
phosphenes that were produced during the passage of the current.

From these experiments I concluded—1, that the method of
faradization by reflex spinal action might be applied in practice
to the human subject without any danger, and that it is perfectly
borne so long as the current is not sufficiently intense to produce
contraction of the limbs; 2, that it does not, indeed, produce
arrest of the respiration, even when it produces tetaniform reflex
contractions, unless these arve too strong; but that it is difficult
to say at what point the limits of safety would be exceeded ; and
that, 3, in certain dynamic or morbid conditions, the slightest
tetaniform contractions might expose the patient to danger.
For such reasons, founded upon experiments dating from 1854, I
have been very circumspect in the use of general faradization,
and have discountenanced it when practised in a degree of in-
tensity to produce reflex contractions, or with very rapid inter-
missions.

C.— More vecent experiments on the application of this method
the treatment of asphyxia, as compared with induced, and with
constant continuous cwrrents. General faradization by this meth
may succeed in the cure of asphyxia, without there being ocecasio
to increase the intensity of the current so as to produce refl
contraction.

This important fact was brought to light by M. Liégeois, in
very able report read by him before the Imperial Surgical Society
on the 17th March, 1869, in the name of a commission compos
of M. Paul Broca and himself, upon a paper addressed to the
Society by MM. Legros and Onimus, on the 10th of December,
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1868, on the use of continuous electric currents in cases of
syneope, and in accidents caused by chloroform. .

The authors (of the original paper) had said, “ We will not pass
in review the other means (other than the continuous current),
that have been employed in the treatment of chloroform acei-
dents. All, perhaps, with the exception of artificial respiration,
have been useless ; and we assert that the inferrupled or induction
currents, which have been extolled, eannot be condemned too strongly.
The best means of completely arresting the action of the heart, when
weakened by an anasthetie, is to pass over it an induced ecurrent.
We ought, therefore, to dread the use of an induction apparatus,
- which will determine the very result that it is desired to avoid.”

After having described the experiments conducted by MM,
Legros and Onimus in the presence of the commission, the
reporter (M. Liégeois) has arrived at the conelusion that, notwith-
standing the interest attaching to these experiments, the commis-
sion is bound to observe, that they do not exactly correspond to
the title of the paper; and that they are only strictly applicable,
in man, to asphyxia from chloroform,—an accident which, in his
view, is less frequently fatal, and is more amenable to treatment,
than ehloroform syncope. Limited in its application to chloro-
form asphyxia, galvanization, as practised by MDM. Legros and
Onimus, is certainly of incontestable efficacy. But M. Licgeois
- has also reported another experiment tried before the commission,
which demonstrates, that the induced current, applied in an
equivalent dose and by the same method, that of Leroy (d’Etiolles),
restores from chloroform asphyxia as certainly as the continuous
current. “Upon our request,” he writes, “to MM. Legros and
Onimus, that they would test the influence of an induced current
in our presence, a rat was chloroformed under the same bell-glass
~ and in the same manner as the former ones. It was withdrawn
when the respiration, the sensibility, and the general movements
had completely ceased, althongh the action of the heart still
continued. They then passed the current of a Dubois-Raymond
~apparatus from the mouth to the anus; but in order to approach
as nearly as possible, with our apparatus, to the slight intensity of
the continuous current, we requested the operator to employ the
most feeble that the instrument would yield. The current was
allowed to pass for a few seconds only, and, almost immediately
on its interruption, the respiratory movements returned, the
beats of the heart increased, then the sensibility and the voluntary
movements were gradually restored: the animal was saved.”

M. Liégeois has repeated this experiment upon a large number

of rabbits. M. Duchenne, jun., and myself have repeated it both
K 2
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132 LOCALIZED ELECTRIZATION.

in the laboratory of M. Liégeois and in my own, with somewhat
more precision, by making the induced current pass through the
water moderator, to be described hereafter. 'We have also experi-
mented Eompamtwely, with the ascending and descending con-
tinuous eurrent, in asphyxia by strangulation and in a.sph}rxm 1
from chloroform.

The therapeutical results, in all these experiments, have been
pre:zlsehr the same; and they fully justify the following conelu- =
sions in the report of M. Liégeois:—

“ After the experiments that have been related,” he says, “it
will be understood that it is impossible for us to assien to con-
tinuous eurrents, for asphyxia produced either by Ehlﬂrufﬂrm or by §
strangulation, a superiority of action over intermittent currents, 4

In ]:-Iumnfr them on the same level, we believe that we shall state -

the truth.” ;

In their practical aspeet, the conclusions of M. Liégeois are not
less important. “If,” he says, “we leave the laboratory for the
region of practice, we cannot refrain from assigning to induced
currents the pre-eminence. In fact, in the first place, it is diffi-
cult to have the command of an apparatus like that of Remak

(specially recommended by MM. Legros and Onimus for the .

twenty, thirty, or forty of Daniell’s elements, while it is very easy .
to obtain an induetion instrument that is simple of management,
of small bulk, and that may be carried by the surgeon wherever
he goes.” ‘
 Moreover,” continues M. Liégeois, “ by the confession even o
MM. Legros and Onimus, the continuous eurrents only restore the
heart’s action when applied to the cerebro-spinal axis. It is in
vain, they said at our meeting, to apply them to the hear n:_
directly, to the diaphragm, or to the phrenic nerves; when thus
employed, they never restore animals to life. Bul;, in man, ﬂla
efficacy of induced currents applied to these va.nuus organs has
already received confirmation from experience.”
Upon the last point again, I am entively in accord with M.
Liégeois ; and, whenever I have been called to the aid of a person
asph}rxmted or menaced by arrest of the heart’s action or of the
respiration by some grave disorder of innervation, I have always
chosen to arm myself with an induction apparatus, not only
because it is more portable, but also because, under such circum=
stances, it is capable of fulfilling many important indications
which cannot be fulfilled by galvanization with continuous
currents ; principally in the maintenance of artificial respiration
by faradization of the phrenic nerve (very preferable, in certain’
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cases, as I shall shew hereafter, to either faradization, or galvani-
gation by the method of Leroy (d'Etiolles); and in the applica-
tion of cutaneous faradization as a stimulant of the respiration
and of the cardiac functions by reflex action, in the treatment of
asphyxia or of syncope. I shall have to treat hereafter of this
last method of reflex stimulation of the cord.

It is not well, however, to be exclusive ; and in circumstances
where danger is urgent and has been unforeseen, the practitioner
who is hastily called to a case of asphyxia or of syncope should
know how to avail himself of any means that comes to his hand,
‘of any battery or induction apparatus whatever. Let us see, then,
how the surgeon should in such eases act; and how I have many
times been called upon to act myself.

I. If we have command of an induction apparatus, whether
graduated or not, and of whatever power, its current may Dbe
diminished and controlled in the following manner :—The water
moderator, which I habitually place in the cirenit when I wish to
reduce the tension to a degree infinitely small, may be replaced
by a wetted band of any kind of linen or cotton cloth, made from
pocket-handkerchiefs, sheets, &e., and from one to several yards
in length, according to the power of the apparatus. This band
ghould be laid out on a table, and one of its extremities should be
connected with one of the electrodes of the instrument, the ‘other
with the conductor to the rheophore that is put into tlle mouth of
the patient; the second rheophore, which is introduced into the
anus, communicating by its conduetor with the other electrode.
Under such conditions, the tension of the eurrent will be reduced
to extreme weakness. Then, in order to obtain the necessary
power, the length of the moist band must be gradually diminished
by placing the conductor of the rheophore nearer and nearer to
the electrode, until, using intermissions about one second apart,
the commencement of 1Lﬂex muscular contraction of the limbs is
observed. It is necessary to operate with a degree of tension just
below this, too weak to produce muscular contraction, and by
passing from the anus to the mouth a current of rapid intermis-
sions, until the respiration and the heart’s action are re-established.

In case the surgeon has at his disposal a constant battery,
combining all the desirable conditions (such, for example, as the
large Imttwy of Siemens, or the new small portable battery of
Gaiffe, already described, but which are only to be found in the
hands of a limited number of persons), a continuous current
should be passed between the mouth and the rectum, without
heed to its direction, which, according to my own experiments,
has no influence u pon the therapeutie result.
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184 LOCALIZED ELECTRIZATION.

If, in the place to which one may be called to an asphyxiated
person, the only battery to be found is composed.of too small a
number of elements for the useful application of a constant
current, such as the battery of a telegraph station, or if there
should be only a battery of inconstant current, such as that of
Wollaston, recommended by Leroy (d’Etiolles), it is necessary to
pass a current of rapid intermissions between the mouth and the
anus, without going so far as to produce reflex contraction. This
may be done with as much prospect of success as will attend the
use of the continuous current of a constant battery, composed of a
large number of elements.*

§ III.—EXCITATION OF THE INNERVATION OF THE HEART AND
RESPIRATORY ORGANS BY MEANS OF CUTANEQUS FARADIZATION
OF THE PRECORDIAL REGION.

A long clinical experience has taught me that excitation of the
gensibility of the skin of the thorax, and especially of the pre-
cordial region, is one of the best means of treating asphyxia, or
certain grave disorders of the innervation of the heart or respi-
ratory organs, by reflex action. The correctness of this assertion
will be shown by the relation of the most important elinical facts
that I have collected. :

" L—Treatment of Asphyaia.

Artificial respiration by means of faradization of the phrenie
nerves is the mode of electric excitation that I generally prefer in
the treatment of asphyxia; but in hands that are unskilful, or
little accustomed to the operation, it is not free from danger to
the patient. Under such circumstances I advise, as. the more
simple method, cutaneous faradization of the precordial region,

* T cannot leave this part of the sub-
jeet without recalling another method of
galvanization suggested, in 1824, by
Leroy (d'Etiolles), lauded by him in the
treatment of asphyxia, and long employed
in practice :—

“When the battery,” he says, “is
ready, the operator takes two fine pins
prepared for the purpose, only six or seven
millimetres in length, and terminated by
dises which are surmounted by lmoks or
rings. These ping are intended to con-
vey the galvanie fluid beneath the ekin,
across the fibres of the chief respiratory
musecle, The pins are thrust into the
sides of the patient up to their dises,
between the seventh and eighth rib.
One of the conductors is then attached to
one of the pins; and the operator, hold-
ing the other conductor, touches with it,

every two seconds, the head of the second

pin on the opposite side of the chest. If

no proper pins are at hand, a puncture
may be made, which should not exceed
the thickness of the skin, with a lm:Lc-ael,i
a penknife, or the points of scissors, anc
through this puneture the galvanie fluid
will makeits way. The punctures should
be made in the situation already men-
tioned, between the seventh and eighth
rib, on opposite sides of the chest, in the
course of a line proceeding from the pit of
the stomach to make the eirenit of the
body. 'The ends of the conducting wires
ghiould be made to toneh the wounds, one
of them in an intermittent manner, as
deseribed for the pins."—Instructions sur
Vasphyzie (in Journal de la Socicle des
Naufrages, t. iv. 1840). '
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. eonducted according to the principles that I have laid down in
treating of this method of faradization.
- There are also circumstances in which eleetro-cutaneous excita-
tion ought to be employed concurrently with faradization of the
“diaphragm. The latter is especially indicated in cases where it
. is urgent to compel the mechanical entrance of air into the lungs;
the former is useful, or even necessary, when, after we have re-
- established the respiration and the cardiac circulation, and have
- dissipated the eyanosis, the patient threatens to fall into a state of
“coma, symptomatic of cerebral ischeemia, due to the poisoning
~of the blood either by carbonic oxide, or by the accumulated
bonic acid if the state of partial asphyxia has been of long
uration. Then electro-cutancous excitation, especially if applied
a certain zone of the precordial region, reacts upon those points
the nervous centres which govern the innervation of the breath-
¢ and of the heart’s action.
- The therapeutic value of this method, in the treatment of
this kind of asphyxia, is placed beyond doubt by the following
history :(—

- Case V.—dsphyxia by carbonic oxide; absence of respiration ; heart’s action
wery feeble, and only discoverable by auscultation ; cure by cutaneous faradization
of the precordial region.

A pastrycook’s boy, fifteen years old, of eccentric character, had endeavoured
to drown some imaginary troubles in drink ; and had the notion,in his intoxi-
‘cation, to try to asphyxiate himself by creeping, during the night, into a sort
of hole situated over his master’s oven, where he remained to sleep himself
- Bober. The next morning, the men who went to light the fire saw one of his
feet, and drew him, seemingly lifeless, from the place where he had passed the
I ight. Living in the same house, I was able to try, a few minutes later, to
- recall him to life by faradization. His face was blue, there was no respira-
- tion, a mirror held before his lips remained untarnished, no pulse could be
delt, the action of the heart was not discoverable by the hand, but on ausculta-
- #ion, feeble valvular sounds were heard. While I made this examination my
~Induction apparatus had been got ready by my son, who assisted me. 1 was
‘about to excite artificial respiration throngh the phrenie nerves, when I saw
that the rheophores had been forgotten. The danger being very urgent, I
Anstantly applied the metallic extremity of one of the econductors of the in-
duced current of my instrument (at its maximum, and with rapid infermis-
- Blons) over the left nipple, and moved the other conductor about over the
“dpex of the heart. After a few seconds, slow and weak respiratory move-
ments appeared, and increased progressively in frequency and depth; and, at
the end of a minute, the pulse ecould be felt. Soon afterwards, the face
dssumed a slight expression of pain. In a few minutes the patient uttered a
faint groan, and moved first the arms and then the trunk, as if to remove the
eonductors from his chest. Then he gave a loud ery, kicking with his feet at
the people surrounding him, and began to reply to the questions that were
fgked. In five or six minutes the respiration and cirenlation were re-estab-
| Aished, the colour of the face was natural, and the intelligence had returned.
 He appeared to be saved. However, I ordered sinapisms to be applied to
 the limbs and the precordial region, and warned his master that he might
| fall back into a state of eoma, from the toxic influence of the carbonie oxide.
An fact, 4 few minutes after the suspension of the cutancous faradization, he
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11 Wil no longer replied to questions; his respivation slackened, at times he seemed
THEE as if he forgot to breathe ; his face became discoloured and his lips blanched ;
ARl 4 then the breathing became stertorous; he conld not feel when pinched ; in J‘
i word, he was asphyxiated afresh. He was quickly restored by eutaneous
3 faradization of the precordial region, ﬂpp_iierl this time less severely, as it wag
# it quickly and acutely felt. It was continued by my son for about twelve
2o 10 ininutes, until the respiration, circulation, and intellectual faculties, were all
bl completely restored, and he conld stand erect and walk. 4
-_.3;,,%:-? Believing this cure to be only appavent, I ordered his removal to the Hitel
kgl i Dien, to the wards of Professor Troussean, where 1 shortly followed him,
g Foreseeing that the carbonic oxide would continue its poisonous action, an
:',;-‘,".--'; : roduce a return of coma, I had placed sinapisms upon his legs, and had
el - Rirected the person who conducted him not to let him sleep. An hour later
FER T found him in the hospital, in a state of coma, into which he had fallen on

the way, in spite of the efforts of his guide, who had in vain slapped him to
try to keep himn awake. It was necessary to return to the electro-cutaneous
excitation of the precordial region, and to repeat it several times during the
day, as well as to apply sinapisms over the body, before we were entirely
freed, towards the evening, from the tendency to consecutive coma, due
the poisonous influence of the carbonic oxide.

In this case we have seen a lad who was asphyxiated by carbonie
oxide, in whom the respiration had ceased (it was not known for
how long a time), and in whom the feeble action of the heart was
only discoverable by the ear. 1. He recovered entirely, in a few
minutes, under the influence of precordial electro-cutaneous excita-
tion, his respiratory and cardiac functions. 2. He fell back many
times into the same state of coma and asphyxia, shortly after
the suspension of faradization, which, perseveringly re-applied
on several occasions, during nearly a whole day. finally trinmphed
over the agphyxia. _

It was incontestably and solely to the faradization that the
rapid disappearance of the grave symptoms was in this case to be
attributed. The proof of this assertion rests so plainly in the
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the point.

I proceed to describe briefly another case of aspyhxia by car-
bonic oxide, which brings into prominence the therapeutic value
of reflex excitation of the nervous centres, by cutaneous faradizas
tion; and at the same time shews the necessity of continuing
the application for a long time, until respiration is perfectly re=
established, under penalty of seeing the asphyxia return and lead
to a fatal issue.
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Cas: VI.—I was ealled to & woman asphyxiated by carbonie oxide, in La-
Charité under the care of M. Andral, where she had been conveyed on the
previous evening. In a short time I restored the respiration and the heart's =
action to their normal state, and had dispelled the coma. The patient hads
so far recovered her intelligence that she was able to give me information =
about what had happened mﬁzﬂr, and about all the symptoms of her asphyxia.
I believed her to be safe. Butsome hours later she relapsed into somnolence; =
and, although treated by sinapisms and even by blisters, she died during the
course of the night.
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If, in this case, the faradization had been continued, as in the
subject of Case V., the patient would probably have been saved.
From this example, confizmed by what I have seen in others, 1
have come to the conclusion that patients asphyxiated by earbonic
oxide, and in whom electrization has removed all traces of asphyxia,
are still threatened, for a certain time, with a relapse into coma
and asphyxia; and that it is consequently necessary to continue
%e peripheral excitation for a considerable time after the patients
have been recalled to life, and to apply cutaneous faradization to
the precordial region, as soon as any tendency to sleep or to coma
becomes apparent. It was to the observation of these precepts
‘that the young subject of Case V. owed his life.

It is important to add that the danger which threatens these
‘patients is a result of the blood poisoning by carbonic acid pro-
"duced by the asphyxia itself; and that it is greater in proportion
‘to the length of time that the asphyxia has continued. In support
of this proposition, I could cite many examples from my practice;
' but shall only relate one, and that concisely :—

 Case VIL—T was called, some years ago, by MM. Trousseau and Chailly,
o0 a case of asphyxia in a new-born infint. At birth it gave no sign of life
(the labour had been long and difficult), and it had been restored imme-
i diately by artificial respiration, made from mouth to mouth by Chailly ; but,
however prolonged and renewed this process, and in spite of stimulating
frictions, it remained in a state of semi-asphyxia from two o'clock fill eight
'he morning. At the time of my arrival it had not breathed for about a
‘minute. I moved the metallic rheophores of my induetion apparatus over
the precordial region, and in five or six seconds witnessed respiratory move-
| ments, feeble at first, but becoming more and more developed, and leading,
for the first time, to the ery of the new-born, until, under fhe inflnence of
| deep inspiration, the lividity of asphyxia had disappeared. We thought all
Was safe. Nothing could express tLe astonishment and delight of the family
b the result. The infant was the first grandson of one of the kings of
finance. But ten minutes later it relapsed into coma, the breathing became
more and more slow, the lips were once morve livid, and, in a word, the as-
phyxia re-appeared. I suceeeded again by the former process of faradization,

which I added artificial respiration by faradization of the phrenie nerves,
practised for five or six seconds. Ten minutes later there was another
Telapse, followed by a renewed success from the eutaneous faradization, which
this time acted more slowly. In another quarter of an hour the asphyxin
gained the upper hand, and the infant died.

E.—Tmaément of gave functional disorders of the eardiac cireula-
tion and the respiration, symptomatic of a dynamic central nervous
 lesion.

- Excitation of the medulla by reflex action, by means of cutane-
ous faradization of certain zones of the thorax, will modify or
cure :—1. grave disorders of the cardiac circulation, symptomatic
of a paralytic condition of the vagus, producing syncope that is
sometimes fatal, by stoppage of the heart; 2. disorders of the
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respiration, such as paresis or paralysis of the expiratory or
bronchial muscles of Reissessen (paralysis of the lung); 3. simple
or comatose apneea, producing consecutively an accumulation of
bronchial mucns and asphyxia.

A.—The following clinical observation is the proof of the two
first assertions :—

Case VIII.—Grave disorder of the cardiac innervalion and of expiration,
in consequence of diphtheritic poisoning.

SUMMARY. —Membranous angina attacking a large surface, in a lady twenty-
one E;em*s old ; diphtheritic poisoning producing, on the simteenth day, puralysis
of the pharynx and the soft palate, and towards the twenty-seventh day, after
@ misearyiage at three months and a half, other paralytic plenomene symplomatic
of a lesion of the medulla ; namely,—1. Grave disorder of the cardiae circulation,
due fo puraiagﬂia of the vagus, and removed by slight cutaneous faradization of
the precordial veyion. 2. Two days lafer, temporary diplopia, lasting an hour,
and dmmediately followed by hemiplegia of the left side ; which was cured in
an hour by cutaneous furadization of the paralysed parts, 3. Two or three
howrs later, & return of grave functional disorder of the cireulation ; cured again,
after two days of culaneous faradization of the precordial region, practised
night and day at short intervals. 4. Grave functional disturbance of respira-
tion, symptomatic of paralysis of the intrinsic expirafory muscles (bronchial
muscles of fleissessen) or, in other words, paralysis of the luny ; removed imme-
diately ( for the space of half an hour or an f{w}, and on different occasions,
by cutaneous faradization of the dorsal aspect of the chest. 5. Lastly, forma-
tion of bronchial mucus from weakness or paralysis of expivation, and death on
the thirty-cighth day, at twe o’clock in the morning.

Madame X., 21 years of age, and three months advanced in pregnancy, was
attacked, on the 22nd February, 1869, with a membranous angina, following
a cold. It seems superfluous to describe the symptoms of the angina,
which, under the care of MM. Barth, Ricord, H. Roger, and Descroizilles,
charged specially to remain day and night near the patient, followed a
regular course up to the time of convalescence; when, on the 10th of March,
there appeared paralysis of the pharynx and of the soft palate. It followed
that deglutition was rendered difficult, and that the patient could take only
liquids, soups, and slops. Nevertheless, Madame X. began to regain strength,
and it was hoped that her convalescence was established, when, in the
morning of the 21st of March, severe uterine pains announced the approach
of a misearringe. Although this took place regularly, and produced no
hsmmorrhage, it was followed by derangements of the respiration and cireu-
lation, of extreme severity. MDM. Barth, Ricord, H. Roger, Campbell, and
Descroizilles, who had passed the night in attendance, and who had sne-
cessfully encountered, by the aid of diffusible stimulants, a state of syncope
that had several times placed her life in danger, were still unable to over-
come very grave disorders of the circulation and the breathing,

On the following morning, the 22nd of March, my confréres wished to
call in the aid of electricity. They asked me— 1., Whether in such a
case an electrical treatment afforded any hgioe of success; 2. By what
mode of proceeding it would be possible to direct the therapeutic action
upon the functions or the parts'of the mnervous cenfres that were ¢
upon by the diphtheritic poison; and, 3. How, by faradization or galvam-
zation, we might resist the syncope or the asphyxia that was imminent.

Before replying to these questions, I examined the patient; and the fol-
lowing were the chief conditions that I observed :—Face very pale; lips
discoloured ; the nose and extremities cool; precordial weight and sense of
suffocation; respiration a little panting, although the rythm of the move-
ments was normal, and there was no paralysis of the diaphragm, no emphy-
sema, and no ratfes ; the pulse small and very frequent (156 to 140), irregular,
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and so intermittent that six or eight successive pulsations were often wanting ;

by auscultation of the heart it was impossible to recognize the rythm of
the movements, and I heard only some slight dull sounds, unequal and
much disordered. There was no elevation of temperature, but a paralysis
of the pharynx and the soft palate, dating from a time much anterior to
‘the appearance of the symptoms for which I had been summoned.
~ T recognized, in the whole of these cardiac and respiratory disorders, the
" gharacteristic phenomena of pavalysis of the pneumogastric nerves; and 1
“gonceived that, in this patient, the diphtheritic poison exercised a morbid
"influence over that part of the nervous centre—the fourth ventricle—that
| governs the innervation of the heart. . p
' According to this hypothesis, what should be the therapeutic action of
faradization ? Excitation of the phrenie nerve, in a case where the diaphragm
“was not Eam]ysed, and where there was no sign of asphyxia, did not seem
to me likely to exert a beneficial influence upon the disturbance of the
‘eardiac circulation, and upon the feeling of suffocation. Faradization of
‘the pnenmogastric and suggﬂur Imuﬁem, at the point where these nerves
are in relation with the sides of the pharynx, might, indeed, modify favour-
ably the innervation of the heart and lungs; but the proceeding, although
very easy of performance, is extremely dangerons; and, even in small doses,
‘may arrest the heart’s action and the breathing. It was not even to be
thought of.
- As, however, it was needful to act, I determined to endeavour to modify
‘the morbid state of the eenfre, which gives origin to the nerves of the
‘heart and lungs, by the electro-cutaneons execitation of a region in relation
Wwith it.
- Was it not possible, however, that the diphtheritic poison, in modifying
the dynamic state of the pafient, had rendered her unusunally sensitive to
glectric excitation ? Should I not expose myself, by acting a little too
- powerfully, to a risk of stopping the heart ?
| After having well weighed the value of these and other considerations, T
| performed eutaneous faradization, by means of the eleetric hand (see page
| 10), over the precordial region, principally at the region of the apex of
the heart, being careful to commence with an extremely feeble dose. I
| then gradually inereased the intensity of the induced current, the inter-
| missions of which were rapid, until it produced slight tingling of the skin.
| We then had the satisfaction of seeing my anticipations realized ; for, after
| 4 few minutes, and during the passage of the current, the pulse diminished
| in rapidity, and became more full and regular; and after a while the pre-
| cordial weight and sense of suffocation disappeared. It was necessary,
Aiowever, to refurn to the cutaneous faradization several times during the
 day, in order to dispel definitively the diphtheritic perfurbation of the in-
ervation of the heart, which had shown a tendeney to recur.
- In order to omit nothing, I should mention that, together with the precor-
| dial faradization, we employed and continued, during the whole course of the
| treatment, the diffusible stimulants internally, and the peripheral stimulants
| externally, which alone, had failed to improve the innervation of the heart;
at oxygen was frequently inspired; and that tonies and such alimentation
vere given as the paralysis of the soft palate and the dysphagia would allow.
. n the following days, no disorder of the eirenlation or respiration re-
Appeared ; and our patient suffered only from the palatal and laryngeal
paralysis, against which I could do nothing under such serious conditions,
- We thought life no longer in danger, when, on the 20th of March, about
Mour o'clock, the diphtheritic poisoning announced its return by a diplopia
‘that lasted an hour. Then, about five o'clock, Madame X. was suddenly
Struck by complete hemiplegia of the left side, with loss both of sensation
Aand of motion, but with no impairment of the intelligence, of the heart's
‘action, or of the respiration.
i i%pﬂonsﬁpz;ing this paralysis to be an evidence of a new invasion, by the
diphtheritic poison, of a portion of the right half of the medulla oblongata
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(probably of the antevior yramids or their pmlt:;r(;fu.tiuns), I did not hegi-
tate to encounter it by the same means that had succeeded against the
paralysis of the nerves of the heart and lungs; by the electro-cutaneons
excitation practised by the hand over all the surface attacked by paralysis
of motion and of sensation. On this oceasion, also, we were not deceived
in our hope; for, after eight or ten minutes of this slight peripheral exei-
tation, the sensibility had in great part returned, and voluntary movemeng
coon followed, although muscular faradization had not been practised, In
four hours the hemiplegia had completely disappeared.
The hemiplegia, alas! was soon replaced by new indieations of pneumo-
castric paralysis, more sevious than those which had preceded them; for
suspension of the heart’s action returned more often and continued longer
I soon succeeded once more in removing this symptom, by slight farad
zation of the eutaneons precordial zome which, according to the therapeu-
tical results previously obtained in the case, seemed to be in relation with
the origin of the pnenmogastric. Unfortunately, this renewed success lasted
only for about a gquarter of an hour From this time we were compelled
to maintain, day and night, an incessant strife against the tendency fe
stoppage of the heart. Every hour, or half hour indeed, the poor lady was
attacked by the same cardiac troubles, which became more and more pain-
ful, and drew groans from her. On these oecasions the pulse, which became
small and irregular, improved again and again under the influence of electro.
cutaneous execitation of the precordial region; and the patient was able tg
compose herself to the sleep of which she had such need.
After two days of this struggle against the diphtheritic poison, the electro-
cutaneous excitation seemed to have frinumphed anew. The symptoms of
pnenmogastric paralysis had disappeared, and the rapid pulse had re-
turned to its normal state and so remained.
But, unfortunately, this improvement was but a brief respite; for nervons
disorders of a new kind shortly appeared, and this time affected only the
respiration, which became sighing and more rapid. Ten or twelve normal
respiratory acts were fu]lnwm% by about the same number of abnormal moves
ments, which were more rapid in their character, and were each composed
of a full and long inspiration, followed by a short and feeble expiration,
Madame X. was soon awakened by a most painful orthopneea; she was suf:
focated, she said to me, as if between two mattresses. There was no blue
ness of the lips, because the air that freely entered the bronehi was sufficient
for hsmatosis; although the air that there was no power to remove from
the smaller ramifications, had become irrespirable, and this occasioned the
dyspncea. .
The electric hand moved over the precordial region afforded no relief. 1f
was only by exciting the skin of the posterior region of the chest, that I wa
able, after the lapse of eight or ten minutes, to render the breathing regular.
The paralysis of expiratory power returned after the lapse of an ho
and shewed itself, as on its first appearance, by sighing respiration, sook
followed by most painful orthopneea, E({:mdum‘ﬂg groans. The horizonta
position, which she had long maintained for fear of syncope, became insups
portable. She found no comfort but by sitting up in her bed, with the bod)
bent forward; an attitude that she maintained until T lmd_ restored the
breathing to its natural state. This paralyeis of the bronchial muscles of
Reissessen (the intringic expiratory) filled me from the first with great dis
quietude, although the hematosis had not appeared to suffer, judging from
the colour of the lips and the face. But I could not fail to see the presend
of a new danger, fully as great as those from which the patient had escaped
‘Indeed, from the weakness of her inspiratory movements, she had _gred
difficulty in expelling the abundant mucosity that had already formed in th
larynx. She could accomplish the expulsion only by very violent efforts
which left her completely exhausted. There was only too much reason W
fear that, if this condition should be prolonged, the accumulation of mucosity

in the bronchi would become a eanse of asphyxia.
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~ Such unfortunately was the ecase, although T had sueceeded for 1_.I|e
‘moment in relieving the orthopnea by slight electro-cntaneous excitation
“of the dorsal surface of the trunk, and had thus obtained some hours of

repose. In the strugele in which I had been engaged against this paralysis
i % Fthe lung, I had retained, up to the last hour, the hope that by prolonging
the life of the patient we should at last exhaust the deadly influence of the
diphtheritic poison, which had already
pinal cord. But we were at last com :
death, when bronchial riles and a slight lividity indicated the commence-
ment of asphyxia. From this time we had only to watch the progress of a
Jong and painful struggle. Death took place on the 2nd of April, about two

been driven from other points of the
lled to recognize the near approach

' Remarks.—The case is interesting from many points of view;® but,
not to wander from my subjeet, it is necessary that I should bring
to relief the influence that was exerted by cutaneous faradization

‘over the grave disorders of the cardiac circulation, and over the

produced asphyxia and death.

5

aralysis of the intrinsic expiratory muscles of Reissessen ;—in
her words, over the paralysis of the lung, which, at the last,

The results obtained, under these circumstances, by cutaneous
~precordial faradization, so far surpassed my anticipations that I
~should doubt them even now, had they not been witnessed also by
the learned physicians who called me to the case.

a. Let us examine these results in their physiological aspect.
~ The grave functional disorders of the cardiac circulation which,
in the case of Madame X, I had at first to combat; that is, the

% T have suppressed, in the above his-

electro-therapeutic questions that are
| %

ficcount of its importance, and that is, the
Absence of elevation of temperature dur-

0f extreme malignity. I aseertained this
by the thermometer, in eonjunction with

Descroizilles, who, during all the
weeks of the illness, was scarcely ever
absent from the patient. If, then, the
severity of the diphtheritic intoxication

1 tion of tampeint.um, it ]i;pmhable rI1:hud:
e poisonous action may be explained b
#ome change in the blood, of the nntur%
of which we are ignorant. Such a hypo-

| under discussion. There is, however, one
gircnmstance that deserves mention, on |

ing the production of nervous disorders |

tould not be explained by excessive ele- |

esis is supported by the cireumstance
that there was an intestinal hemorrhage | Moreover, the presence of albumen, for
severe colicky pains, and several | some days, in the urine (another faet

ssive evacuations, on the day follow- | omitted from report), added still more to

ing the first appearance of nervous dis- |

_ | order. This was not mentioned in the
tory, many interesting details that were |
ot necessary to the demonstration of the |

history of the case.

False membranes having been found
mingled in large quantity with the bloody
stools, we all thought that the hmmor-
rhage probably proceeded from those parts
of the intestinal surface upon which the
false membranes had been developed.
These false membranes having been ex-
pelled two days after the abortion, we

| were for an instant led to suppose that

they might be uterine debris, that had
passed from the vagina at the moment of
the alvine evacuation; but a microscopic
examination shewed them to possess all
the anatomieal characters of false mem-
brane. Their development over so large
a surface led us to fear that the degree of
poisoning might be in proportion to the
extent of this surface, and made us better
understand the full gravity of the case,

the peril in which Madame X. was placed.
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|
precordial weight, and the suffocation, were in my jndagment .
tomatic of the paralysing influence of diphtheritic poisoning up .,3
the origin (ganglion) of the vagus nerve. Such, indeed, are the
symptoms which display themselves in an animal in which the r
pneumogastrics are divided; excepting, of course, the sensations
of precordial weight and of suffocation, of which the animal could
give no account. I have also observed the same symptoms in the
last stage of disease (glosso-labio-laryngeal paralysis); that is, af
the period when the anatomical lesion, which appeared to be an
ascending sclerosis of the cord, with wasting of certain cells, had
reached the ganglion of the vagus,

I observed that, whenever these functional disorders of the
cardiac circulation appeared in Madame X., they were removed,
as if by enchantment, by cutaneous faradization of the precordial
region ; and if I departed from that region, moving my manual
rheophore to other parts of the chest, the patient experienced no
benefit, and quickly pointed with her own hand to the precordial
region, to indicate the point to which the electricity should
applied.

Sinee, in this kind of therapeutic experimentation, the excitation
of the sensibility of the skin, pracﬁsed in the precordial region;
was alone able to modify, and even to remove, by its reflex action,
grave disorders of the cardiae circulation produced by a morbid state
of the innervation of the pneumogastrie, it is reasonable to con=
clude that there exists an intimate relation between the cutaneous
sensibility of the precordial zone and the origin of the pneumo
gastric; or, in other words, that the former is in reflex commu-
nication with the latter.

Another therapeutic result, observed during the progress of the
case, confirmed the belief that a special reflex action is exerted
upon the pneumogastric ganglia through the cutaneous nerves
of the precordial region; and this was the fact, that certain dis
orders of the respiration could only be overcome by cutaneous
faradization of another thoracic region. It was found that fara=
dization of the precordial region was powerless against the
weakened expiration (paralysis of the lung, or of the bronchial
muscles) which followed the pneumogastrie paralysis; while faras
dization of the back of the chest relieved this weakened expira:
tion on several occasions, so as to diminish or dispel, for a certain
time, the sufferings of the patient, to give her some repose, and
delay, for several days, the asphyxia which at last terminated the
scene. We may therefore conclude also that the sensibility off
the cutaneous zone of that thoracic region which corresponds =

to the posterior aspect of the lungs, is in special relation with he

T
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point of origin of the nervous fibres which §11111}1y the intrinsic
gxpiratory muscles, or bronchial muscles of Reissessen.

b. Every one must perceive the practical bearings of the fore-
going physiological considerations; which lead directly to the
following conclusions, 1. Electro-cutaneous excitation of the pre-
cordial region around the apex of the heart is one of the best
means by which to encounter syncope from arrest of the heart's
action, or other functional disorder of the cardiac circulation,
symptomatic of a paralytic condition of the vagus, without organic
Jesion. 2. Electro-cutaneous excitation of the posterior region of
the chest exerts a special therapeutic action, in the treatment
of paralysis of the intrinsic expiratory muscles.

The following, in a few words, is the physiological explanation
of the facts above stated. In the case of Madame X., the slight
electro-cutaneous excitation of the precordial region, acting in a
reflex manner upon the ganglion of the pneumogastrie, restored to
the nerve the power, of which its paralytic state had deprived it,
‘to control the action of the heart. It had, in other phrase, put
the heart once more under a curb, and hence followed regulation
of the cardiac circulation, and disappearance of the grave nervous
disorders that were symptomatic of pneumogastric paralysis. A
gimilar theory is applicable to the therapeutic influence exerted
by electro-cutaneous excitation of the back of the chest over
paralysis of the power of expiration.

. ¢ The case affords also valuable instruction, with regard to
the choice of a method of electrization, and with regard to the
manner of its application under similar circumstances.
- When it was decided, in consultation with my colleagues, that
-’jﬁaﬂﬂx faradization of the medulla oblongata was indicated in the

e of Madame X., T at first proposed to them to pass an induced
cwrrent from the mouth to the anus. (I showed them that with
my water moderator, or with a band of wetted linen in the circuit,
the current could be so reduced as to be scarcely appreciable
?}r the tongue, and could be gradually increased.) Notwithstand-
ing the assurance that I possessed (from experiments that I had
made upon animals, and even upon man), that I could regulate at
will the degree of this reflex excitation, I proposed to commence
by slight action upon the skin of the precordial region, in order to
discover what was the degree of excitability or of tolerance of the
patient. It will be remembered that, after having used at first in
this way a very feeble eurrent, the intensity of which was pro-
gressively increased, the disorder of the cardiae ecirculation was
relieved in a short time.

This result so far exceeded my expectations that I was at first
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unwilling to attribute it to the slight electro-cutaneous exeitation.
that I had practised. In the cases of asphyxia already record
in which precordial faradization had given me a result not lesg
important, I had found it necessary to increase the enrrent to the 3
highest degree of intensity. DBut when I beheld cutaneous fara-
dization of the precordial region, although applied only of feeble
intensity, and with the electric hand, overcome such grave dis-
orders on successive occasions, I felt it necessary to place the fact
on record.

If, instead, of acting with this prudence, and feeling my way, so
to speak, to the degree of excitability of the patient, I had in the
first instance passed an intense current, the result would have
been wholly different. This, indeed, was shown in the case of
Madame X., by an accident, on one occasion of the recurrence
of the disorder of innervation of the heart. I had all in readiness
to relieve this disorder in the way that had always succeededs
but, the apparatus having been moved, its graduating cylinder hs
been entirely drawn out without my observing it. The acute
excitation that the instrument then produced was followed by
slight syncope, and momentary stoppage of the heart. However,
the cutaneous faradization of the precordial region, that I practised
immediately afterwards, soon subdued this nervous disorder.

Physiological experiments perfectly explain such accidents.
They show that a powerful excitation of the pneumogastric pro-
duces stoppage of the heart’s action, and of the respiration.

The general conclusion to be drawn from the foregoing is, that,
in certain morbid conditions, the general excitability is greatly
increased; a proposition that I have already laid down. Con-
sequently, if called upon to encounter, by the aid of cutaneous
faradization, grave nervous disorder, it is necessary to proceed
gradually, and to proportion the intensity of the current to the
degree of tolerance or of excitability of the patient, under penalty
of producing more or less dangerous mischances.

Under the influence of ideas that are sufficiently old, and that
have been promulgated anew by physiologists whose only practical =
experience upon the point 15 based upon their experiments on rats
and rabbits, and who on this basis have seized upon the Academy
of Sciences and the Surgical Society, I was disposed, as I have
said, to pass a current, in the case of Madame X., from the mouth
to the anus. But, when I observed her extreme excitability, =
accepted it as a warning not to expose her to such a method of
reflex excitation of the cord and the medulla oblongata,—a method
infinitely more pnwerful than the very feeble cutaneous electrizas
tion that T put in practice. Iven supposing that the former:
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method had been free from danger, it is manifest that a proceed-
ing in which one rheophore was placed in the mouth and the
other in the anus would become unbearable, when it was necessary
to repeat faradization very frequently for several days. It would
then always be necessary to have recourse to cutancous precordial
faradization.

d. The clinical history of the case of Madame X., and the con-
‘siderations which flow from it, show that it is important, in diph-
‘theritic poisoning, to diagnose exactly the kind of paralysis that is
‘symptomatic of a morbid condition of the medulla; for upon this
‘diagnosis will depend special therapeutic indications. As we have
‘geen, the disorders of the ecardiac eirculation require to be en-
“countered by faradization of the cutaneous precordial zone, which
_%i.fin reflex relation with the origin of the pneumogastrics; and
paralysis of the intrinsic expiratory muscles, by faradization of a
Eﬂt&l‘lﬂﬂu& zone on the posterior surface of the chest, which is in

. reflex relation with the nerves by which these muscles are con-
 trolled. ot
~ In September, 1869, in conjunction with MM. Millard and A.
Ollivier, I saw another case of diphtheritic poisoning; one which
‘both confirms the foregoing observation and displays its import-
CE.

 Case IX.—Without entering fully into the history of this patient, I may
- say that he appeared to have contracted membranous angina by kissing
gﬁﬂ mouth of one of his children who died from the disease. After having
passed through the period of the formation of false membranes, which put
hig life in danger by obstructing the bronchi, and when making progress
towards convalescence, the patient was attacked, about the twenty-fifth day,
i ?&? paralytic symptoms which indicated the invasion of diphtheritic poisoning.
There was paralysis of the soft palate and pharynx, diplopia, and slight
¢ milplﬂgin of the fifth, seventh, hypoglossal, and inferior laryngeal nerves.
Suddenly, on the twenty-eighth day, the intrinsic expiratory muscles were
‘8truck with paralysis; and, at the same time there was formed a considerable
e%;.llnntity of muens which, obstrueting the bronehi and not being expelled,
threatened to produce asphyxia, The paralysis had appeared without fever;
‘and we apprehended a speedy death. Eleciro-cutancous excitation of the pos-
Aerior vegion’ of the thorax rvapidly re-established the expivatory power, and
procured the immediate expulsion of the bronchial mucus. [t required to be con-
linued for several days in order completely to overcome the paralysis of the lung.
The patient is now in safety, although still under treatment for other con-
Bequences of his illness (impairment of sensibility of the hands and feet, with
-Eresm of the limbs). The whole history of the ease will probably be pub-
hed by M. Millard. :

~If, in the foregoing instances, I had had to deal with paralysis of

the diaphragm, I should have employed cutaneous faradization

of the base of the thorax ; although it does not seem to me to be

proved that this cutaneous region is in reflex relation with the

origin of the phrenic nerve. My doubt upon the question is
L
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due to the failure of excitation of this region, in a case of ,-_;u'
phragmatic paralysis from diphtheritic poisoning, which was onl -
cured by faradization of the phrenic nerve itself. )

Case X.—A little girl four months old, who had suffered from diarrheea for
several days, became the subject of a rather large ulceration, covered with
false membrane, in the neighbourhood of the nmbilicus. Although the child
had had neither eronp nor angina, the diphtheritic nature of this false mem-
brane was not doubted by MM. Barthez and Troussean. Some days la
the child was attacked by general paralysis, which continued for forty-ei
hours, and was followed by complete aphonia, with extreme diffienlty of
spiration and deglutition. Every attempt at sueking brought on cough and
cﬁnking ; and under these perilous conditions, I was called to the case. T
found, besides the conditions mentioned above, paralysis of the diaphragm,
the signs of which will be deseribed hereafter. After having used electro-
cutaneous excitation of the base of the thorax, without any appreciable result,
I applied faradization to the phrenie nerves, and the diaphragmatic respira-
tion soon became normal. The paralysis returned several times, but was
always overcome in the same manner. After faradization of the soft palate,
the pharynx, and the anterior surface of the neck at the laryngeal level, the
infant sucked better and its voice improved. It was compl cured by a
few applications. '

Before leaving the subject, I should remark that, in the history
of diphtheria, the varieties of paralysis incidental to the period of
poisoning have not been analysed, or rather, have escaped observa-
tion. I hope it will suffice to have mentioned them, in order, for
the future, to call attention to their oceurrence. I believe they
are not extremely rare; for, during the short time that my own
inquiries have been directed to the subject, I have met with
several examples.

B.—I come now to the therapeutic effect of excitation of the
medulla oblongata by reflex action, by the aid of entaneous fara-
dization, in a kind of apnea, a neurcsis characterized by the
absence of the besoin de respirer, and which, for a certain time,
renders the respiratory movements infrequent, or even snspends
them. I will cite, as an example, an instance in which I observed
this singnlar functional disorder, and cured it by cutaneous pre-
cordial faradization, and by faradization of the diaphragm.

Cnse X1.—Neurosis characterized by a kind of apnea. Cure by cutaneous

The patient was a young man of 17, of nervous temperament, in whom there
was developed, after a disorder of the chest (pneumonia ?) a singular derangé=
ment of the respiratory functions. At intervals, he ceased to breathe for from
thirty to sixty seconds, withont feeling the least inconvenience, although &
slight degree of cyanosis became apparent in his lips and face. Then, after =
this temporary arrest, came a deep, suspirious, noisy inspiration, such as i+
would be diffieult to imitate by intentionally making an exaggerated sighy
and this singular, and as if spasmodic inspiration, would then be repea
many times in succession. At the commencement, this sequence of eve
only took place five or six times a day; but the recurrences become more ]
more frequent until they were almost continual, and were most remarkable




THERAPEUTIC VALUE OF LOCALIZED FARADIZATION. 147

when the patient’s.mind was oceupied about himself, and his attention was
directed to his breathing. The sighs then succeeded each other almost
without cessation. This condition had continuned for six weeks, withont
affecting the general health, when the patient was sent to me by my friend,
M, Barthez. I considered that I had to deal with a neurosis that consisted of
a temporary abolition of the instinctive craving to breathe. According to
this hypothesis, the sighs that followed the period of apncea would be only
the satisfying of that craving, which remained unfelt until the deficiency of

tosine amounted almost to cyanosis. Together with this, there was a
gpasm of the diaphragm, produced by the siﬁhs and by the elevation of the
gpigastrinm and hypochondria which followed them, or oceurred when the
patient thought about them. It seemed that each of these singular attacks
presented two well-marked periods; one characterized by apncea and eyanogis,
Eﬁuthar by convulsive confraction of the inspiratory muscles and dia-

nragm.

~ Excitation of the diaphragm by faradization, practised every day for five
or ten minutes, and with slow intermissions, had for its immediate effect to
inerease the functional disorder ; but some time afterwards the sighs became
less frequent. The application producing only a small degree of improve-

ment, [ employed also entaneous faradization of the precordial region. From .

{this time the disorder rapidly diminished ; and, at the end of a month, the
‘patient was completely cured.

. The kind of weakening of the inspiratory nervous excitability,
‘by which this case was characterised, alarmed M. Barthez and
‘myself. Tt seemed to us to be symptomatic of a morbid condition
iof an important central point of the medulla. We felt that, if
this condition inereased, asphyxia must be the result. Influenced
| by this belief, and not thinking that the functional derangement
| was produced by any organic lesion, I had recourse to faradization
the precordial eutaneous zone that is in reflex relation with the
pneumogastrie, and, as has been said, was rewarded by complete
sucecess.

- I have also employed the same mode of electro-cutaneous
excitation whenever I have heen called to patients in whom the
tespiratory nervous excitability had been weakened or paralysed,
%whatever influences, to the approach of apncea; that is to
sy, 0 as to slacken considerably, or temporarily to abolish, the
réspiratory movements, and in this way to lead to asphyxia,

——

Part THE THIRD.
ON THE THERAPEUTIC VALUE OF LOCALIZED FARADIZATION.

§I. Brief emposition of elinical facts which establish that localized
Jaradization is of great wvalue in the treatment of atvophie
paralysis,

Wishing to bring about the prevalence of the therapeutic
employment of continuous constant currents, Remak has charged
L 2
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{EE the induced current with exerting a paralysing influence upon
) nerves,”

In presence of the knowledge of electro therapeutics gained by
long clinical experience, and tested by many observers in Europe
and even in America, to venture to say that induced currents
exert a paralysing influence upon the nerves seems to me to be
so far to disregard the truth that I have not thought it necessary
to combat Remal’s strange assertion. Clinical observation will
render it prompt justice.

But I am unable any longer to keep silence upon the point,
since recently some young philosophers, supported by experiments
upon rats and rabbits, have again maintained, like Remal, that
induced currents paralyse the nerves, and cause the disappearance,
;, at the end of a very short time, of all their vital endowments.”
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H Clinical observation, I repeat, protests against such an assertion.
1' The following are the werds in which I have briefly summarized
| the facts which these observers fancy they can overturn:®*—

“In 1862 I reported® some cases of atrophic paralysis, con-
secutive to traumatie lesions of mixed nerves, which were of many
i years' standing, and in which the paralysed limbs were so wasted
that the muscles, which no longer responded to electrio excitation,
[ appeared to be entirely destroyed. The temperature of these

i limbs was diminished, the cutaneous veins were very small, the
it skin discoloured, earthy, and often of a violet hue. Well, under

the influence of direct muscular faradization, applied according to

i certain rules which I have laid down elsewhere, I have seen, in all
7'-'*;:* these cases,—1. the temperature of the limbs quickly increase; 2.

: the cutaneous veins enlarge, and the skin return to its normal
colour; 3. the muscles gradually increase in size, and regain their
: tonic force, their sensibility, their voluntary contractility, and,
K much later, their electric contractility also.”

' Since 1852, a host of European observers have experimentally
tested and confirmed the reality of these electro-therapeutic results,
and have borne testimony to them in numerous publications. I
will select, as one of the most important among them, that of M.
i R. Philippeaux, of Liyons. In America, direct muscular faradizas

=

y, oy 6 Remak, Galvanotherapie, ete., trans- | * Duchenne (de Boulogne), **De la paras-
1 lated from German into French by Dr. Iysie musculaire pseudo-hypertrophique
e A. Morpain, Paris, 1860, *Valenr anti- (Areh. gener. de Médecine, Janvier, 1568 ¢
paralytic des courants induils,” p. 447, * Duchenne (de Bonlogne) “ De i"ﬂf"‘ﬁ;

7 Omimus et Legros, * De Uinfluence des | eation de la faradisation localisée au dias
courants lectriques sur ln nutrition” (Gaz. | gnostie, au prognostie, et au traitement iles
des Hop., 19 Janvier, 1860.) The same | paralysics conseculives ane lésions dff !‘J‘:"I_:ﬂ
authors had previously addressed a note | miztes™ (mémoire couronnd par I Socicté
upon the question to the Acad¢mie des | de Médéeine de Gaud, au coneours de
Seienees, | 1852, Awnoles de la Soe. de Med. de Gaud),
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tion has been applied very recently, in the hospitals of Philadelphia,
" to the treatment of traumatic paralysis, by surgeons specially
‘selected by Mr. Hammond, the chief surgeon of the army of the
North, and in the cases of men wounded in the eivil war. The
following are the terms in which the therapeutic results of this
method of localized electrization have been deseribed by these
 distinguished men. ‘The only important means,” they say,
the treatment of paralysis arising from default of 1nnervatmn, is
"_ faradization by the method of M. Duchenne. . . . Most
- of our cases were from wounds that were of old standing when
- they came under our care. We can assure you that localized
faradlmt.lun has, in our hands, been of the utmost value. In some
31? cases it has, at a single application, restored the power of move-
" ment to parts that had been long deprwed of it; in others, a few
? _léappliﬁatinus have more or less completely reatnred the power of
i 3 movement to an entire limb; and we have seen very few instances

~ in which there has not been improved nutrition, and greater sen-
]

gibility and strength, when we were able to continue the faradiza-
tion sufficiently long. In a word, we cannot too strongly repeat
that, until faradization has been used, no limb, however completely
- paralysed, should be abandoned by the surgeon as incurable.’ ™!

I might also adduce other kinds of paralysis, in which the lesion
of nutrition is equally profound, and in which loealized faradization
‘is often successful. Moreover, clinical facts will be hereafter
detailed, which prove incontestably the favourable—I would almost
say the marvellous—influence of localized faradization upon the
nutrition and the motility of museles. These facts will be found
- in the chapters specially devoted to the application of this method
r"% of electrization to traumatic paralysis of nerves, to paralysis con-
[}-'-sec.utive to myelitis in adults and adolescents, to saturnine and
~ theumatic paralysis. We shall even see that, when applied to the
lf fatty atrophic—spinal—paralysis of infaney, localized faradization
| acts not only upon the nutrition of the museles, but also upon that

~ of the entire limb, so that it prevents arrest of development of the
i  bone.

Y 1L Critical - examination of the electro-physiological experiments
- which have served as the foundation of the attacks recently divected

against the therapeutic value of localized faradization. Their
inexactitude.

Although, during more than twenty years, I have obtained from
localized famdlza‘tmn such results as I have tTasuuhud and after

! B. Weir Mitchell, George R. More- | Wounds and other injuries of Nerves,'
* house, and William W. ]\.mn ¢ Gunshot | Philadelphia, 1868,
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have seen these results confirmed, both in Europe and in America,
by a host of the most competent observers, an endeavour is made
to persuade me, on my objecting to deductions drawn from a few
experiments upon rabbits, that I am myself under illusion !

As much as any one, I admire experimental medicine; and,
without believing that the whole future of therapeutics rests upon
it exclusively, I have always held that it will exert a guiding and
enlightening influence, But when, in defiance of all logic, it w mﬂ.d
lead us to cast doubt upon facts perfectly established by clinical
observation, it is necessary that we should renounce it.

A —Fortunately, in the case with which we are now concerned,
we have not to tind fanlt with experimentation itself, but with
those who have experimented badly, or who have badly interpreted
the resunlts of their experiments. I proceed to prove ‘this, at least
for those which are now under discussion.”

In the rabbits, the sympathetic nerve was laid bare in the neck,
slightly lifted by means of a thread placed under it, and then
electrified, for two or three minutes, by powerful induced currents,
The artery of the corresponding ear became contracted until it was
no longer perceptible. On ceasing the electrization, the artery
regained its size little by little; and finally became larger than it
was before the operation. After an instant, the temperature of that
side was elevated above that of the other.?

There can be no question that, in these experiments, the dilata-
tion of the vessels of the ear, consecutively to faradization of the
cervical sympathetic of the same side, was produced by paralysis
of their vaso-motors, Is there not some cause for surprise that the
sympathetic, already exposed to the air, and perhaps more or less
injured in the dissection, was not, so to speak, killed by the power-
ful induced current by which it was directly traversed for several
minutes ; and that the vessels had still power slowly to regain-'
their normal calibre ?

To proceed thus with experiments the object of which is to study
the action of induced currents upon the nervous system, is but to
contribute to toxicology. We know that there are certain poisons.
which, in small doses, increase the action of the heart, but which
would arrest that action if given in large doses. To expect a
therapeutic action from such a manner of applying induced cur-
rents is like maintaining that paralysis might be as readily cured
by a thunderbolt as by electricity wisely and methodically applied.

There is certainly no need of experimental medicine to inform
us that, in its therapeutic aspect, localized faradization is a two-

2 Onimus et Legros, loe. eif,
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‘edged weapon. Empirical clinical observations very soon convineed
me, at the beginning of my electro-therapeutical researches, that
Jocalized faradization, if applied to a muscle or nerve in too full a
dose or for too long a time, may increase or even produce paralysis
or atrophy, instead of curing either. It was such clinical observa-
tion that led me to lay down the precept that muscular fara-
dization should be moderate in degree, and that neither the whole
application, nor the application to any single muscle, should be
unduly prolonged.

~ With' a powerful induced current, contracting the vessels during
its passage through the sympathetic, and producing, after its
‘cessation, a temporary diminution of their contractility (and hence

" their dilatation), the same authors have compared the relatively

:jnﬁnitely feeble action of continuous currents upon the same
sympathetic, “under the influence of which,” they say, “the

: iﬁﬂtivity of the circulation was promoted during their passage, and

for a long time after their cessation.”?
": It appeared to follow, on the whole, from their experiments :—1.
that induced currents, during their passage through the sympathetic,

sowerful excitation of the vaso-motor nerves; 2. that they pro-

. .’ggvrested or impeded the circulation by closing the vessels by a

‘duced, after their passage, a passive dilatation of these vessels,
. and a consequent blood stasis within them, by the paralysis or ex-

anstion of their vaso-motors; and, 3. that continuous currents,

| on the contrary, increased the activity of the local cireulation,

‘both during and after their passage through the sympathetic.
- Partisan and defender, as has been seen already, of the existence

‘of different physiological properties in the different kinds of elec-

tricity, although the reason of such difference has not at present

. received complete explanation from actual physical data, I was

disposed to hail the discovery of a special difference of action
Tbetween the continuous and the induced currents as a trinmph of
experimental medicine, applicable to therapeutics. But I must
add that there remained in my mind some doubt with regard to
-.ffl:le teality of the assigned difference ; because, in the comparative
experiments, the two forms of current had not been applied in
equivalent force.

It was, therefore, important to verify the results said to have
been obtained, and the following is a summary of experiments
made upon rabbits by myself, in conjunction with my learned
friend M. Liégeois, Professor of Physiology to the Paris Faculty of
Medicine. Our results are far from agreeing with those of MM.

3 Onimus et Legros, loe. eit.
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Onimus and Legros; and show that, in equivalent doses and under
similar conditions, the continuous constant and the induced cur-
rents, when passed through the great sympathetic, exert an iden-
tical action upon the vaso-motors.

Fxperiments,—A continuous constant current (from a pile of from fiftecn
to thirty sulphate of lead elements) passing through the sympathetic in g
ortion three or four millimetres below the superior cervieal ganglion, pro-
Eu{:ed a slight but manifest contraction of the vessels, and a decoloration of
the ear on the same side, during the whole time of the experiment.

When the sympathetic nerve had previously been strongly execited, or, in
other words, when its excitability had already been more or less exhausted,
as by the passage of a powerful induced eurrent, or by section, the same
continuous current of thirty elements, or even of fifteen, produced, instead
of contraction of the vessels, their dilatation during the whole time of the
experiment.

An extremely weak indueed current (the minimum of the extra current
of my volta electric apparatus, passed through a column of distilled water
twenty-two centimetres in height), and localized in the sympathetic in the
same manner for three minutes, produced a slight contraction of the vessels
of the ear during the first half minute, followed by dilatation during the
rest of the experiment.

The same proceeding, repeated upon the sympathetic of a rabbit that had
been subjected to a strong induced eurrent for three minutes, an hour pre-
viougly, but in which the ear had regained its normal vascularity, immediately
produced dilatation of the vessels which rendered their finest ramifications
vigible for three minutes. {

A strong induced current passing in the same manner through the sym-
pathetic of a rabbit, whether it had been the subject of previous experiment
or not, produced, during the whole time of its passage (three minutes), a
eonsiderable shrinking of the vessels; followed, when the current was with-
drawn, by an enormons and long persistent dilatation. 5

Interrupted galvanic eurrents passed through the great sympathetic acted
upon the ganglionic vaso-motors in the same manner as induced currents.

It follows from these experiments :— ¢

That a continuous constant current, directed upon the exposed
great cervical sympathetic of a rabbit, the excitability of which
has not been exhausted (neither by electrization in prior experi-
ments, nor by manipulations, nor by long exposure to the air),
produces, like an induced current of equivalent (i.e. very feeble)
strength, a slight contraction of the vessels that are controlled by
the nerve.

That the same current, acting with equivalent force upon &
nerve already exhausted, can no longer produce contraction of |
vessels, but only moderate dilatation. _

That a powerful induced current, localized in the sympathetie,
produces a considerable contraction of the vessels, followed, after
the experiment, by enormous and protracted dilation; and that &
powerful intermittent galvanic current acts in the same manner.

Finally, as a corollary to the foregoing, that, contrary to certain
statements, the continuous constant currents and the induced
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- %urrents in equivalent doses, exert an identical action upon the
sympathetic and the vaso-motor nerves.

IIL. Upon what elass of nerves does localized faradization exert
. ifs influence in order fo increase the activity of the local cirew-

I. UroNy THE Vascurnar CoxsThRicTor NERVES?

A.—Ramifications of the sympathetic nerve aﬂcﬂmpan ying the
‘arterioles, excited by localized furadization.—Loealized electrization

(either faradization or galvanism, localized by interrupted currents,)
s the onl;r means by which we can directly excite the ramifications

g imbert (of Cannes),” one of the most distinguished pupils of
Professor Ch. Robin, in an excellent memoir, from which I have

In this fizure it will be seen that, on a level of the anastomoses
of the arterial capillaries, the nerves present ganglia, G, from which
proceed new filaments which spread over the capillaries, and
terminate in pointed extremities.

These are like the isolated

A ‘We can conceive, then, that in localized museular electrization
- (which consists in moving moist rheophores, as nearly as possible
- approximated to each other, over all points of the surface covering
- & muscle, 50 as to produce electric recomposition in the thickness
of the muscle, at varying depths according to the intensity of the
1 une-nt), we may carry the excitation directly to the vaso-motor
erves which accompany the arteries to their divisions into capil-

- ' M. Ordofiez has mounted beautiful
Inicroscopic  preparations, shewing the
¥aso-motor merves accompanying the
arterinl vessels to their final ramification.
‘He has nearly followed them to their ter-
inations on the capillaries of the second
Waristy. In man, he has established this
,j mportant nnutmmcnl relation in the small
Aarte ies of the retina and of the brain:
_‘ he informs me that he should have
found this same arrangement of other
gans, if it had been possible to isolate
m with the same facility. The dis-

E

e

covery of M. Ordofiez was announced in
1865, by M. G. Pouchet (Rapports du
rand sympathique avee le systéme capil-
zmp legon faite au Muséum d’histoire
nu.turﬂlle-—Rm:iw des cours seientifiques,
p. 709). To be just, I should add
thnt. I'rI Sehweigger, of Berlin, had dis-
eovered the same anatomieal fact at the
game time, in the arterioles of the choroid
and of the retina in man.,
& Gimbert, Structure ef fexfure des ar-
téres : Thise de Paris, 18G5,
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Fig. d41.—~Vaso-motor nerves aceompanying capillaries in the palatine mucous membrane of a frog
{alter Gimbert).8

B.—Tonicity of the vasculur constrictors augmented by localized
electrization.—Experiments show that the great sympathetic is
highly excitable, at least in the cervical region, and that its
excitability is quickly exhausted. Thus it has been mentioned
previously that, under the influence of even a feeble induced or
continuous current, a contraction of vessels is produced, presently
followed hg,r a dilatation of some persistence. This dilatation of =
vessels is with good reason held to depend upon a paralysed state
of the vaso-motor merves, producing an afflux of blood to the =
parts controlled by them, and an elevation of temperature, which
has hence been called newro-paralytic hyperamia.

But the kind of weakening of vascular tonicity, which is the firs
effect of localized faradization, is only momentary, and is soon
followed by a reaction. Indeed, both elinical observation, and the
therapeutical results that have been obtained, tend to prove that

—

o (, 0, Capillary vessels. N, vaso-motor | moses of the arterial capillaries. R, Iso-
Lerve. G (3, (3, ganglions fﬂnmng ner- | lated fibre of Remak, terminating n a

vous branches at the level of the anasto- | point.
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‘a5 regards the ultimate result, the tonic force of the vessels is
“increased.

Such, at least, is the object that I propose to myself, and that an
endeavour should be made to attain, when, in the treatment of
atrophic paralysis, electric excitation is directed upon the gang-
Tionic vaso-motors. It is indeed shown, both by clinical observa-
‘tion and by experiment, that neuro-paralytic hypersemia is a
‘morbid state that is seen in atrophic paralysis, consecutive to
lesions of the cerebro-spinal centres or of the nerve-trunks. It
is rational to conclude that any agency which increased the neuro-
_;E_;paralytic hyperemia would aggravate the pathological state. But
‘this is precisely the opposite of what I have witnessed, when,
by the aid of faradization, I have cured the cases of atrophic

. paralysis that have been brought to me in such a condition. Under
ﬁe influence of the treatment, I have seen the colour of the skin
- and the nutrition of the paralysed limb return in a short time to
“their normal state ; while, at the same time, the paralysis under-
| went improvement : and I have considered, under these circum-
| stances, that the vascular tonicity had been inereased by the
Jocalized faradization. On the whole, the clinieal facts teach that,
s far as regards therapentics, we should take into consideration
“the secondary and ultimate, rather than the immediate effects of
lectrization.
-~ C.—Local civeulation promoted by localized faradization.—Such
1as not been the reasoning of those who, on the contrary, attribute
he therapeutic action of electrization on the nutrition to the slight
“degree of neuro-paralytic hypersemia that is produced by the in-
:@uenm& of a feeble current. To reduce their opinion into terms, we
‘must say that, neuro-paralytic hypersmia being one of the morbid
phenomena of atrophic paralysis due to lesions of the nervous
centres or nerve-trunks, we should have to inerease the mneuro-
E\.ral}ftlc hyperemia in order to cure the paralysis. To diminish
vhat would otherwise appear paradoxical in their opinion, those who
advance it have altered the physiological signification of the fact on
which it rests, by saying that the increased activity of the circulation
18 produced by the influence of the current upon the sympathetie.
- In order to accept this theory, it would be necessary to forget
the experiments which show that this kind of neuro-paralytic
hypermmia is passive ; and that, in itself, it is powerless to affect
the nutrition. I would recall the experiment of Snellen,” many
limes since repeated, which proves this in an incontestable manner.
I have seen the fact confirmed by elinical observation; and I shall

! Snellen, dreh. fiir die hollandische Beitrige sur Natur wnd Heillounde, 1857,
vol. i. p, 206.
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hereafter relate a case in which neuro-paralytic hyperemia of the

conjunctiva and vessels of one eye, consecutive to a lesion of the

cervical sympathetie, had continued, at a very high degree, for a

period of two years, without in any way modifying the anatomical

state of the hypersemic parts ; and without producing the slightest

exudation ; while a conjunctivitis of the other eye, due to exposure

to a current of air, had rapidly displayed all the symptoms of acute .
inflammation, with a slight formation of pus.

It is, however, impossible to overlook, in a case of the cure of
atrophic paralysis due to traumatie or spontaneous lesion of nerve
or cord, such as I have already related, the influence of the fara-
dization upon the activity of the local circulation, upen the nutri-
tion of the muscles, and upon the general nutrition of the limb to
which it is applied.

But how is this therapeutic action to be explained? I am
unable to attribute it to a kind of gymnastic effect produeed upon
the muscles by faradization, because the muscles had lost their
electrie irritability. Neither do I believe that excitation only of
the nervous fibres, which govern motricity and sensibility, would
have power to produce the results. Irom all the evidence, I
think that the direct muscular faradization promotes the capillary
(local) circulation and the nutrition. I had not neglected to poinf
out the last electro-therapeutic fact, and to bring it into promin-
ence in the earlier editions of this treatise; but I was then
limited to setting forth the results of clinical observation in
empirical fashion, since science was not sufficiently advanced to
justify the framing of any theory whatever.

What has been the mechanism? In other words, by what class
of nerves have the nutrition and the capillary ecirculation been
promoted ? A

It is with fear that I approach this question, In all my earlier
researches into the physiology of movement, the problems to be
solved have always been in harmony with anatomy, with electro-
muscular experiments, and with clinical observation. On the
contrary, in the new path on which I am now to enter, I cannot

, make a step without proceeding from hypothesis to hypothesis, |

relying only upon the great discoveries of experiment.

1I. Ox THE NERVES WHICH PROMOTE LocATL CIRCULATION?

A.— Historical vetrospect.—The section of the great sympathetié; .
made by Pourfour-du-Petit in 1727 is the fundamental fact:

s Pourfour-du-Petit, *Mémoire dans | tent des esprits dans les yenz” (Mem. de
lequel il est démontre que les merfs inler- | I'Acad. des Seiences, Paris, 1727).
coslaur fournissent des rameais qui por-
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‘which has served as a point of departure for numerous researches.
Besides contraction of the pupil, Pourfour-du-Petit had also
observed that the vessels of the conjunctiva lost their elasticity,
and became distended by blood consecutively to the section. In
1840, M. Stilling,? who had also recognised the action of the
ganglionic system upon the contractility of vessels, called the
special nerves conveying it the wvaso-mofors. M. Cl. Bernard
announced in different publications, in 1851 and in 1855, the
great physiological fact that section of the great sympathetic is
constantly followed by a considerable afflux of blood to the parts of
the head to which the nerve is distributed.! M. Brown-Séquard
discovered, in 1852, that galvanization of the great sympathetic
“produced contraction of the vessels and diminution of temperature ;
and, consequently, that the principal phenomenon deseribed by M.
'Cl. Bernard, was due to paralysis of the blood-vessels.* Three or
four months later, M. Cl. Bernard, not knowing of M. Brown-

| Séquard’s publication, announced the same fact to the Biological
. Society.> M. Ludwig was the first to suggest the idea of irritating
L%the olandular nerves, and especially the sub-maxillary gland, the

. principal vessels of which he laid bare, with their nerve-branches,
Eafter having isolated Wharton’s duet, in which a canula was in-

' gerted, so as to exhibit the flow of saliva. The excitation of the
| Derve produced, in a short time, an extraordinary secretion of this
. liquid. (M. Ludwig enabled me to witness this beautiful experi-
Ement, when, in 1856, I attended the congress of naturalists at
'-"_Vienﬂn.,} M. Maurice Schiff instituted, in 1851, a series of experi-
‘ments upon the chorda tympani, in order to show that all the
‘salivary nerves are not contained in the proper filaments of the
trifacial (lingual), but that they perhaps proceed from its anasto-
“mosis with the facial (chorda tympani)® These researches have
“been repeated, with the same results, by many authors. But it is
to M. Cl. Bernard that all the honour is due of having discovered
‘the actual mechanism of certain local circulations, by showing that
the vessels are placed under the control of constrictor and dilatator
‘nerves which act upon them reciprocally. In 1856, he showed
that by exciting the chorda tympani we could produce, in the

* Blilling, Physiol. pathologische, und | exerce sur la temperature animale. Paris,
Med. proctische  Unlersuchungen iber 1854,
Spinal-irritation. Leipsig, 1840, | * Bee‘Philadelphia Medical Examiner,’
! Bee the Comptes rendus de ln Socigle | August, 1852, p. 489.
de liologis, Decembre, 1851, Gazette Med- | * See Comptes rendus de la Societe de
doale de Paris, 1852, p. T4, Comptes ren- | biologie ( Gazette Medicale, 1853, p. T1).
dus de U Académie des Sciences, scance du |  * See Schiff, Ueber motorische Zungen-
29 Mars, 1852, Recherches experimentales | lahmung (Archiv fiir physiologische Heil-
sur le grand sympathique el specialement | Funde, von Wunderlich und Vierordt,
sur Uinfluence que le section de ce nerf | 1852}




4

it

.II 1%
' £y
I.-'
{

158 LOCALIZED ELECTRIZATION.

organ to which it is distributed (the sub-maxillary gland), an over-
activity of the capillary circulation, and a dilatation of the small
arteries, such that the blood would cireulate in the veins with all

the appearances of arterial blood. He showed, also, that other

nerves going to the arteries of the face had equally the power to
dilate those arteries.

B.—Opinion of M. Cl. Bernard in favowr of the active dilatation of

vessels—Although treating of the therapeutic influence of localized

faradization upon the activity of local cireulation, I ignored the

mechanism of this influence until our great physiologist, M. Cl.
Bernard, after having contributed so largely to make known the:

proper action of the great sympathetic, entering upon a new path
of discovery, had shown, especially by his experiments upon the

chorda tympani, that, in opposition to the action of this nerve as
a constrictor of the vessels, other nerves, when excited, produced
dilatation of the vessels, and that hence they are dilatators of the
arteries, and accelerators of the capillary circulation.

Although it is true that, in the hands of M. Cl. Bernard, experi-
ment has as yet shown the two orders of vascular nerves (con-
strictors and dilatators) only on the arterioles of certain glands

and of the face, yet it must be remembered that his genius has led
him to believe that the active dilatation of vessels must be generﬂl

The following are the ferms in which he expresses his opinion:—

“It is admitted, in general,” he says, “ that all the phenomena
that follow section of the great sympathetic in the neck are the
consequences of paralysis of the nerve and of the consecutive
passive dilatation of the vessels. This explanation appears to me to
be insufficient, to say no more. I am assured, indeed, after that

experiment, that the blood which enters the venous system is
warmer than that whieh traverses the arteries. There is then,
among these phenomena, something more than a simple passive

dilatation of the vessels: we are in the presence of an action of a

different kind, and until now unknown. The contraction of the
pupil, after division of the cervico-cephalic branch, is not a passive,

but, on the contrary, is an active phenomenon ; there is produced,
after the section of the sympathetic, a predominance of action of
the ciliary branches of the third pair.

“The variations observed in the size of the vessels appear to
belong to the same class of phenomena, although here the contrac-
tion 1s pmduc{‘d when the sympathetic is Exmted and the dilatation
when it is divided, the opposite of what happens in the pupil. This

* Bee Cl Bernard, Legons sur les pro- | pathologiques des liguides de Uorganisme,
prictes physiologiques et lea altcrations | tome ii, legons des 4 et 9 Juin, 1858,

il

B e e ]




THERAPEUTIC VALUE OF LOCALIZED FARADIZATION, 159

isnot a simple hypothesis; the active dilatation of vessels is one of
the most unquestionable verities which have been brought to our
knowledge. I have proved by direct experiment that there are
two orders of vaso-motor nerves, acting in opposite directions; and
that their properties are, in the majority of cases, called into play
by reflex influence.”* ;

M. Cl. Bernard reiterated the same opinion, in 1864, in a more
explicit manner. “The vascular system,” he said, “is subject to
the influence of two nervous systems, more or less distinet: the
sympathetic system and the cerebro-spinal. Let us inquire what
is the function of each of them; and what part may legitimately
be assigned to each in the facts that we have to study. The
former—the great sympathetic—has the function of a moderator of
the vessels. When irritated, it produces a more or less considera-
%lle contraction of them, a contraction which forms a certain degree

of impediment to the cireulation, and hence diminishes its speed.
i@n the other hand, by exciting the filaments of the cerebro-spinal
system, we produce a dilatation of the same vessels. Such is the
. whole mechanism of the nervous influence. With these two modes
of action alone—contraction and dilatation of vessels—the nervous
gystem governs all the chymical phenomena of the organism.”?
 But, admitting only what has been demonstrated by experiment,
- M. Cl. Bernard is careful to declare that the generalization of the
- phenomena of active dilatation of the capillary vessels is at present
- only a hypothesis.
C.—Necessity for the ewistence of dilatafor vascuwlar museles, as
‘moderators of the constrictor vaso-motors.—I venture to advance a
- new argument, showing the necessity for a system of nerves to
moderate the force of the constrictors. -
- I am convinced that all muscular action should have its anta-
~gonist; and that this rule applies as much to unstriped as to
striped fibre. Just, indeed, as wherever I have seen deficiency
of antagonism in the muscles of animal life, the attitude and con-
formation of the limb or part set in movement by the muscles
has béen altered, so the preservation of the normal calibre of the
vessels necessarily depends upon a certain equilibrium between
the tonic force of the constrictors and that of the dilatators. Such
appears to me to be the light thrown upon the question by my
elinical observations,
If it be objected that this also is only a hypothesis, T reply that
& hypothesis resting upon clinical observation is very near the

* CL ’EETII_I}HL ‘ Medical Times and | nerveuz sur les phenomeénes chimiques de
GEZCET'&P vol. ii. 1861, p. 51. Porganisme, 25" legon (Revue des cours
Cl. Bernard, Iuﬂlueucr: du systéme | seientifiques, 28 Juin, 1864.)
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truth. How often, for example, in matters falling within my
personal researches, has clinical observation elucidated the physi-
ology of movement, and anticipated the anatomical fact. I will,
therefore, in this place say briefly on what clinical facts my hypo-
thesis reposes, as far as regards the vaso-motor dilatators, i
I have said that the two orders of vaso-motors (constrictors or
ganglionic vaso-motors, and dilatators or cerebro-spinal vaso-motors)
as reciprocal moderators, appear to me necessary, not only to the
tunctions of the organs on which they ramify, but also to the pre-
servation of the normal calibre of the small vessels. Indeed, when
one of the two sets is paralysed, the local circulation is profoundly
altered. If the ganglionic vaso-motors are paralysed, the arterioles
remain dilated, inert, and the venous blood becomes red; while
the reverse happens if the cerebro-spinal nerves are affected.
Clinical observation seems to me to show that the force of the
cardiac impulses (which moreover, as shown by M. Marey, are less
felt in the vessels in proportion as their calibre diminishes) does
not sufficiently moderate the power of the constrictor nerves of the
vessels. In a certain number of cases indeed, in which it seemed
established that the anterior cornua of the spinal cord had under-
gone rapid change, without lesion of the ganglionic system (as in
infantile myelitis) I have observed, at a time more or less distant
from the commencement of the disease, that the parts receiving \
morbid innervation were affected as follows:—The vessels wers
contracted, the calibre of the cutaneous veins diminished, the skin
was discoloured or eyanosed, the temperature lowered, and at the
same time the muscles were wasted.- Having, then, found that
the beats of the heart retained their normal energy, and that the
pulse was not weakened, I have concluded that the power of
the cardiac impulses was insufficient to neutralize the muscular
force which tended incessantly to close the small vessels; that it
was not enough alone to preserve the normal calibre; and, in &
word, that the force which dilates the small vessels was paralysed.
I think then that, under these circumstances, the diminution
of calibre of the small vessels is explained by the unrestrained or
predominant action of their constrictor muscles, from which a
local ischsemia results. Ordinarily, the lesions of the cord, and
of the nerves which proceed from if, produce in the first place
a neuro-paralytic hypermemia, which, at a more advanced period,
is replaced by the opposite disorder of the local circulation, that Js,
by the morbid phenomena described above. (May we not attributé
also to these same disorders of the circulation the diminution
or loss of electro-muscular contractility which supervenes so

quickly in atrophic paralysis?)
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D.—Therapeutic action of localized faradization wpon the develop-
ment of vessels.—If such is the mechanism of the disorder of local
circulation that is observed consecutively to lesions, imflammatory,
organic, or traumatic, of the cord and of the mixed nerves, we are
able to explain one of the favourable results obtained by direct
‘muscular faradization,

The first therapeutic effect of direct museular faradization, in
the treatment of these forms of paralysis, is, as I have said, slightly
to redden the skin, in the excited region, during the passage of
the current. We soon afterwards observe elevation of tempera-
ture, increase of sensibility, and at last, more slowly, the enlarge-
‘ment, almost visibly, of the cufaneous veins. 1 have often seen these
phenomena continue after the faradization, and sometimes increase,
0 as to resemble an irritation, and to require the suspension of
‘treatment and the use of emollients, baths, poultices, and the
like.

- It is certainly not the excitation of the ganglionic vaso-motors
‘that produces these immediate effects. It, on the contrary, pro-
‘duces contraction of vessels, decoloration of the skin, and cooling
of the excited region. Consequently, the hypersemia that is wit-

‘messed during faradization, under such circumstances, must be
. considered as an active hyper@mia, produced by excitation of the
dilatator vaso-motors.

Why do not the vaso-motor constrictors, that are influenced by
| the faradization at the same time as the dilatators, produce a con-
sequent contraction of the vessels? For the present, I must admit,
i do not know the reason. I am therefore bound to mention the
fact.

-~ E—What is the mechanism of the active dilatation of vessels 2

(@). According to M. Cl Bernard, the vaso-motor dilatators exert
a paralysing action upon the vaso-motor constrictors, by the inter-
mediation of small peripheral ganglia, which are found in great
numbers in the course of intra-glandular nerves; their irritation
i8 propagated to these small controlling centres, the activity of
which consists in checking function, in producing momentary
paralysis of the ultimate nervous filaments in relation with the
vascular muscles. With regard, for instance, to the chorda tym-
pani, the excitation of this nerve proceeds, after the hypothesis of
M. CL Bernard, to rouse the activity of a sub-maxillary ganglion
destined to moderate, or temporarily to paralyse, the vaso-motor
constrictors that arve distributed to the vessels of the sub-maxillary

gland.

The hypothesis of M. Ol. Bernard is supported by ingenious ex-
periments ; but, according to Schiff, this doctrine of a eentral

M
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office for peripheral ganglia, so often invoked for the purpns@ﬁ
of explaining certain paralysing functions, rests only upon arbitrary
hypotheses. The following is the most serious objection whi
Schiff opposes to the suggestion of Cl. Bernard. If it be sound,
he says, with regard to the sub-maxillary gland, it should
also to the ear of the rabbit, where we have equally the possibility
of a vascular dilatation, produced by the direct irritation of nerves,
But no one has discovered the smallest microscopic ganglion in
the ear of the rabbit, any more than in that of the dog, or of

man.?

ments of dilatation do not exist.”

force, since M. Gimbert, whose admirable researches into
structure and texture of arteries I have already had occasion to
quote, has discovered in some arteries the presence of numerous
longitudinal and oblique muscular fibres, interlacing with the

horizontal fibres.

“Their direction” (the arterial museular fibres), he says, “is
most frequently horizontal, but it may be oblique, or even longi-

tudinal.”?

He has shown the direction of these fibres in several figures,
of which I have reproduced one only, fig. 42, which shows a

Fig. 42—Longitudinal section of numbilical artery at the base of the cord. Enlarged 700 diameters,
E et after Glimbert.2

(b). M. Schiff has endeavoured to simplify and to solve the
question of mechanism now under discussion, by admitting the
possibility of active vascular dilatation by longitudinal muscular
fibres. But it may be objected anatomically, that such instru-

1
/
]
]

!
K

8 Sehiff, loe. cif., tom. i., p. 271,

o M. Schiff appears to have abandoned
his hypothesis of the existence of longi-
tudinal muscles, doubtless on account of
this objeetion. He has written, indeed,
in one of his lectures, © Although the in-
strument of active dilatation at present
eludes our means of investigation, nothing
has shown the impossibility of the pro-
cess.” All that we can say, provisionally,
is that, while the mechanism of con-

gtriction is directly explicable by micre-
scopic examination of the vascular muscles
the active dilatation appears to be ex=
traneous to the %_mpar tizsues of the ves=
sels, and to be effected by the intermedias
tion of extra-vascular tissues, '

! Gimbert, loe. eil., p. 80. .

t 1, I, Longitudinal musenlar fibres$
t, £, horizontal musenlar fibres; K, outer
coat; M, middle coat; I, inner coat.
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longitudinal section of the wall of au umbilical artery, at the
base of the cord, magnified 700 diameters. We see at 11, says
M. Gimbert, muscular fibres implanted in an amorphous matter,
homogeneous and transparent, like grains of oats imbedded in a
homogeneous and elastic mass, and also horizontal fibres cut
transversely.
M. Gimbert has found this anatomical arrangement in several
arteries, and he purposes to search for it in the capillaries, Mani-
festly, if’ it were general, the question of the mechanism of the
active dilatation of vessels would be singularly simplified, and
would be almost as firmly established as that of the vaso-motor
‘constrictors.
The hypothesis of longitudinal muscular fibres destined to
produce active dilatation is therefore verified, at least for certain
wyessels. And what other purpose could they serve than to shorten
the vessels, and, consequently, to dilate them? Is it not an
‘established fact in physies that the capacity of an elastic tube
‘diminishes or increases, accordingly as it is extended or shortened
Jongitudinally ? The arteries seem to favour these changes of
capacity by their structure, by the fact of their lengthening or -
_"igmrteniug. May it not, indeed, be the case that the elastic
i elements are, under the form of fibres, the fundamental portion of
. the middle coat, and that they are arranged in all directions ?

~ In conclusion, notwithstanding the obscurity and the differences
gf opinion which at present prevail with regard to the mechanism
of active dilatation of local blood-vessels, the fact of the active
dilatation of vessels, at least as regards some of them, is, even
anatomically, perfectly established in my eyes. If it were not so,
I should still say, with M. Schiff, “It would be bold to deny
an observed fact, even although we may not understand its
I;I.'I.Eﬂhﬂllism.”

It is by admitting the generalization of this important physio-
logical fact, brought to light chiefly by M. Cl. Bernard (the active
dilatation of vessels), that I have been able to render an explana~
tion not only of the active hypersmia produced immediately by

: t@-calized faradization, in the treatment of paralysis consecutive to
lesions of the spinal centre, or of the nerves proceeding from it,
but also of one of the principal therapeutic results, appreciable
between the applications; namely, the augmentation of the
activity of the local ecirculation, and of the tonic force of the
vessels, appreciable especially by the reappearance, from develop-
ment, of the cutaneous veins, and from the coloration and
the normal temperature of the skin, without complication with
hypersmia,

M 2
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III,—NERVES ACTING DIRECTLY UPON THE NUTRITION OF
THE TISSUES,

The increase of activity of the local eireulation does not suffice
to explain certain pathological states. This idea had taken root
in some minds before it was confirmed, at least in part, by patho-
logical anatomy.

A.—Theory of M. Brown-Séquard ; opinion of M. Virchow.—
M. Brown-Séquard was the first to express clearly this important
view, in the lectures which he published in 1858, and republished
in 1860.*

“ The nervous system,” he says, “ determines an increase of the
attraction exerted upon the blood by the living tissues, and, in
this case, the phenomenon is attended by dilatation of the blood-
vessels. The nervous system acts directly and originally upon the
parenchyma of the tissues.” Elsewhere he writes again, “The
simple fact of an increase or a diminution in the quantity of blood
that passes through a part of the body in a given time, assuredly
suffices to explain the physiological changes, and some of the
morbid modifications, which we habitually observe in secretion and
in nutrition; buf some other pathological states seem to require for
their produetion, something more than a simple change in the quantity
of bload,

“ An inflammation, for example, cannot be explained by a modifi-
cation of this kind, because, after section of the cervical sym-
pathetic, we see a considerable increase of blood oceur in the eye,
the ear, &e., and continue during many weeks or months without
producing inflammation. It is true that the morbid action (in-
flammation) developes itself much more easily in these parts than
in others; but, I repeat, it does not manifest itself spontaneously,

-

as a pure and simple consequence of increase in the quantity of

blood. It is therefore necessary to admit that, when a nervous

influence acts wpon certain tissues so as to produce inflammation,
the principal cause of the morlid process is not the increase in the

quantity of blood, but rather the modifications which the tissues

undergo, and which produce an unusual aftraction for arterial
blood.*

B.—Almost at the same time Virchow also declared that modi-
fications of nutrition did not depend, directly, upon the larger or:
smaller quantity of blood that circulated through the part. But,
resting upon the experiments of Cl. Bernard, who showed that:

* Brown-Séquard, ¢ Central Nervous System,” Philadelphia, 1860, p. 172.
* Ihid., loe. oit.
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gection of the great sympathetic produced no other result than an
increase of the local cireulation and calorification, without partici-
pation of cells or morbid action, and without luﬂ.&mmntmn he
argued against those (the neurists), who held that nutrition was
under the control of innervation, and maintained that the pro-
perties of the cells themselves were the essential causes of nutritive
phenomena.

“The increase in the nutrition of parts,” he wrote, “should
much rather be attributed to certain conditions of tissue (irrita-
tion) ; conditions ‘which are able to modify the affinities of the
tissues for the varions principles of the blood, or to the presence
in the blood of certain substances possessing a speeial attraction
for certain parts of the body.®
- Tt is well known that a distingunished pathologist, M. Spiess, has
maintained, in opposition to Virchow, that nutrition is always
‘under the control of innervation.’

For myself, I have so often seen alterations of peripheral

| nutrition supervene consecutively to lesions of certain points of

“the nervous centres or of nerves, that it would be impossible for

. me to overlook the influence that innervation exerts upon nutri-

‘tion. It was in reference to the difficulty of explaining these
alterations of nutrition, consecutive to nervous lesion, that I found
“occasion to say, if there were no trophic nerves it would be necessary
do invent them.

. C.—Trophic nerves of Swmuel.—Such were the ideas entertained

- i 1858 by Brown-Séquard and Virchow, upon the influence of

fl:he nervous system in the pl'ﬂduc:tmn of the phenomena of nutri-
~ tion and secretion, when, in 1860, Samuel endeavoured to give
shape to notions ﬂualugﬂus to those of Brown-Séquard, by suggest-
ing an anatomical and physiological deseription of the nerves

- which have for their function directly fo support the nutritive

activity of the tissues.

This learned observer has shown, in a highly interesting volume,”
the cl;rect and indirect, action of the nervous system upon nutrition ;
he has inquired what are the affections of this system, which
oceasion various disorders, and he has come to the conclusion,
from experiments upon animals, and from clinical observation on
man, that there are certain special fibres which he has denominated
;&raphz'c nerves.

The following is a summary of the chief facts upon which
he rests his doctrine. According to him, inflammation cannot be

' Virchow, La Pathologie cellulaire, ete. Frankfurt-am-Main, 1857, X
8rd edition, Paris, 15868, 7 Samuel, Trophischen Nerven, Leip-
* Spiess, Pathologische Physiologie, | sig, 1860.
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produced either by excitation or by paralysis of the vasculay
nerves; but, when the spinal nerves are irritated experimentally,
the parts supplied by them become inflamed ; hence these nerves
contain special fibres which may be called #rophie. :
of these produces acute inflammation, with rapid proliferation of
cells; their paralysis is followed by wasting of the tissues. They
do not produce chemical changes, but excite only the nutrit.iv
activity of the cells and tissues. In the neuralgias attended by
eruption, the inflammation attacks both the sensitive and the
trophic nerves, whence the simultaneous occurrence of pain and of
The trophic nerves originate in the spinal
ganglia, or in others corresponding to them,—the Gasserian, for
They have a centrifugal direction. The foundatio
the principle, the cause of nutrition is in the cells; its measure is

nutritive disturbance.
example.

in the trophic nerves.

D.—The elinical and anatomo-pathological facts observed by
Biirensprung and Charcot vealise only in part the theoretical ideas
of M. Samuel. (). FEaposition of the facts. The hypothesis of the
existence of trophic nerves began to be realised, in part at least,
(so far as concerns the presence in the spinal ganglia of nervous
fibres, exerting an evident action upon the nutrition of the skin),
from the time when Professor Biirensprung discovered an alteration
of the intervertebral ganglia, in a case of herpes zoster occupying
a region that was in relations of innervation with them.® '

CasE X.—Swummary.—A zona, ocenrring without known canse, in a tuber
culous boy one year old, extended from the sixth to the ninth rib. More
than two inches in width, it commenced posteriorly, not far from the middle
line, from the sixth to the eighth vertebra, and forming a demi-cincture, it
terminated exactly below the ensiform cartilage.
covered from his zona, which followed a regular course, but died from
phthisis six weeks after the zona commenced. The spinal ganglia co
sponding to the sixth, seventh, and eighth nerves, were firmly adherent lo the
parietes of the intervertebral canal, The cellular tissue in their neighbourhood
exhibited inflammatory redness, and the ganglia, as a whole, were increased in®
shewed that the neurilemma also presented un-

volume. The microscope

questionable traces of inflammation. There were,
changes in either the nervous elements of the gang

NEerves.
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The boy completely re-

roperly speaking, no
Ea or in those of the

® Birensprung, Case XXXVL Allera-
tion of many special ganglie and of the
corresponding intercostal nerves. Zona,”
Ann. Charite-Krankh, Berlin, vol. xi,
1863, p. 96.

This learned physician is the author
of the most important treatise which has
been published of late %,'mris, upon herpes
zoster, At the close of his first memoir,
in which he has brought together fifty-
five new and important eases, he states,
for the first time, and before he had

ascertained the anatomical fact mentioned
ubove, his theory of Zona. “In conclus
sion,” he says, “zona is an affection of
the ganglionie portions of the nervous
system; it follows especially from irrita-
tion of the spinal ganglia, or of the gas=
serian ganglion. However, an irritations =
of the peripheral portions of nerves
which contain fibres proceeding from

these ganglia, may also be followed by
a vesicular eruption.”
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(ase XI—The foregoing has been confirmed by another case seen by
M. Charcot, in 1865, in a woman seventy-eight years of age, who was under
his care at the Saltpétritre. In this case the intervertebral ganglia and
intercostal nerves, corresponding to the surface attacked by the zona, pre-
sented precisely the same appearance as in that last described.”

(). Critical examination. — The following, I think, are the
deductions that should be drawn from the anatomo-pathological
facts of Biirensprung and Charcot. 1. Inflammation of spinal
ganglia anatomically characterised by a well-marked vascular
injection, and a proliferation of the perineurine, without lesion of
‘nutrition, or with only a slicht change of the nervous elements,
‘produces, in the portions of skin which receive innervation from
‘the parts affected, a special lesion of nutrition, of the nature of
‘zoster. 2. The neuralgia which accompanies the zona is the
result of excitation of the sensitive nerve-filaments which pass
‘through the ganglion. 3. The spinal ganglia contain the trophic
“nerve-filaments of the skin. But the anatomo-pathological facts in
:';':Im way confirm the general doctrine of Samuel and Biirensprung,
~who maintain that the trophic nerves originate in the spinal ganglia.
- M. Charcot, a more strict observer, and one who never goes
‘beyond his facts, has been too careful to draw any general con-
‘elusion from his own particular case.
~ The clinical facts do not prove, indeed, that other parts of the

. mervous centres may not contain trophic nerves of the skin.
Clinical observation shows, moreover, that, under certain cireum-
‘stances, lesions of the cord will alter the nutrition of the skin and
‘of the subeutaneous cellular tissue. Of this I could cite many
- examples from my practice. Thus, in infantile spinal paralysis,
the anatomieal lesion of which is a wasting or destruction of the
-:33&].13 and a fibroid metamorphosis of the anterior cornua,' whenever
a muscle has been attacked in its nutrition and texture (granular
_or fatty degeneration), I have observed that the subeutaneous
cellular tissue covering it was hypertrophied, and sometimes that
the nutrition of the skin was altered in various ways. These con-
ditions will be more fully described in the chapter which treats of
the spinal or fatty atrophic paralysis of infancy.

I should observe, also, that inflammation of the spinal ganglia
produces no lesion of nutrition excepting in the skin. How, then,
shall we explain the alterations of nutrition of the muscular and
even of the osseous system, which have been observed consecutively

~ * Charcot et Cotard. Alf¢ration (neu- | vered in 1866 by M. Prevost, inferne to
rite) du plezus cervical el des ganglions | M. Vulpian, has been confirmed by a
Correspondants des rueines spinales pos- | recent autopsy in o case of infantile
tericures, Zona du cou (Memoires de | paralysis, communicated to me by M.
la Soviets de biologie, 1865, p. 47), Charcot.
' This anatomo-pathological fact, dis-
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to certain lesions of the cord, if, as Sammuel and Birensprung
believe, the trophic nerves take their origin only from the spinal
ganglia, I shall hereafter describe cases which show, in the
spinal disease of infancy, the muscular nutrition suffering ‘more
profoundly than the osseous, and vice versd.

It is well known that peripheral nervous lesions produce various
changes in the skin, which prove the presence of cntaneous
trophic filaments in the peripheral nerves. This fact, first pointed
out by the illustrious English surgeon, Mr. Paget,* has been con-
firmed by other observers. I remember that I have myself often
witnessed it ; but I must confess that I did not perceive its im-
portance, or, at least, that I did not investigate its mechanism.

I should observe, also, that in progressive locomotor ataxy
(sclerosis of the posterior columns of the cord), and in secondary
sclerosis of the lateral columns, consecutive to heemorrhage in the
corpora striata, we sometimes have lesions of nutrition of the skin
(eschars), of the articulations, and of the tendinons sheaths (arthro-
pathies). These important facts have been discovered by M.
Charcot.?

The foregoing facts and considerations seem to me to show that
the origin of the anatomical elements of the spinal ganglia is sub-
jeet to a general law of centralization ; which it is the tendency of
physiological experiment, and of elinical observation, more and more
to establish. Thus, the great sympathetic was considered as a
kind of nervous centre independent of the spinal centre; but
observations and experiments have shown that lesions of the cord
and of the medulla prodnce, in local circulations, disorders analogous
to those which follow direct lesions of the sympathetic. These
facts prove the existence of nervous fibres of the great sympathetie,
in the points of the spinal centre from which the nerves producing
such disorders take their origin., In the same way it has been
shown that the spinal ganglia should not be considered as the
exclusive centres of the trophic nerves in general, nor even of
the cutaneous trophic nerves, which seem only to hold to them a
relation of particular dependence,

1.—Anatomical considerations—(a). According to Birensprung,
anatomy shows that the spinal ganglia are nervous centres, the
unipolar cells of which do not communicate with the spinal cord.
He rests upon the opinion of Kolliker, who wrote: “As far as I

® Paget, ‘Burgical Pathology,’ Vol. i, | pathologique, tom. i., 1868, pp. 308-313).—
* Medical Times,” 1864, Sur quelques arthropathies qui paraissent
¥ Charcot, Note sur la formation rapide | dépendre d'une ldsion du eervean on do o
el une escharre a la _ﬁ?&uu fle el ]mr{ﬁyﬂfl moalle ¢piniére (Idem., pp. 161-178, 379
dang Uhemiplegie récente de cause ceve- | 400, Pl 6).
hrale (Archives de physiologie normale el
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have been able to observe, there is not in the ganglia any velation of
eontinuily between the posterior roots and the ganglionic globules. It
Jollows that each ganglion should perhaps be considered as a source of
new fibres. In man and the mammalia, I have shown the existence
of unipolar cells; and I believe T may even affirm that these cells
are very numerous,” *

This opinion of Kélliker’s is in opposition to that of anatomists
in general, who believe that most of the cells possess two poles, of
which one is continuous with the spinal cord, the other with a
peripheral nerve-fibre. It cannot, moreover, be sustained, in
the presence of my own icomo-photographic researches. In the
longitudinal sections of the spinal ganglia that I have photo-
graphed, I have found cells apolar, unipolar, and bipolar, the
number of one or of the other predominating according to
the chances of the section. Fig, 43, which represents a longi-

Fig. 43.—Longitudinal section of o gpinal ganglion from the eervical region, photographed and
haliographed to 21 dinmeters,

‘_ A. Killiker, Elements d'h istologie humaine: “Structure des ganglions spinauy,” P
855, 1856,
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tudinal section of a spinal ganglion in the cervical region, and
whichi has been heliographed after a direct photograph of 21
diameters, is an example. We see, in this figure, that the cells
are collected in great numbers towards the walls of the gang-
lion (an anatomical arrangement that I have found in all the
sections of spinal ganglia, whether longitudinal or transverse, that
I have made). It will be remarked that, towards the free margin
aa of this longitudinal section, nearly all the cells are apolar (their
circular form is distinet), while on the opposite side, bb, in the
vicinity of the posterior root, the cells are bipolar and unipolar,
as shown by their pear-shaped or oval outline. Well, sometimes
the reverse is the case; which proves that the appearances depend
upon the chance of the section having been made through a
greater or less number of such or such cells. 1t is difficult to say,
even approximatively, what is the proportion of bipolar or uni-
polar cells, for sometimes the number of bipolar cells is the
greatest, sometimes the contrary ; and it is, moreover, conceivable
that cells which appear to be apolar in a given section, may be
bipolar in reality.

Kolliker says also:—* Even where a cell gives off two pro-
longations, it does not follow that one of them must be centripetal,
and the other centrifugal: on the contrary, both may be directed
towards the periphery ; at least this is what is seen in examining
very small ganglia. Stannius himself found, in bipolar cells, the
two prolongations uniting the one with the other.”? '

In not one of my longitudinal sections of spinal ganglia, have T
met with this peripheral direction of the poles of bipolar cells.
The poles always extend in opposite directions, one towards the.
cord, the other towards the surface, as shown in fig. 44, drawn
from a photograph taken from nature to 200 diameters, at the
point ¢ of fig. 43, which, as already described, represents a photo-
graph, to 21 diameters, of a spinal ganglion. Fig. 44 shows an
apolar cell, ¢, two small unipolar cells, b, I, and two large bipolar
cells, ¢, ¢. )

All my transverse sections of spinal ganglia have shown a certain
number of cells that were each in communication with another
cell, more or less near to them, by means of a lateral prolonga-
tion, the texture of which, at least, was in all respects like that of
the central or peripheral prolongations; the lateral prolongation,
arising from the middle portion of the cell, appeared to be a sort
of nucleated sheath, which was continuous with the nucleated.
reticular envelope of the cell. I think I am entitled to conclude,

p——

5 Kolliker, loe. eit., p. 337,
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from these anatomical facts, that the spinal ganglia, without LlL_ruht,
contain tripolar cells, of which two poles are continued respectively

)

[

¥ Fig. 44, —Cellz photographed and hellographed to 200 diameters, at the poiot ¢ of the spinal

p panglion photographed to 21 diameters in Fig. 436

ﬁ - - & -

in a central and a peripheral direction, like those of the cells ¢ and

in fig. 43, and the third, in a lateral direction.
If we suppose that, in endeavouring to isolate a tripolar cell, its
ntral pole had been broken in preparation, we should have the

appearance of a cell the two poles of which had a peripheral

-

" direction, as in the bipolar cells described by Kolliker.

~ In conclusion, it has been shown that the cells of the spinal
ganglia communicate anatomically, in part at léast, with the
spinal cord; and that we should not consider these ganglia as
-@he centres of the trophic nervous filaments. Are they, possibly,
organs of re-inforcement for the trophic nerves of the skin ?

- From these data many clinical facts receive their explanation,
Thus, inflammation of certain portions of the cord is not only
followed by atrophy, with granular or granulo-fatty degeneration
of muscles, and by atrophy of bone, but also by a slight lesion of
nutrition of the skin, which becomes more or less wrinkled, scaly,
and earthy, and, lastly, by decrease of temperature, with hyper-
plasia of the subeutaneous cellular tissue, in the locality of the
Wasted muscles. I have observed this assemblage of phenomena
hundreds of times in the spinal paralysis of infancy ; the anatomical
cause of which, as shown by several autopsies, is situated in the

::;.ifxg:i.. towiiiin

=

* a,apolar cell; b, b, two small unipolar | its granular eontents and nuelens, which
eells; ¢, &', two large bipolar cells, The | are hidden in the cell ¢ by its reticular
eell ¢, cut through the middle, displays | covering.

s
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S anterior cornua (I shall hereafter describo its anatomical characters),
H i To the above deseribed disorders of nutrition will be added a more
jll.k"r grave alteration in the skin, such as herpes or eschar, when the
At 1} inflammation attacks not only the cord, but also the spinal ganglia,gl
‘1 organs of re-inforcement of the trophic nerves of the skin, T have
ful seen this happen a certain number of times, consecutively to frac-
Hﬂi tures of the vertebral column, in which, at the place of injury, th@’
}';‘i’t.-ji' cord and the ganglia had been entirely destroyed, either by%—

H2TE the injury itself, or by consecutive inflammation. I do not donbt,
i "'f_zi"{ that the same lesions of nutrition will be found in cases of spon-

5Tk
:-ﬂ f’-’:j. taneous and simultaneous inflammation of the cord and the spina ._i
] ganglia, when it is no longer customary to neglect, as at present,
to examine the condition of these organs. Lastly, when the inflam
mation is limited to the spinal ganglia, it will produce alterations of
nutrition limited to the skin. This is what has been observed in
the cases of zona published by Barensprung and Charcot. 1
(b). It follows, from the facts and the considerations above sef
forth, that the cerebro-spinal centre contains the neryous filaments
which promote local ecirculation, and the nutrition of the tissue
What, then, should be the distinetive characters of these filaments ?
If this question be one day answered, it will be only by the con-
currence of clinical observation with pathological anatomy. Af
present I only attempt to call attention to it, in recording an
anatomical fact that my icono-photo-
graphic researches have bronght under
my observation,
In all the transverse sections that
I have made, at different heights,
through the cord, the medulla, and"
the anterior and posterior roots, I have
found a multitude of nervous tubes
about (0-™™-((33 in diameter, scattere
in groups among the motor or sensory
tubes, of a diameter ranging from
0mm-01 to 002 and 0-03. This anas
¥ig, 45— ransverso sectlon of the nerve. tomical fact has been brought to light
o s st and b, anil 400 diametors by the photographs of the transve

: of the anterfor column of the 3
::rgiw;llngnhl.rgun?ﬂﬁ of the cord, enlarged  Sectlons of the EE?’EI‘H.I pﬂ.l'tE. J )

i figures 45 and 46 have been drawn
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i from two such sections.” They show a great number of thest
i."h | L
g ﬁ': " T sent some of these photographs to | seattered through all points of
':f:::-*': the Academie des Sciences, in 1864, and | medulla, the eord, and the spinal

3'}"":,' enlled attention to the number of small and mixed with nerve tubes of O-==(k
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small nerve-tubes placed between much larger tubes, and
appearing in the transverse sections of : 1. the anterior column

Fig. 46,—Transverse sectlon of nerve-tubes at different heights in the medulla at e and f
and in a posterlor roct at g

at the cervical enlargement, at d, fig. 45, to 200 diameters; 2. the
antero-lateral column of the lower portion of the medulla, at e,
fig. 46, to 400 ; 3. at the level of the calamus seriptorius, at
f, to 400 ; 4. of a posterior spinal root, at g, to 400.

All the groups of minute nerve-tubes in the columns of the
spinal cord, and in the anterior and posterior roots, are far from
being conclusive examples; and I have selected those depicted at
d, e, f, and g, in support of my thesis.

I should also remark that the minute nerve-tubes present the
same diameter as those of the tubes represented at @, b, and ¢, in
fig. 45, which have been drawn from different transverse sections
of sympathetic ganglia, photographed, at a and & to 200, and at ¢
to 400 diameters.

Are they, in part, the origins of the great sympathetic, and do
they contain, besides, the dilatator nerves of the vessels and the
trophic nerves? The investigations I have made induce me to
admit the hypothesis; but I repeat that I have no higher pre-
tension than to raise the question.

ParT THE FoOURTH.

THE THERAPEUTIC VALUE OF GALVANIZATION BY INTERRUPTED
CURRENTS, AND BY CONTINUOUS CURRENTS. DIRECT OR IN-
DIRECT.

§ L.—Historical (early experiments.)

The experiments that have been made upon the important
question that forms the subject of this paragraph are so numerous,
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that they would furnish subject matter for more than one volume,
if it were necessary for me to describe them in detail. ...
wishing to exceed the limits that I have set myself, I am com 3 |
pelled to give only a brief summary of the principal facts ..-uf*
have been brought to light by these experiments. |

At the cumm&neement of my own researches, galvanic excits '
tion of nerve-trunks by continuous currents appeared to me '_;s.
be the method of electrization most applicable to paralysis in
general. 1 knew that Alexander von Humboldt, in 1795, had
opened the way to galvanic treatment, by an experiment made
upon himself that is too well known to be related here, as well as
by the general impulse which he had given to such researches,
My reading had also informed me that, immediately after the
disecovery of the pile by Volta, galvanic eurrents had been applied,
in Germany, to the treatment of some forms of paralysis and of
nervous affection until 1804 or 1805,* and that these therapeutic
experiments had been repeated in 1823 by Aldini, and afterwards
by Nobili and Matteuci.

1t seemed to me that the discoveries of Galvani,? Volta,! Ritter2
Alexander von Humboldt,* Jean Aldini,* Valli® Lehot,® and, since
1827, those of Marianini,” Nobili,® and Matteuci,? were alone suffi-
cient to furnish the elements of a rational electric treatment.
Their works taught that, in animals, it was possible to destroy or

# Thefollowingare the principalauthors | & Valli, Leftres sur I'électricite @ Des
who, from 1797 to 1823, have followed the | genettes et de Lametrie, 1792,
experiments of Humboldt, with regard to | * Lehot, Mémoire Iu a [ Inasfituf,
the therapeutic action of galvanic cur- | Frimaire, an, IX.
rﬂnta:—-Luder,JnumaI iir Chirurgie, tom. | 7 Marianini, Memoire sur la secou
iif.; Grappanﬁ ersuche den Gal- | queprouvent les animaur au nmment
VANTEMUS 2UT e:f,mg einiger Krankheilen | ils cessent de servir d'are, au moment o il
anzuwenden, Berlin, 1808, Augustin, Ver- | cessent de gervir de communication ents
such einer vollstindigen Systemgeschichie ; | les piles d'un électro moteur, et sur que u i
Struve, System der medizinischen Electri- | autres phenoménes physiologiques
citatheher mit Riicksicht auf den Gal- | par Udlectricite (Annales ,Ee Cfmuf. A
waniamus. Breslan and Leipzig, 1802, de Physique de Gay-Lussac et Arago

? Galvani, Sur Uirritabilite hallerienne, | Paxis, 1829, tom. x1.). Mémoire sur :' ;
Mémoires communiqués a 1'Institut de | phenomeéne elect ysiologique des aII'
Bologne, 9 Avril, 1772; Sur les mouve- | natives voltaiques, 'est-a-dire sur les p
ments musculaires des gmnaumw 22 Avril, mennsq:wprﬂ’mn!cn!!ﬂmuaduduamma
1773 ; Sur Uaction de Popivin sur les nerfs | récemment tues, si U'on soumet Eangfem::
deg gran-uut’ﬂe-S. 1774; Commeniaire De | muscles au murﬂni‘, electrique (An i

viribus electricitatis, 1791, Chimie et de Physique. Pm-w, 1834, -...'-:,_ !
! Volta, Collezione delle opere. Firenze, | 1vi.)
1816, 8 Nobili, Analisi imentali e -
1 V. Ritter, Preuves guun galuamamai degli effett e i electro- siologic ti-e.Hn rand
independant accompagne le processus vital | con tm dice inforno alla nafura del
dans le régne ammﬂgg Weimar, 1798. tatann, paralisi, ed al modo di curarg

3 A. von Humboldt, Versuche iiber die | queste t‘hla mﬂlﬂme eolla cleftricita. Fi=
gereiste Muskel und Nerven faser. Posen | renze, 1834, | 11
and Berlin, 1797, tom. i. 324, Beperi-| ° Mattenci, Traite des phenoménes eloe=
eﬂmmrhgu{uumsmc Paris, 1793. ﬁﬂtyﬂlﬂfﬂglqtlﬂ des animauz. Pars

4 Aldini, Fesai theorique et experi- IE-l
wmental sur le galvanigme. Paris, 1804




ACTION OF INTERRUPTED AND CONTINUOUS CURRENTS. 175

to diminish the excitability of a nerve, and at the same time to
alyse the limb under its control, by maintaining for a given
time the passage through the nerve of a continuous current of a
@ertmn mtenmty, that, b}r an intermittent direct or inverse eur-
mnt.,1 directed upon tha nerve thus modified in its excitability by
ﬂm continuous current, one could act upon the cﬂntluctllaty, or
n the sensibility; and that it was pmsxble to re-establish
ﬂhe Exmtﬂhﬂlt}r of the same nerves, by causing them to be tra-
i!ersed by currents in the contrary directions (alternative voltaic
E‘IJ.ITEIItSJ
F'rom the principal facts established by a series of experiments
upun animals, Matteuci thought himself able to draw electro-
ara.peutu. deduections, Of these, I will only cite the more
jmportant. In speaking of the application of the various galvanie
urrents to the treatment of paralysis, this skilful physicist says :—
We must admit that, in some cases of paralysis, the nerves of
ﬁe limbs are altered in a manner analogous to the alteration
ﬁhmh is produced by the continuous passage of an electric
nt. We have seen that, in order to restore to a nerve
gm?exmtablht} which has been lost by the passage of a current,
it is necessary to expose it to the action of a current travelling in
an opposite divection. In the same way, to remove a paralysis,
we should cause the passage of a current in an opposite direction
' to that which would have produced it. We hence suppose that
|f he paralysis that is to be subjected to electrical treatment is
%ither of sensation or of motion only. Thus, for paralysis of
motion, it is the inverse current that should be applied; and for
alysis of sensation, the direct current. In a case of complete
gmlysw, there would no longer be any reason for deciding upon
e application of either one or the other.?

iﬂ»ﬁ-i

II —Physiokogical action of continuous currents, dirvect or inverse,
aﬂﬂmd to the nerves of man, upon sensibility, or muscular con-
 tractility.
g
I.—My FIRST EXPERIMENTAL RESEARCHES,

- I proceed now to the experimental researches that I undertool,
in the hope of being able to determine the value of the foregoing
| therapeutical deductmna.

i = =

' A direct (centrifugal, or rleﬂremlmg) nearer to the extremities. For the in-
b enrrent is produced by placing the rheo-  verse (centripetal, or ascending) current,
fiores over the course of a nerve, at a | the position of the poles is reversed. E.nc-h
Btance of two or three centimetres u.l:ru.rt has !;w m the method employed by experi-
positive pole being nearer to the | menters.
Hervous centres, and the negative pole| 2 Matteuci, loe. eif,, p. 266.
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Before arriving at conclusions, from experiments upon animals,
with regard to the therapeutic action of continuous currents when
applied to human patients, it seemed to me more rational to
inquire whether the eleetro-physiological phenomena, observed in
vivisections, would be produced in a healthy man. But how
could a eurrent be directed upon a nerve, without first laying it
bare? Assuredly no one would venture to attempt such an opera-
tion in the human subject, for the purpose only of promoting
scientific research. And electro-puncture, in which the needle
traverses organs of different nature, and, as I have already shown,
produces complex phenomena, would not serve to display the
action of eontinuons eurrents upon nerve-trunks,

It is now perfectly demonstrated, after my researches, that,
without puncturing or incising the skin, we may limit the electrie
action at pleasure, either in the skin or in subcutaneous organs;
and that by certain methods of proceeding, the electric excitation
will reach a nerve, without acting upon the skin that it penetrates,
Certain, from this, that I eould limit the electrical action to the
chief nerve-trunks, I have studied, in a large number of sub-
jeets, the influence of continuous currents upon contractility and
upon sensibility. I have prinecipally selected for my experiments
the median nerve, the crural, and the internal and external pop-
liteal. Sometimes the rheophores have been placed on the course
of a nerve at a point where it is subcutaneous, and two or three
centimetres apart; and sometimes they have been separated as
widely as possible, by placing, for example, one upon the brachial
plexus, or upon the sacral plexus at the posterior wall of the
rectum, and the other on the course of the nerve. The rheaphoﬁ;

have been placed in such a manner as to be only in relation witl
the surface of the nerves. i
It has been shown, by numerous experiments upon animals, t]m.é 1
the continuous current manifests its speecial influence upon con- !
tractility or upon sensibility, according to the direction in which
it passes longitudinally within the nerve, when the excitability ha.ﬂ )
been previously diminished by the more or less prolonged action
of a continuous current. }
To discover the influence of a continuous current upon a healthy
man, it was therefore necessary that the excitability of his nerves
should be first modified by the continuous current. For this
purpose, I employed, in the first instance, a trough battery (of
Cruikshank and Wollaston) composed of sixty couples, and I
caused a continuous current to pass through the nerves for from
twenty to thirty minutes, by placing them in the circmit of this
battery, and by using the method of procedure indicated aboves



ACTION OF INTERRUPTEI» AND CONTINUOUS CURRENTS, 177

~ This attempt having produced no result, I thought that a more

~ powerful and more “constant current might diminish the excita-
bility of the human nerves; and I then llful recourse to a battery
composed of thirty of Bunsen’s pairs, a little weakened by previous
use. Afterwards I employed a Daniell's battery of from thirty to
fifty elements. In all these experiments, I took care to avoid the
occurrence of contraction on completion of the circuit, by proceed-
ing in the way formerly deseribed. (See note to page12.) After
twenty or thirty minutes of action of the continuous current from
these batteries, in whatever direction, I was unable to discover
that the senmbﬂltv of the nerves }md diminished. The contrac-
tions of the muscles supplied by the nerves were quite as ener-

- getic, under the influence of an intermittent current, aiter, as
‘before the experiment ; the sensibility was not meodified, and the
power of voluntary movement was not diminished.

Although I was unable to diminish artificially the excitability of
human nerve, I had at least occasion to observe certain instances
of paralysis, in which the nerves and even the muscles had in part
lost their excitability. In these cases again, the inverse con-
tinuous current acted no more upon the contractility, than did the
direct continuous current upon the sensibility. Neither of these
“eurrents abolished the excitability of nerves already affected, and
‘through which they were made to pass for a considerable time.

- To sum up, in & man in normal condition: 1. a continuous
‘current passed through a nerve, during from twenty to thirty
‘minutes, did not appear to me to diminish its excitability ; 2. when
I directed a continuous current, centrifugal or centripetal, upon a
‘nerve of normal excitability, or upon a nerve the excitability of
‘which was diminished by certain forms of paralysis, I observed
- always the customary phenomena, namely, contractions and sensa-
tions ; neither the one nor the other of the two (direet and inverse)
cwrrents ever’ acted, in an appreciable manner, upon either the
sensibility or the contractility separately.®
These results caused me real disappointment: since I had ex-
pected to obtain, in man, the phenomena deseribed by Marianini,
Mobili, Matteuci, and their predecessors; and concerning which
the experiments made upon animals seemed to me to be entirely
conclusive.,
It will be said, without doubt, that if I had directed upon human
nerves a more intense current, I should have been able to diminish

* I formulated almost the saume con- | periments, to diminish the frritability of
elusions in a memoir presented in 1848 to  nerves, by subjecting them to the influcnee
the Academic des Sciences, DBut at that | of o powerful continuous eurrent,
time 1 had not endeavoured, in my ex- |

N
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or destroy their excitability. But this objection might be made
again, even when I had unsuccessfully experimented with a more
powerful battery. And who would attempt such experiments
upon man? Who would willingly submit to very painful expen '
ments, capable of producing vesications, and even eschars, upon
the skm? il
It will also be objected, that I did not experiment under the
same conditions, and that I should have caused the eurrents to pass i l
through nerves previously laid bare. But it is demonstrated, I
repeat, that I act with as much certainty through the skin, as {
I could do upon nerves exposed and isolated. My method seems
to me to be even preferable to that employed by Matteuci and
his predecessors; because the mutilation of a nerve, and its con-
tact with the atmosphere, must inevitably exert a certain influence

II.—THE EXPERIMENTAL RESEARCHES OF REMAEK.

The facts and the electro-physiological considerations, that T
have stated above, were made the subject of a work that I pub-
lished in 1852. But, since then, Remak has experimented anew
upon the action of continuous constant currents upon the nerves
of healthy and of diseased men ;* and he claims to have discovered
electro-physiological facts, which to me do not appear to be
demonstrated, and which, if they were real, would possess neither
the weight nor the importance that he assigns to them.

We know that galvanic eleetricity possesses the property ot
producing a muscular contraction at the completion, and at the
interruption of the cirenit; the former being stronger than the
latter. It has been stated that, during the interval between these
two periods, the continuous eurrent produces no contractions, I
have myself only observed the occurrence of fibrillar, oscillatory
and irregular contraction in the musecles of a limb that wa
traversed by a continuous current, powerful, and as constant s
possible. T have also found that a galvanic current, directed upu i
the fifth nerve, produced an intense luminous sensation at the
completion of the circnit, and a similar but less intense sensation
at its interruption, and between these two periods, during the
passage of the continuous current, a luminous sensation that was
only appreciable in obscurity. (See Chap. I,p.13.) When I ]Jﬂ-‘i' :
applied the moist rheophores over the median nerve, one by the
inner border of the biceps, the other at the passage of the nerveé =
over the bend of the arm, I have observed—besides the acute '-’-' :,

'.

¢ Remak, (7alvanatherapie.
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progressive cutaneous pain at the seat of the rheophores, so acute
as to be almost unbearable, and besides the tingling and pricking
experienced in the whole course of the nerve, down to its final
ramifications in the fingers—similar oscillatory contractions in the
museles that it supplies.

Remak has gone further. He professes to have observed, in
‘experiments analogous to my own, and made upon the median
nerve of a healthy man, with a battery of thirty of Daniells
couples, the contractions continue, sometimes in the muscles
subject to the median, sometimes, and commonly, in the muscles
‘subject to the radial nerve, the antagonist of the median. Galva-
‘nization of the radial nerve, practised by placing the rheophores
‘on two distant points of its course, produced, on the contrary, con-
Ainued contraction of the muscles subject fo the median nerve, the
antagonist of the radial. These continued eontractions have been
fcalled galvano-tonic by Remak—thus named, he says, to dis-
‘tinguish them from the tonic, or tetanie, contractions produced by
‘induced eurrents, or by constant currents often interrupted. This
phenomenon, on which Remak has built a new physiological
- theory (but, as I shall hereafter show, an imaginary one), forms
the fundamental basis of that which he calls his method of
galvanization.
~ I am sorry to have to declare that I have never been able to
produce these singular phenomena in the galvanie experiments
‘that T have made publicly upon human nerves in the course of my
elinical teaching. What can be the reason? Is it that the acute
and increasing cutaneous pain, at the place of contact of the
rheophores, has produced involuntary movements of flexion and
g‘ie_:tensiun of the fingers, as if the subjects sought instinctively
to escape from the suffering, and that these movements have

perhaps concealed the galvano-tonic contractions, if they indeed
oecurred 7 Or were they not produced, in my experiments, because
I have always avoided the contraction due to completion of the
circuit, as I have already said, or because my rheophores were too
near each other? Remak, indeed, applies one rheophore on the
f_!and, and the other at the bend of the elbow; while, I, in general,
have held them only two or three centimetres apart.

~ Desiring to test these electro-physiological facts announced by
Remak, and to appreciate the worth of the explanation given by
him, T have again many times galvanized the median nerve in the
manner described by him. I have, moreover, not produced the so-
called galvano-toniec contractions, even after having allowed the
current. to pass through the nerve for more than a minute.
Although I included, according to his precept, the greatest

N 2
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possible length of nerve in the cireuit, and although I employed a
powerful and very painful current, I must still declare, that I have
seen nothing but the involuntary movements of flexion or exten-
sion of the fingers or the hand, and sometimes flexion of the fore-
arm upon the arm, such as were produced in my former experi-
ments, and which are due to the intolerable pain that is sometimes
caused by the local action of the rheophores upon the skin.
Remak knows so well that these instinetive movements oceur
during the experiment, that he has written, “It is, of a truth,
difficult for many persons to abstain from calling into play their
volition, and to leave the action exempt from the influence of
such innervation, engendered at the moment of entrance of the
current.”’ ®

I wished, like other persons present at my clinical lectures, and

who yielded themselves to the experiment, to nerve myself against

the pain, and to prevent involuntary movement ; but then we did
not witness, in the muscles subject to the antagonist of the excited
nerve, the so-called galvano-tonic contractions of Remak. On
one occasion only, in one of these experiments, we observed that
the contraction of the moment of completion was prolonged in the

museles supplied by the execited median nerve; but this phe-

nomenon 1s not =0 new to science as has been said.

“The production of galvano-tonic contractions,” says Remal,
““is commonly promoted by the same circumstances which facili-

tate the contraction on completing the cireunit,—that is, a sudden
and prompt application of the rheophores over the nerves.” I
have observed, indeed, that the movements of the hand and of the

d

fingers, which take place at the moment when the circuit is com-

pleted, sometimes continue, but only for a very short time. (This

phenomenon had previously been observed by Ritter.) Under such
eircumstances there is certainly a complication of phenomena;

that is, the contraction due to the completion of the cireuit, and

the contraction caused by the pain, or that which is produced,
according to Remalk, by the passage of the current.

In order to avoid the contraction at the completion of the
eircuit, I have caused the eurrent to pass through a thick stratum
of liquid, in such a manner that the completion produced no

contraction ; then I have progressively increased the tension of the

eurrent, until it attained its maximum; and, if I prevented the
instinctive movements occasioned by the pain, I never perceived
any contractions excepting those fibrillar or oscillatory ones already
mentioned, and which are probably occasioned by those inequalis

g

' Remak, Galvanotherapie, p. 56.
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ties of the current which are inevitably produced in even the most
constant of the batteries themselves.

It follows therefore from my own experiments (made for the most
part publicly), and from the foregoing considerations, that the
production by continuous currents of the so-called galvano-tonic
contractions has not at present been demonstrated.

Remalk attributed these pretended galvano-tonic contractions,
which occurred during the passage of a continuous current through
a nerve-trunk, in the muscles controlled by its antagonist, to a
reflex action of the cord; and he consequently thought that they
~ were produced by reflex excitation of a sensitive nerve.

I crave pardon from my readers for stating the theories and
hypotheses hazarded by Remak, in his wish to explain facts thus
complex and irregular. It is, however, upon such facts, and such
“theories, that this physiologist has fancied that he has built up a
‘new method of therapeutic galvanization! I shall have occasion to
return to the subject.

No one, indeed, will contest the novelty of his theories; but in
‘what consists the novelty of his manner of exciting the human
‘muscles by a continuous current? We have already seen in this
. part (pages 176 and 177) that in my investigations long ago (and
“many others had practised them before me) I had caused a con-

‘tinuous current, as constant as possible, derived from twenty or
‘twenty-five of Bunsen’s elements, or from a Daniell’s battery of
Arom thirty to fifty elements, to pass through the continuity of
- human nerve. It is true that most commonly I placed my rheo-
_phores over the course of the nerve-trunk somewhat nearer together
~than was done by Remak. But does this slight difference in the
- procedure constitute by itself a new galvano-therapeutic method ?
And then, who can believe that so slight a difference between the
procedure of Remak and my own could ocecasion such differences
“in our results ?

§ ILL. My latest veseavches on the therapeufic action of galvaniza-

- tion by interrupted or by continuous currents, in the treatment
of paralytic- or nervous affections, and as compared with localized
Sfaradization,

I. HISTORICAL AND CRITICATL.

A.—My first researches—Considering the negative results of the
electro-physiological experiments that I had made upon the action
of direct or inverse continuous currents traversing the nerves of
man (see § IT.), it may be imagined that I no longer attached any
weight to the eleetro-therapeutic deductions of Matteuci. In my
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first experiments on the therapeutic value of galvanization, T
wished to obtain proof of the correctness of this estimate, by
submitting cases of paralysis of movement to the influence of
the continnouns current, directed in the manner that he recom-
mends. 1
In spite of the rigorous observation of the prineiples of museular
galvanization that he laid down, I did not succeed in modifying
paralysis of movement more favourably than when I excited the
nerve-trunks in their continuity, without any heed to the direc-
tion of the currents. !
Tt was also shown by my researches that the direct eurrent is
entirely powerless against museular or eutaneous anmsthesia ; just
as, in the normal state, 1 had found that this current exercised ng
appreciable special influence upon the sensibility. |
The critical consideration that I have given to the influence of
the direction of the current upon the nerves of man, either in the
physiological, or in a pathological condition, were the more neces-
sary, since the doctrines of Matteuei and the physiologists in
general had been re-echoed, and had exerted a considerable
influence upon the practice of electrical treatment. Physicians,
and especially those among them who were given to scientifie
research, had too long attached great importance, in the galvaniza-
tion of man, to the direction of the course of the current in the
nerveas. !
B.—Remal’s method ; Hiffelshei’s method.—The therapeutie
employment of continuous currents had heen generally abandoned
when, in 1858, Remak endeavoured to rehabilitate it by creating
a method of galvanization of which the following are the funda-
mental principles :—1. To cause the passage through the nerves
or through the museles of currents that were commonly labile nd
sometimes sfalale,” during a period of time that did not usually
exceed fifteen minutes; 2. to produce, according to him, the
reflex contractions that he denominated galvano-tonic. |
Afterwards came the method of Hiffelsheim,” by continuous:
currents deseribed as permanent ; meaning by that, that he cansed:
the passage of a stabile current through organs for a long timé, |
(from one to several hours). ::
Until the fundamental principles of these methods of galvanizas=
. = i

¢ A eurrent is called stabile that is | about upon the gkin. without interruption &
furnished by a battery of equal tension, | of the cirenit. In the same way, the od n- -
and applied by rheophores each of which | tractions produced by the former method s
ia kept stationary upon the same point of | are also called stabile, and those produced S
skin. A labile current is one furnished | by the latter method are called labile.
by the same battery, but applied by rheo- | 7 Hiflelsheim, Des Applications medis=
[.I¥ID:I'E'3 one or both of which are moved | cales de la pile de Volta. Paris, 1861
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tion are better defined, and more clearly formulated, it will be
‘difficult to judee of their actual value.

(a). After Remal’s method, the galvanic currents are applied
with a kind of intermissions closely approximated. as I will proceed
to show. In his experiments at La Charité, in 1860, every one saw
‘that, when the current was made to pass through the muscular
nerves, by placing the negative pole over the point of entrance
of the muscular branch, and the positive pole over a point nearer
to the spinal cord, he dwelt but a very short time (fifteen to thirty
;-Eecunds}, over the muscle to be eleetrified, and soon drew one or
both of his rheophores over the surface, to fix them upon other

~points. In this way he produced what have been called labile
eontractions. DBut, as I have said above, these contractions are
- produced by a kind of intermissions, and only differ by their less
“intensity from those that are produced by actual intermissions.®
- Such also is the opinion of M. Rosenthal.” Nay more, these labile
contractions are produced by a veritable localized galvanization
by intermittent eurrents, which is shown elsewhere by phenomena
~analysed by Remak himself: “When the excitability is sufficient,”
he says, “or when it is artificially increased by the current, the
~ labile contractions are produced by changing the place of one or
“both rheophores, without breaking the circuit, or interrupting the
- contact of their moist coverings with the skin. The muscular
~ fibres that are touched by the vheophore eontract, while those that the
rheophore leaves become relaxed. If the moving rheophore follows,
. over the muscle, the course of a nerve, all the fibres supplied by
- this nerve are called into action, when the seusibility is strong;
- those which are without the circuit in a much less degree, so that
the local action on the muscular “fibres might appear to be
~ predominant.” !

Who is there ‘that will not recognise, in all these phenomena,
those which are proper to localized galvanization? Remak himself
has said as much in the lines that I have quoted, without under-
standing their significance.

It appears, then, that each of the séances, which we all witnessed
at La Charité, was composed of a great number of weak (labile)
galvanic intermissions, and of a certain number of continuous

* Remalk seems to me to have admitted | eurrent, by simple oscillations of its
this in the following passage: —* It is very rie::mt}r acoording to the law laid down
important,” he writes, “in relation to | by Dubois Reymond, that a musele re-
murupeutma to be acquainted with the | sponds by a contraction, not only to an
labile contractions, which I was the first | interruption, but also to an oscillation of
to observe in man. These contractions | the eurrent. (Leo, eit,, p. 120.)
are produced in the musenlar nerve orin | ° Loe. eit., p. 121,
the muscles, withiout interruption of the ! Hiffelsheim, loa, eit., p. 12,
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currents of short duration, applied in the intervals between the
labile contractions. This is what constitutes for Remak, or is
called by him, galvanization by a continuous current. And it is
in this manner that his pupils, or his adepis, have applied thi&i}-l
method. The results obtained by such proceedings may as well
be ascribed to the interrupted and localized galvanic currents as to
the continuous currents. With regard to the so-called galvano-
tonic contractions, I shall shortly show that they have never
existed except in Remak's imagination. _

(b). Other experimentalists had caused continuous currents to
pass through organs, or through paralysed limbs, in a permanent
manner. I had commenced some electro-therapeutic experiments
by this method of galvanization, with my friend Aran, but unfor-
tunately his premature death interrupted them.

The proceeding habitually employed for this purpose by Hiffels-
heim*® is sufficiently original to be here deseribed. Two moist
sponges are kept fixed upon two points of the skin, such as to
represent the extremities of an axis traversing the organs that it is
desired to influence. A small stem of platinum, at least the fifth
of a millimetre in diameter, is contained within each of the
sponges, and these stems are in communication with condueting
wires leading to a battery of sulphate of lead, composed of a large
number of elements of small surface, and of weak electrolytic
action. The wires are coiled in spirals, and are long enough to
allow the patient to change his place, or to walk a distance of
some metres, without deranging the passage of the permanent
continuous current. 1

The very prolonged application (for an hour or more), of a
continuous galvanic eurrent, exposes the skin in contact with the
negative rheophore to changes more or less deep, of which I have
seen several examples from the practice of Hiffelsheim himself?
It is therefore mnecessary to guard against the inconveniences

? Hiffelsheim, loe. eitf., p. 12. | been suffered to pass for twenty minutes

* Case XV.—M. X, to whom I was | or half an hour, or more, according to the
called in consultation with M. Baillarger, | advice given, the application was renewed
on account of hallucinations that had | each day, by the patient himself, for ten
tormented him for severul years, and to | or fifteen days, each day on a fresh por-
whom I had refused to apply continuous | tion of the forehead. Subsequently M.
currents for the purpose of removing = X. came to show me his forehead, adorned
them, was placed under Hiffelsheim, who | by two rows of indelible cicatrices. In-
promised him a cure. Hiftelsheim kept | stead of being cured, his hallucinations
the little sponges applied to each temple, | had inereased in frequency, and tempted
with s band that encircled the head. | him to suicide. He complained bitterly
These sponges communicated, as deseribed, | of the treatment to which he bad been
with a galvanic battery of numerons (sixty) | subjected. * Hiffelsheim supposed.” said
sulphate of lead elements of small surface. | M. X. to me, *“that by this mET.h-r.p_d '.t!'lle
The permanent continuous current having | current would pass through the brain.
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arising from the electrolytic action of the permanent continuous
eurrent, and these inconveniences may in part be avoided.
O.—The selection among these different methods—Under what
gircumstances should we have recourse to voltaic currents of more
or less rapid intermission (labile currents), or to permanent (pro-
tﬁnged) continuous eurrents? And in what dose, and for how long
a time, should the permanent continuous currents be applied ?
Apart from surgical, electrolytic, or galvano-caustic applications,
there is no rule on the subject that rests upon elose or sufficient
elinical research. It is certainly not thus with localized faradiza-
tion, for which the various and clearly formulated methods have
their precise indications, drawn from prolonged experiment or
elinical observation.
For myself, who commenced my electro-therapeutie researches
by the application of voltaic currents, and have never ceased to
‘mse them (a fact which certain persons do not know, or, rather,
have forgotten),—for myself, I say, who have always continued
' to study the relative therapeutic worth of voltaic and induced
'eurrents, I have not confounded, in my researches, more or less
.“ihtermittent voltaic currents, with voltaic currents eirculating
| through the organs in a permanent manner. I even went so far
‘when I applied the permanent (stabile) constant current, as to
avoid the excitation produced by the completion of the civenit, by
‘making the current pass through a column of water in a moderator
tube, and by gradually diminishing the thickness of the column
after the circuit was established. Neither have I neglected to
|experiment, in the way so much landed by Remak, comparatively
| with permanent constant currents. I will, shortly, give a summary
jof the opinion I think may be formed of their therapeutic value,
| from the researches that I have made since 1861 ; very insufficient
jones, I know, but of this I have made no concealment.

H. APPARATUS AND INSTRUMENTS REQUIRED FOR THIS EIND OF
RESEARCH. DMETHODS OF GALVANIZATION THAT I HAVE
FOLLOWED IN MY COMPARATIVE INVESTIGATIONS.

- Before stating what deductions T have drawn from my experi-
iments, with regard to the therapeutic worth of galvanization as
(compared with faradization, it is necessary to state what instru-
iments I have used in the application of galvanic currents,

I have stated in the first chapter, that, in my latest researches, 1
had chiefly used a Daniell's battery, and a battery of bisulphate of
‘mercury, and that, since 1861, I had used a battery of sulphate
of lead, of from thirty to a hundred elements, the small surface
hﬂtter}r of M. Alph. Mathieu, and, quite recently, the portable
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186 LOCALIZED ELECTRIZATION. E
chloride of silver battery of Gaiffe. Having already described
these batteries, their action and comparative worth, it is nof
necessary to return to them. It only remains to show the results
of an inquiry that I have made quite recently, by the help of
the voltameter, upon the comparative electrolytic action of |
sulphate of lead battery, Siemens’ battery (known as Remalk’s),
and the portable battery of Gaiffe. I have found that the electros
lytic action of the first is about one-third less strong than that of
the other two, (M. Gaiffe has endeavoured to give to his battery an
electrolytic action equal to that of Remalk’s).
It is also necessary to deseribe here some instruments that have
facilitated the use of the battery, and that are required for
comparative study of galvanization by continuous currents and
faradization ; they will form the subject of the next paragraph.

A.—Division of the high-tension battery into several sections in
the intervals of the applications.— Cowpling of these sections.— Dis-
tribution of the ewrrents of the different sections, either isolafed
or reunited.—Beversal of the poles.

Galvanization sometimes requires the use of a battery of high
tension, and of great electro-motor power; that is, composed of
numerous elements. But it is well known that in all galvanie
batteries, during a slightly prolonged interruption of the cirenit,
and especially when the battery is not often in use, certain interior
currents are produced, which inerease in intensity in direct propor-
tion to the number of elements, and the reactions of which produce
rapid exhaustion of the battery. 1 was soon taught this by
experience, after having for some months used a Daniell's battery
of fifty pairs, to which I sometimes added another battery of
twenty pairs, that was chiefly used for my induction instruments
and electric clocks.

In order to exclude or to diminish this cause of rapid exhaustion
of my battery, I had it divided into ten separate parts, in each of
which the tension is too feeble to produce, during the interruption
of the circuit, any reactions of importance ; and I then constructed
a small apparatus (manipulator), which being placed in communi
cation with each of the ten piles of ten elements, was able, 1. t0
unite them all into a single battery; 2. to distribute them at
pleasure in circuits composed of 10, 20, 30, 40, 50, 60, and so o
to 100 pairs, and consequently to graduate the electro-motor foree
of the battery ; 8. to replace them in their original state of isola=
tion when the battery was not required in action. With thes
manipulator I could also reverse the poles, during the galvanizas*
tion, without changing the place of the rheophores which com=



pleted the cirenit. These properties of the instrument justify
- me in calling it the divider, collector, and distributor of the
battery. Finally, it is placed in my room, near other batteries
- of very small surface, and near induction instruments, in such a
manner that they may all be applied successively and compara-
y tively, without loss of time. The following is the deseription :—

Fig. 47.

b F‘igi. lh—ﬂTlHerzr. collector, and distributor of the battery. Figs 48 and 49, handles of the divider,
B2en in pri et

1. A circular platform of wood, A A, ten centimetres in diameter, supports
‘all the parts which form the mechanism of the apparatus. At the circumfer-
- ence of this platform, pieces of copper are screwed into notehes cut to receive
. them. These pieces of copper are perforated in their longitudinal axes, and
- are furnished with the 'hingng screws 1,1,92,2, 3,3,4,4,5,§,6,6,7,7,
8, 8, by which to fix the conducting wires that communicate with the negative
“poles N N, and with the positive poles P P, of the several sections, a, b, &e., of
“the battery x. In this state each section of the battery is isolated.
- 2. The following is the mechanism by which the isolated sections (each one
- of which is an im:%apamlent battery of ten elements) ecan be coupled together,
80 as to form a gingle battery of high tension, or of more or less great electro-
‘otor power. The support A A is groved on its posterior surface, to receive

* Constructed, after my designs, by A. Matthicu,
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188 LOCALIZED ELECTRIZATION.,

a wooden disk that turns upon its axis; and to this disk are attached trans-
verse brass springs, indicated by the dotted lines o, ¥, ¢, &', ¢, /', ¢/, K'; tha
first transverse spring, o', forms a communication between the knob that
receives the positive pole 1, and the knob 2, which is connected with the
negative pole; and so on, throunghout the remaining springs. The disk is
moved by the knob E; and when this is pushed to F all the sections ara:
united. In other words, P, the terminal positive pole. of the first section,
communicates with the initial negative pole of the second section, by passin =
through 1', ', 2, and a''; and o with the remaining sections. The sections
should only be thus combined during the application of the eurrent. '
8. If, during the repose of the pile, the knob E is returned to its original
place, the sections are again separated, the transverse metallic springs no
longer connecting the terminal positive pole of each section with the initial
negative pole of the next. ‘
4, The apparatus serves, moreover, to distribute the enrrents of the batte
x, either in fractions or as a whole, and thus graduates the electro-motor
power. The distributors of the currents are the handles B, C, whieh conduct
them in the following manner to the knobs N, P, which receive the con-
ducting wires of the rheophores. The handle C carries a copper spring, shown
in fig. 49, which can be placed in contact with any one of the pieces of copper
of the surface A A, and which communicates by its axis D, also of copper,
and with the knob P by the line I'. The handle B carries a double metallie
spring, N', G'/, one blade of which communicates with the metallic circle, G,
and the other with any one of the pieces of copper which receive conductors
from each section of the battery. '
5. It often happens, in actual use of the battery, either for the therapeuntic
application of continuous currents, or to work induction instruments, that
only a portion of the whole is required. If the same portion were always
employed, the battery would be exhausted in an unequal manner. By a
simple change of the handles, we may easily and quickly bring into alternate
use the first, middle, or last third of the whole. If, for example, it were
wished to use only the last twelve elements, the handle B simulc]i] be placed
over the knob T p, and the handle C over the knob 8 p.
The apparatus lastly becomes, when required, a commutator or reverser of
the poles. For this purpose it is only necessary to change the sides of the
bandles, the rheophores resting undisturbed over the parts subjected to
the current. In all the movements of the handles, the contacts are so dis-
posed as to avoid intermissions of the current.

Graduation of galvanic currvents.—The power to increase or
diminish at pleasure, and rapidly, withount any interruption of the
circuit, by tens of elements at a time, the current from a large
battery, may be considered as a graduation of its electro-motor
force. This is obtained, as we have just seen, by the instrument
above described.

But it is often also required to diminish gradually, at pleasure,
the calorific and electrolytic action of the battery, the number
of elements remaining the same. For this purpose, I cause the
current to pass through a layer of liquid of greater or less thick
ness, contained in a glass tube that I have called a moderafor, and
that will be fully described hereafter. The liguid, which should
be distilled water when the tnbe is used for the graduation of
an inductive, and more especially of an induced current, should be
replaced by water saturated with sea-salt when it is used to
graduate voltaic currents, the tension of which is feeble, as coms
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pared with that of the induced, even when the battery is composed
of a large number of elements.

By the aid of the voltameter, I have found that the electrolytic
action of the battery diminishes in proportion to the height of
the column of liquid that it has to traverse; and I have also observed
that the sensation of burning is proportionately diminished, at the
points of contact of the l].'lBDP]JDlES with the skin.

The resistance opposed to the current by the liquid in the
moderator diminishes also the electro-motor power, but much
less than the electrolytic action. I have hence applied this
method of graduation of the pile to its electricity of quantity.

Intermittences, in localized museular galvanization by interrupted
eurrents—Intermittences of localized muscular galvanization by

‘interrupted currents may be obtained by raising, at longer or

shorter intewals, one or both of the moist rheophores from the
skin. This is the proceeding generally employed; but I pre-
ferred to use the rheotomes which are ordinarily applied in
muscular faradization, and to which I shall return when describing

‘my induction instruments.

Wishing to study the comparative values of localized faradiza-
tion and l:ri localized galvanization by interrupted currents, I was

“bound to place myself, as far as possible, under identical condi-

tions with regard to both ; that is to say, as far as the intermit-
tences were concerned, tn produce them in localized muscular
galvanization without shlftmg the rheophores, and by means of

‘similar instruments.

(a). Pedal rheotome.~I habitually complete and break the cir-
cuit of the battery current with a pedal rheotome, which leaves
my hands at liberty to manage the rheophores. I bave elsewhere
advised those, who, like myself, are in daily use of a battery—
either to work induction coils or for the physiological or thera-
‘peutical application of interrupted or continuous currents—to
employ a pedal rheotome, in order to prevent the circuit from
‘being left complete for a long time, as for an entire night, by any
forgetfulness or accident. Such aceidents, which were formerly
of frequent occurrence with me, have not happened since I have
been obliged to place my foot on the rheotome in order to com-
‘plete the circuit.

(b). Wheel rheotomes—I have also used rheotomes, which have
allowed me to practise localized galvanization with intermissions
nﬁﬂrlj,r equal in speed to those ul the trembler of an induction
instrument. These theotomes are furnished with several wheels,
with teeth nearer or more distant, against which a spring im-
pinges in such a manner as to obtain from two or four intermis-
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N ié':? sions up to an extreme rapidity. At the time of my firsg
i '-'. researches, I had many rheotomes construeted which fulfilled these |

conditions, and which were moved either by the hand or by
clockwork., These rheotomes are still in use for certain electro-
physiological or therapeutical applications. T use also habitually
the wheel rheotome, called the distributor of the entrance op
of the issue of the current, which is represented in fig. 40, and
deseribed on page 123,

B.—Distinetion to be established between these different methods of
galvanization.—Having collected together, in my room and under
my hand, the various instruments which are requnired for all
methods or kinds of electrization, nothing has been more easy
than this kind of comparative research. It has been chiefly
carried out upon the patients of my elinique, patients suffering
from all kinds of paralysis, atrophie, traumatie, saturnine, rheu-
matie, spinal, infantile; from various spasms and contractions,
from chorea, and locomotor ataxy.

It is necessary to say, first, that a good number of these diso
ders will be improved or cured by electric excitations, of what-
ever kind they may be; by galvanic currents more or less
intermittent, or continuous and permanent, or even by statie
electricity, as much as by induced currents. This fact will serve
to explain the admiration that every specialist has constantly
professed for the kind or mode of electrization that he has exclu-
sively used, without knowing, or without having employed, com-
paratively, the others.

I have, however, seen forms of paralysis, neuralgia, neurosis,
&e., requiring a favourable prognosis on account of the ease with
which they are habitually cured by induced currents, resist the
action of intermittent or continuous voltaic currents.

I will not confine myself to generalities; but will say, in a few
words, what are the various modes of galvanization that I have
used in my electro-therapeutic researches, and what deductions 1
have been able to form concerning them.

The distinctions that I have established between the different
modes seem to me to afford the basis of a good method of gal-
vanization. I divide muscular galvanization into—1. localize
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EJ.—.-. galvanization, which is performed by moving moist rheophores
i connected with the battery over all the points of the surface
! ii. E‘I corresponding to the bulk of muscles, but at a distance from their
'-;;i"; nerves or from nerve trunks, and of which the varieties and the
il'[ mode of physiological action have been already explained, "1'
;;'ﬂf for interrupted and for continuous currents; and, 2. galvanization

by reflex action.
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We shall see the importance of this fundamental division, if we
recall the electro-physiological principles which distinguish direct
localized muscular electrization from museular electrization by
reflex action, and which have been already laid down. In the
former mode, indeed, all the anatomical elements of the organ
acted upon are excited peripherally, as also its local innervation,
or, in other words, its local circulation and its nutrition. In the
latter, points of the nervous centres are chiefly and irregularly
excited by the electrization of certain zones that stand in reflex
relation to them. Every one will understand that these prin-
'ﬁiples are perfectly applicable to localized muscular galvaniza-
tion, and to muscular galvanization by reflex action,

E]-:E[I.—RESULTE OF MY INVESTIGATIONS INTO THE THERAPEUTIC
. APPLICATION OF DIRECT LOCALIZED MUSCULAR GALVANIZATION
. BY INTERMITTENT CURRENTS.

A.—Localized muscular galvanization is practised in exactly
 the same manner as localized muscular faradization. The same
fgrecepts that are set forth in Chapter II., and the same rheo-
‘phores, are applicable to it.

I must, nevertheless, recall the fact that, unlike localized faradsi-
zation, infermittent galvanization cannot produce contraction of
‘musele without at the same time exerting a calorific and electro-
"'Iytiu action upon the skin, and that the more energetically, the
longer the rheophores remain in contact with the same point of
?[’.he cutaneons surface. For this reason, I have been careful to
change the place of the rheophores after each intermittence, by
moving them over points cerresponding to the masses of muscle
to be galvanized. By thus proceeding, the cutaneous excitation
is muuh diminshed.

B.—1It is fitting to mention here the differential effects of the
intermittences uf induction ecurrents, which appear to render
difficult their study as compared with galvanization by interrupted
ceurrents ; and I will explain how I have overcome this difficulty.
We L.m:-w that each intermission of the galvanic eurrent produces
4 museular contraction, at the completion and at the interruption
of the circuit, but less strongly at the latter than at the former,
Without changing the direction of the current; and, on the other
hand, it will l}e 1'en1r1mh31e{1 that the contrary occurs, for indue-
fion currents, at the completion and interruption of the circuit;
the corrent going in an opposite direction, and producing an
essentially different electro- ]]]'l}”il(ﬂﬂgltﬂ.l action, as far as the
influence of the direction of currents is concerned. It seemed
therefore diffienlt, if not impossible, to compare the interrupted
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galvanic currents, the course of which is always centrifugal or
cenfripetal, with currents of induction which, with the usual
rheotomes or with tremblers, would always be alternating. -

It was for the purpose of obtaining only the entrance or the .
exit of the induced current, so as to canse the passage, at will, of
a centrifugal or centripetal current through organs, that I con-
structed the distributor rheotome which has already Leen de-
seribed (fig. 40, p. 123).

Faradization by centrifugal or centripetal currents, which I have
been able to practise by means of this theotome, has permitted me
to observe, in frogs and rabbits, phenomena analogous to those
which have been produced experimentally, under the influence of
the direction of galvanic currents; but I must say that, in the
treatment of paralysis, it has not exhibited any appreciable dif
ference, as regards its action upon motility, sensibility, or nutrition,
from faradization practised with ordinary rheotomes. I conclude,
therefore, that muscular faradization, either with or without alter-
nating currents, is perfectly comparable to muscular galvanization
with intermissions.

(C.—I have already stated (Chap. 1.) that, between the completion:
and the interruption of a galvanic cireuit, the current, which is
then continuous, produces fibrillar oscillatory contractions. This
is another character which distinguishes the intermissions of
the galvanic current from those of the induced current. The o
fore, when I have had to make a comparison between the thera-
peutic action of these and those, 1 have always taken the
precaution to diminish considerably, during the intermissions of
the galvanic current, the duration of the intermediate action
between its commencement and its cessation, even to the degree
of almost entirely abolishing this period. For this purpose I have
employed a rheophore, the teeth of which afforded only a small
sarface of contact, such that each intermission was necessarily
very short, how slowly soever the toothed wheel might be turned.

The whole of the precautions indicated having been taken, 16
was possible for me to institute a comparison between the thera=
peutic action of intermittent localized galvanization and tha
localized muscular faradization, in the treatment of paralysis,

D.—The result was, under all the foregoing conditions, ane
when the electro-motor power of the battery was sufficiently great
that localized muscular galvanization afforded nearly the samé
therapeutic results as faradization. |

However, the benefits being equal, I have still preferred localized =
muscular faradization, which, exerting the same therapeutic ins.
fluence over local circulation and nutrition, has none of the incon= =



ACTION OF INTERRUPTED AND CONTINUOUS CURRENTS. 193

‘veniences of galvanism (electrolytic action, action upon the skin,
and too acute excitation of the retina), and offers the advantage of
acting sharply, according to the indications that are to be fulfilled,
upon the muscular sensibility with the extra current, and upon
the cutaneous sensibility with the induced current, by virtue of
the properties special to each. If, besides these reasons, it is
considered that induetion instruments are of small bulk, easy of
transport and of application, and inexpensive, it will be understood
why I have advised the use of muscular faradization in preference
to intermittent localized muscular galvanization, whieh requires
large batteries, only applicable, in general, in the rooms of
‘gpecialists.

IV.—RESULTS OF MY INVESTIGATIONS INTO THE THERAPEUTIC
APPLICATION OF REFLEX GALVANIZATION BY CONTINUOUS CUR-
RENTS, MINGLED WITH FEEBLE INTERMITTENCES (labile currents),
AS COMPARED WITH LOCALIZED FARADIZATION.

I will pass in review, as rapidly as possible, some of the prin-

eipal maladies, or muscular affections, in which I have studied
‘experimentally the therapeutic action of continuous currents by
Remak’s method, as compared with localized faradization; re-
serving more complete details for the second part of the volume.
- A.—Abrophic paralysis consecutive to trawmatic lesions of nerves.
—More than twenty years of electro-therapeutic research, con-
ducted publicly upon a large scale, in the Paris hospitals and in
my own clinique, tested and confirmed by a great number of
observers in Europe and in America, have established, in an
incontestable manner, the therapentic value of localized electriza-
‘tion by faradization, or by galvanization with interrupted currents,
‘and especially by the former, in the treatment of atrophic paralysis.
The facts and considerations already brought forward eannot have
left any doubt, upon this point, on the minds of my readers.

However, in presence of the claims of the promoters of Remalk’s
method of galvanization, and especially after the assertions of
young philosophers who, I regret to have to say, interpreting in &
strange manner the results of their experiments on rats and rabbits,
have come before the Académie des Seiences, and other learned
bodies, to announce that induction currents paralyse innervation
(a statement which would lead us to suppose that the therapeutic
results had not happened), I wished to discover, in my clinique,
whether experiment would explain such an aberration, if not fully,
at least to some extent. For this purpose I have applied con-
tinuous currents, mixed with intermissions, exactly after the .
method of Remalk, to the treatment of atrophic paralysis, con-

0
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secutive to traumatic lesions of nerves, in the cases that have come
before me. :

The results of these experimental researches have been far from
fulfilling the pretensions of Remak and of his school. For :-',.
provement, in cases of any severity, I have had long to wait; and.
I have generally been unable to effect a complete cure exeept by
localized electrization,—that is, by exciting peripherally all parts
of the paralysed muscles (fibres, nerves, and vessels), by moving
over all points of the surface the rheophores of my induction
instrument, .

It might be supposed, nevertheless, that the combination of the
two methods of electrization might sometimes produce a more
rapid cure, when the atrophic paralysis is symptomatic of a spinal
lesion ; because, by Remak’s method, the reflex action stimulates
the spinal centre, at the same time that the motor and sensitive
nervous ramifications, and those that govern the local circulations,
are peripherally excited by localized electrization.

For several months I have tried the two methods in combination,
particularly in the spinal paralysis of infancy; but I am not yet
able to pronounce upon their actual value. I am not aceustomed
to form conclusions in so short a time, in my experimental re-
searches upon therapeutical questions.

B.— Lead-palsy.—1It is especially with regard to lead-palsy that
the exclusive partizans of the continuous currents, have been most
unfortunate in their inconsiderate attacks upon the value of
localized faradization. 1 have certainly treated by this method
several hundred ecases of all degrees, and more or less general in
extent; and I have known few which have not been quickly
cured.

With regard to the electric treatment of this form of paralysis,
Remak has had the unskilfulness to write: “The kindness of
many of my friends has afforded me opportunities of treating &
certain number of patients, and has fully convinced me of the
insufficieney of the induced current in many morbid states, espe
cially in rheumatic and saturnine paralysis, which, according to
M. Duchenne, ought to be cured by it.”®

To this attack I have already responded in the following manners
—The facts which have been stated, and which, since their pub=
lication, now of old date (the first edition of ¢ Localized Electriza=
tion,” in 1855), have been supported by others too numerous t0
be reckoned, and by a vast electro-therapeutic experimentation
repeated by numerous observers; all these facts, incontestable and

e e ————

* Remalk, loe. eit.
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publicly collected, enable us to appreciate correctly the strange
and contradictory assertion of Remal.

“Tt is true that this experimentalist proposes to laud the thera-
peutic superiority of the continuous current, which, he says, cures
lead-palsy in a marvellous manner. At the time when I write
these lines, I have already tried this method of galvanization upon
- some patients with this form of disease. Out of four patients, two
became tired of a painful treatment, which, after three weeks, had
produced no amendment. A third begged me to employ the
localized faradization, which he had seen applied with success to
‘many of his comrades. The fourth, who has not at present been
more fortunate than the other three, is willing to surrender himself
to the continuous current for another fifteen days. .

¢ Certainly such a result does not enable me to sing the praises
of the continous eurrent in the treatment of lead-palsy. Let us
hope, nevertheless, that new and more extended experiment may
rehabilitate the worth, so much vaunted by the German electrician,
of the continuous current as applied to the treatment of this
disorder.” ¢

The strange assertion of Remak has been repeated by his adepts ;
. and to refute it I have brought together a fresh series of cases,
chosen from amongst those of my eclinique, in which saturnine
paralysis of various forms and severity has been cured by
localized faradization. T should add that, after having con-
tinued to test, in my room, the therapeutic value of galvanization
- by Remak’s method, as applied to the treatment of this form of
paralysis, I have again found it inferior to localized faradization.

C.— Electro-museular contractility—The muscles which, in certain
forms of paralysis, no longer contract under the influence of
localized faradization, may sometimes still be thrown into con-
traction by the intermissions of a voltaic current, when these
musecles or their nerves have been traversed, for one or two
minutes, by a continuous currént,

This phenomenon, which, for the first time, was deseribed by
Remal ™ in pathological conditions, had been previously experi-
mentally discovered in animals, by R. Heidenhain,® who ‘observed
that on submitting a musele to the shocks of induction, or on
?tiring it by stretehing, or on plunging it into hot water (28° to 30°
Cent.), it lost its excitability ; and that this property (the faculty of
tontracting under the influence of eleetric excitation) was restored
to it by the continuous current of a Daniell’s battery of 25 or 30

f_Dlthnnn, Electrisation localisee, 2° % Heidenhain, Physiologische Studien,
edition, p. 328, : Berlin, 1856, pp. 55-127.
' Remak, loe. el
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elements, in a manner more evident in employing the ascending
than the descending current.

I have tried, a very large number of times, to produce thig
electro-muscular phenomenon, in traumatic paralysis of nerves, in
saturnine paralysis, and in the spinal paralysis of infancy, but T
have only seldom succeeded.

I should here point out the following source of error. When
the contractility is considerably weakened, a time comes when the
muscle no longer contracts under the influence of the rapid inter-
missions of induction currents, while it still responds, in a very
appreciable manner, to the more distant intermissions (from one
to two seconds) of the same induction current, But, a great
number of induction instruments giving none but rapid inter-
missions, it has happened that on applying them to the investiga-
tion of electro-muscular contractility this has been supposed to be .
abolished, while it would still have been called forth by the slow
intermittences of an induction current, and even of a galvanic
current. It has been by proceeding in this way, there can be no
doubt, that experimentalists have been deceived by appearances,
and have been brought to believe in the frequency of the electro-
pathological phenomenon now under consideration.

However this may be, 1 repeat that I have sometimes fuun&
cases of paralysis in which the museles no longer respnnded to the
distant intermissionssof an induced current, but in which they
contracted more or less under the influence of the distant inter-
missions of a strong voltaic current, after having been tmversed,%
during from sixty to eighty seconds, by a constant cﬂntmunnﬁ
current.

From this special action of voltaic currents upon musmllalz;
irritability, their exclusive partisans have argued to their greater
therapeutic power in the treatment of paralysis. My own expe-
rience shows that these preteusions are unfounded. I have even
seen a case of lead-palsy (for it is chiefly upon this form of disease
that I have made such experiments) in which the paralysed
muscles only contracted to the intermittences of a voltaic currenty
but in which they gained only a little under the influence of &
sufficiently prﬂ]unged treatment by continuous labile and stabile
currents, and were then completely cured by localized faradization
alone. Nay, more, in the great majority of cases the lead-palsies
in which the muscles no longer contract either to faradization or
to intermittent voltaic currents, are none the less cured by the
former method of electrization.

It is of little consequence, indeed, that one kind of electricity
acts more ecnergetically than another upon the excitability or

.l
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irritability of muscle, when it is known, as I have demonstrated,
that in paralysis the voluntary movements may be re-established
by localized faradization, although the paralysis of electro-muscular
~ contractility remain. It is this strange phenomenon that is
expressed in the title of a memoir that I addressed to the Instituf
in 1846,—“The integrity of the electro-muscular contractility
is not essential to the performance of voluntary movements.”
D.—Paralytic contractions.—It is especially in the treatment, by
the continuous current, of the secondary contractions observed in
cases of hemiplegia consecutive to cerebral hamorrhage, that
Remak has made application of his theoretical ideas about the
electro-physiological phenomenon which he has called galvano-
‘tonic reflex contraction; theoretical ideas which rest upon the
~experiments already deseribed and criticised.
- (@). He has thought to discover a more complete demonstration
in the influence of continuous constant currents, during their
“passage through certain nerve-trunks, upon paralytic contractions.
The following is a summary of an example that he cites as a
‘typical case, showing the reality of this special action of the
“continuous current.

~ Casg XTIT. A woman, aged 35 years, was attacked by hemiplegic contrac-
tion of the right side consecutive to a cerebral hmmorrhage of eighteen
‘months’ standing (she was aphasic). Remak passed the continuous current
‘of from 20 to 30 of Daniell’s elements throngh the right crural nerve, and he
gaw, after 30 or 40 seconds, the segments of the upper limb and the fingers
of the hand of that side which had been strongly flexed, extend themselves
‘completely, while analogous effects were produced in the lower limb, by
treating the median nerve in the same manner.

I have many times repeated this experiment of Remak’s, under
‘analogous conditions, upon the patients of my clinique, and I have
very rarely witnessed the production of these so-called galvano-
tonic reflex contractions, which, according to him, should be the
~essential sign of the therapeutic action of the continuous current.
%;he following are the experiments that I made publicly at the
time,

Case XTV.—During several weeks I subjected to these e:qlmrimmlts, or
rather to treatment by the continuous current after the method extolled by
diemak, six patients of my elinique, who were suffering from secondary para-
hﬂ. contractions, consecutive to cerebral hsmorrhage; four of them had
Hemiplegia of the right side, and were aphasic; the other two had hemiplegia
Of the left side, and their intelligence was nnaffected. The paralytic contrac-
were of from one to two years’ duration. In all, I caused the passage, in

e median and crural nerves of the paralyzed side, of a descending (centri-
fugal) current, in a permanent manner in each nerve during one or two
minutes; each séunce for each of them lasting from five to ten minutes, with
a current of from fifty to a hundred elements of my sulphate of lead battery,
and of a tension accommodated to the degree of individual tolerance (for it
must not be forgotten that this kind of galvanization is painful). Jfu vne of
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the patients I several times produced veflexw confractions in the paralysed lower
limbs, while causing the passage of a strong continuous current, now through the
median now through the crural nerve, The leq was extended upon the thigh, the

Jore-arm upon the arm, and at the same time the hand wis apened,  The patient

(a woman 30 years of age) pointed out to me that the same thing happened

nearly always when she yawned or experienced any emotion, especially npon

awaking in the morning. In none of the other patients counld I produce
reflex contractions, whatever might be the intensity of the eontinuous eur-
rent or of its passage through the nerve. I remarked nothing but contrac-
tion of the muscles governed by the nerve excited. The patients, however,
told me that their flexed and contracted limbs often became extended, and
that their hands would open when they yawned or sneezed, or under the
influence of any movement made with effort.

Let us admit that the reflex contractions described by Remak

commonly oceur under the influence of continuous currents

traversing the nerve-trunks, and let us inquire their significance
and their value.

Remalk sees in these phenomena the proof of the eleetro-physio-
logical fact that he believes himself to have discovered,—the
galvano-tonic contraction produced by the continuous constant
current, and which he has made one of the fundamental bases
of his method of galvanization. Thus, in his experiments (see
Case XIIL) the excitation of sensitive fibres, produced by the
continuous current in the crural or seiatic nerve, should have
reached the spinal origin of these sensitive fibres in the lumbar
regions ; and then, passing along the whole length of the spinal
cord to the origin of the brachial plexus of the same side, the
current has exerted an elective aetion upon the motor fibres,

which produce extension of the different segments of the upper-'-

limb, and principally upon the radial nerve.
For the clinical practitioner this experiment will not have the

signification that has been given to it by Remak. Who, indeed, does

not know that in the secondary contractions that supervene upon
hemiplegia symptomatic of cerebral hemorrhage, the side of the
spinal cord, which supplies nerves to the paralyzed musecles, acquires
an extreme excitability, and that the slightest impression from an
external or peripheral cause may produce spasmodic contractions
precisely like those which Remak considers as reflex contractions,
specially produced by the influence of continuous currents upon
certain sensitive nervous zones? Who has not seen in the hemi-
plegic paralytic contractions, the fingers, the hand, and the fore-
arm, which remain in continuous flexion, sometimes extend them-
selves completely during yawning, sneezing, or under the influence
of any impression or emotion whatever (see Case XIV.).
Sometimes the same phenomenon is produced during a voluntary

movement of the lower limb; thus, I have then seen in hemi-

plegics, with contracted upper limbs, sometimes the hand open

-
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~and the arm extend itself, or sometimes, on the contrary, the
- spasm show itself in the flexors. I have sometimes even seen
localized faradization, in these conditions, whether it was eutaneous
“or muscular, produce analogous spasms if it were practised pain-
~fully.
IE fine, it follows from the facts set forth above: 1. that, in the
‘morbid conditions under discussion, the power to produce reflex
~ spasm in the antagonists of the contracted muscles, and often
_even in the latter themselves, is a property common to most excitants,
: :(an acute and sudden excitation of the skin, an emotion, a yawn,
‘a sneeze, and lastly the excitation produced by the passage of a
~ continuous current through a nerve-trunk, especially if the
~ operation is painful); 2. consequently, that to call these reflex
vano-tonic contractions has no foundation in reason.
- (b). Is there, then, any occasion to seek a way so circuitous, so
- imaginary, in order to explain the therapeutic action of reflex and
- continuous galvanization of nerve-trunks, in the treatment of
‘contractions? The paralyzing or hyposthenizing action of de-
scending continnous currents upon nerve-trunks, discovered by
Hekhart,” would afford a better reason for their effect against
contractions. It was this paralyzing property of the continuous
- descending currents which originally suggested to Remak the first
idea of their application in pathological conditions. The idea was
‘rational and happy, but it has been wholly spoilt by his imagina-
- tion.
With  regard to the therapeutic influence of the continuous
currents against the paralytic state which accompanies the con-
- tractions, it may be explained by the reflex excitation of the
. nervous centres that is produced by this kind of galvanization,
. (¢). The therapeatic theory of this method of galvanization
- would here be of little consequence, if it really cured the paralytic
- contractions consecutive to cergbral heemorrhage. Is it true, is it
 possible, that it does cure them ? Into this it has been necessary
- for me to examine, and I have made it the subject of experimental
research.
~ Lvery one knows, or in the present day should know, after the
| admirable researches of MM. Charcot and Bouchard,' that these
- contractions are symptomatic of the inflammatory state of the
‘secondary seclerosis of certain nervous bundles which, when
ffthe optic thalami or corpora striata arve the seats of ha@morrhage,

- e —

g Tekhart, Beitriige zur Anatomie und | cord (drehives generales de Medeeine,
-.'ﬂ’hpnim’ugfe. Giessen, 1855. 186G ef 1867), was the first to consider
' I should say here that M. C. H. | the permanent contractions consecutive
‘Bouchard, in his excellent memoir upon | to cerebral hwmorrhage as symptomatic
Ahe secondary degenerations of the spinal | of secondary selerosis of the eord,
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is propagated to the lateral columns of the opposite side, and
which begins from the tenth to the fifteenth day. Surely no one
would pretend to eure such an anatomical lesion, especially when
it had existed six months or a year. If Remak had lived, he
would probably regret to-day the therapeutic announcement that
he formulated in a manner so absolute, and of which he made =sa
much,

I shall, therefore, surprise no one by saying that, in the appli-
cations I have made of continuous currents, to the treatment of
the paralytic contractions of ecerebral hemiplegia, I have in general
obtained no appreciable resnlt. I should add that, in certain
conditions that will be specified when I speak of cerebral paralysis,

this method of galvanization is not free from danger, and that

hence it is necessary to be very eircumspect in its employment.

I make one reservation to my statement that, in general, I have
obtained nothing by Remak’s method,—viz.,, in some cases [
have observed, after the application of his mode of galvanization,

1

a diminutfion of the contractions and an improvement in the moti-

lity ; but to this I must add, that I have sometimes obtained the
same by faradization of the antagonists of the contracted muscles.
How are such results to be explained ? I also might advance my
theory ; but I declare, beforehand, that I attach little importance
to it.

Whatever it may be, the general conclusion to be drawn, as
regards therapeutics, is that the two methods may or ought to be.
employed concurrently or alternatelyin the treatment of paralytie
contractions arising from a cerebral cause. Such, at present at
least, is what I practise habitually.

1 have tried, during several months, the hyposthenizing action
of continuous currents upon the nerve-trunks, in cases of cerebro-

f

]

spinal or chronic-spinal meningitis. T am not at present in a
position to express an opinion upon the therapeutic value, having

received but two cases. In these, however, I bhave not obtained
any appreciable modification.

i

B.—Functional spasms (Serivener's palsy, de.)—Neuralgic confrac-

tions called rheumatic.-—Reflex ascending contractions from arti-
cular injuries.— Chorea.
(«). FPunctional spasms—When I come to treat of funetional

spasm, in the second Part, I shall have to say that localized fara=
dization has appeared to me to be most frequently powerless against

this nervous affection. It will, therefore, be understood that I

have not neglected the application of those continuous currents
which Remalk, and some of his adepts, say that they have applied
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successfully against writer's spasm. I have frequently had occasion
to see this local affection among my patients; and it is not a
single case only that I have treated by the method so much
extolled by him. I regret having to say that I have yet to
wait for a cure. I have not seen even one success obtained by
those who have praised the treatment: on the contrary, the
majority of the cases that during several years have presented
themselves for consultation have been treated without benefit by
the continuous currents, and the number is now large. 1 will
mention, as an example, a very remarkable case that was sent to
me by Professor Germain Sée, in 1869, upon which M. Onimus
‘had applied continuous currents for about a month without any
appreciable result. (The patient still presented the marks of the
electrolytic action of the rheophores.) It is useless to add that
the faradization tried by myself failed like the continuous current.
I nevertheless adyise its application in the treatment of writer’s
‘eramp, and shall myself continue its employment in this affection,
since conscientious observers declare that they have obtained from
it good results.

(b).—Indolent tic—I have applied the continuous current to three
«cases of indolent tic of the face, one of which was recent (of about
‘a month’s standing), and limited to certain muscles (the Zygoma-
ticus minor, levator labii superioris aleeque nasi, and orbicularis
palpebrarum). In this case the contraction gradually diminished
after the third séance, and was cured in about twelve séances.
Several months after the treatment, I was told that the tic had not
reappeared, but I have had no later intelligence. The two other
cases appeared to me to be rendered worse by the same treatment.
- Localized faradization, which I have applied sufficiently often in
indolent tie, has sometimes produced a temporary amelioration,
but not a single ecure. Hence continuous eurrents appear to me to
merit the preference in the treatment of this disorder.

(¢).—DBheumatic contractions.—The local or partial contractions
produced by currents of cold air (rheumatic), or without known
cause (nervous), the cases of torticollis from contraction of the
sterno-mastoid, the splenius, the clavicular portion of the trapezius,
or of some deeper muscle, such as the rhomboideus, are in general
eured by faradization, with rapid intermissions, of the antagonists
of the contracted musecles,

I have endeavoured to ascertain, experimentally, whether the
hyposthenising influence of continuous currents upon the contracted
muscles would be preferable to faradization of the antagonists,
The continuous currents have, in general, produced only an
improvement ; and I have nearly always been compelled to have



|
L ! 202 LOCALIZED ELECTRIZATION.
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fri recourse to faradization of the antagonists, in order to obtain a.
Ml complete cure, '

,,1' (d).—Ascending reflex contraction from articular injuries.—The
11 reflex ascending contraction, in which I have comparatively studied
'F' the therapeutic action of the continuous eurrent, and of localized

faradization, has not at present, to my knowledge at least, been
deseribed or mentioned by authors. This kind of contraction
generally follows after violence exerted upon certain articulations,

principally upon the articulation of the wrist, in falls upon the
back or the paln of the hand, violence which produces an arthritis
more or less intense, or a simple articular pain of short duration.

The contraction which sometimes appears a little while after the
joint has ceased to be painful, and when it appears to be entirely

cured, has its seat in a larger or smaller number of the motor mus-

cles of the joint affected ; and at length may extend to the motor

muscles of other joints on the same side of the limb. The pain,
limited at first to the contracted muscles, is moderate; but it after-

wards attacks the other museles, although always remaining most
acute in those which were originally affected; and at length it
attacks the nerve-trunks which- supply the muscles, and, finally,

their origin in the brachial plexus. Often, even when the contrac-
tions have disappeared, the patients are still (sometimes even for

years) sufferers from continual pains towards the origin of the
nerves of the affected limb, pains which seem to be symptomatie
of a morbid condition of the spinal cord. Lastly, the strength and
sensibility of the limb in which the contractions are seated, are
generally found to be diminished.

I have cured many of these reflex ascending contractions by
faradization practised in a painful manner (with the extra current,
and with rapid intermissions). I shall here relate a single case
ihat was remarkable for the reason that, being of a certain severity,
it was for more than a year rebellious to various kinds of treat-
ment, and even to a long application of constant currents, accord-
ing to the method of Remalk;, the direction of which were centrifugal
during the first two thirds of the treatment, and centripetal during
the remaining third, and that it was nevertheless cured in a few
séances by the faradization, in strong dose and with rapid infermis=
sions, of the antagonists of the contracted muscles. I give the case
as a typical one, or rather as a picture of this kind of contraction.

Case XV.—Summary. Reflex contraction of a large number of the motor
museles of the right upper evtremily, existing for two years, consecutive fo an
arthritis of the wrist of that side, produced by a fall upon the back of the handy
rebellious to varied medical treatment, and to the application during thirfy
séances of constant confinuous currents (according to Remal's Silc’”rm:-’},‘{‘b'l?ﬂ‘hl'f*”!{
cured in a few séances by energelic faradization with rapid intermissions of the
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| antagonists of the confracted muscles. Continuance of spinal pains in the cervico-
dorsal region.

B Mad;ﬁaisaua X * ** of Saint Brieux, sixteen years of age, born of
_ healthy parents, of a good constitution, had menstruated regularly since
fwelve years of age, and had never snffered from serious illness or from
~ hysterical troubles. ;

~ When eleven years old (in 1861), she fell upon the back of her right hand,
~ and afterwards complained of pain in the radio-carpal articulation, with
swelling and weakness of its movements ; she was compelled to keep the arm
"in a sling for two months, after which there remained only a little weakness,
. When she wrote, this weakness rapidly increased, and pains were felt in the
wrist, returning at regular intervals, and continuing for one or two hours.

Towards the ace of thirteen years and a half, after _hn.vmg_ danced one
~ gvening with much animation, the %in in the right wrist, which had been

od a little roughly, returned with such intensity that all use of the hand
me impossible. There was neither redness nor swelling to be seen. The
in continuing, Jobert de Lamballe, who was consulted two months after-
ds, advised the application of flying blisters to the painful part, which
produced no result. In December, 1864, the pain still continued ; although
limited to the wrist, it forbade all movement or use of the hand, and occa-
‘gioned loss of rest. At this period M. Nélaton was consulted, and he applied
immovable compressive [Epﬁmtus, which was renewed every ten days,
and frictions of tineture of iodine.

This apparatus was employed for four months, but without result; the pain,
on the contrary, became more severe, and after two months a contraction
a in the radial and pronator muscles of the injured side. During the
‘year 18G5, by the advice of Dr. Regnanlt of Rennes, recourse was had in
“guccession to six flying blisters, to sea-bathing, to the application of hot sand,
“to aromatic baths, and, finally, to superficial cauterization over the affected
‘muscles, and all without moc'lifjring the pain or the contraction.

~ In 1866, Mademoiselle X * * * returned to M. Nélaton, who sent her to
‘me. I then found the following condition: permanent flexion of the hand
upon the forearm, with pronation; the patient being unable to extend the
wrist or to supinate the hand. With some effort, however, I was able to
‘restore the position of the limb, produging ecries of pain from the patient;
“and, when left alone, it returned to its former position. The use of the hand
was lost ; there was perfect movement of shoulder and elbow ; the limbs had
eserved their natural size; the general health was satisfactory ; the appe-
@ was good ; there was no lesion of the eirculation, and no appearance of
@mia. I advised at that time the application of continuous currents, and
ferrnginons treatment. The first part was postponed on account of an
idemic of cholera that then prevailed in Paris. Mademoiselle X * * * had
arcely returned to her home when the contraction extended to other
uscles : the flexors of the fingers kept the hand constantly shut, so that the
ils penetrated the skin; deep pains were felt towards the origin of
e brachial plexus, and descending to the dorsal region; then fever super-
ned, with insomnia. Cupping was practised three or four times over the

]

an

5_11 her return to Paris, April 18th, 1866, Mademoiselle X * * * came to me
Again. I found, in the right upper extremity, contractions of the superficial

d deep flexors of the fingers, of the biceps brachialis, and of most of the
anuscles which move the arm upon the shoulder. These contractions called
¢ dorth pains in the whole limb, and in the cervico-dorsal portion of the spine,
| pains which were inereased when an attempt was made to overcome the
contractions, The continuous flexion buried the nails in the palm of the
hand, which was inflamed, and threatened to ulcerate; there was the greatest
| difficulty in extending the fingers. The thumb, strongly compressed between
the four fingers and the palm of the hand, was as if atrophied by this
“eompression, and was more diffieult to extend than the fingers; the size of

3

l any improvement.
i
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ul part, then flying blisters were applied to the same region, but without
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the contracted limb was preserved. The sleep was interrupted, moreover, by
the spinal pain in the dorsal region; there had neither been headache,
fever, the menstruation was regular, and the appetite and general healt

Were ! Wy

Galvanic treatment, by continuous and reflex currents, was ecommenced |
immediately. I employed a pile composed of 80 gulphate of lead elements
graduated as at first to give only a force of 10, 20, or 80 elements, accord
to the maximum of tolerance, which was different on different points
which the rheophores were placed. Sometimes the negative rheophore was.
placed over the course of the median nerve, at the lower part of the forearm,
and the positive at the bend or the middle part of the arm, over the course
of the same nerve; sometimes the contracted hand was immersed in water
that was in communication with the negative pole; while the positive pole
was placed either at the origin of the cervical and dorsal nerves, or over the
bmc]gial lexus, or over the course of the nerves that proceed from it.

After about ten séances, the patient was able a little to correct the position
of the wrist during the passage of the current; but this power ceased with
the operation. From this time the hand progressively opened, and remained
open at first for some minutes, and, after further applications, for some
hours after each galvanization. Then the patient was able to open and
shut the hand a little at will; but a few days later menstruation set in,
and the contraction of the flexors of the fingers became as complete ag
before.

After a repose of six days, the application of the continunous current was
renewed as before; and, at the ﬁnﬁ of three séunces, the contraction of the
flexors of the fingers and thumb had disappeared. But the spasms continued
in the other muscles, and inereased in the biceps, and even in the radial
musceles, until, although Mademoiselle X * * * could open and shut the hand
freely enough, it remained in a state of supination and forced extension,
which rendered it useless. ;

The continuous current, employed for twelve days longer in an ascending
direction, produced no improvement in the state of these contractions. .

I then determined, before abandoning electric treatment, to try localized
faradization with rapid intermissions. I applied it very energetically to the
antagonists of the contracted muscles, to the pronator teres, the triceps
brachialis, the interossei, and to the extensors of the fingers. To my greaf
surprise, in the course of a few minutes all the contractions had completely
disappeared. The result obtained so rapidly was maintained, and half an
hour after, Mademoiselle X * * * could write, and, in my presence even
played scales upon the piano, which she had been unable to do for more than
two years. The localized faradization was continued for twelve days longer,
in order to confirm the cure, and to increase the strength and sensibility of
the hand. After twelve séances, the force of the flexors of the fingers which,
measured by my dynamometer, at first scarcely equalled four kilogrammes,
had mounted to eighteen. |

Returned to her home, Mademoigelle X * * * preserved the full use of the
right hand and arm until December 1866, but with the first access of severe
cold her forearm was rendered supine by contraction of the supinator breviss
the hand preserving full liberty in all its movements. The pain, which had =
extended from the last cervical vertebra to the middle of the dorsal region,
returned more acutely. Blisters, dressed with morphia, dry cupping, and
opium internally, were nsed without snceess. 1

On the 29th of September, 1867, Mademoiselle X * * * was brought to me
in this condition. EJ a few séances 1 again mastered the contraction of the
supinator brevis, by energetic faradization of the antagonists with rapid inters:
missions. 1 was afterwards able notably to diminish the spinal pains by
clectro-cutaneous excitation over their seat. Since then, the contractions:
have not reappeared ; but, some weeks after, the spinal pains returned, mores
acutely than ever, with exacerbations during the night; and they still con=
tinued in 1869, notwithstanding all the medication that was employed.
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1 purpese to return, in the second Part, to the pathological ques-
tions that underlie the foregoing record; and I confine myself for
the present to remark on the evidence that it affords towards a
therapeutic conclusion with regard to the respective usefulness of
| eontinuous currents and of localized faradization.

- Although I have generally obtained a cure of rheumatic contrac-
| tions by energetic faradization, with rapid intermissions, of the

antagonist museles, it has been seen that, in the foregoing case of
reflex ascending contraction from articular injury, I gave the
preference to reflex galvanization by a continuous current. This
seemed to me to be the more rational course. It was manifest
that the contractions had been caused by the articular irritation
consequent upon the fall on the wrist, and hence that they were
reflex. Believing that they were symptomatic of a hypersmic
condition of a point in the cervieal region of the cord, correspond-
mg to the origin of the brachial plexus, the application to the
upper limb of that reflex galvanization by a descending continuous
eurrent, that is considered to be an hyposthenisant, seemed to be
entirely indicated, and to offer, in a rebellious case already of some
duration, a better prospect of success than localized faradization of
the antagonists of the contracted museles. It has been seen also
that I was deceived in my hope ; that the treatment, applied for a
long time, and in accordance with the rules laid down, showed
itself to be powerless against this kind of contraction; that before
abandoning electricity I wished to try, although success appeared
improbable, faradization of the antagonist museles ; and that then,
to my great surprise, I obtained a cure of the contraction with
 great rapidity.
- The action of this mode of faradization of the antagonist
muscles was so heroie that, notwithstanding the persistence of
spinal pains, it rapidly conquered for the second time the contrac-
tion of the supinator brevis, which had returned and had continued
for several months.

I shall show hereafter that the spinal pains were symptomatic
of a secondary morbid condition of the spinal cord (sclerosis)
which still existed in November, 1869, and which is the ordinary

 termination of a reflex ascending contraction from articular injury ;
- and that their long persistence gives to the case a certain degree
L of gravity.

(e). Chorea.

Case XVI.—I have submitted to the action of the continuous currents,
tof from 80 to 50 elements of my sulphate of lead battery, two cases of
¢ ehorea, in young subjects aged respectively fourteen and sixteen years; the
{ enrrent traversing the affected limbs and the vertebral column, in a direetion



=

- iy -l
S S Tl W
. w Lok r 0

e 14

e

=
i

s

P
e e
Ll ety ]

O3
ol =)
N T R

ol g

g

e e

X Eé\tjant was cured in fifteen applications; a progressive improvement . _

T

.i
1
|
i
|
t

206 LOCALIZED ELECTRIZATION.

sometimes ascending and sometimes descending, and each séance having lasted
from ten to fifteen minutes. In one of these cases, both the upper mﬁﬂm
the lower limbs were affected by the partinl muscular contractions. The

en obtained after the first few. The other case, in which the museuls
s were less general, but of more than a year’s duration, derived ng
benefit from the continuous current, which was applied in the same manner, 1

These two cases afford confirmation of what had been already |

established by others (Remak, Hiffelsheim, Benedikt,) that chorea
may sometimes, but not always, be cured by the continuons
current. .

I should remark that localized faradization, especially by reflex
action, may also count its cures of chorea. I have myself obtained
them, although I have only treated a very small number of cases.
Some have even been cured by static electricity.

Since chorea may thus be cured by all kinds of electrization, it
behoves us to seek in the future what proceeding or method,
whether faradization or galvanization, deserves the preference in
its treatment.

M. Onimus says that, in the treatment of chorea, “induetion
currents are rejected by all physicians who are engaged in electro-
therapeutics,” and then he describes a treatment by continuons
enrrents, which, he says, “ has always succeeded with him in this ajfee-
tion, and which consists in causing the passage of an ascending con
tinuous currvent through the limbs or through the vertebral column
during from thirty to fifty minutes.” * |

What I have already said about the therapeutic influence of
induction currents, especially when applied by reflex action, in the
treatment of chorea, proves that this writer is deceived when he
states that they are abandoned by all who practise -electro-
therapeutics.

I cannot believe that he thinks that the method proposed by
him, of galvanization by an ascending continuous current, would
always succeed in the treatment of chorea, for he has only applied
it in a few cases. Moreover, every experienced practitioner knows
that, in order to judge of a therapeutic question, we require
numerous facts, and the test of time.

Is it thoroughly demonstrated, as M. Onimus affirms, that the
continuous ascending current has an advantage over the descend
ing for the cure of chorea. It seemed to me that an experimental
counter-proof was necessary. I proceeded to apply it, and the =
result is shown in the following case, which is given only m
outline. I

® Onimus, De Paction des courants continus dans le trailement de la choree (Gas, dé
Hiap,, 18 Sept., 1869). .
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CasE XVIL—On the day-on which the discovery of this curious thera-
peutic property of the ascending eurrent was announced by M. Onimus in the
%?:afm des Hopitaux, an opportunity for the required counter-proof was
‘afforded me by the case of a young lad, who had been suffering from chorea
five months. I caused the passage of a descending eurrent from 30 elements
of my sulphate of lead battery, during five or six minutes, through each of the
limbs agitated by choreic eontractions. The hands were placed alternately
in a basin of water in relation with the negative pole; and the rheophore of
the positive pole was placed on a point corresponding to the origin of the
‘brachial plexus. After the second application, the agitation of the upper
Jimbs had notably diminished. T then passed a descending current through
the lower limbs and (following the direction of the spinal cord) through the

-' , which was the seat of some isolated convulsive contractions. From
‘that time the improvement was progressive, and after fourteen applications
‘the young patient was cured.

- It is possible, and even probable, that a greater or less number
_ ;ﬂ;-f cures of chorea, obtained by other observers, have also been by
. the agency of the descending continuous current. But the case I
ave recorded, even if it were solitary, proves, contrary to the
assertion of M. Onimus, that the descending continuous eurrent
- possesses, like the asecending current, the power to eure chorea.

- Is this therapeutic action of the descending equal to that of the
- ascending current ? I reserve this question for future inquiry.

(F).—Progressive museular atrophy. Selerosis.—Do the continuous
eurrents, by reflex action, exert upon the nervous centres a more

Afavourable influence than loealized induction currents, in modifying
the conditions of local ecirculation or nutrition; for example, in
progressive muscular atrophy, or in sclerosis of the cord. The
rmative is maintained by Remak, and by the exclusive par-
ns of continuous currents, -

. Ishall show, in the second Part, that localized faradization is
. %l]:.l: of the best means of immediately - encountering the disorders

. that are symptomatic of the maladies in question. Thus, for
mple : 1. in progressive muscular atrophy, muscular faradiza-
‘tion will sometimes arrest the progress of the wasting, and will
. even develop the muscles that are on the way to destruction;
| 4, in glosso-labio-laryngeal paralysis it improves for a time the
- articulation of words and the deglutition ; 3. in locomotor ataxy,
!'{flectm-ﬁutanecms faradization often cures local anwmesthesia, and
consequently much diminishes the functional disorders that it
Oceasions when seated in the extremities; it sometimes causes the
disappearance of fixed ecutaneous hypermsthesia; faradization of
the eye may arrest atrophy of the papilla of the optic nerve; and,
lastly, faradization sometimes cures or removes paralysis of the
motor-muscles of the bladder, the rectum, and other viscera.

In the presence of such results, and especially when, after
'I.m\'ing applied faradization in a general manner, I had seen the
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208 LOCALIZED ELECTRIZATION.

disappearance of the symptoms of progressive locomotor ataxy, I
conceived the hope, at the commencement of my researches intg
this disease, and prior to describing it, that faradization would be .
one of the best means of treatment by which it ecould be opposed,
But, unfortunately, experience soon taught me that the results .
obtained locally—all incontestable as they were—were still but
temporary ; that the cure of the disease was only apparent; that,
in its normal course, ataxy is essentially remittent; that it was
not uncommon to see the oceurrence, even spmntaneuusly (among -
unfortunates who, for want of means, were unable to pursue any
treatment) of remissions of even long continuance (sometimes of a
year or more), during which all the symptoms of the malady had
disappeared, so that it was possible to believe it to be entirely cured.
I must, in one word, acknowledge that, perchance, the faradiza-
tion ma}f have been apphed EDIHG][]_ED'EIF' with one of these periods |
of remission ; but the ataxy none the less resnmed, after a time, its .
progressive course. The same may apply to glosso-labio-laryngeal
paralysis.
Remalk and his adepts have, however, announced that constant.
continuous eurrents have power to cure the profound lesions of the
nervous centres which are characteristic of progressive locomotor
ataxy. I accepted, as a great benefit, the promise of a medication
that should be efficacious in the treatment of this ma]udj, the +
march of which has appeared to me to he s0 fatal that, in desurlhu
ing it, I gave it the name “ progressive,” and 1 hastened to test the
value of the plan proposed.
1 do not yet venture to formulate my opinion of the actual thera-+
peutic value of continuous currents in these organic lesions of the:
nervous centres. I cannot so soon forget the lesson that I drew
.4 from my illusions about the seemingly happy results of my first
" applications of faradization in similar cases. I even fear that those:
who have published cases of the cure of locomotor ataxy by con=+
tinuous currents may have been too hasty in their conclusions..
They posslblg,r may not be sufficiently aware of what sometimess
oceurs in the natural course of the disease, without any treatment
whatever,—of the long remissions that I have described, during;
which the symptoms may so far disappear that the patient may"
seem to be definitely cured.

V.—GALVANIZATION BY PERMANENT CoONTINUOUS
CoNsTANT CURRENTS.

Galvanization by permanent continuous constant currents, con=:
sists in causing the passage of these currents through nrguns,,
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‘without intermissions, for as long a time as possible (from thirty
‘minutes to several hours), and in reducing to a minimum the
‘action of the completion and of the interruption of the circuit.
Tt is in this kind of galvanization that we have most to fear
‘the electrolytic action of the battery. Hiffelsheim, who has
‘most extolled, as I have already stated (see p. 184), the therapentic
‘application of permanent continuous currents, has constructed a
‘small sulphate of lead battery, formed of 80 or 100 elements,
‘which are each 5 or 6 centimetres in length by 8 in width.
“Although this little battery, the current of which is very constant
‘and the tension sufficiently great, exerts a comparatively feeble
“electrolytic action, yet we have already seen that the permanence
" of the current, and its long passage at the same point, will affect
‘the cutaneous surface more or less deeply (Case XV. p. 184.)
Tt is therefore necessary to know exactly, under such circum-
‘stances, the electrolytic power of the battery that we are about
" to use, and to know how long the rheophores of its permanent
| enrrent may remain in contact with the same points of skin,
is?withnut producing vesications or eschars.
It is hardly necessary to point out that galvanization by per-
" manent continuous currents should also be divided into reflex
- and localized ; that the former acts specially upon the nervous
. gentres, and the latter upon the periphery.
~ Does reflex galvanization by stabile ‘permanent continuons
' currents of long duration (that is to say, for séances of from half
% hour to several hours in length, and necessarily of a dose
comparatively feeble) exert upon the nervous centres a more
werful therapeutic influence than that of reflex galvanization
- by continuous (stabile) currents, mixed with intermissions? I
- must reserve my reply to this question, which I am now engaged
Jin studying experimentally.
- I have seen loealized galvanization by permanent continuous
;_gurreuts exert a resorbent action, that Remak has called eatalytie,
in chronic articular affections with nodosities, in ganglionic
tumours, in one case of muscular tumour of obscure character (I
Tegret not to have treated in this manner an analogous case to
which I was called in consultation with M. Nélaton), and lastly
in atrophy of the deltoid produced by rheumatism. I have not
ﬂle time to devote myself, on a sufficiently large scale, to inves-
figations of this kind; interesting, it is true, but which would
take me too much away from my habitual clinical study of
maladies of the nervous centres, of the nerves, and of the musecles.
In the cases in which I have been obliged to apply or to cause the
application of this treatment, I have covered the greater part of
'l:l-
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210 LOCALIZED ELECTRIZATION.

region with a moist rheophore (a plate of platinized copper,
covered with wet leather), and I have placed a second moist
rheophore higher up, at a point as near as possille to the former.
Then, for half an hour or an hour, according to the tolerance of
the individual, T have caused the passage of a permanent eon-
tinuons eurrent from 10, 15, or 20 elements (in proportion to
the length of the séance), T centimetres in height, of a sulphate
of lead battery. I have only habitually assisted at the one or
two first applications; and the patients, whom I have visited
from time to time, have themselves continued the treatment:
with the precaution, well understood, to avoid the production of
blisters or eschars. I have had no occasion but to praise, in their
way, the catalytic effects of this mode of galvamnization; and
although they are usually very slowly produced, I have obtained
a complete cure on several occasions. Remalk has had the greaf.
merit, first of suggesting, and then of demonstrating, the valuable
catalytic effects of eontinuous constant eurrents.

'
the cutaneous surface corresponding to the diseased organ m—i
'

|

VI.—THE THERAPEUTIC ACTION OF GALVANIZATION OF
SKIN, AS COMPARED WITH CUTANEOUS FARADIZATION.,

Intermittent cutaneous galvanization is practised by applying
dry metallic rheophores to the skin, previously dried by an
absorbent powder; and by the aid of a rheotome set in meotion
by clockwork, the intermissions of which are nearly as rapid ¢
those of the trembler of an induetion apparatus.

The tension of a battery of good electro-motor power, such as
that of my sulphate of lead battery of 100 elements, is not suffi-
ciently great to excite acutely the sensibility of the skin; if if
should do so in the same degree as cutaneous faradization, as when
the skin is slightly humid, it would be by disorganising it by the
electrolytic action of the galvanic current. Cutaneous galvaniza
tion by continuous currents is almost null when the skin is dry;
and, if the skin be moist, it is still less acute than intermittent
cutaneous galvanization. #

Consequently, in cases where it is wished to produce upon the
skin, either for a moment, or during several hours, a more oF
less powerful revulsion, which may be graduated from a simple
tingling to a sensation greater than that produced by fire, without
producing the least electrolytic or calorific alteration, cutaneo
galvanization would be either powerless or inconyenient, :

Nothing but cutaneous faradization will correspond to these
requirements. The clinical facts which I shall adduce, in the
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second Part, will show that at its maximum, or in a sufficient
degree of force, I have seen it cure angina pectoris, and very
painful sciatic neuralgia which had resisted all medication; while
by lesser degrees I have successfully treated more or less grave
neuroses and nervous maladies, or certain dynamic conditions
(as in diphtheritic poisoning) by exeiting the precordial
cutaneous zone that is in reflex relation with the origin of the
preumogastric.

GENERAL CONCLUSIONS.

It is not my intention to attempt a complete report on the
therapeutic application of continuous currents. I believe them
to be destined to render great services in practice. In summing
up in this chapter my personal experience of the applications
that I have made of them, I am endeavouring to appreciate them
at their proper value ; and at the same time to guard the public
against the exaggerations of their exclusive partisans. On the
other hand, in showing the admirable results of the employment
of localized faradization, and in proving by facts that, in a large
number of cases, it should not be supplanted by continuous
eurrents, I have wished to retain in medical practice an excellent
therapeutic agent, however unjustly it may have been depreciated
by persons who have not known how to use it, or who have not
used it comparatively; an agent, finally, the application and
~ management of which are easy and may become general. If T
‘attain my object, I shall have the satisfaction of having avoided
‘the great errors of electro-therapentics, of having preserved fara-
dization from the disregard in which an endeavour has been
‘made to place it; and of having largely contributed to its diffu-
‘sion in medical practice.

I sum up, in the following conclusions, the principal facts that
‘have been stated or demonstrated in this chapter.

I. The exclusive partisans of the therapeutic application of
‘continuous currents, who, with the object of obtaining the pre-
‘valence of their method, have charged localized faradization not
only with being powerless in the treatment of paralysis, either
“with or without atrophy, but also with being hurtful by exerting
8 paralyzing action upon the vaso-motor nerves, these galvano-
therapeutists, I say, have ignored or misunderstood the admirable
results of the employment of localized faradization, in the treat-
ment of these affections, upon a great scale, for more than twenty
years (see § I p. 147) ; in consequence, if they have not obtained
the same results, they have but to blame themselves for not

having followed the precepts that I have established after long
P2
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212 - LOCALIZED ELECTRIZATION,

clinical experiment. Tt is shown elsewhere that the majority of
them have not made any comparative use of faradization and
of eontinuous currents.

IT.—The electro-physiological experiments, made by many of
them, and which have served as the basis of the attacks recently
directed against the therapeutic use of localized faradization,
have been badly interpreted, or are inexact. Contrary to certain
assertions, the continuous constant currents and the induction
currents, in equivalent doses, exert an identicul action upon the
vaso-motor constrictors. (See § 1L, p. 149.)

I1I.—The therapeutic action of localized faradization is exerted
peripherally, especially in promoting local eirculation, and pro-
bably in exciting the trophic nerves which govern nutrition.
(See § II1., p. 153.)

IV.—The fundamental principles of the different methods of
galvanization which have been lauded in their turn, have not at
present been expressed with sufficient clearness; whence may be
explained the disagreement of experimenters with regard to the
results of the therapeutic application of galvanic currents. In
the clinical researches that I have made upon the comparative
therapeutic value of galvanization and faradization, I have divided
the former into localized galvanization by intermittent currents,
localized galvanization by permanent eontinuous constant currents,
and reflex galvanization by labile and stabile continuous constant
currents. (See § IIL, p. 191 et seq.)

V.—A considerable number of paralytic affections—I mention
this in the present place before making known the result of com-
parative researches—may be cured by any kind of electric
excitation (faradization, galvanization, static electricity), in what-
ever manner it may be applied. (See p. 190.)

VI.—Localized muscular galvanization by interrupted currents,
applied with a battery of sufficient electro-motor power, has
appeared to me to exert nearly the same therapeutic action as
localized musecular faradization ; but the latter is to be preferred,
because, unlike the former, it exerts no painful electrolytic action ;
and because the instruments which furnish the induetion current
are of small bulk, portable, and inexpensive, while the batteries
which, in these cases, should be composed of a large number of
elements (about a hundred), are difficult of management, and only"
applicable in the reception-room of the specialist. (See p. 192.)

VIL—The electro-physiological phenomenon which forms the:
principal basis of the method of reflex galvanization by continuous:
currents extolled by Remak,—a phenomenon which consists in ﬂlﬂ-.'f_
production of tetanoid contractions in muscles supplied by the:
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nerve antagonistic to that through which a strong constant
current (of thirty of Daniell’s couples at least) is passing and
which he has called galvano-fonie contractions or shorfenings, this
electro-physiological phenomenon, I say, is imaginary. I have
never seen it produced in any of the numerous experiments which
I have made publicly upon healthy men. (See page 179.)
VIII.—It is true that reflex contractions are sometimes pro-
duced in certain pathological conditions; that we may see, for
example, in paralytic contractions of the museles supplied by the

- median nerve, consecutive to cerebral heemorrhage, the hand open,

the wrist and fore-arm become extended, during the passage of the
continuous current through the nerve; but this phenomenon in
no way confirms the theory, imagined by Remalk, of the so-called
calvano-tonic contractions, In fact, in these morbid conditions
the spinal cord, being in a state of extreme excitability, any
emotion whatever, as well as the act of sneezing or yawning, is
sufficient to provoke the same reflex contractions.

The power to produce, in these morbid conditions, reflex spasms
in the antagonists of the contracted museles, is therefore a property
common to many exeitants; and, consequently, the denomination

- of galvano-tonie, given to these spasms, cannot be justified. (See

a, page 197).

IX.—The hyposthenizing or paralyzing action (discovered by
Eekhart) of" continuous currents upon the nerve-trunks, may
perhaps account for the therapeutic action which they sometimes

~ exert on paralytic contractures. (See b, p. 199).

X.—Contrary to the assertion of Remak and his followers, con-

. tractures consecutive to cerebral heemorrhage are seldom cured or

improved by continuous currents applied after Remak’s manner;

- because such confractures are nearly always (a fact which Remak

. ignores) symptomatic of secondary sclerosis of certain fibres of the
~ cord. (See e, p. 199).

XI.—Rheumatie contractures, and ascending contractures, after
articular injury (an affection not hitherto described), can be better
treated by energetic faradization of the antagonists of the con-
tracted muscles than by continuous currents. (See ¢ and d, pp.

201, 202).

X1I.—The atrophic paralysis consecutive to injuries of the
nerves is, in general, less quickly and less completely cured by
continuous currents (according to Remak’s method) than by local-
ized muscular faradization ; but the combination of both methods
has appeared to me to yield the most satisfactory results in the

treatment of these affections. (See A, p. 193).

The same statement will apply to lead-palsies ; although,
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214 LOCALIZED ELECTRIZATION,

according to Remak and some of his followers, they are not even
susceptible of amelioration by the influence of induetion currents,
(See B, p. 194).

XIIL.—It seems to me, however, to follow from some of m
experiments that, in the affections referred to above (XI. and XIL,),
a combination of the two methods of electrization, applied alter-
nately, produces the most prompt and most satisfactory results;
and that, in any case in which localized faradization has failed. we
should have recourse to reflex galvanization by continuous currents,

XIV.—The trial of the therapeutic action of reflex galvanization
by continuous currents is indicated at an early period of those
chronic affections of the nervous centres which anatomically form
a great class of scleroses and atrophies of the structural elements
of the cord or of the medulla (progressive locomotor ataxy,
glosso-labio-laryngeal paralysis, scattered sclerosis). I am unable
to arrive abt any conclusion from my own experiments with gal-
vanism in these lesions. (See f, p. 207).

XV.—Localized galvanization by permanent continuous con-
stant currents exerts a therapeutic influence, by virtue of its
electrolytic action, which faradization is unable to replace. (See
V., p. 208).

XVIL—An induction eurrent passing from the anus to the mouth
(operating by reflex action upon the spinal cord)—which has been
charged with hastening, or even with occasioning death, when
applied to the treatment of asphyxia—re-establishes, on the con-
trary, if it is applied in a slight degree, the respiration and the
cardiac circulation, as perfectly as the continuous current adminis-
tered in the same manner. (See C, p. 130).

XVII.—Cutaneous galvanization cannot be practised in any
degree of intensity without producing alterations in the skin. It
can neither equal nor supplement faradization of the skin, by
which we can instantly produce an effect on the sensibility, ing
from a simple tingling to a pain greater than that which would be
caused by burning, without producing the slightest organie change,
however prolonged the application. The therapeutic employment:
of cutaneous faradization is very frequently indicated; and has
cured the most grave neuralgias and neuroses, among others,
cases of angina pectoris, of asphyxia (see I, p. 134), and of disorder
of the respiration and of the cardiac civculation. (See 1L, p. 137)

BIBLIOGRAPHICAL INDEX,

I have abstained in this chapter from entering into historica
details of the numerous experimental electro-physiological ré=
searches upon the action of continuous currents traversing longi=
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tudinally the nerves of man, that have been made from the time

- of Galvani to our own day; because these details are to be found
_in special treatises, and because I have not space even for an

‘analysis of them. Moreover, I have wished to place before my
readers, as far as possible, the results of my own researches, and
only to cite those of others when I wished to be confirmed by
them, or to refute them as being erroneous and in opposition to
my own. I have already brought together, in a bibliographic

" note, and in chronologieal order, the principal experimental and

physiological researches upon the action of currents traversing the
nerves, which have been made from the time of Galvani to that of

- Matteucei (from 1791 to 1844).

It still remains for me to mention, in chronological order, the
most important subsequent works which have treated of the same

- subject, and especially those which have dealt with therapeutic

questions :'—

' SECHNER, * Lehrbuch des Galvanismus und der Electrochemie.” Leipzig, 1844.

- Assox, ‘ Rapporto della commissione che ha fatto gli sperimenti sull’ elettro-

netura come mezzo congelante il sangue nelle arterie e sull’ obliterazione
elle vase,” In Annali universali di Medicina, 1847,
DucHENNE (de Bunlﬂgnel). ‘De D'électrisation localisée et de son application
i la thérapeutique.” 1st edit., Paris, 1855. 2nd edition, 1861.

. HemexgEeicH, ‘ Phys.-chem. Untersuchungen des Blutes duch die electrische

Saule,’ in Newe med. Zeitung, 1847.

- Du Boms-Reymoxp, ¢ Untersuchungen iiber thierische Electricitit., Berlin,

1848-49.
Ja}mnrm', ¢ Expériences sur I'électricité appliquée 4 la médecine,” Paris,
849,

- Gurr (W.), ‘On the Value of Electricity as a Remedial Agent,” in ‘Guy's

Hospital Reports,’ 1852,

* BarerracueR, ‘ Die Inductions-Eleetrieitit.” Niirnberg, 1853.
- EcgHARD, * Grundziige der Physiologie des Nervensystems.” Giessen, 1854.—

 Beltriige zur Anatomie und Physiologie.” Giessen, 1855,

- Sonvrtz, ‘Die Reflexwirkungen der Inductions-Electricitit als Heilmittel

- gegen Abnormititen der Menstruation,’ in Wiener med, Wochenschrift, 1850,
- HerpesuATN, © Physiolog. Studien.’ Berlin, 1856.

- Remax, ‘Ueber methodische Electrisirung motonischer Nerven.! Berlin,

%g-gg-ﬁﬁ.—‘ Galvanotherapie der Nerven- und Muskelkrankheiten,” Berlin,

. Frox, “ Die med. Physik. Berlin, 1856.

Enrpmanw, ¢ Die irtliche Anwendung der Electricitit in Bezug anf Physiologie,
- Pathologie und Therapie” Leipzig, 18506,
" TiewwEN, * Die Electricitit in der Medizin.! DBerlin, 1857.
: anggmnm., ‘Traité des applications