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A PRACTICAL TREATISE ON

LECTRO-DIAGNORSIS

[==)

DISEASES OF THE NERVOUS SYSTEM.

CHAPTER 1.

IstrRoDUCTION—E LECTRICITY AS A PHYSICAL AGENT IN THE
Diasxosis oF Diseases oF THE NERvous SYSTEM.

Tae advances which medicine has made during the last
generation as a practical and scientific art, is in great
part the result of the application of physical agents to the
purposes of diagnosis. From the earliest period of its history
to comparatively recent times, the accurate appreciation of
disease in the living subject has been in the highest degree
unsatisfactory, depending as it did upon the vague and un-
certain statements of the patient, and the symptoms observed
during life by the unaided senses of the physician, hence
the comparative uselessness of the vast number of accumu-
lated observations and opinions recorded during many cen-
turies. As general knowledge advanced and the members of
our profession received a more liberal and universal educa-
tion, physics in its various branches has been taken advan-
tage of as a means of assisting and supplementing our powers
in the investigation of morbid states. Acoustics, optics,
mechanics, and chemistry, more especially, have up to the
present, chiefly lent their valuable aid in this direction, and
as our learning further advances doubtless other branches of
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ELECTRICITY AS A PHYSICAL AGENT. 3

paratively recent times electricity in its different forms has
been utilised for this purpose, and although at present our
knowledge of all its advantages is as yet imperfect, there are
already enough facts to indicate the great practical impor-
tance of the subject, and to point to a vast field of research,
which will doubtless lead to future profit. In the arts, elec-
tricity, as a physical agent, has taken a place, probably
second to none, in contributing to the comfort and con-
venience of mankind, and daily do we see introduced new
applications of its marvellous powers, employed in useful
directions. In medicine its position hitherto has not been so
firmly established amongst the mass of the profession, as
possibly its importance deserves. It is not my purpose to
enter into all the eauses of this neglect, beyond suggesting
that doubtless the expense, complication, and labour hitherto
connected with the apparatus, combined with a want of
Eknowledge of its properties, has in great measure rendered
its use inpracticable and unpopular. This feeling has further
been fostered by the fact that for a long time, and probably
for the reasons stated above, the treatment of disease by
electricity has chiefly remained in the hands of specialists,
and often in those of unscrupulous persons who have brought
diseredit upon the agent by utilising it for their own, rather
than for scientific or public advancement. A prejudice has
thus arisen against electricity generally as applied to medi-
cine, which may take time to eradicate, but if its prineiples
be gennine and its advantages substantial this will soon be
effected, and indeed in great part this has already been
attained. In these days a physician totally ignorant of the
elements of electricity, and their practical applications in
paralytic affections, must be looked upon in the same light as
that of the older practitioner, who from his inability to use it,
refused to admit the utility of the stethoscope, and who in
B2






ELECTRICITY AS A PHYSICAL AGENT. 2

which, in conjunction with all the other bearings of the case,
materially assists us in arriving at a correct and scientific
conclusion. We shall afterwards see that in health the
various currents produce well marked and definite pheno-
mena when applied to nerve and muscle, and so constant are
these that fixed laws can be deduced for our guidance. We
shall also find that in disease these conditions are in propor-
tion altered. It is the careful consideration of the relations
which exist between these two states, and the practical advan-
tages which result therefrom, which constitutes the art of
electro-diagnosis., In this way, by demonstrating the his-
tological condition of merve and musecle, we obtain most
valuable information concerning the functional activity, as
well as the anatomical state of two great systems, namely—
the peripheral nerves, and the museles. This by itself opens
out a wide field of practical utility, involving as it does the
diagnosis and prognosis of injuries and diseases of all the
nerve trunks of the body, and their terminations, also all the
numerous affections to which muscular tissue is liable. Not
only is such knowledge most important in determining the
nature and extent of disease in these structures themselves,
but recent investigations have indicated that from such alter-
ations we can frequently infer the condition of distant parts
and centres, such as the spinal cord and brain. It will be
shown that in certain forms of paralysis from disease of the
cord, trophic and electrical changes ensue, which are so cha-
racteristic as to enable us with great certainty to differentiate
between them, and ﬂls_o from the peripheral lesions already
referred to. Again, loss of motion from ecerebral affections
are succeeded by tolerably uniform results, totally different
from those caused by disease in other portions of the nervous
gystem, Thus, whether loss of voluntary motion is due to
failure of muscle, peripheral nerve, cord, or brain, electrical






THE APPARATUS, T

CHAPTER IIL

Tae ApparaTus NECESSARY FOR ELECTRO-DIAGNOSIS.

Ix following out any method of research which requires for
its elucidation the aid of physical agents, for success to be
ensured, it is necessary that we should become acquainted
with the general principles of the science which is to guide
us, and with the construction of the instruments we employ.
This is especially important in electrical investigations, as,
in order to arrive at accurate conclusions, a certain know-
ledge of the subject, as well as manipulative dexterity is
essential. It would be entirely out of place here to enter
into details concerning either the science of electricity in
general, or the mechanism of the various batteries and other
apparatus in particular, as such are to be found in the
numerons text-books and treatises which deal with these
questions. In heginni}lg this enquiry it must therefore be
assumed that the student has already mastered the elements
of the science of electricity, as well as the general method of
its practical application in medicine. Without professing to
enter at length into these important matters, it is at the
same time necessary, in dealing with a special subject, to
make some reference to the mechanical agents associated
with it. As far as our knowledge of electro-diagnosis has
yet advanced, certain forms of electricity and special mechan-
ical contrivances are essential, and to these, and these alone,
will reference be made, and only such brief considerations
will be advanced as seems necessary for the guidance of the
worker at the bed-side,






INDUCED OR FARADIC CURRENT. 9

shocks and unnecessary pain. 8rd. A method of measuring
and recording the strength of the secondary current, so that
the same amount can again be referred to. This is easily
accomplished by mechanical arrangements which regulate
the distance between the two coils; and 4th. The interrup-
tions of the current must be so arranged that they can be
made as slow or as rapid as the operator pleases.

These various requirements are carried out more or less
successfully in most of the machines to be obtained from
ordinary makers, if not they are nseless for the purposes of
electro-diagnosis. The power of the Faradie current de-
pends : 1st, on the strength of the battery current; 2nd, on
the thickness and length of the primary coil; 8rd, on the
thickness and length of the secondary coil, ana 4th, on the
relative position between the two coils. In the various
machines as at present constructed, the coils can be arranged
to a certainty, as well as the relations of one to the other,
and the number of interruptions made to the current can be
exactly determined; but we have no means of regulating the
strength of the battery current which is to pass through the
primary coil. This last can be measured by a galvanometer,
but we have no means of so modifying its power as to obtain
the exact amount of electricity we may require. A perfect
instrument would be one in which a current that could be
measured and regulated at will, was passed through the
primary coil, the wire of which was of a known thickness and
length, this inducing a current in a secondary coil also of
ascertained composition. The secondary current thus in-
duced with its interruptions would then be capable of mea-
surement with exactitude. For some time past I have
endeavoured to devise some means of carrying these require-
ments into execution, but hitherto without success, the great
difficulty being to regulate the strength of the primary cur-
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CONTINUOUS OR GALVANIC CURRENT. 13

principle instruments have been devised which are ex-
tremely convenient for practical purposes, and which can
equally be applied for regulating the strength of both the
faradie and galvanic currents. The rheostat has this advan-
tage over the collector—that it is portable, and can be
attached to any apparatus, while the latter is of necessity
a fixture to its own particular battery. The first, more
over, employs all the cells at once, while the last only uses
those put in action. Finally, by having a powerful resis-
tance included in the circuit, the modifying effects of the
various conducting media throughout the body are less
marked.

2. Current Alternation.—This consists in reversing the direc-
tion in which the current 1s flowing, so that the operator has
the power of making a given electrode either the positive or
negative pole. This is effected by means of a commutator or
alternator. Of these, there are many different forms which
for all essential purposes are equally useful. Perhaps the
most convenient is the three stud commutator.

3. Current Interruption.—The object of this is to have the
power of opening and closing the passage of the cmrrent at
will, or of making these interruptions slow or rapid as re-
quired. There are also a great variety of instruments for
effecting this end, but I shall only mention the two most
snitable for diagnostic purposes. For slow interruptions an
apparatus is infroduced into the electrode which the operator
holds in his hand, and by means of pressure on a spring with
his finger, he can make or break the current as he wishes.
This is called the interrupting handle. For rapid interruptions
a rheotome is employed consisting of a toothed wheel, which
when turned by a handle, quickly makes and breaks the
current.

4. Current Measurement.—This is accomplished by means of







GENERAL ACCESSORIES. 16

either can be regulated, measured, interrupted or alternated

as desired.*

Fia. 1.

® Fig 1. Aunthor's element board. A A. Binding screws for attaching
galvanie e¢arrent. B.B. Binding screws for attaching faradic current.
C. C. Binding screws for attaching the electrodes. D. A rheostat for re-
gulating the strength of both galvanic and faradic currents. H. A gal-
vanometer for measuring the strength of the galvanic current, F. A
Rheotome for rapidly interrupting the galvanic corrent. G. A switch, the
turning of which causes either the ‘faradic or galvanic current to pasa
through C. C. H. A commutator. I. Lid of element board containing
handle, plate eleetrode, and rheophores.

The full strength of both batteries should be applied to the attachment at
the element board, that is, assuming the rheostat is sufficiently powerful
to thoroughly control them. In the case of a strange instrument being used
for the first time, this must be experimentally agcertained. This is simply
effected by introducing the full resistance into the circuit, and by increasing
the battery current till a minimum of action is ascertained through it. The
apparatus is then in a controllable condition, for by redueing the resistance
in the element board, the strength of the current is thereby increased.

This element board has been made by Mr. Thistleton, of Old Quebec
Btreet, London,







GENERAL ACCESSORIES. 17

the interrupting apparatus. The whole is surmounted by an
olive-shaped earbon head, covered with wash-leather, which,
when moistened, ean be applied to the surface of the skin.
(Fig. 8).%

It is scarcely necessary to ob- Fie. 3.
serve that the old-fashioned system
of dabbing sponges fixed in cups on
the skin is utterly useless for all
delicate diagnostic investigations.

Author's Combined Flectrode.—
Those who have practical dealings
with the electrical apparatus now
in use, will doubtless have satisfied
themselves of the many inconveni-
ences inseparable from it. As be-
fore stated, most of the batteries
supplied for medical purposes are
wanting in some or all of the
accessories which are absolutely
indispensable for diagnosis. Even
the element board already deseribed
which supplies these deficiencies is
not without its disadvantages. The
practical worker at the bed-side will
have experienced the difficulty and
inconvenience of using one hand
for the handle, and the other at a
neighbouring table for moving his rheostat, alternator, ete.
Such manipulations are not only troublesome, but lead to
inaccuracy, as then the attention of the observer is divided,
and his position has to be constantly rearranged and altered,

* Fig. 3 —Gaiffe's interrupting handle (half size). A. Solidhandle. B.In

terruptor. C. Binding serew. D. Olive-lieaded electrode covered with washe-
leather.

c
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ANATOMICAL ENOWLEDGE NECESSARY FOR 19

CHAPTER III.
Axatomrcar. Kxownepse NEcEssARY FOR BLECTRO-DIAGNOSIS,

Ix electro-diagnostic investigations we have to deal with
museles and nerves. As our object is to limit the stimulat-
ing effects of the current to the point at which the electrode

poles of the battery. ©. Is a metal or carbon point covered with wash-leather.
In the figure this is of a convenient shape for electro-diagnostic purposes, by
which, either a very fine point or a considerable surface can be applied to
the skin. This may be unserewed and other heads of different shapes and
sizes fixed on.as necessity may require. D. Is a binding screw for the other
electrode which is appiied to the patient in order to complete the circuit.
E. Ts a lever for alternating the current, when moved towards + the point
C is the positive, and when towards — it is the negative pole. F. Isa peg
which when pressed down, closes, and when it moves back by means of a
spring, breaks the circuit. By means of this, the current can be interrupted
as slowly, or as quickly, up to a certain point, asis desired. G. Is a revolv-
ing wheel in connection with a rheostat in its interior. This consists of ten
sections numbered respectively, and each of these, by throwing a unit of
resistance into the circuit, in consequence diminishes the strength of the
earrent, and pice verza. This rheostat does not profess to be an exact or
measurable amount of resistance, but is simply a means of gradually in-
creasing and diminishing the strength of the current for practical purposes.
It has been so arranged that its power is convenient for clinical use, For
example, when the instrument is attached to the full power of a 40 cell
Leclanché battery, and the entire resistance introduced into the cirenit, a
minimom amount of sensation is perceptible to the skin, As each division
of the wheel is turned, & tenth of the whole resistance is taken from the cir=
cait, and consequently the eurrent increases in strength, till when it reaches
the last section where there is no resistance the full power of the 40 cells is
obtained. More correctly estimated by means of a galvanometer, the pro-
pertiea of the rheostat may be thus stated. Bupposing the current from the
40 cells, passing through the human body to indicate 12 M, V., one unit of
registance of the rheostat introduced into the eirevit, reduces the reading to
11 M.V,, and g0 on till when the whole resistance is included 2 M.V. is the
result. Hence practically the resistance of this electrode sufficiently con-

c2

. =

T e —







o 1
- i L
L

ar

- - )
® = =
y - -
I - L
o = wh -
= = ~
bl o "
- o ]
= "
= = - b
— - -
— -+ T
B ar
s =
. . s
;







NERVE-TRUNKS OF THE HEAD AND NECK. 23

nerve after perforating the sterno-mastoid, becomes super-
ficial at the posterior border of that muscle, a little above its
middle, and from this proceeds obliquely downwards and
backwards towards the trapezius. At any part of this course
it may be stimulated with electricity. It supplies the sterno-
mastoid and trapezius muscles. When hritated through the
former muscle, there is flexion of the cervical spine, pushing
forward of the lower jaw, turning of the head on its axis the
face looking to the opposite side, raising of the shoulder, and
approximation of the scapula to the spine. Irritation below

the sterno-mastoid musele causes the same, only the cervical

spine is extended instead of flexed, and the head is inclined
backwards and towards the side stimulated,
The Cervical Plewus, consists of several branches running

obliquely downwards and baclowards betrween the sterno-

mastoid and trapezius musecles, each of which may be stimu-
lated separately. (a.) The Superficial Cervical branch turns
forward from behind the sterno-mastoid about its middle, and
lies horizontally on the surface of that musele, where it can
be reached for electrical purposes. It supplies the platysma
myoides muscle, and its irritation causes puckering of the
integument of the neck. (b.) Branch to the Levator Anguli
Scapule Muscle. This appears superficially at the posterior
border of the sterno-mastoid a little below the nerve last
described, and runs obliquely downwards and backwards
towards the trapezius. As its name implies it supplies the
levator anguli scapul® muscle, and its irritation causes the
shoulder to be raised. (c.) Branch to Trapezius, This lies
in the same oblique direction close below the filament just
described, and supplies the trapezius musele. Its irritation
causes the shoulder to be raised, and the head to be drawn
backwards and towards the side stimulated.







NERVE-TRUNES OF THE LOWER EXTREMITY. 25

and the first and second lumbricales. Its irritation above
the elbow causes pronation of the forearm, flexion of the
radial side of the hand, flexion of the fingers, abduction, op-
position, and slight flexion of the thumb.

The median nerve may also be reached about an inch
above the wrist joint, between the tendons of the flexor carpi
radialis and the pulmaris longus muscles, Its irritation here
causes abduction, opposition, and slight flexion of the thumb.

The Musculo-spiral Nerve is very important in pathological
states, but unfortunately is deeply seated and not always
readily accessible. In thin persons it can usually be reached
and stimulated; but in fat and very muscular individuals it
may be difficult to do so completely. It always requires care
to ascertain the exact spot, which is a very limited one, the
irritation of which produces the typical museular contrac-
tions. It is reached by applying the electrode about three
inches above the external condyle of the humerus on the
outer and posterior aspect of the limb, at the edge of the
triceps, between it and the brachialis anticus muscles. With
the finger can sometimes be felt the depression in the shaft
of the humerus round which the nerve winds obliquely from
underneath the triceps, to the space between it, and the
upper part of the supinafor longus musecle. It supplies the
triceps, anconens, the supinators of the forearm, all the ex-
tensors of the hand, fingers and thumb.. Its irritation at the
point deseribed, canses supination of the forearm and exten-
gion of the hand, fingers, and thumb.

8. Bueperricia. Moror NervE-Trunks or teE LoOWwER
Exrresary.  (Plates 4 and 5).

The Anterior Crural Nerve becomes superficial at the lower
border of Poupart's ligament, a little to the outside of its







MOTOR NERVE-TRUNKS. 27

Deep Seatep Moror NErvE-TRUNKS.

A laree number of the motor nerve-trunks of the body are
so deeply seated, that it is impossible to utilize them for
diagnostic purposes. These are covered with muscles and
other structures requiring a powerful current to penetrate
throngn them, which renders accurate conclusions imprac-
ticable, as this by its diffusion, so reacts on the neighbouring
tissues, as to prevent a striet localisation of action on the
pnerve under observation. Those superficial trunks which
may be considered as always available for the purposes of
diagnosis have already been enumerated. There are how-
ever silzime, which, although under ordinary circumsfances
are not readily reached, may in special cases be irritated
by electricity. For example, in a well developed and mus-
cular subject, the hypoglossal nerve is completely covered
with a layer of muscle, so that direct stimulation with a
moderate current is impossible. In very thin persons, or
when disease has caused emaciation of the museles, this
nerve may be practically reached through their attenuated
substance. In particular instances a knowledge of this may
be of importance, as in a case of bulbar paralysis. As a
rule, however, those nerves which have to be acted upon
through a thick muscular medium, which varies in different
diseases are not to be depended upon for' accurate diagnostic
purposes. For this reason it has not been thought necessary
to give a detailed description of these semi-superficial nerve-
trunks; but the position of the most important has been
marked in the plates by a 4+. A knowledge of these is more
necessary for therapeutics than for diagnosis.

B







METHODS OF APPLICATION. s 29

As has already been indicated the object to be arrived at,
is a knowledge of the exact anatomical condition of nerve
and musele, from which we infer their functional state, and
as a consequence many other important questions connected
with disease. We have therefore, with suitable applications,
to stimulate both nerve and musele, and we judge of the
effects of the irritation by the contraction of the latter. The
sequence of events which ensues will be fully deseribed in
suceeeding chapters, in the meantime we devote ourselves to
manipulative details,

MeTEODS 0OF APPLICATION.

1. The Indirect Method. 'This consists in irritating the
trunk of the nerve at some distance from the musele or mus-
cles it supplies. For example, when the current is applied to
the trunk of the ulnar nerve above the elbow, all the muscles
receiving their nervous supply from below this point, are at
once put into a state of confraction, and certain movements
of the hand and fingers ensue,

2. The Direct Method. In this, the current is applied to
the muscle itself. There are two forms, a. the direet extra-

muscular, in which a motor point is stimulated, consequently .

the main bulk of the muscle contracts, and, b. the direct intra-
muscular, in which the irritation is applied to the muscular
fibre itself, and not to any special nervous filament, hence
there is contraction only of the fibres immediately under the
eleetrode. This last is subjeet to the law of diffusion of cur-
rents which will be afterwards discussed.

8. The Polar Method. In acting upon nerve or musele we
may apply both poles of the battery to their substance, and
until recently this has been the method of procedure. By
far the most effective and exact system is to adopt what is
called the Polar Method, by which we obtain the specific

e L Ay
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METHOD OF FROCEDURE. 81

poses, simple water is all that is necessary. If acid or salt
be added its power of conduetion 1s improved. A small por-
ringer of water close at hand, is therefore a *sine qua non,’
into which must frequently be dipped the electrode with
which we are working. It is scarcely necessary to indicate
the employment of towels suitably distributed, to avoid wet-
ting tha bedelothes or dress of the patient.

When the upper part of the body is being examined, a
suitable position on which to place the flat plate electrode, is
the nape of the neck. If the patient is clothed, this can con-
veniently be slipped inside his collar, and is thus held firmly
in position. If he is undressed, or if the clothes fail to secure
the plate, it must be tied on. This is best effected by means
of a soft-knitted band, like a broad garter sufficient to go
once or twice round the neck, and securely fastened. Hand-
kerchiefs, bandages, &c., are unsatisfactory, as on the one
hand they either suffocate the patient, or on the other the
plate is not firmly held in position. The knitted garter is
soft and elastic and thus tightly fixes the electrode without
discomfort. This may appear a trifling detail, but it is the
non-observance of such little matters, as ascertained by ex-
perience, which constitute the troubles, expend the time, and
falsify the results of electrical investigation.

If the lower part of the body is to be tested, the patient, if
in bed, may place the flat plate over the sacrum, and keep it
in position by simply lying upon it, or he may apply it to the
sternum or front of the abdomen, and hold it there with his
hand. In careful clinical observations it is best to act always
under the same cirecumstances, and altogether the most cen-
tral and suitable position for this electrode in all cases 'and
for all parts of the body, is the front of the abdomen.

Having then firmly secured the well moistened plate, we
proceed with the handle electrode, also soaked with water, to

————
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METHOD OF PROCEDURE, 88

cedure, if a little unpleasant, is practically painless. If,
however, he starts by unduly causing pain or sudden shocks,
the subject of observation, especially if a woman or child,
is frightened and restless, and the tremor and involuntary
movements thus induced, greatly militate against accurate
observation. Finally, and more particularly when the nerve
is diseacved, the effects of varied interruptions of the current
must be noted, as in certain conditions, when these are rapid,
they are followed by no response, but if slow, may be suc-
ceeded by musenlar contractions.

In noting the musecular contractions, much caution must
be exercised, otherwise great errors may be made, In stimu-
lating a nerve, it is necessary to know the muscles it supplies,
and their action as a result of irritation, as these and these
alone are to be for the time attended to. Especially when
strong currents are used, there is great diffusion of the elec-
tricity, and the neighbouring tissues are influenced as well as
the nerve we are investigating, and the effects of the latter
must be carefully separated from the former. To take an
example; suppose the ulnar nerve is being acted upon above
the elbow with a pretty strong current. In health, all the
museles which it supplies will confract vigorously. In ad-
dition, however, the musecles of the upper arm which are in
direet contact with the electrode, will also act. These last
have to be eliminated in the observation., In health this is
not diffienlt, but in disease, when certain nerve fibres or mus-
cles are affected it is more so. Suppose again, that all the
musecles supplied by the ulnar nerve were diseased, and a
strong current was applied to its trunk, although it would
produce no eontraction of the flexors, it might by transmis-
gion indnee action of others such as the extensors of the hand,
This has to be noted, and not confounded with the effects of
the nerve under consideration. The complete distribution

D







METHOD OF PROCEDURE. 86

to obtain a normal standard, we are obliged to take as such,
some of the other healthy nerves of the body. This requires
great knowledge and experience, for as we shall afterwards
see, owing to varying physical conditions, these differ in their
sensitiveness to excitation In a series of observations made
by myself and referred to in a subsequent Chapter (page 48).
I have endeavoured to show that a comparison may be made
between the relative excitability of all the great nerve trunks
of the body, which if not of perfect scientific accuracy, is
useful for practical diagnostic purposes. Henece, if both
sides are affected, we may, subject to certain restrictions,
compare the diseased with other healthy portions of the
body.

9. Faradism to Motor Points.—To stimulate the motor
points of the muscles, precisely the same steps are to be
taken. The sharp end of the electrode is to be firmly placed
as near the spot as possible, and if this does not produce the
desired effect, namely, contraction of the mass of the muscle,
it must be moved about in the neighbourhood, till it is evident
the motor nerve is being irritated. Considering that we can-
not actually see the exact position, even of the muscles them-
selves, through the skin ; it may be easily conceived that it ia
often no easy matter to arrive at the exaet spot at which its
nerve enters, and more especially as this may varyin different
individuals, Like most other difficulties, this is only to be
overcome by an intimate kmowledge of the parts, and by con-
stant practise, throngh which only, dexterity and accuracy is
to be obtained. Although a knowledge of these motor points
is seientifically of great importance, it must be admitted that
in practise it is not always absolutely essential. Having
ascertained the funection of the nerve trunk, we have thus
already arrived at the action of its branches, in other words,
the motor points. It must, however, be remembered that
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stimulated on one side and not on the other, thus rendering
a comparison fallacious. In very small muscles, the point of
the olive shaped electrode must be used, in order to limit the
current as much as possible. In the larger muscles, as great
a surface as the electrode permits, should be applied. Al-
though the whole of the muscle may be tested, practically,
the most fleshy part is the most suitable position.

In certain circumstances the effects of varying the inter-
ruptions of the induced current should be ascertained. This
may be slowly performed by moving the vibrator of the coil
with the finger; if rapidity is required this must be adjusted
by means of the screw attached to the instrument.

In making subsequent examinations of the patient, it is of
great importance to ascertain whether any change, either of
degree or kind, has taken place since the observation on a
former ocecasion. The faradic instruments as at present con-
structed are unfortunately not sufficiently exact for the first of
these purposes. For example, if we examine a nerve with a
certain strength of induced electricity, we have no means of
applying exactly the same amount, say six months after-
wards, and noting the difference of degree at the two periods.
It is true that for most practical purposes, we can roughly
estimate the changes which thus ensue, but if a more perfect
instrument could be devised which would fulfil this end, it is
needless to point out its great importance as regards diag-
nosis and prognosis.

The sensibility of different portions of the body vary, the
face, and head generally, being especially sensitive, so that
too strong a current must be avoided. It is always ad-
visable that the operator, before making applications to
the patient, should test the strength of the current upon
himself. This he can always do, (assuming the plate to
be already attached to the patient), by simply placing his
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closing the current are to be noted. As with faradism begin
with a weak current, test each pole separately, closing and
opening in turn. Gradually incrense its strength, and ob-
serve when muscular contraction first appears, at which pole,
and whether at its closure or opening. Continue to angment
the current, still watching the order in which the contractions
appear, their degree, their duration, and their character gene-
rally. What may be expected to take place will be detailed
in the next chapter. The effects of variously interrupting the
galvanic cwrrent must also not be forgotten. For slow
interruptions, the ordinary handle is used, and these are
made with the finger. When great rapidity is required, the
rheotome is perhaps the most convenient method of produc-
ing it. We have at present no accurate practical instrument,
except elockwork, for measuring the number of interruptions,
so that we can only speak of, very slow, slow, medium, rapid,
and other such somewhat inexact terms. With regard to
measuring the strength of the galvanic current, this can
be very accurately done by means of the galvanometer in
therapentics and other prolonged applications, but for the
purposes of diagnosis in the manner already detailed, we
have not, unfortunately, any satisfactory method. As here
the effects are of very brief duration, and as the needle
of the galvanometer oscillates, it is difficult to measure the
ewrrent sufficiently rapidly. Improvement of the instrument
may, we hope, soon be made, by which it may take instan-
taneous measurements, a discovery which would prove of
immense practical value.

All the other details of the application of the galvanic
eurrent, and the cautions to be observed, are the same as
with faradism. With galvanism the special points to be
noted are :—1st. The amount of contraction of each pole as
compared with the healthy side. 2nd. The amount of con-
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CHAPTER V.

Evreorricar Reactions v HearTa.

Tue two forms of electricity already described, and applied
in the manner indicated, produce certain definite and well
marked phenomena on the different tissues of the healthy
subject. For the present purpose it is sufficient to know
their effects on the spinal cord, motor nerve, and voluntary
muscle.

1. Semwar Corp.

If a healthy spinal cord be exposed by dissection, and
electricity applied to its substance, there are vigorous con-
tractions of all the muscles of the body, supplied by the
nerves derived from and below the point irritated. The
responses to the different currents are of the same charac-
ter as those about to be described as oceurring with motor
nerve. In the human subject applications to the spinal cord
are never made for diagnostic purposes.

2. Moror NErve.

On irritating & motor nerve with electricity, the only visible
phenomenon which follows is, contraction of all the muscles
which it supplies. Certain other changes take place in the
nerve itself, but for our present purpose, we have only to
study the behaviour of the muscular contraction. This takes
place as a result of variations in the density of the eurrent,
and therefore these muscular contractions only occur at its
closure and opening, and their amount is practically in
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more complicated. The effects, however, are perfectly de-
finite, and consiitute what is termed the law of contraction
of motor nerve and muscle. When this is applied with
moderate power to a nerve, muscular contractions ensue,
but only at the moment of making or breaking the current.
These are not of tetanic nature, but short and sudden, fol-
lowed immediately by relaxation, and while the current is
passing continuously along the nerve, there are no musecular
contractions. These phenomena are influenced by the intensity
of the current, the stronger it is the more energetic the
contractions, and if it be very powerful, there may be tetanic
spasms, not only on making and breaking, but during its pas-
sage along the nerve. The museular movements vary
according to the direction of the current so that there are
four different contractions:—1. The descending closure con-
traction; 2. The descending opening contraction; 8. The
ascending closure contraction, and 4. The ascending opening
contraction. These are further modified in strength by the
intensity of the eurrent; and the systematic arrangement of
which has given rise to what is termed Pfliiger’s law of con-
traction, which is as follows :

Descending, Ascending.

Make. Break. Make. Break.
Very weak . C. — . : . . — —
Weak . S . ‘ g £ —_
Moderate Al 5§ (7 e . . i) C.
Btrong . & — . : - Sy C.

These observations were made with both poles of the
battery applied to the exposed nerve, in animals. When the
polar method of investigation is employed the reactions are
somewhat different. When the effects of one pole are elim-
inated by placing it on a distant or indifferent part of the
body, and applying the other to the nerve, we can thus
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noted is, that in health the C.C.0. exceeds the A.C.C. and the
A.0.C. the C.0.C. In the normal condition the galvanic
current to nerve does not produce such vigorous contractions
as the faradie. The more rapidly it is interrupted the more
powerful are the stimulating effects, and when this is very
quickly performed there is tetanic spasm as in the case of the
inducel current, but not to the same extent. The same laws
apply to all the nerves of the body that are equally accessible
and that are under similar conditions, at the same time it is
to be noted that very few of even those superficial, are exactly
under the same circumstances in different localities, so that
care should be taken in comparing the phenomena in one
region with that of another.

Motor points.—The action of electricity on the motor points
are precisely similar to those just described, as they are simply
branches of the motor nerve trunks. Their stimulation causes
contraction of the entire muscle or the larger mass of if.

8. Voruntary MuscLE.

The faradic and galvanie currents directly applied to
the muscles i health, produce the same phenomena as
when the nerves which supply them are similarly treated.
The reactions are the same in character, but less wvigor-
ous in degree, and, apart from diffusion of the current,
only such portions of the muscle contract as are directly
gtimulated. Hence, the action which follows is due to
irritation of the intra-museular nerve filaments. When
the musele is deprived of its nerve influence by poison or
otherwise, leaving its fibres healthy, the reactions are very
different. The faradic current then applied produces no
contraction whatever, no matter how slowly the interruptions
may be made. The action of the galvanic ecurrent to muscle
thus deprived of its nerve is augmented, so that a weaker
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explains the greater response to the closing as compared .
with the opening of the cuwrrent.* To all the voluntary
muscles of the human body the same laws apply. Praeti-
cally, however, there are slight differences of degree, the
larger a muscle and the coarser its texture, the more power-
ful is the current required to cause a proportionate amount
of contraction. Again, in special parts of the body the skin,
fat, and other resisting media vary so greatly as to necessitate
different degrees of electricity to penetrate the obstruetion
before reaching the musecles below.

Relative Excitability of Different Nerves and Muscles.—This
question of the different conducting media in the body is a
matter of great practical importance. In general terms it
may be stated that all the nerves are, if dissected out, equally
excitable, subject to the fact that the nearer the centre, the
greater the irritability, and conversely, towards the peri-
phery it is somewhat less so. In the same way the muscles,
if exposed, would be found nearly all alike, except that they
vary slightly in response to faradism, according to the rich-
ness of their nervous supply, and to galvanism in proportion
to their bulk, and the delicacy of their structure. In the
living subject there are differences to be noted. In various
loealities the conducting media between the electrode and the
nerve or muscle, differ so much in thickness, as to cause an

® The different actions of the two currents on nerve and muscle may be
summed up thus, Faradism is the most powerful stimulant of healthy nerve,
and this increases in proportion to the strength of the current, and the rapidity
of the interruptions. Galvanism has the same effects, but less vigorouns in
degree. On healthy muscle deprived of its nerve influence, faradism has no
effect, whatever be the number of interruptions, but to galvanism the re-
sponse is increased, and this in proportion 16 the strength of the current
and the slowness of the interruptions. Thus, practically, faradism acts on
nerve alone, while galvanism excites both nerve and muscular fibre, but
each in a different manner as above described.
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in intensity, the next nerve which responds, is the branch of
the cervical plexus to the levator anguli scapule muscle.
A further but very slight augmentation brings into action
the ulnar. Increased still very slightly, the median, facial,
remainder of the cervical plexus, anterior crural, and ex-
ternal popliteal, react, all as neaxly as possible being of equal
excitakility, but varying a little in different individuals. A
further increase brings into action the musculo-spiral, and
the internal popliteal. In tabular form the following is the
order in which the excitability of the various superficial nerve
trunks appears to exist.

Spinal Accessory,
Branch to Levator Anguli Scapule,
Ulnar,

Median,

Facial,

Cervical Plexus,

Anterior Crural,

External Popliteal,
Musculo-Spiral,
Internal Popliteal.

Although, owing to the deficiency of our apparatus, we
have no means of accurately measuring the differences of
excitability here indicated, these are in all cases so slight,
that if properly learnt by observation and experience in the
healthy subject, in practice a comparison can be made be-
tween the different nerves in disease, For example, suppose
the lower extremities to be paralyzed, we cannot compare one
leg with the other, as both are affected, but by a knowledge
of the relative irritability of the nerves in the upper and
healthy parts of the body, we may arrive at an approximative
idea of the truth. Thus, the anterior erural and external
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museles supplied from its entire length. These phenomena
indicate that if the spinal cord is injured at the origin of a
motor nerve, the latter rapidly loses its healthy structure and
functional activity, its nutrition is interfered with, it degene-
rates, and with it the muscle it supplies. They also point
out that so long as a motor nerve is attached to a healthy
centre in the cord, even although it may be separated from
the brain by disease higher up, and consequently its volun-
tary function lost, the nerves and muscles retain their
healthy structure. Thus, loss of physiological function may
be quite independent of histological changes in cord, nerve,
or muscle: on the other hand, when these exist, there is
often a relation between the two.

In man the same general sequence of events ensues after
injury or disease of the cord, although owing to the nature
of the lesion, we have rarely opportunities of observing such
typical symptoms, as in experiments on animals. When a
thin section of the cord is injured, as when divided by a
dagger, the voluntary motor power is lost below the stab, but
the muscles and nerves do not atrophy or undergo any degen-
erafion. When the injury affects the whole thickness of the
the cord for a limited extent, as from pressure of a vertebra,
the same symptoms take place, but there is degeneration of
the injured portion of the cord, of the nerves derived from it,
and of the muscles supplied by them. In the lower part of
the body the nutrition remains unimpaired. Finally, when
as in myelitis, the entire thickness and length of the cord is
diseased, there is wasting and degeneration of all the muscles
and nerves of the lower part of the body.

Motor Nerve~If a motor nerve is divided, there is at once
paralysis of the muscles it supplies. Subsequently, patho-
logical changes take place in the structure of both nerve and
muscle as a consequence of the injury, and of their being
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fibres which spread with tolerable rapidity from the centre to
the periphery, considerable changes also occur in the neuro-
lemma. There may be seen a remarkable increase and
multiplication of the nuclei of the sheath of Schwann in
the neurolemma itself, and an extraordinary accumulation
of cellular elements. In the course of three or four weeks,
the greater number of these assume the character of fusi-
form cells, coincidently with which there is a progres-
sive hypertrophy of the neurolemma; the external nerve
sheath is greatly thickened, strong trabecule of connee-
tive tissue divide the several fasciculi of nerves from one
another, and the hypertrophied connective tissue may be
seen to separate the individual fibres. As the process
continues, the hypertrophied connective fissue becomes
denser, firmer, and fibrous; true cirrhosis of the nerve is
established, which is very elearly apparent when transverse
sections are made.”

" Although after complete division of a motor nerve there 1s
entire loss of function, and the train of pathological changes
just enumerated, the two ends of the divided nerve may heal,
the morbid changes gradually disappear, and the function
be completely restored. This process begins at the central
segment, by a formation of tissue which extends to the
peripheral end of the nerve, and ultimately becomes nerve
fibre. The exact method in which this takes place is not
known, but this is eertain, that the two ends of the divided
nerve become joined by nervous fissue capable of transmitting
function as before. Whether the recovery is complete or
partial, depends on the special circumstances of the case.

Voluntary Muscle.—After division of a nerve, changes also
occur in the muscle which bear a close connection to those
above enumerated. Atrophy of the muscular fibres, accord-
ing to Erb, “first begins to be distinctly marked in the
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around the blood vessels and the degenerated nerve trunks,
and is everywhere easily discoverable for several weeks.
From the sixth week onwards the cells gradually disappear,
after first becoming for the most part fusiform, and changing
into the dense, wavy connective tissue which is rapidly form-
ing. This hypertrophy of the interstitial connective tissue can
also b recognized at as early a period as the second week,
from which time it steadily increases week by week, new mate-
rial gradually assuming the form of dense, wavy bands of con-
nective tissue of considerable breadth, which penetrate the
muscles, and separate the several fibres from each other
by strong septa. The muscles are thereby rendered denser
and firmer, and the newly-formed tissue subsequently under-
goes cicatricial retraction.”

If regeneration of nerve takes place, these morbid changes
in the muscle may gradually clear away. This, however, is
always a very slow, and generally imperfect process, owing to
the extensive hypertrophy of the connective tissue, constitut-
ing a true cirrhosis of the muscle. In those cases which do
not recover, the hypertrophied connective tissue becomes more
dense, and there is total atrophy and disappearance of the mus-
cular fibre, so that after some years the muscles are converted
into flattened cords of connective tissue.

The explanation of all these phenomena, which appears to
be most probable, and which is supported by the facts of the
present enquiry is, that these degenerate changes in nerve and
muscle are due to the separation of the tissues from the cen-
tral nervous system. Here, there would seem to exist those
elements which preside over the nutrition of these structures
which undergo changes when their influence is removed.
Whether there are special trophic tracts, and where these
lie, are questions not yet practically demonstrated.
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tions. This shows diminished fanctional activity of nerve
accompanying organic changes in structure. This impaired
response rapidly advances so that in from the seventh to the
twelfth day, the excitability of the nerve to both currents
becomes completely abolished, this loss of action spreading
from the cut surface of the nerve to its periphery. This
remains permanent, unless regeneration takes place, in
which case the normal contractions slowly return in pro-
portion to the renewal of tissue, and to about the same
" extent with both currents. The improvement begins in the
same direction as the disease followed, namely, from the
centre to the periphery. For a long time the response to
both currents remains below the normal standard, even after
voluntary motion has quite recovered. This fact indicates,
- that although the nerve has sufficiently recovered to convey
voluntary impressions of motion, owing to the recent changes
in structure it has not yet completely attained its electrie
excitability.

When the nerve is partially injured, or bruised only, the
electrical reactions are not so complete, but bear a relation to
the severity of the anatomical changes.

Voluntary Musele.—The reactions to muscle are more com-
plicated, and differ with the two eurrents, the action of which
must be considered separately.

Faradism—With this the action is exactly similar to that
of nerve, namely,—rapid diminution ending in complete ex-
tinction in about twelve days, at the end of which time direct
rritation of the muscle with the induced current produces
no muscnlar contractions, This shows that the peripheral
branches of the nerve, as well as its trunk, are funetionally
as well as structurally altered. The return reactions to
musele, in eases which recover, are the same as those to
mnerve, only somewhat more tardy in appearance,
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is finally completely lost, the anodal closure contraction being
the last to be demonstrated. Then we may conclude that the
musele is totally destroyed. If the muscle recovers, the gal-
vanie reaction is slowly re-established, but remains for a long
time below the normal standard, after voluntary power has
returned, and later even than the effects of faradism on the
nerve. So that after the response of nerve to the induced
eurrent is normal, that of muscle to the uuntinnnua may
remain diminished. This is evidence, that the regeneration
of nerve and voluntary motion, is in advance of that of mus-
cle, which is a slower process. The reaction of galvanism to
muscle is therefore independent of that of faradism to nerve,
so that we may have the latter producing healthy eontractions
when stimulated indireetly, with normal voluntary motion,
and at the same time with the former diminished response,
and even slight qualitative changes when applied directly to
the muscle. Such would suggest that while both nerve and
muscle were practically healthy, the latter from its late thick-
ening and induration constitutes a bad conducting medium
for the electricity to reach and act upon its substance.

Such then is the sequence of anatomical changes, which
ocenr both in nerve and musele, after artificial section of the
former, and also the series of electrical phenomena which
ensues. These bear a marked relation to one another, so
that a careful comparison of the preceding considerations
will enable the observer from the electrical conditions, to
arrive at an exact knowledge of the histological state of
either nerve or muscle. A knowledge of this, as will sub-
sequently be shown, is of the greatest importance in the
the diagnosis of many nervous diseases. The diminution
or loss of electric excitability to nerve, indicates its degener-
ation, and the stage in proportion which it has reached. The
extinction of the faradic current to muscle, does not prove
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volved. Even in paraplegia, as a result of this, the elee-
trical reactions of the lower limbs may be normal. This
shows that the portion of the cord, from which the nerves to
the lower extremities talke their origin, is healthy. Careful
examination of the museles higher up, would probably end in
the discovery of some point where abnormal electrical reac-
tions were found, from the extent of which we would infer
the limits of the lesion in the grey matter. The same may
exist in certain stages of peripheral paralysis, especially those
of a slight and temporary character, indicating, that although
the affection is sufficient to cause abeyance of voluntary motion,
it is not so advanced as to induce such organic change as leads
to abnormal eleetrical reactions. Finally, the whole class of
so-called funetional paralyses are as a rule accompanied by
negative phenomena. For example, in a chronic case of
hysterical paraplegia, the responses to the faradic and gal-
vanic currents would be everywhere normal to both nerve and
muscle.

2. Quantitative Changes in Paralysis.—These consist of sim-
ple increase, or diminution, of electrieal response, without the
reaction of degeneration or other qualitative changes.

(a.) Simple Increase, is occasionally seen in a variety of
different forms of paralysis. It is usually of slight degree
and of temporary duration. It is sometimes present in the
affected limbs, resulting from cerebral disease, and especially
in its early stages. It occurs in hemiplegia following hemor-
rhage, embolus, and other acute diseases of the brain, and is
due, either to the presence of an irritating lesion, or to the
inhibitory influence of the cerebral centre being removed from
the peripheral tissues, Therefore, simple increase of electro-
excitability, slight, uniform, and temporary, at the outset of
the disease often oceurs in cerebral disorders, and if the in-
erease be considerable there is probably an irritating lesion.

F
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tory influence. Increase of response with galvanism, and
diminution with faradism, to musele, is almost always asso-
ciated with qualitative changes, and indicates serious disease
of the nerve, with commencing alteration of muscle.

Another explanation of the inereased electric excitability
may be, that the disease has modified the conducting media
of the affected parts. Atrophy of fat, skin, or ohter tissues,
may, by diminishing the resistance, enable the current to
reach the structures below more readily than in health, and
thus cause an apparent increase of action. In other ways
also, that we cannot explain, the unhealthy condition may
augment the readiness of response. On this subject we
have little definite information, but it must not be lost sight
of that this is a possible explanation of hyper-excitability
to the electric stimulus.

In some anomalous forms of paralysis to which we apply
the term ‘ hysterical,” there is remarkable irritability and
exaggeration of all the reflex acts. These are so exalted,
that when an electrical current is applied to a nerve or its
branches, it excites a series of reactions never seen in health.
Instead of the muscular contractions being limited to the
tissnes directly stimulated, there 1s vigorous action of the
neighbouring, and even of distant parts. Sometimes the
museles of the opposite limb are put into funetional activity.
Benedickt states that he has observed this.in a case of pro-
gressive muscular atrophy. Personally I have noticed these
phenomena on several occasions, but only in those forms of
paralysis which from other circumstances had been diagnosed
as hysterical. Beard and Rockwell consider this to be the
result of organic disease of the cord. This will of course
depend upon the definition of so called functional disease and
what the pathologist understands by the word * organic.”
Under any cirenmstances it is clear evidence of some abnor-
F2
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rally accompanied by qualitative changes, but by itself
indicates serious destruction of muscular tissue.

8. Qualitative Changes in Paralysis—This implies that the
electrical responses to nerve and muscle have undergone
changes in quality and character, in addition to alterations
in quantity and degree. The former never exists without the
latter, and the two together constitute the reaction of degene-
ration. In cerebral paralysis this is never seen, except in
those unusual cases, when a tumour of the brain, by
mechanical pressure, causes disease of a peripheral nerve,
with the usual degenerative sequence of events. This, how-
ever, is not a true cerebral paralysis, In certain forms of
spinal paralysis the reaction of degeneration is found in its
full extent, namely, complete loss of response of nerve to
both eurrents, loss of response of muscle to faradism, in-
creased action of muscle to galvanism, with inverted polar
reactions. This is seen in diseases of the cord, in which the
multipolar cells of the anterior cornua of the grey matter are
degenerated, as in extensive myelitis, and infantile paralysis.
This reaction is never met with in degenerations of any other
portion of the cord, and is consequently absent when the
posterior or antero-lateral columns alone are involved, as in
locomotor ataxy, and lateral sclerosis. In peripheral paraly-
sis, the reaction of degeneration is present in its most typical
form, and is met with in all severe injuries or diseases of the
motor nerve trunks, It is therefore found in surgieal injuries
to nerves, and in all those morbid eonditions, rheumatic and
otherwise, which seriously involve their structure. This
condition is also seen in certain affections, the origin and
natare of which are as yet not thoroughly understood, such
as lead palsy, but if not demonstrated, the general Bymp-

toms as well as the electrical reactions, enable us to suspect
the seat of lesion.
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stages of nerve trunk disease, and in acute affections of the
anterior cornua of the cord. 5th. There may exist a state
in which both eurrents applied to the trunk of a nerve, pro-
duce normal contractions, faradism direct to muscle, no
response, and galvanism to the same, healthy action. This
is evidence of normal nerve trunk and muscular fibre, but
disease of the intra-muscular nervous branches, and is
found in eases of temporary paralysis from cold, ete. This
phenomenon also shows that the healthy nerve trunk, when
stimulated, is capable of transmitting its motor influence to
the muscle throngh its diseased peripheral branches. 6th.
When irritation of the nerve trunks by both currents cause
normal contractions, faradism direct to muscle no response,
and galvanism to the same, all the signs of reaction of de-
generation, we conelude that the ftrunk of the nerve is
healthy, and that there is degeneration of muscle with its
intra-musenlar nerves. This may sometimes be seen in lead
palsy. Tth. With nerve either healthy or diseased, if musecle
shows quantitative diminution to galvanism, with or without
qualitative changes, it indicates serious degeneration of the
muscular substance, as seen in advanced infantile paralysis
and progressive muscular atrophy. 8th. Lastly, complete
abolition of response with both currents, to nerve and muscle,
indieates entire destruction of these two structures, as seen
in the late stages of polio-myelitis anterior, lead poisoning,
and peripheral paralysis.

4. Fffects of Interrupting the Currents in Pavalysis. Fara-
dism.—In health, as has already been pointed out, the more
rapidly the faradic current is interrupted, the more powerful
is the stimulus to a motor nerve. In disease it is exactly the
reverse, as when there is nervous degeneration, the slower
the interruptions, the more vigorous the muscular contrac-
tions, and vice versa. At certain stages of disease there may
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volved. If the muscle only contracts with slow interruptions,
it is evidence of considerable modifieation in its nutrition,
and finally, if it does not contract with even the slowest
interruptions of a powerful current, we may conclude that
total destruction has ensued.

I have observed on several oceasions in diseased muscle,
that rapidly interrupted galvanism produced a sudden con-
traction, immediately followed by relaxation, although the
current still continued to pass; in short there was no
tetanus. I do not know how this is to be explained, or
what morbid state it exactly represents. It would seem to
indicate that in advanced muscular degeneration, without
complete disorzanization, the shock of interrupted galvanism
produces a contraction, but that the muscle, owing to dis-
ease, has lost its tonicity, and capacity to maintain a tetanic
spasm.

Taeory oF FErrcrricar REeactions ix Disgase.

We have seen, in paralysis arising from diseases of differ-
ent loealities, and involving different structures, that although
loss of voluntary motion 1s a common symptom of all, the
electrical reactions greatly vary, and that, as we shall find,
according to the tissues affected. In some these are normal,
in some there are only quantitative changes, and in others
there are qualitative alterations in various degrees and
character. This last, or the reaction of degeneration, is
never found in paralysis from brain disease, or in those
affections of the spinal cord in which the white columns
alone are degenerated. It is met with only when there is a
lesion of the grey matter of the cord, or when there is serious
injury or disease of the peripheral nerves. It is therefore
evident that destruction of the cerebral tissues, or of the
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while the nerve tissues remain healthy, as in progressive
museular atrophy; and in others the nerve may be altered,
and the musele continue normal, as in the early stages of
polio-myelitis anterior. In disease of the anterior cornua,
why certain of their trophic cells should become functionally
inactive, leaving others normal, we do not know, nor has an
explanation as yet been anatomically demonstrated. The
clinical and pathological fact remains, that in diseases of the
anterior cornua, in some the nerve only is degenerated, in
some the muscle alone, and in others both of these are
altered in structure. The practical point to be observed is,
that in paralysis from disease of the spinal cord, if degenera-
tion of either nerve, or muscle, or both exist, we may
conclude that the seat of the lesion is in the ganglionic
cells of its anterior cornua, and on the contrary, if these
stroctures are normal, it may be inferred that this portion of
of this spinal centre is healthy.

The same explanation is applicable to the phenomena of
the reaction of degeneration, which follows injury or disease
of peripheral nerve. In this case the fracts conveying nutri-
tive and motor influences to the nerve and muscle are severed
by the lesion, and the connection between the centres and the
tissues are broken. Hence the completeness of the paralysis
and of the degenerative and electrical changes following peri-
pheral nerve affections, as compared with those following
cord disease, in which some of the elements may escape
destruction.

All these phenomena have been ingeniously portrayed by
Erb, and the accompanying diagram (fig. 5), slightly modi-
fied from his, places this hypothesis in so clear a light, as to
be readily understood. G is a large multipolar ganglionic
cell in the anterior cornua of the cord. N a peripheral nerve
trunk supplying M, a muscle. ¢ is the motor conductor from
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without paralysis or nerve affection, and the electrical re-
actions demonstrate normal conditions to nerve, with quanti-
tative and qualitative alterations of muscle, as seen in
progressive muscular atrophy and bulbar paralysis. If n
alone is diseased, the nerve is degenerated, and the muscle
remains healthy. The electrical responses axe lost to nerve,
and galvanism is normal to muscle, as seen in the early
stages of infantile paralysis. If e-m are both diseased, there
is paralysis with muscular atrophy, the electrical reactions
indicate healthy nerve and diseased musecle, as in amyo-
trophic lateral sclerosis. If c-n are diseased, there is
paralysis with degeneration of nerve, and healthy muscle.
If m-n are diseased, there is degeneration of both nerve and
muscle. The same ensues with paralysis if ¢-n-m are all
affected together, or G by itself is destroyed, as seen In
myelitis transversa, or polio-myelitis anterior.

When N is entirely diseased, including the tracts ¢’-n"-m’,
there is complete loss of voluntary motion, with degeneration
of nerve and muscle, with corresponding electrical reactions,
or the severe form of peripheral paralysis, If ¢'-m’ or ¢-n’
are degenerated, in the one case there is paralysis with atro-
phy of muscle, and in the other paralysis with alteration in
nerve, or the middle forms of peripheral paralysis. If the
tract ¢’ alone is involved, there is loss of voluntary motion,
with healthy nerve and muscle, and normal electrical reac-
tions, or the mild form of peripheral paralysis.

It is to be remembered that the preceding statements are
purely hypothetical and diagrammatie, and although they
appear to be the most plausible explanations of the elinical

facts, it must be admitted that they have not been actually
demonstrated.
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tions. It may also be due to secondary anatomical changes
in the spinal eord and nerves, which are accompanied by
modifications in their excitability. Certain cerebral diseases,
such as tumours, abscesses, etc., may, by pressure on the
cranial nerves cause their degeneration and corresponding
electrical changes, but such cases are in reality peri-
pheral paralyses, although originating in a lesion of the
brain, In short, for practical purposes it may be stated,
that in paralysis from brain disease, the electrical reactions
to the affected nerves and muscles are normal, or only ex-
hibit slight quantitative, and never qualitative modifications.
This fact by itself is of great importance in diagnosis.

A. Pararysis FrRox IDISEASE OF THE DRAIN., HLECTRICAL
Reacrions NoraarL,

Case I.—Hemiplegia of three years standing, probably haemor-
rhagic. Electrical reactions normal. E. M., ®t. 60, female,
housewife. With the exception of headaches, the patient
was quite well till three years ago, when her husband
died. Soon afterwards, having gone to bed one night
in her usual health, next morning her right arm and leg
were found partially paralysed. From this she in some
degree recovered. Six months afterwards, while lifting a
heavy weight, her left arm suddenly became completely
useless. This after a time improved, but imperfectly, A
year ago the right side became gradually weaker, and this
has increased up to the present time.

On examination, the patient is a fairly healthy looking
woman. Her head has a tendency to lean towards the left
gide. There is slight indistinctness of speech, but no aphasia.
The lower part of the right side of the face is partially para-
Iysed. The special senses dre normal. The tongue is pro-
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The only objective symptom there to be discovered, is very
slight tremor. The reflexes on both sides are equal and
normal.

FElectrical Reactions.—To the nerves and museles of all the
limbs, the paralysed one included, the reactions to faradism
and galvanism, are normal, and equal on both sides.

B. Pararysis rroM IDISEASE oF THE BRrAN. ErLEcTRICAL
Reactions QUANTITATIVELY INOREASED.

Case II1.—Hemiplegia of four months standing, probably
hemorrhagic.  Flectrical reactions, quantitatively increased.
F. 8., @t. 22, male, fishmonger. The patient states that he
was quite well till four months ago. One day, without apparent
cause, and while engaged at his ordinary work, he fell down
unconscious, and had “a fit.” On recovering from this he
was paralysed on the left side, but was able to walk home
with assistance. Next morning the entire left side was com-
pletely motionless. Sinece then, the loss of power has con-
tinued, but has considerably improved.

At present, the patient is a healthy looking man. At
rest, the face is drawn to the right side, and on movement,
i1t 18 markedly deficient in action on the left. Speech is
slightly indistinet, but there 1s no aphasia. All the move-
ments of the left upper extremity are very feeble and imper-
fect, the grasp of the hand being almost nil.” All the muscles
are in a state of rigidity and contracture, which can be over-
come by gentle passive motion. There is no atrophy of the
limbs. The patient walks lame, and drags the left leg, which
is stiff and rigid, owing to muscular contracture. The heart
18 normal.

FElectrical reactions—Application of both currents to the
nerve trunks of the left side, indicate marked increase of mus-

G







PARALYSIS FROM DISEASE OF THE BRAIN. 83

D. Paranysis rroM Disgase ofF THE Braiv. ErEcTRICAL
Reacrions Norumar o MosT oF THE NERVES AND MuscLES.
Reacrion oF DEGENERATION TO CERTAIN NERVES AND
MuseLes as A Resvrnr oF Mecnasicarn Pressure.

Case V.—Right hemiplegia probably the vesult of cerebral ab-
scess, El ctrical reactions to paralysed side normal. Left facial
paralysis with reaction of degeneration to muscles. J. G., wt. 64,
male, mason, The patient has suffered for many years from
diabetes, but with this exception has been in good health fill
about a year ago. At this time he had a fall on the head,
and was severely wounded over the left parietal bone. Por- -
tions of this neerosed and kept up an open sore, which only
healed a few weeks ago. Three weeks ago he was one day
suddenly seized with a feeling of stiffness in the left side of
his face, and shortly afterwards 1t was noticed that this was
partially paralysed, and that the features were drawn towards
the right. He also experienced severe pains in the head, and
acute ear-ache on the left side. These symptoms have con-
tinued since.

At present the diabetes exists as formerly. The left side
of the face is completely paralysed with all the usual symp-
toms, the features drawn towards the right, inability to
close the left eye, embarrassed speech, collection of food in
the cheeks, ete. Sensibility of both sides of the face normal.

Electrical Feactions.—Faradism applied to both nerve and
muscle on the left side, produce no contractions. There is
also no response with galvanism to the nerve trunks. This
current directly to the muscles causes more vigorous con-
tractions on the diseased than on the healthy side, they are
slow and tonie, and the A.C.C.>C.C.C.

The severe pain in the head, with giddiness, and paralysis

G2
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of the cord, if the grey matter is not involved, there are 10
nutritive alterations, and the electrical reactions are normal.
Hence, if the anterior, lateral, or posterior columns only
are degenerated, even throughout their whole extent, the
responses of both nerve and muscle to the faradic and
galvanic eurrents show no material alterations.

There are, however, certain limitations to this rule. If
there be acute inflammation of the cord or its membranes,
we find simple quantitative increase of electrical responses.
This indicates a general nerve excitability without actual
degeneration, due to the irritative lesion of the centre. The
same applies to any disease of the cord, chronie or otherwise,
which causes hyper-excitability of the nervous system. This
simple increase may also occur when there is limited and
complete disease of the eord leaving its lower part healthy.
Owing to the inhibitory action of the brain being thus cut
off, the parts supplied from the normal centres below, ex-
hibit in consequence increased excitability.

Again, in all very chronic cases of paralysis from disease
of the cord of any kind, there may be simple quantitative
diminution of electrical response due either to atrophy from
long continued disuse of the muscles, or to secondary de-
generation in the motor nerves.

When the grey matter of the cord is seriously diseased
there is almost always interference with the nutrition of nerve
and musecle, and consequently abnormal electrical reactions.
This is more especially the case when the large multipolax
cells of the anterior cornua are degenerated. In such in-
gtances there are the typical reactions of degeneration. If
the whole length and thickness of the cord is diseased, there
would be atrophy of all the muscles and nerves derived from
it, and hence there would be universal abnormal electrical
reactions, In the case when a portion ouly, say an inch or
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of a very chronic nature, there is said to be quantitative
diminution to a limited extent, due probably to simple func-
tional disuse of the muscles. This last I have never seen,
although I have had opportunities of observing several cases
of more than fifteen years standing, and one of thirty years
duration, in which the resctions were perfectly normal. There
are never any qualitative changes.

Case VI.—Locomotor ataxy of four years duration. FElectri-
cal reactions normal. W. R., ®t. 35, male, engineer. The
patient states that he was in good health till about four years
ago, and that he never acquired syphilis. Without apparent
eause he was then seized with darting pains all over his body,.
which were very frequent and severe. These continued for
two years without any other symptoms, after which it was
noticed that his legs became weak and unsteady, which
symptoms have gradually inereased up to the present time.

On examination, the patient appears anmmie, but is other-
wise healthy looking. His walking powers are very uncer-
tain, and he cannot move about without assistance, He has
the characteristic ataxie gait, throws his legs about, cannot
co-ordinate his movements, stamps his feet, has to keep his
eyes on his legs otherwise he falls down, and in short, he
suffers from all the usual symptoms of a tolerably advanced
case of the disease. Although individual movements are ener-
getie, the patient soon becomes fatigued on exertion. There
is unsteadiness in the movements of both arms and hands,
and his writing and other accustomed acts are greatly im-

paired although the muscular power remains vigorous. The
patellar tendon reflexes are completely abolished. Thereis no
museular wasting. The sensibility of the legs is diminished
to tonch and pain, and he does not feel the ground distinetly.
There is no affection of the bladder, but the patient has slight
incontinence of urine, He still complains of the lancinating
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nerves., The muscles to the faradic eurrent respond more
freely in the lower than in the upper extremities. No quali-
tative changes.

Spastic PARALYSIS.

In this disease the electrical reactions in the large majority
of cases are mormal. 1n the early stages there is generally
slicht increase of the excitability of nerve and muscle, and
this may continue for a considerable time after the disease
has developed. In very chronic cases there is sometimes
quantitative diminution but never to a great extent. There
are no qualitative changes.

Case VIIL.—Spastic Paralysis of one year's duration. Almost
complete loss of voluntary motion.  Electrical Heactions normal.
L. W. @t. 38, female, shopkeeper. The patient states that
ghe was a perfectly healthy woman till eleven months ago.
Then her husband died, and she had much trouble with her
children. About this time she got soaked with rain and
snow, and on the following day she felt generally unwell,
About a week afterwards she experienced tingling in the feet,
and a feeling of a tight cord round her waist, but there were
no feverish symptoms or pain in the back. Shortly after-
wards the legs became weak and this increased so that in
three weeks she could not walk. A month or two afterwards
confracture began in the muscles, and the legs were drawn
up, and there were often spasmodic twitchings of the limbs,

At present the general health is good. The sensibility is
everywhere normal, There is no pain or tenderness of the spine,
The upper part of the body is in every way normal. The
lower limbs are powerfully and permanently contracted so that
the knees nearly reach the abdomen and the heels the thighs.
The flexors are hard and tense. The joints cannot be ex-
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bladder, rectal, trophie, or vaso-motor alterations. The re-
mainder of the body is normal.

Electrical Reactions.—A weak Faradie current which pro-
duced & minimum amount of contraction when applied to the
nerves and muscles of the head and upper limbs, caused very
vigorous action to those of the lower extremities. This was
very distinctly marked. A weak faradic current applied to
any part of one of the legs induced tetanic spasm more or less
thronghout the whole limb and frequently caused the pheno-
menon of ankle elonus. To the galvanic current the same
excitability of reaction was present, but without qualitative
change.

Case X,
trical reactions quantitatively diminished. A. F., ®t. 40, male,
carpenter. The patient states that he was a healthy man till
twelve years ago. At this time after sleeping in a damp bed

Spastic Paralysis of twelve years duration. Flec-

he noticed that his legs became wealk, and stiff, and this in-
ereased so that in three weeks he could not walk. From this,
in a hospital, he recovered in about a month, and some weeks
afterwards was able to resume his usual work. He remained
well for about two years. About this time there very grad-
ually appeared a weakness and stiffness of the right leg.
This very slowly increased and he walked lame with that
extremity. This advanced and affected the other limb so that
two years afterwards he had to give up his ocecupation. This
condition very gradually increased till about three years ago,
by which time he had completely lost the use of his legs and
was unable to move them in the slightest degree, and this
has continued with slight fluctuations ever since.

At present the general health of the patient is perfectly
good and he is normal in every respect above the waist,
There is almost total loss of motion in the lower extremities
the only movements being very slight flexion of the knees.
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Case  XI.—Cerebro-spinal multiple Sclerosis of seven years
duration,  Electrical reactions normal. J. 5. ®t. 46, male,
sawyer. The patient states that he was in fairly good health
till seven years ago. About this time without obvious cause
his present complaint began. This increased very slowly
and insidiously. Ha has suffered much from pain in the
head, he is very nervous, weak and shaky, and has been
afflicted with dullness and loss of memory. He has not been
able to do any work for two years.

At present the patient is a depressed, pale and delicate
looking man. -He answers questions with fair intelligence
but is dull and apethetic. He complains of constant giddi-
ness and severe pain in the head. He talks in a slow and
deliberate manner. His gait is weak, unsteady and embar-
rassed, but there is mno actual dragging of the feet or ataxy.
The movements of the arms and hands are slow and feeble.
The face is drawn slightly to the left side. The sight is weak
but the other senses are normal. There are no bladder
or rectal troubles. No atrophy of museles. There is a con-
gtant tremor of the whole body including the head which is
increased when attention is directed to it, or attempts made
at its suppression. All the reflexes are greatly exaggerated
especially those of the patellar tendons, and there is ankle
clonus on both sides. Sensibility is slightly blunted especially
on the left side.

Electrical Reactions—A careful examination of all the nerve
trunks and museles proved them to be universally normal.

Case XII.—Multiple Spinal Sclerosis of two months duration.
Electrical reactions quantitatively increased. M, C., wt. 43,
female, housewife, The patient states that she was quite
well till two months ago. One morning without apparent
cause she was seized with shivering, headache, and feverish
symptoms. Next day these continued, and in addition there
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Pararysis AGITANS.

In this disease, however great the paresis may be, the
nutrition of the nerves and musecles, and consequently the
electrical reactions remain normal.

Case XIII.—Paralysis Agitans of two years standing. Con-
siderable paresis of left side. Electrical Reactions mormal.
M. H., mt. 50, female, housewife. The patient states that
she has been a nervous delicate person all her life, but never
suffered from any definite complaint till two years ago; she
then was subjected to great anxiety about business affairs, in
the midst of which began a tremor of her limbs, which has
eontinued to inerease till the present time, and this has been
accompanied, especially on the left side, with weakness.

At present the patient is a somewhat frail and delicate
looking woman, but her organs are healthy and her general
health fairly good. There is a tremor all over the body, well
marked on the left side, comparatively less on the right, and
very slight in the head. This movement is much increased by
emotion, excitement and so on, and is not inereased on volun-
tary motion, on the contrary, to a certain extent, it can be
controlled by the will for a few moments but not entirely.
During sleep there is no tremor. BSensibility normal. 'Lhe
patient generally is weak and feeble, but on the left side this
is much more marked than on the right. The patient never
had attacks of any kind and her intellectual faculties and
epecial senses are intaet.

Electrical Reactions. These are normal and equal on both
sides to nerve and muscle with both currents.
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of Paris jacket, and after a time her powers of locomotion
ereatly improved. Three months ago the paresis of the legs
beeame so advanced that she was unable to walk, and this
has continuned ever since,

At present the patient is a pale delicate looking child, but
with fair general health. There is no pain in the back, but
when she sits up for any time she says it aches. In the
upper dorsal region there is an acute curvature of the spine,
occupying from the 2nd to the Tth dorsal vertebra. There
are no cerebral symptoms, and the patient is intelligent.
The arms are normal. Both legs are extremely weak, and
the patient cannot stand. When lying on the back the legs
can be moved, but slowly and feebly, both sides being about
equal. The lower extremities as well as the rest of the
body are thin and spare, but there is no actual or special
atrophy. It is difficult to ascertain the amount of sensibility,
but it is not entirely lost. There is no rigidity or marked
vaso-motor disturbances, Cutaneous and tendon reflexes are
greatly exaggerated in the lower extremities. The other
organs and funections are normal.

Electrical Reactions—To the nerve trunks of the lower
limbs with both currents, the responses are very vigorous ;
to feeble enrrents, and more so than to the upper extremities.
Applied directly to the muscles, there are apparently normal
reactions, and no qualitative changes.

C. Pamarvsis rrov Disease or tHE Corp. FErecrricar Re-
actioNs QuaNtTITATIVELY DnnoNiseep.

Simple quantitative diminution of response may oceur in
all forms of paralysis from disease of the cord, but except
when the grey matter is involved, only at their latest stages.
This is due partly to functional inactivity from prolonged dis-

H
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development of fat which interferes with electrical condue-
tion. As the nerve remains normal, any loss of response to
faradism is due to deficiency in the muscle, so that from the
amount of contraction we may infer the extent of active fibre
which remains.

To the nerve trunks galvanism gives analogous results to
faradism. To it the responses remain for a long time nor-
mal, with increased reactions at first, and only at very
advanced periods of the disease is there slight quantitative
diminution in action. Applied directly to muscle, the re-
sponses are normal or slightly increased for a considerable
period, but their force gradually diminishes in proportion
to the atrophy of the fibre and the loss of voluntary
motion. As the disease further advances, a powerful con-
tinuous, will always induce stronger contractions than a
strong induced, current; and after this last has failed al-
together in effect, the former may be followed by slight
response. This may be further augmented by the rapid
reversion of the current. Accompanying these quanti-
tative changes are qualitative alterations. The A.C.C.
gradnally increases in force, and as the disease advances
equals, and sometimes exceeds, the C.C.C. Occasionally,
but very rarely, the C.0.C. is found inereased. The contrac-
tions are slow and prolonged only in the very late stages,
when the peripheral nerves are impaired, These condi-
tions point to severe degenerative changes in the muscular
fibre. In proportion to the amount of quantitative gal-
vano-muscular excitability which remains, and the qualita-
tive conditions which exist, may we infer the extent and
character of the anatomical changes in the muscle. As
the nerves throughout are healthy, care has to be taken
to distingnish between the effects of the current on their
filaments and on the muscular fibres themselves, and to

a2
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ulnar, and musculo-spiral nerves produce distinetly more
vigorous contractions in the left, as compared to the right
side. The same occurs but not so marked when it is directly
applied to the musecles. Galvanism to the muscles of the
left arm produce vigorous contractions C.C.C. = A.C.C., but
the latter is very distinetly increased so as nearly to equal
the C.C.C. On testing the muscles of the right arm they
appear tc be healthy in every respect, except that the A.C.C.
is mueh more marked than normal, and as compared with the
musecles of the lower extremities,

Case XVI.—FEarly stage of general Progressive muscular
atrophy of six months duration. Nerves healthy.  Comanencing
degeneration of muscles. E. B. ®t. 85, male, labourer. The
patient states that he was a healthy man until about six
months ago, when he was seized with attacks of vomiting
and pains in the head. This continued for many weeks but he
ultimately recovered. He never however, attained his former
vigour, but remained weak and langnid. This muscular de-
bility has eontinued since and latterly he has noticed that the
left arm is smaller than the right., There is no history of
syphilis, but he has been a very hard liver,

At present the patient is a very pale unhealthy looking

- man., On examination he is suffering only from general

debility as his more urgent symptoms have passed away.
The movements of all the limbs seem to be well performed
and it is difficult to discover actnal paresis of any special
musele as the patient generally is not robust. There is no
marked atrophy, but the left upper extremity is smaller, softer
and more flabby than the right, the former measuring at its
thickest part 107 inches and the latter 117 inches., The legs
are weak and the patient walks in a shaky and unsteady
manner but withont any special abnormal gait. There is no
tremor, and the sensibility is everywhere normal. The
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very slowly to inerease for some months, after which the con-
dition he thinks has become stationary. Six months ago the
left hand was affected in a similar manner, and this also has
gradually progressed. Accompanying the weakness the arms
have become thin. |

At present the patient is a healthy looking man, and com-
plains only of weakness in his hands which prevents his work-
ing. The movements at the shoulder joints can all be
performed without difficulty, so also those of the forearm on
the upper arm. The movements of the wrists and fingers are
very feeble and imperfect, aud the patient has great difficulty
in extending them. The grasp of the hands is almost imper-
ceptible. Both deltoids are distinctly wasted especially the
left. The other muscles of the shoulder although generally
spare cannot be said to be specially atrophied. The muscles
of both forearms and hands are considerably wasted, espe-
cially the exlensors of the hands and fingers, and chiefly
those on the right side. The small musecles of the hand are
greatly atrophied. The remainder of the body is normal.

Electrical Reactions,—Both currents applied to the nerve
trunks of the upper extremities, produce perfectly healthy
musenlar contractions, except that the extension of the fingers:
to direct stimulation of the musculo-spiral nerve is imper-
feet, but all the other muscles supplied by the nerve act
fairly well. Faradism applied directly to the muscles of the
right arm produce fair contractions even to the affected ones,
except the extensors of the hand, espeeially on the ulnar side,
and that of the thumb and fore-finger in which the response
is diminished. Also in the common extensors of the fingers
the response is greatly diminished. The flexors are normal,
In the left arm the radial and ulnar extensors act moderate-
ly. There is very little response to the Extensor Communis
Digitornm, and extensor of the thumb. The flexors all act vigor-
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strongest eurrent to the thenar regions cause no muscular
contractions. 1

Case XIX.— Progressive Muscular Atrophy of five years dura-
tion. Complete loss of voluntary motion. Nerve trunks shewing
diminished reactions. Muscles completely degenerated. R. W.,
@t. 62, male, labourer. The patient states that he was a
healthy man till five years ago. About this time without
obvious cause, he began to suffer from weakness of the right
hand. This came on very gradually and was soon accom-
panied by wasting of the muscles, which slowly increased and
spread over the entire limb. A year afterwards the same
condition appeared in the other arm, and followed an almost
similar course. About eighteen months ago there appeared
weakness in the legs, which has gradually inereased up to the
present date.

On examination the patient is found in good general health
and perfectly intelligent. The face and head are normal.
The right arm is throughout perfectly immovable with the
exception of slight extension of the little finger. There is no
stiffness or rigidity, all the joints being lax and abnormally
mobile, The muscles of the entire limb, including the
shoulder, have undergone a remarkable degree of atrophy.
The deltoid, musecles of the upper arm, and extensors of the
hand and fingers having completely disappeared. The flexors
in front of the arm are only partially destroyed. The left
upper extremity is in precisely the same condition, only there
1s a slight action of the biceps musele. Most of the musecles
of the neck and trunk are very markedly wasted, especially
those on the anterior aspect of the thorax. Both lower ex-
tremities are thin, the muscles of the calves of the legs are
soft and flabby, and the extensors of the foot are greatly atro-
phied. The patient can walk but with great difficulty, and
his gait is shuffling and unsteady. Sensibility is everywhere
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Pseupo-HyperTrRoPHIC SPINaL PaRarnysis.

In this disease, faradism, when applied to the nerve trunks,
causes normal contractions till a late stage in the affection.
In very chronic conditions there is diminished excitability
owing to secondary degeneration of the peripheral nerves, but
even then a strong current will always cause contractions
while there is any muscular substance left to react. In any
case, the results by indirect stimulation are always much more
vigorous than by direct, owing to the resistance of the non-
conducting matter which has accumulated in the muscle.
Faradism applied to muscle always exhibits diminution of re-
sponse, and more than would be accounted for by the actual
loss of tissume. This is explained by the presence of a large
amount of non-contractile and badly conduecting matter, in
the shape of fat and connective tissue, causing resistance to
the passage of the current. This diminution exists in every
degree according to the anatomical condition, and may end
in total abolition, indicating entire destruction of muscle.

When galvanism 1s applied to the nerve trunks it produces
normal contractions till an advanced period of the disease,
after which there may be slight quantitative diminution of
response, owing to the causes explained above, but it is rarely
to the same extent as occurs with the induced current. Aec-
cording to Erb, there is what is called the ‘* Break reaction.”
This consists of weakening of the anodal apening contraction
although the current is increased to a considerable extent,
but as its strength is further augmented, at a certain point
the A.0.C. appears. This is said to show that the condue-
tivity of the nerve is diminished, and its excitability increased,
thus causing a break in the series of reactions at the point
when the increased efforts of the current are neutralized by
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actions of the feet, and especially its flexors, are very feeble.
He walks with a feeble, unsteady, waddling gait, the legs
widely apart, swaying the body from side to side, and bring-
ing the feet down with a stamp. When lying on the floor
and told to get up, he does so in a characteristic manner, by
turning on his face, getting on his hands and knees, then on
all fours, then drawing the feet to the hands, and finally -
climhing up his legs till he reaches the erect position with
a sudden jerk at the end.

Electrical Reactions.—The nerve trunks throughout the
body are followed by normal responses to both currents,
with very slicht comparative diminution in those of the legs.
Electricity applied directly to the muscles, shows that all those
but the enlarged ones are normal. These latter present the
following peculiarities :—With faradism the reactions are
markedly diminished, and with galvanism the contractions
are vigorous, the A.C.C. = C.C.C. -

 Case XXI.—Pseudo- Hypertrophie Paralysis of seven years
duration, nerves healthy, complete destruction of muscle. W. H.,
@&t. 9, male. The patient is said to have been healthy till two
years of age, at which time he had a *“fit.” From this he re-
covered, but some weeks afterwards it was noticed that he
walked lame with the right leg. This continued, and two
years subsequently both legs appeared to be weak. This has
gradoally inereased sinee; so that during the last year or so
he has been unable to wallk, or even stand.

At present the boy is in good general health. He cannot
git up in bed, and when made to do so falls back on the
pillow, being unable to support himself. When lying on his
back the movements of the head and neck appear normal.
The arms and hands are very weak, There are no move-
ments whatever of the shoulder-joints, the flexion of the arm,
hand, and fingers, is very feecble, and the extension of the
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The same to the extensors of the hand and fingers. Here
also it is noticed that when a strong cwrrent was used, the
A.0.C. = A.C.C. The application to the flexors of the hand
and fingers caused normal responses. To all the affected
muscles of the lower extremities, the reactions are the same
as those mentioned above, namely, quantitative diminution,
A.C.C. = C.C.C., and with strong current, A.0.C, = A.C.C.
Contractions rapid.

AxvorropHIC LIATERAL SCOLEROSIS.

The electrical reactions in this disease are the same as in
Progressive Muscular Atrophy, and a study of the responses
of this is equally applicable to Amyotrophic Lateral Sclerosis.
It is scarcely necessary to say that the symptoms are very
different, and upon them must depend the distinetion between
the two affections.

Case XXII.—Amyotrophic Lateral Sclerosis of three years
duration.  Electrical reactions indicating healthy nerves, and
incipient disease of muscles. C. O., ®t. 30, male, shopkeeper,
under the care of Dr. Buzzard, to whom I am indebted for
an opportunity of observing the case. The patient states
that he was quite well till three years ago, about which
time, without obvious cause, he experienced weakness in the
left leg, and a tendency to drag the toes along the ground,
This began very insidiously, and increased very gradually,
and was from the first accompanied with stiffness of the
muscles, Some months afterwards, weakness of the left
arm and hand was noticed. This also progressed very slowly
during the next eighteen months, after which, the right leg
gradually became affected in a similar manner, and this subse-
quently extended to the arm on the same side. The whole
course of the affection has been very slow and gradual, there
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mal. The left lower extremity is markedly smaller than
the right, the thigh measuring an inch less in circumference
than the other, and the calf of the leg three quarters of an
inch. There is no apparent atrophy of special muscles but
the extensors of the foot and toes look unusually small. The
patient complains of no pain anywhere either in the back or
limbs, and his general health is good.

FElectrical Reactions.— Faradism to the nerve trunks through-
out the body cause normal reactions except slight diminution
of the right median and slight comparative increase of the
left popliteal. The muscles all contract normally except
the triceps, and the extensors of the foot and toes, in which
there is distinet diminution of response. This is most
marked on the left side. Galvanism to all the nerve-trunks
appears to be followed by normal reactions. To the biceps
museles normal. To the triceps slightly diminished response,
with A.C.C. increased, but not equalling C.C.C. All the mus-
eles of the forearms especially the extensors contraet vigorously
to a moderate current, on the right side A.C.C. = C.C.C.,
and on left A.C.C. > C.C.C. In the muscles of the legs and
especially the extensors of the foot and toes the response to
Galvanism seems diminished, the C.C.C. > A.C.C., but the
latter is increased. The electrical abnormalities are uniform-
ally most marked on the left side.

Bunear Paravnysis.

The Electrical Reactions in this disease are the same as in
progressive muscular atrophy. The nerves are universally
normal, and the muscles of the chin, lips, and tongue, show
all the usual signs of degeneration in proportion to the stage
of the disease. I have not had recently under observation a

1
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care, especially with liquids. He eannot masticate solid food,
which has to be broken down for him. In other respects the
general health of tha patient seems fairly good but his limbs
and body generally are weak, and accompanied with a slight
tremor,

Electrical Reactions.—With faradism, the nerve trunks and
museles, react normally, there being only slight comparative
dimirution of response on the left side. With galvanism,
the nerve trunks are healthy. Direet to the muscles, those of
the upper part of the face are normal. Those about the lips,
cheeks, and chin also react vigorously, but with slight compar-
ative diminution. Here. also the A.C.C. is increased, as
compared with the frontal and other superior muscles, but
the C.C.C. > A.C.C. The tongue could not be reached in
order to be tested.

E. Pararvsis rrom DiseaseE ofr THE Premwan Corp. Erize-
TRICAL REACTIONS DEMONSTRATING DEGENERATION OF BOTH
NervE axp MuscLE.

PoriomyerLiTis ANTERIOR,

This disease is most common in children, hence called
Infantile Paralysis, but it is by no means rare in adults.
It may be acute or chronie. Faradism. In an acute case
the excitability of the nerve begins to diminish, to the in-
duced stimulus, about the third day. This may sometimes
be preceded by slicht and temporary inecrease of action.
The impaired response rapidly increases, so that in seven
or eight days it may be completely abolished. This re-
mains absent unless recovery takes place, in which case the
irritability of the nerve to faradism slowly returns, and this
only oceurs after voluntary motion is restored, and it remains

12
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Case XXIV.—Poliomyelitis Anterior Acuta of seventeen days
duration. Nerves completely degenerated. Commencing alteration
in muscles. W. H., ®t. two, male. The patient is stated to
have been perfectly well seventeen days ago. He went fo
bed one night in his usual health and next morning he was
found in his present condition. He had no fever, or pain in
the back, but for some time past had been irritable and
slightly indisposed.

At present the patient is a perfectly healthy looking child,
and all his organs and limbs are normal except the right leg.
This is completely immovable, and hangs limp and useless
The muscles are soft and flabby but there is no marked
atrophy, and the skin is cold, mottled, and purple. The
tendon patellar and other reflexes, which are normal in the
other limb, are completely abolished in the right. Sensibility
‘normal.

Electrical Reactions,.—Strong currents from both batteries
applied to the nerve trunks of the right leg, fail to produce
any contractions, Faradism directly fo the muscles is also
followed by negative results. Galvanism applied to all the
muscles of the affected lower extremity, is followed by good
contractions to slow interruptions, and these are sluggish,
prolonged, and tonie in character., The A.C.C. most dis-
tinetly causes more vigorous contractions than the C.C.C.

Case XXV.— Poliomyelitis Anterior Acuta of eighteen days
duration occuring in an adult, Complete degeneration of nerve,
Commencing alteration in muscle. M. A., ®t. 81, female, artist.
Eighteen days ago the patient was in the most robust health
never having had a day's illness in her life, She is a lady of
unusual accomplishments and superior mental attainments
and never suffered from any nervous symptoms. She went
to bed one night in her usual health, and awoke next morn-
ing feeling feverish and generally unwell, which sensations:
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Case XXVI.—Poliomyelitis Anterior Chronica of one year's
duration. Almost complete degeneration of nerve. Marked altera-
tion in muscle. A. K. ®t. 29, female, housewife. The
patient states that she has been in good health till about a
year ago. About this time she felt generally unwell, lost her
appetite, had malaise, and other indefinite symptoms. In a
few weeks her legs became weak and this inereased so rapidly
that in about a month she could scarcely walk. She had no
fever or pain in the back, or bladder, or rectal troubles.
This condition, in which she could only walk with great diffi-
culty, continued for about five months, when in some respects
she improved, and for about two months her powers of locomo-
tion were comparatively good. After this however, weakness
again ensued, so that a month ago she became so paralysed
as hardly to be able to stand. This has continued and
she has suffered from oceasional attacks of shooting pains
in the legs, especially during the night. About three weeks
ago she noticed for the first time that there was stiffness
and weakness of the hands and arms,

At present the general health of the patient is good and all
the organs are healthy. There are no cerebral symptoms and
ghe is perfectly intelligent. There is some difficulty in mov-
ing abont in bed. She complains of paroxysmal attacks of
ghooting pains flying about all over her body. Sensibility is
everywhere normal. The movements of the upper arms can
all be performed, but weakly and slowly and the grasp of both
hands is very feeble, Flexion and extension of the fingers
are weak and unsteady, especially of the middle finger in both
hands. The movements of the legs are very feeble and imper-
fect, even when the patient lies on her back. She can draw up
her thighs and legs but very slowly. The movements of the
feet and toes are almost gone, more especially on the left side.
There are no traces of patellar or other reflexes, The patient
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of the hand contract fairly well to a strong eurrent. Both
sides present much the same conditions, only somewhat more
advanced on the left. Galvanism applied to the deltoids,
causes somewhat sluggish contractions, the C.C.C. > A.C.C.,
but the latter increased. To the muscles of the upper arms
the responses seem normal but to the triceps of the left
side much diminished, C.C.C. > A.C.C. The responses to
the Flexor Carpi Ulnaris appear normal, only the A.C.C.
is somewhat increased. The same current applied to the
other flexors of the forearm show diminution of response,
A.C.C. = C.C.C., and the contractions are slow and tonic in
character. The extensors of the fingers respond moderately,
C.C.C. > A.C.C., but the latter is increased, and in those of
the wrist the response is much diminished, A.C.C. > C.C.C.
Both arms to galvanism are much the same in character, but
more advanced in degree on the left side where there 1s a
general comparative diminution of response.

To the lower extremities in general it may be said that
there is almost total loss of reaction with faradism to both
nerve and muscle. To galvanism there are fair contrac-
tions when applied directly to the muscles. To the flexors,
C.C.C. = A.C.C., the latter increased. To the extensors,
A.C.0. = C.C.C. :

Case XXVII.— Poliomyelitis Anterior Chronica of stz months
duration. Total degeneration of both nerve and musele. C. 8.,
@t. 2, male. The mother of the patient states, that the child
was perfectly well till about six months ago, when 1t suffered
fromm measles. On recovering from this it was noticed that
his legs were weak., This has continued to increase till the
present time. Nothing special was noticed concerning his
arms.

At present the patient's general health is good. He cannot
stand, and his legs sink under him. When lying on his back
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reactions depend entirely upon the nervous structures in-
volved by the disease, and they often form a means of assist-
ing us to arrive at the seat and extent of the morbid condition.
Here, as in other diseases, if acute, or in the early stages of
chronie affections, the responses may at first be quantitatively
inereased from hyper-excitability of the nervous tissues. In
very chronie cases from any source there may be quantitative
diminution, as a result of functional inactivity and secondary
degeneration in the motor tracts. If the white columns only
are diseased there is paralysis, with no alteration of nutrition
or in the electrical reactions. If the anterior cornua of the
grey matter are degenerated there is structural change in
nerve or in musele, or in both, with corresponding electrical
modifications.

The entire length and thickness of the cord may be des-
troyed, in which case the clinical symptoms would be apparent,
in addition to the complete and general abolition of eleetri-
cal phenomena. If a portion only of its whole thickness were
degenerated there would be abnormal reactions to the parts de-
rived from this segment, with healthy tissues above and below.
Complications of various kinds, and in different localities may
oceur which may render a definite diagnosis extremely diffi-
cult, but a careful electrical research seldom fails to give
some clue to the mystery. It would be impossible in the
present treatise to give an example of all the varied modifica-
tions which may arise in myelitis. The following cases are
illustrative of the chief phenomena to be met with.

Case XXVIIL.—Myelitis of five years duration. Probable
disease of the antero-lateral and posterior columns Flectrical re-
actions, normal. A. B. ®t. 80, labourer, male. The patient
states that he was in gnml health till five years ago, when
withont obvious caunse he gradually experienced weakness and
nnmbness in his legs with the feeling of a tight eord round
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At present the general health is notimpaired. The patient
is perfectly intelligent. She sits on a chair unable to move
anything but her head, which with all its organs is healthy.
There is no trace of movement in either of the upper extremi-
ties. The legs can be moved a little but to a very limited
extent. She can support the weight of her body but cannot
walk. There is great rigidity of all the muscles and the
flexors are all in a high state of contracture. There are fre-
quent involuntary twitchings of the muscles and limbs. The
reflexes of the lower limbs are much exaggerated, including
those of the patellar tendons, and ankle clonus is present.
The sensibility of the legs is mueh diminished, but that of the
arms seems normal. There are no trophic or vaso-motor
changes, indeed the patient is very stout and well 'dwel{:pad.
There is slight incontinance of urine and constipation of the
bowels.

Electrical Reactions,—To all the musecles and nerves of the
paralyzed parts the reactions of both currents are dimin-
ished, and require a much more powerful current than in
health to produce contraction, otherwise they are normal,
there being no qualitative changes. '

Case XXX.— Myelitis of siz months duration. Probable dis-
ease of the white columns and grey matter. Electrical reactions
quantitatively and qualitatively changed. A. R., ®t. 84, female,
housewife, has always been of nervous and somewhat deli-
cate constitution, but otherwise well. About six months
before admission, she became one day sick and feverish and
experienced sharp pains in all her limbs, and weakness and
numbness in her legs. Next morning she could not stand
although she could move her legs when lying on her back.
She lay in bed for three weeks and became worse, lost
all power in her legs, and the arms became affected with
weakness and soon afterwards almost completely paralyzed.






PARALYSIS FROM DISEASE OF THE SPINAL CORD. 127

sional shooting pains in the limbs. There are no cerebral
symptoms. The skin is covered with cold clammy perspira-
tion.

Electrical Reactions.—Faradism. To the nerve trunks of the
left arm, this eauses very feeble contractions of the muscles,
and in some of them there is no response whatever. A strong
current applied directly to the flexors of the fingers causes
moderate contractions. Neither the same, nor a much
stronger stimulus, has any effect on the flexors of the wrist,
or the extensors of the fingers and wrist, but there 1s a
slight response to the radial extensor and that of the thumb.
The small muscles of the thumb and little finger respond
feebly to very strong currents, The right arm is much the
same only more advanced, there being only slight response
to the extensor digitorum to a very strong current, the other
muscles failing to contract. The musecles of the upper arm
are greatly diminished in irritability. To the nerves and
musecles of the legs and thighs the strongest current fails to
induce any contractions. The muscles of the trunk respond
very feebly to strong currents. Galvanism. To the left
forearm a moderate current produces fair contractions of the
extensors of the hand and fingers, C.C.C. > A.C.C. The
same oceurs with the flexors but the contractions are not so
well marked. To the right arm a strong current produces no
effect on the Extensor Carpi Radialis, or on either flexor of the
wrist, and very slight to the Extensor Carpi Ulnaris. The
flexors and extensors of the fingers act moderately with a
strong current C.C.C. > A.C.C. but the latter is increased.
To the lower limbs there is no response whatever to a strong
current applied to the nerve trunks. A powerful current to
the muscles canse faint contractions C.C.C. > A.C.C. but the
latter is increased.

The patient remained in the hospital, or under observation
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At present the patient is a robust man. All his organs
and functions are healthy. He has no pain in the back.
About five inches above the umbillicus the patient complains
of the feeling of a tight band round his body. Above this
line all motion is normal, below it, totally abolished, and
sensibility almost entirely lost. The museles of the lower
limbs are much contracted, and all the joints are so strongly
flexed that even with force they cannot be extended. Al-
thongh some of the muscles are somewhat soft and flabby
there is no atrophy. Most of them are tense and rigid.
There are frequent involuntary movements of the legs which
cause considerable pain. Tickling or even touching the skin
causes strong reflex movements. The tendon reflexes are
greatly exagoerated, as are also the muscles to mechanical
pereussion. The bowels are constipated and there is incon-
tinence of urine. The intellect and special senses are normal.

Electrical Reactions,—Over a zone about five inches in
width round the body, the lower border of which is at about
the level of umbillicus, Faradism and Galvanism applied to
the musecles, even with very strong eurrents, fail to induce
any contractions. Both above and below the band the elec-
trical reactions are healthy.

ITT. Pararysis FROM DISEASE OF THE PERIPHERAL NERVES,

The Electrical reactions in diseases of the peripheral nerves
vary according to the extent of the lesion, but on the whole
are more complete and definite than those arising from
degeneration of the centres. In Chapter VI has been des-
cribed the anatomical changes which take place in a motor
nerve which has been experimentally divided, with the Eleo-
trical reactions which as a consequence follow. Precisely
the same conditions occur in disease when it geriously involyes

K
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following diseases of the spinal cord, namely, the separa-
tion of the tissues from their nutritive elements in that
centre. By the electrical conditions, we are enabled accu-
rately to determine the exact pathological state of nerve and
muscle, the stage of its progress, and in most cases to
hazard with tolerable accuracy, its prognosis.

A. StigET ForM oF PERIPHERAL PARALYSIS.

Case XXXII.— Paralysis of the musculo-spiral nerve of two days
duration. Electrical reactions quantitatively increased. A. W.,
@t. 37. male, potman. The patient states that he was per-
feetly well till about two days ago. He went to bed in his
usual health and on waking found his left arm weak, which
has continued so sinee.

At present the patient is a healthy man. There are no
abnormal appearances of the limbs. The left wrist and fin-
gers are very weak, and the former drops. He cannot extend
the hand or fingers. The grasp of the hand is fair, but not
nearly so strong as the other. The movements of the fore,
and upper arm are normal.

Electrical Reactions.—All the nerves and muscles of the
body are normal except the left musculo-spiral, and the mus-
cles it supplies. Both currents applied to these, cause much
more vigorous contractions than to the opposite and healthy
gide,

Case XXXITI.—Facial paralysis of three weeks duration.,
Electrical reactions normal. L. B. ®t. 23, female, machinist.
The patient states that she has suffered for many years from
facial neuralgia on both sides, and pain in the right ear,
otherwise with the exception of general nervousness, she has
been in good health till three weeks ago. About this time it
was first noticed that her face was drawn to the left side,
which condition has continued ever since.

2
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B. Mmore Form oF PERIPHERAL PArAnysis.

Ciase XXXV.—Facial Paralysis of three years standing.
Partial loss of voluntary wmotion. Structure of nerve partially
altered, that of muscle healthy. M. G., et. 41, female, machin-
ist. The patient states she has always been delicate, but has
had no definite complaint. Three years ago while in her
ordinary health she observed her face drawn to one side,
which greatly increased during the next few days. After a
time this somewhat improved but the condition has remained
ever since,

At present the woman is in ordinary health. There is
severe but not absolute paralysis of the right side of the face,
the features being all drawn to the left, both at rest and on
motion. There are the usual symptoms, the incomplete clo-
sure of the right eyelid, the smoothness of that side of the face,
ete., and there are involuntary museular twitchings of the
affected muscles. The right ear is a little deaf, and she has
slight difficulty in articulation. The palate and uvula are
normal. There are no other nervous symptoms.

Electrical Reactions.—A current with both Faradism and
Galvanism to the trunk of the 7th nerve, sufficient to cause
vigorous contractions on the left side, have no effect what-
ever on the right. A very powerful current produeces slight
muscular response. Faradism applied directly to the muscles
canses the same results. Galvanism to the muscles produces
slight quantitative diminution but no qualitative changes.

Case XXXVI,—Paralysis of the Ulnar Nerve of one month’s
duration. Partial loss of voluntary motion. Structure of nerve al-
tered, that of muscle healthy. W. C., et. 41, male, brass-finisher.
The patient was quite well till a month ago when he fell on
his right shoulder, A few days afterwards he experienced pain
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a very powerful current there is slight response. Faradism
applied directly to the muscles, produces the same effects on
both sides of the face. With Galvanism to the trunk of the
nerve there is mueh diminished action on the left side. To
the muscle, slightly increased quantitative change, but nothing
qualitative.

Case XXXVIIL.—Paralysis of the Median Nerve of two weeks
standing. Great loss of voluntary Motion ; Partial degeneration
of nerve and muscle. G.L., ®t. 45, male, rope maker. The
patient states that he was quite well till a fortnight ago. On
waking one morning ha felt his right arm numb and weak,
which has continued since.

At present the patient is a healthy man. The right hand
and fingers are very wealk, especially the flexors. The grasp
of the hand is almost nil. The movements of the fingers are
very limited, and he cannot use them for dressing himself or
for other purposes. There is no marked wasting,

FElectrical Reactions.—The Faradic current to the right med-
ian is followed by distinet diminution, but not total loss of
muscular contraction. The other nerve-trunks are normal,
Direct to the radical flexors and the museles supplied by the
median nerve there is also marked diminution of response,
while to the extensors the reactions are normal. Galvanism to
the median trunk indicates slight comparative diminution of ir-
ritability. The same current applied to the paralysed museles
produces a more marked contraction than to the others, but
it is slow and tonic and the A.C.C.=C.C.C.

C. Severe ForM oF PERIPHERAL PARALYSIS.

Case. XXXIX.—Facial Paralysis of two months duration.
Almaost total loss of voluntary motion.  Complete degeneration of
nerve, with alteration inmuscle, L. P,, ®t, 21, Female, servant.
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where except the right forearm and hand. The movements of
the right hand and fingers are very feeble, there is wrist drop,
and the patient cannot extend the hand, which is kept greatly
flexed. There is no trace of extension of the fingers. The
grasp of the hand is feeble. Pronation and supination is
normal. There is no marked wasting of the muscles. The
sensibility is normal.

Electrical Reactions.—Both currents applied to the trunk of
the musculo-spiral nerve, produce no effect whatever on the
extensors of the wrist or fingers. Faradism directly to these
muscles causes no contractions, even with strong currents.
Galvanism direct to the affected museles produces contractions
about equal to those on the healthy side, but slower and
more tonic in character, and the A.C.C. = C.C.C. The
reactions to the flexors and other muscles are normal.

Case XLI.—Facial Paralysis of 4% years standing.  Almost
complete loss of voluntary motion.  Nerve completely degenerated.
Muscle almost completely degenerated. G. Y., ®t. 6, male,
schoolboy. The patient is stated to have been taken ill four
and a half years ago, when his face became twisted, and this
has continued ever since.

At present the patient is otherwise healthy. He suffers
from all the usual symptoms of almost complete paralysis of
the right facial nerve, difficulty of closing the eye, ete. He
also suffers from headaches.

Electrical Ileactions.—The strongest currents of both bat-
teries fail to produce any effect when applied to the trunk of
the right facial nerve. Faradism applied directly to the
muscles is also followed by negative results, Galvanism with
very strong currents, direct to the muscles, produces very feeble
contractions, which are almost imperceptible, the A.C.C=
C.C.C.

Case XLIL—Paralysis of the ulnar and musculo-spiral nerves,
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with a moderate current but with the strongest there is
very slight response, Faradism applied to the muscles on
the right side causes apparently normal contractions, except
to the extensors of the fingers and wrist, which are some-
what diminished in response. On the left side there is great
diminution to all the extensors, as with a strong current
there are very feeble contractions of those of the fingers, and
none at all of those of the wrist. The ﬂexﬂ;ﬂ appear
normal. Galvanism. To the nerve trunks much the same
reactions as to faradism. The flexors of the right side are
normal. The extensors give fair contractions, but the
A.C.C. is increased. The same condition exists in the
biceps and triceps muscles. On the left side the flexors
are normal except that A.C.C. is increased. To the ex-
tensors of the fingers the response is considerably dimin-
ished, and the A.C.C. increased. To the extensors of the
wrist this is so greatly diminished as to require a very
powerful current to produce any action, and A.C.C.=
C.C.C. Inthe biceps and triceps the reaction is diminished,
and A.C.C. > C.C.C. With a powerful interrupted galvanie
current to the extensors of the wrist, there is a contraction at
making the current followed by immediate relaxation, al-
though the current continues to pass, there being no tetanie
spasm. This tetanus is seen in all the other musecles,

IV. Pararysis orF Douetrur ORIGIN,

Under this head are included those forms of paralysis, the
exact pathology of which, has notf as yet been actually de-
monstrated.

HysteRicaL Paravnysis,

The elecirical reactions in hysterical paralysis to both nerve
and muscle are practically always normal. In some cases
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of three months duration, Widely diffused muscular contractions
on electrical stimulus.—A. B., mt. 21, female, sempstress. The
patient states that she has never been a robust person, but
has enjoyed fair general health till about a year ago. About
this time without obvious cause she lost the power of her
legs. For several weeks she was unable to move the limbs,
after which she slowly recovered and continued in her usual
health till about three months ago. Then, somewhat sud-
denly, in the course of two or three days, she again became
paralysed in the lower limbs, for which she can assign mo
reason. Some few weeks afterwards, wealness was experi-
enced in the arms, but the legs somewhat improved in power.
These conditions have continued since.

At present the patient is an anemic, delicate-looking girl,
of highly nervous temperament. She is emeotional and
hysterical, but has never had severe attacks. She complains
of pains in the head, back and limbs. The head and special
genses are otherwise normal. Both arms are very weak, but
nowhere specially so, and there are no trophic or vaso-motor
abnormalities, -Both arms are affected with a violent choreic-
like tremor, which is greatly increased on attention being
directed to it, or when attempts are made to do anything. This
is sometimes so violent that the patient is unable to feed or
dress herself. The lower extremities can be moved when the
patient lies in bed, but in a jerky and irregular manner.
She canmot stand or walk, and when she attempts to do so,
even with assistance, her legs seem to sink from below her.
There are no special muscles paralysed, or is there any wast-
ing of their substance. The sensibility is considerably dimin-
ished everywhere, and especially in the lower part of the
body. All the reflex actions are very vigorous, and the ten-
don reflexes greatly exaggerated. The mechanical irritability
of the muscles is also much increased. There are no blad-
der or rectal troubles.
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and muscle. As far as the actual character of the reactions
themselves is concerned, their phenomena are much the
same as are seen in poliomyelitis anterior ; but their distri-
bution, extent, and general progress are very different.

Case XLV—Lead Poisoning. No paralysis. Electrical con-
ditions indicating commencing alteration in the peripheral intra-
muscular nerves, and in the museles. A, B., mt. 40, male, house
painter. The patient states that he has been a painter for
twenty years, and has worked much with white lead. He
has never been s robust man but has been in fair ordinary
health till about a week ago. He was then attacked with
pains in his bowels, and general weakness and indisposition,
from which he has suffered since.

At present the patient is a pale sallow-complexioned man,.
but with the exception of his present complaint he is in his
usual health, For the last week he has suffered from sharp
attacks of colicy pains in his abdomen, coming on at intervals,
but leaving in the interim an uneasy feeling. He has lost
his appetite, and his bowels are greatly constipated, otherwise
there are no abnormal symptoms, There is no weakness or
wasting of the wrist or fingers, and the patient's attention
has never been directed to any failing in these localities.

Eleetrical Reactions.—DBoth currents applied to the museulo-
spiral, and other nerve trunks, an followed by normal re-
sponses. Faradism to the extensors of the wrist and fingers
of both arms require a strong current to cause contractions,
which are here much less vigorous than to the flexors or other
muscles.  Galvanism applied to these produces contraction
apparently of normal force, but the A.C.C. is very marked-
ly inereased.

Case XLVI.—Lead Paralysis of two weeks duration, Partial
degeneration of nerve, Commencing alteration of muscle. W, C.,
@t. 39, male, house painter. The patient says he has been
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cept very slight extension of the ulnar side. The extensors of
the thumb appear normal. With a stronger current there
is no response whatever to the extensors of the fingers, The
Biceps and Triceps muscles are normal. The anterior por-
tions of the deltoids contract feebly to a strong current but
the posterior portions do not do so. So far both sides of the
body are equal. The left trapezius reacts somewhat less
than the right, but contracts vigorously. The right rhomboid
appears to contract freely, but slightly less than the left. The
museles of the hand appear to be normal, Galvanisin is nor-
mal to the median and ulnar nerves, and somewhat diminished
to the musculo-spiral. It is also normal to the flexor muscles
of the forearm. To the extensors of the wrist and fingers, a
current which produces no effect on the healthy muscles, causes
in them marked contractions, slow and tonic in character,
and the A.C.C. = C.C.C. To the Extensor Carpi Ulnaris the
A.C.C. i1s not so well marked, and to the extensors of the
thumb it does not appear to be angmented. To the Trap-
ezius, Rhomboid, Triceps, and Biceps muscles the reactions
are normal, except that in all the A.C.C. is slightly increased.
To the Deltoids there is inereased irritability, and a current
which produces no effect on healthy muscle, with the C.C.C.
causes a contraction in these with the A.C.C. Both sides
of the body are equal.

Case XLVIL.—Lead Paralysis of sizx months duration. Al-
most complete degeneration of nerve. Advanced alteration of
muscle, J. D. @t. 57, male, lead worker. ‘The patient states
that he has worked amongst lead for fifteen years, and has
always enjoyed good health and never to his knowledge suf-
fered from lead poisoning till six months ago. He then began
to experience a pricking sensation in his fingers, and pains in
his limbs, with wealness of the hands. These symptoms
bave gradually inereased and continued up to the present time.

L
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At present the patient is a fairly healthy looking man, and
he is well except his arms and hands. In the right side the
disease is more advanced than in the left. The former
arm he cannot raise to the level of the shoulder. The
movements of the forearm are very feeble. There is
distinet wrist drop and total incapacity to effect the slight-
est extension of the hand. The fingers are fixed and
cannot be extended. The grasp of the hand 1s very
feeble. The left upper extremity is the same but not quite
s0 advanced. There is no marked atrophy of muscles except
the extensors of the wrist, which on the right side seem to
have disappeared.

Electrical Reactions,—Faradism to the Median and Ulnar
nerves is normal; to the Musculo-spiral there is no response
except slight action of the supinators and Ulnar extensor.
Applied directly to the muscles on the front of the arm there-
actions are apparently normal; to the extensors of the thumb
fair contractions, but these are much diminished in the Ext.
Carp. Ulnaris, and there are none to the extensors of the wrist
and fingers even with a very strong current. The muscles of
the hand act fairly well to a powerful current. This is the same
on both sides, but less marked on the left. The galvanic
eurrent to the nerve-trunks is the same as the faradic.
Direet to the extensors of the left hand and fingers, there
are moderate contractions but considerably diminished as
compared to the healthy muscles. These are slow and tonie
* in character and A,C.C.=C.C.C. The same to the Extensor
Ulnaris of the right side, but to all the other extensors no re-
sponse whatever to the strongest current of the battery.

CroreErc Pararysis.

In some cases of chorea there is a considerable amount of
paresis, which may sometimes even amount to paralysis. The

L2
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vanic, when applied to all the nerve-trunks and muscles of
the body show great readiness of response to very feeble
powers of the battery. When these are so weak as to be
searcely felt by the operator they produce vigorous muscular
contractions on the patient. No qualitative changes.

Case L.—Hemichorea in an adult of one month's duration.
Electrical Reactions normal on one side, and quantitatively in-
creased on the other. E. B., ®t. 20, female. The patient was
married eleven months ago and is now seven months preg-
nant of her first child. She has been well till a month ago,
when without obvious cause, irregular movements appeared
in the left arm and leg. These have continued since.

At present the patient is in good general health, and the
intellect is normal. There are very well marked, but not
actually violent choreic movements of the entire left side, in-
cluding the face. The right side is quite unaflected. The
reflexes are the same, and normal on both sides. The left
limbs are distinetly weaker than those of the right.

FElectrical Reactions.—Throughout the body the response to
both faradism and galvanism is increased, so that very feeble
currents eause vigorous contractions when applied to any of
the nerve-trunks. This is, however, very much more marked
on the left side, where the excitability as compared with the
right is distinetly greater. No gualitative changes.

Case LI.—Congenital Chorea in a patient ten years of age.
Electrical reactions quantitatively increased. J. W., =t. 10,
male, Irregular movements of the limbs have been noticed
in the patient from his earliest infancy, and they have
continued ever since. He has an elder sister, who has
been likewise affected from her birth. His intelligence has
never been very good, and he cannot read or write. He is
stupid and childish,

At present the general health is fairly good ; the intellect,
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very vigorous contractions when applied to the nerve trunks
of the patient. A current from 5 Leclanché cells causes
marked contractions when the ulnar nerve is stimulated.
The muscles themselves are also equally excitable. There
are no qualitative changes except that the AOC = CCC.

PARALYSIS FROM SIMPLE ATROPHY.

It occasionally happens that after various exhausting
diseases, or from other circumstances, the muscular sys-
tem undergoes simple atrophy, and the body emaciates, and
sometimes this may be more apparent in certain parts than
in others. This is accompanied by corresponding weakness,
and a condition may arise which has been mistaken for more
serious organic disease of the nervous system. In such a
case as this, the electrical reactions are perfectly normal in
character, and their vigour depends on the aetual bulk of
the musecle which remains, thus distinguishing it from pro-
gressive muscular atrophy, and other more permanent affec-
tions,

Case LITI.—Paresis from Wasting of Muscles after prolonged
rheumatism and inanition, FElectrical reactions normal, E, T,
@t. 25, male: labourer. Under the care of Dr., Sturges.
The patient states that four months ago he was perfectly
well. He was then seized with a sub-acute attack of rhen-
matism of a severe character, which involved most of the
joints of his body. With this he was laid up in bed for nine
weeks : he suffered much pain, and did not have good nour-
ishment or attention. On getting out of bed he noticed that
he was very thin, especially his arms, which has continued
gince. Although latterly the pains in his limbs have im-
proved, his general health has been very feeble : he has been
depressed in mind and body, and his pecuniary circumstances.
have been very bad.
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mined by our general knowledge of the circumstances before
us. In the event of the responses being mormal, in that
respect the evidence is simply negative, and a decision must
be arrived at from other data. In many of those difficult
cases after railway and other accidents, when persons demand
compensation from companies or individuals, the existence of
the reaction of degéneration would be a fact of vital impor-
tance in favour of the applicant, as it would indicate that he
was suffering from a serious nerve lesion. Such a demon-
stration is more conclusive in a Court of Justice than any
amount of mere authoritative opinion.

Examples of these are detailed in Cases XXV. and
LVII. In these it was suspected by both the relations
and doctors of the patients, that the paralysis was not
genuine. The electrical phenomena definitely proved the
existence of real organic disease, which the subsequent pro-
gress of events fully demonstrated.

In the question of railway accidents, I myself have had no
practical experience, but the following instance occurred in
the practice of a professional friend, by whom I am permitted
to give only a very superficial sketeh of the cireumstances.

Case LIV.—Railway Accident. Alleged pavalysis.  Electri-
cal reactions demonstrating drgeneration of nerve and muscle.
Mr.
in a train which collided with another on a certain railway
line. He was much shaken, and was taken home insensible,
From this last symptom he recovered, but for some weeks
afferwards was laid up in bed, suffering from the results of
the shock. After a time gradual weakness was experienced
in the lower extremities, which inereased, till he could neither
walk nor stand, and this lasted for many months. As the
gentleman had been in receipt of a large income, of which hisg
present condition deprived him, he brought an action for

., b, 50, having previously been in good health, was






CHAPTER IX.

Coxcrusion,—Tae Pracricav UriLiTY OF ELECTRO-DIAGNOBIS,

Ix the preceding pages an attempt has been made to give in
detail, the electrical reactions of the different tissues in health
and disease, and more especially in the different forms
of paralysis. It is from a general knowledge of the facts
thus displayed, and by their intelligent application in practice
that useful deductions as to pathological conditions are to be
drawn. As has already been insisted upon, like all other
methods of physical diagnosis, electricity must not be de-
pended on alone as the sole means by which we are to arrive
at a just conclusion in investigating the nature of disease.
It is only one of the aids we employ, but which in conjunec-
tion with other facts and observations is a most powerful
auxiliary. . A broad general view, and not a special one,
ghould therefore be taken of the subject, and although this
particular agent if scientifically employed will facilitate our
methods of research, and the accuracy of our conclusions, we
must not expect it by itself to act as a mysterious power
which will give us every information without an enquiry into
all the other circumstances of the case. While insisting
upon this general principle, and disclaiming against the for-
mation of too exalted notions as to the exclusive potency of
the use of electricity in diagnosis, there are in this as in all
modes of research certain instances in which it would appear
that this agent actually gives us knowledge which ecannot be
arrived at from any other source. Of this many examples
will be found amongst the cases already detailed in this book,
In order more particularly to indicate the method of investi-
gation employed, and the mode of drawing inference from
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labourer. The patient states that two months ago he was in
good health, when he accidentally fell on a pitch-fork, a prong
of which passed thrmlgh the fleshy part of his upper arm
near the axilla. He remained under the care of a local
surgeon for some weeks, during which time he kept his arm in
a sling, and after which the wound gradually healed. After
this had taken place, the arm and hand remained weak, and
got thinner, so that he came to London for advice.

On examination the general health was good. There was
considerable paresis of the left upper extremity, from the
shoulder downwards. The muscles were somewhat thin and
flabby, and those of the hand were distinetly atrophied.
There was no loss of sensibility. The right arm and re-
mainder of the body appeared normal,

Eleetrical Reactions.—With both currents the nerve-trunks
of the left upper extremity were normal, and the same as on
the other side. Galvanism applied direct to the musecles of
the left shoulder and arm ecaused vigorous contractions, if
anything, slightly more marked on the paralysed side, and
A.C.C.=C.C.C. The same reactions were discovered in the
muscles of the apparently healthy right hand, and here also
the A.C.C. was found considerably increased.

Beveral physicians and surgeons whom this man consulted
eame somewhat naturally to the conclusion, that the accident
had, in some way, injured the nerves of the brachial plexus,
and had, in consequence, induced the paresis and wasting of
the left limb. TIn short, they considered the case one of
tranmatic peripheral paralysis. Electrical investigation, how-
ever, demonstrated that the nerve trunks were perfectly
healthy ; it showed marked alteration of the muscular strue-
ture of the affected extremity, and finally it indicated, in
what was apparently a healthy limb, that this was under-
going incipient disease, asg yet too slight to interfere with
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is unable to perform her ordinary household duties. There
is, however, no actual paralysis, of the limbs. The special
senses are normal and the intelligence appears intact. At
rest, the face is not observedly altered, except that it is ex-
pressionless, and the lower lip hangs downward leaving the
mouth open. On movement the under parts, especially those
about the lips and chin, are distinetly defective in action, and
are drawn slightly to the right side. Food collects in the
cheeks, and the saliva frequently dribbles from the corners of
the mouth. There is also some difficulty of mastication.
The speech is slightly thick and mumbling. The movements
of the tongue are deficient, and it is pushed over to the leff
side. There is no difficulty in swallowing. There is no
apparent wasting of the face. The left side of the
tongue is distinetly atrophied, it is twisted, puckered, and
covered with deep furrows. The right side looks normal.

Electrical Reactions.—Faradism to the nerve trunks of the
face indicates diminution, but not total loss, of response,
especially on the right side. Applied directly to the facial
muscles a very strong current is required fo cause contrac-
tions. The right side of the tongue is also very sluggish in
reacting, and on the left there is no response whatever to
the induced current. Galvanism to the Facial nerve trunks
also indicates deficient reaction, but when applied to the mus-
cles themselves the responses are vigorous, somewhat pro-
longed, and A.C.C.=C.C.C. The cﬂntinuc_-us carrent to the
right side of the tongue causes apparently normal reactions.
On the left side they are comparatively increased, prolonged,
and A.C.C.=C.C.C, '

This case had visited many hospitals and seen many physi-
cians, and the general opinion expressed was that the patient
gnffered from bulbar paralysis. This view I shared before
applying electrical tests, Then, however, it was found that
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8. Electrical Reactions in a case of supposed progressive muscular
atrophy proved to be simple emactation, Case LIIL, was a man
sent into the hospital as an instance of progressive muscular
atrophy, and his condition at first sight might easily have been
mistaken for that disease. On electrical examination of the
muscles they were all found healthy, and this with the general
circumstances of the ease, suggested the diagnosis of simple
atrophy from emaciation as a result of inanition. This was
subsequently found to be correet, as after a residence of a few
weeks in the hospital, the patient completely recovered.

9., Electrical Keactions in a case of supposed simple emaciation,
the wasting proved to be due to progressive muscular atrophy.
Case XVI. strongly contrasts with the last one cited, Itis
that of a man who was admitted into the hoepital. suffering
from general debility. He was perfectly healthy till six
months before, when he was seized with violent vomiting,.
This eontinued for some months, so that, being unable to re-
tain the larger part of his food, he became very weak, and
lost two or three stones in weight. He was sent into the
hospital as a case of dyspepsia and inanition. On examina-
tion, the patient was found generally much emaciated, there
was no apparent special wasting of any individual musecle,
and although all his limbs were extremely feeble, no special
paralysis could be demonstrated. On electrical investigation
the nerve trunks throughout the body was found normal, so
also was the action of the faradic current when applied
directly to the muscles. The galvanic current, however, in-
dicated marked reaction of degeneration in several of the
muscles of both arms, especially those on the left side, some
of them being increased quantitatively, with the anodal ex-
ceeding the eathodal closure contraction. This led to the
diagnosis of incipient progressive muscular atrophy, which
was so far justified by the result, that although the patient

M
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and the toes drag along the ground. When the limb is
raised, the extension of the foot and toes is very weak and
imperfect. The movements of the knee, and other joints,
appear normal. There is no marked atrophy, and the
remainder of the body is healthy.

Electrical Reactions.—Faradism applied to the left external
popliteal nerve shows very great diminution of response, as’
compared to the other side, and requires a much stronger
current to produce muscular contractions. The other nerve
trunks are normal. Direct to the muscles of the left leg
there is slight comparative diminution to all, but to the ex-
tensors of the foot and toes the contractibility is almost en-
tirely abolished, with the strongest current. Galvanism to
the external popliteal nerve, shows great diminution of re-
sponse, and to the extensor museles of the foot and toes there
is also eonsiderable diminution of reaction, the A.C.C.=C.C.C.

‘and the contractions are slow and tonic. The other muscles

of the leg, as well as all those of the other limb, are normal.
On testing the arms, all the nerves and muscles are found
healthy except the extensor carpi ulnaris, in which the ex-
citability to faradism is almost abolished, and that to gal-
vanism 1s increased, the A.C.C.=C.C.C.

This young lady had been under the care of several medi-
cal men, who unanimously pronounced her disease to be
¢ Hysterieal,” and she was treated accordingly. The above in-
vestigations seem to have established the fact, that whatever
the word hysterical may mean, this was a case of chronic
organic disease, and probably of the anterior cornua of the
cord, as we find degeneration of both nerve and musecle. A
year afterwards the disease had considerably advanced.

12. Electrical Leactions in a case of supposed feigned paralysis,
proving to be Poliomyelitis anterior acuta,—Case XXV., was
that of a young lady who was supposed by all her friends and
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On the other hand, in peripheral paralysis, we never find
either the entire limb, or physiological or irregular groups of
museles, presenting signs of degeneration; but these are
distributed according to anatomical relations—in other words,
to those structures only, which receive their nervous supply
from a special nerve trunk, totally irrespective of their
function.

Hence, in limited paralysis, the great distinetion between
those originating in the cord, or in a peripheral nerve lesion,
is that in the former the limb is uniformly affected, or its
muscles are attacked in physiological or in irregular groups,
while in the latter they are affected according to their
anatomical distribution,

Electrieal phenomena also enable us to distinguish between
the different varieties of paralysis arising from disease of the
grey matter of the cord. If these, when abnormal, are uniform,
and extend over an entire limb, we may conclude that the
lesion is gross, i.e., occupying a mass of its substance, as
in myelitis. If they are confined to certain physiological
groups of musecles, the disease has generally been chronic,
and implicates the multipolar cells of the anterior cornua, as
in progressive muscular atrophy. And finally, if the degen-
ated muscles are attacked in an irregular manner, neither
according to distribution or function, the disease has usually
been the result of an acute inflammation of the anterior
cornua, which has destroyed some of the nutritive centres,
and left others intact, as in poliomyelitis anterior acuta,

Again, the electrical reactions may demonstrate degenera-
tion of both nerve and muscle, which, if acute, is evidence of
infantile paralysis, and if chronie, of disease of the grey
matter en masse as in myelitis. They may also indicate
disease of muscle with healthy nerve, which oceurs in chronie
lesions attacking the nutritive centres of the muscle only,
as in bulbar paralysis. If nerve is found deficient in re-
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amount of the change, and this may occur with or without
disease of the nerve.

10. Qualitative changes in muscle always indicate histo-
logical alterations in its fibres. There is no apparent
proportion between the relation of one pole of the battery
to the other, and the amount of anatomical change. The
anodal contraction being increased, points to degenerative
modifications.

11. Qualitative alterations in muscle may occur indepen-
dently of disease of merve, which may or may not be
destroyed.

12. In paralysis from cerebral disease, it is the rule for
the affected nerves and muscles to present normal electrical
reactions, thus distinguishing it from paralysis due to disease
of the grey matter of the cord, and of the peripheral nerves.

13. In cerebral paralysis there may be slight quantitative,
but there are never qualitative changes. BSlight increase of re-
sponse being due either to an irritating lesion, or to a severance
of the inhibitory influence ; and slight diminution being caused
by disuse of the muscles, or secondary degeneration of the
LEIVes.

14. In paralysis from disease of the white columns of the
cord, the electrical reactions are also normal, and present the
same phenomena as in nos, 12 and 18. This distinguishes a
lesion of the anterior, lateral, or posterior columns, from dis-
ease of the grey matter of the cord, or from peripheral para-
Lysis.

15. The distinction between paralysis from brain lesion,
and paralysis from disease of the white columns of the cord,
cannot be detected electrically, as both are normal, but the
distribution of the symptoms leaves little difficulty in diag-
10sis,

16. Abnormal quantitative and qualitative reactions al-
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Third Edition, revised and edited by S. W. GROSS, A.M., M.D.,
Surgeon to the Philadelphia Hospital, Illustrated by 170 engravings,
Bva, 18s.

SAMUEL W. GROSS, aAM., M.D.

Surgeon to,and Lecturer on Clinical Surgery in, the Fefferson Medical College Hospital,
and the Philadelphia Hospital, Ee.

A PRACTICAL TREATISE ON TUMOURS OF THE
MAMMARY GLAND: embracing their Histology, Pathology, Dia-
gnosis, and Treatment. With Illustrations, 8vo, 1os. 6d.

WILLIAM A. HAMMOND, wm.p.

Frofessor of Mental and Nervous Diseases in the Medical Department of the Universit
the City of New York, &e. - 4 il

I.
A TREATISE ON THE DISEASES OF THE NERVOUS
SYSTEM. Seventh edition, with 112 Illustrations, large 8vo, 25s.
“ [Fust published.

SPIRITUALISM AND ALLIED CAUSES AND CON-
DITIONS OF NERVOUS DERANGEMENT. With [lustrations,
post Bvo, 8s. 6d.
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E. HOLLAND, M.D., F.R.C.5

HEALTH IN THE NURSERY AND HOW TO FEED
AND CLOTHE A CHILD, with Observations on Painless Partun-

tion. A Guide and Companion for the Young Matron and her Nurse.
Second Edition. Fcap. 8vo, 25., paper cover Is.

SIR W. JENNER, Bart., M.D.
Physician in Ordinary fo H.M. the Queen, and to H.R.H. Prince of Wales.

THE PRACTICAL MEDICINE OF TO-DAY: Two
Addresses delivered before the British Medical Association, and the
Epidemiological Society. Small 8vo, 1s. 6d.

NORMAN W. KINGSLEY, M.D.S, D.D.S.

President of the Board of Censors of the State of New York; Member of the American
Academy of Dental Setence, &c.

A TREATISE ON ORAL DEFORMITIES AS A
BRANCH OF MECHANICAL SURGERY. With over 350 Illustra-
tions, 8vo, 16s.

E. A. KIRBY, mM.D., MR.C.S ENG,
L ate Physician to the City Dispeisary.

I.
A FORMULARY OF SELECTED REMEDIES WITH
THERAPEUTIC ANNOTATIONS, and a Copious Index of Diseases
and Remedies, Diet Tables, etc. A Handbook for Prescribers. Fifth

Edition, p. 8vo, 3s. 6d.

LI.
oON THE VALUE o PHOSPHORUS AS A
REMEDY FOR LOSS OF NERVE POWER. Filth Edition, 8vo,
25, 6d.

J. WICKHAM LEGG, r.R.C.P.

Assistant Physician to Saint Bartholomew's Hospilal, and Lecturer on Pathological
Anatomy in the Medical School.

L
ON THE BILE, JAUNDICE, AND BILIOUS DISEASES,
With Illustrations in chromo-lithography, 719 pages, roy. 8vo, 25s.
II.

A GUIDE TO THE EXAMINATION OF THE URINE;
intended chiefly for Clincal Clerks and Students. Fifth Edition, revised
and enlarged, with additional Illustrations, fcap. 8vo, 2s. 6d.

11,
A TREATISE ON HZEMOPHILIA, SOMETIMES

CALLED THE HEREDITARY H/AEMORRHAGIC DIATHESIS
Fcap. 4to, 7s. 6d.
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DR. MORITZ MEYER.
Royal Counsellor of Health, &,

ELECTRICITY IN ITS RELATION TO PRACTICAL
MEDICINE. Translated from the Third German Edition, with notes
and additions by WirLiam A. Hamsmonp, M.D. With Illustrations,

large 8vo, 18s.

Wm. JULIUS MICKLE, M.D., M.R.C.P. LOND.
Member of the Medico-Psyehological Association of Great Britain and Iveland ; Member of
the Clinical Society, fﬂm’ku : Medical Superindendent, Grove Hall Asylum, London.

GENERAL PARATLYSIS OF THE INSANE. &vo, 10s.

E. A MORSHEAD, M.R.C.S., L.R.C.P.
Assistant fo the Professor of Medicine in University College, London.

TABLES OF THE PHYSIOLOGICAL ACTION OF
DRUGS. Fcap. 8vo, 15,

A. STANFORD MORTON, M.B., F.R.CS5 ED,
Sentor Assistant Surgeon, Royal South London Ophthalmic Hospital,

REFRACTION OF THE EYE: Its Diagnosis, and the
Correction of its Errors, with Chapter on Keratoscopy. Small 8vo
25. bd.

WILLTAM MURRELL, M.D., M.R.C.P., M.R.C.S.

Lecturer on Materia Medica and Therapeutics at Westminsier Huospital ; Senior Assistant
Physician, Royal Hospital for Diseases of the Chest,

T;
WHAT TO DO IN CASES OF POISONING. Second

Edition. Med. 64mo, 15 6d.
L.

NITRO-GLYCERINE AS A REMEDY FOR ANGINA
PECTORIS. Crown 8vo, 3s. 6d. [ Fust published.

WILLIAM NEWMAN, M.D. LOND., F.R.C.S.
Swrgeon to the Stamford Infirmary.

SURGICAL CABES: Mainly from the Wards of the
Stamford, Rutland, and General Infirmary, 8vo, paper boards, 4s. 6d.

DR. FELIX von NIEMEYER.
Late Professor of Pathology and Therapeutics ; Director of the Medical Clinic of the
University of Tibingen.

A TEXT-BOOK OF PRACTICAL MEDICINE, WITH
PARTICULAR REFERENCE TO PHYSIOLOGY AND PATHO-
LOGICAL ANATOMY. Translated from the Eighth German Edition,
by special permission of the Author, by GEorce H. HuMmpHRrEY, M.D.,
and CuarLES E. HackLEY, M.D., Revised Edition, 2 vols., large 8vo, 36s,
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RALPH RICHARDSON, MA., M.D.
Fellow of the College of Physicians, Edinburgh.

ON THE NATURE OF LIFE: An Introductory Chap-
ter to Pathology. Second Edition, revised and enlarged. Fcap. 4to
10s. 6d.

W. RICHARDSON, M.A, M.D, M.R.C.P.

REMARKS ON DIABETES, ESPECIALLY IN REFER-
ENCE TO TREATMENT. Demy 8vo, 4s. 6d.

SYDNEY RINGER, M.D.
Professor of the Principles and Practice of Medicine in University College; Physician fo,
and Professor of Clinical Medicine in, University College Hospital.

13
A HANDBOOK OF THERAPEUTICS: Ninth Edition,

8vo, 158. [ Fusé published.
II.

ON THE TEMPERATURE OF THE BODY AS
A MEANS OF DIAGNOSIS AND PROGNOSIS IN PHTHISIS
Second Edition, small 8vo, 2s. 6d.

FREDERICK T. ROBERTS, m.p., B.5C., F.R.C.F.

Examiner in Medicine at the Royal College of Surgeons ; Professor of Therapentics in
University College ; Physician to University College Hospital ; Physician fo
Brompion Caﬂsumpr:'ml Hospital, &e.

A HANDBOOK OF THE THEORY AND PRACTICE
OF MEDICINE. Fourth Edition, with Illustrations, 2 vols., 8vo, 22s.

D. B. St. JOHN ROOSA, M.A., M.D.

Professor of Diseases of the Eye and Ear in the Umiversily of the City of New York ; Surpeon
to the Manhattan Eye and Ear Hospital ; Consulting Surgeon to the Brooklyn Eye
and Ear Hospital, &c., &c.

A PRACTICAL TREATISE ON THE DISEASES OF
THE EAR, including the Anatomy of the Organ. Fourth Edition,
Illustrated by wood engravings and chromo-lithographs, large 8vo, 22s.

J, BURDON SANDERSON, M.D., LL.D., F.R.S.
Fodrell Professor of Physiology in University College, London.

I.
SYLLABUS OF A COURSE OF LECTURES ON PHY-
SIOLOGY. Second Edition, 8Bvo, 4s.

UNIVERSITY COLLEGE COURSE OF PRACTICAT
EXERCISES IN PHYSIOLOGY. With the co-operationof F. J. M.
Pace, B.Sc., F.C.S.; W. NortH, B.A,, F.C.5,, and Auc. WaLLER, M.D.
Demy 8vo, 3s. 6d.

ALDER SMITH, M.B. LoND., F.R.C.S.
Resident Medical Officer, Christ's Hospital, London.

RINGWORM : Its Diagnosis and Treatment.

Second Edition, rewritten and enlarged. With Illustrations, fcap. 8vo,
45. 6d. [ Fust published
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J. ASHBURTON THOMPSON, M.r.c.s.

Late Surgeon at King's Cross to the Great Northern Railway Company.

FREE PHOSPHORUS IN MEDICINE WITH SPE-
CIAL REFERENCE TO ITS USE IN NEURALGIA. A contribution
to Materia Medica and Therapeutics. An account of the History, Phar-
maceutical Preparations, Dose, Internal Administration, and Therapeu-
tic uses of Phosphorus; with a Complete Bibliography of this subject,
referring to nearly 200 works upon it, Demy Bvo, 7s. 6d.

LAURENCE TURNBULL, m.n., PHG.
Awral Surgeon to Fefferson Medical College Hospital, &c., &e.

ARTIFICIATL, ANASTHESIA: A Manual of Ansmsthetic
Agents, and their Employment in the Treatment of Disease. Second
Edition, with Illustrations, crown 8vo, bs.

W. H. VAN BUREN, M.D, LLD.
Professor of Surgery in the Bellevue Hospital Medical College.

DISEASES OF THE RECTUM: And the Surgery of
the Lower Bowel. Second Edition, with Illustrations, 8vo, 14s.
[Fust published.

RUDOLPH VIRCHOW, Mm.p.
FProfessar in the University, and Member of the Academy of Sciences of Berling &e., &c.
INFECTION - DISEASES IN THE ARMY, Chiefly

Wound Fever, Typhoid, Dysentery, and Diphtheria.  Translated from
the German by Joun James, M.B., F.R.C.5. Fcap. 8vo, 1s. 6d.

ALFRED VOGEL, u.p.

Professor of Clinical Medicine in the University of Derpat, Russia.

A PRACTICAL TREATISE ON THE DISEASES OF
CHILDREN. Translated and Edited by H. RapHaeL, M.D. From
the Fourth German Edition, illustrated by six lithographic plates, part
coloured, large 8vo, 18s.

A. DE WATTEVILLE, M.A., B.SC., M.R.C.5.

Ausistant Physician to the Hospital for Epilepsy and Paralysis, late Electro-Therapeutical
Assisiant fo Unsversily College liosprial,

A PRACTICAL INTRODUCTION TO MEDICAL
ELECTRICITY. Second Edition, [In Preparation,
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