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PLATES 1 anxp 2.

Showing the difference between the two hands of the same
patient nine months after section of the median nerve at
the wrist. The left hand shows the glossy, shiny, and tightly
stretched skin and the eurved fibrous nails whiech are charae-

teristic of nerve injury.
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PRHEFACE.

o

It is now about nine years since, when House Surgeon at St.
Bartholomew’s Hospital, I first had the opportunity of treating
some patients with wounded nerves. The cases interested me, for
I found that but little was at that time known of the prognosis or
clinical course of injuries of nerves. The treatment by suture was
then in its infancy, and the results obtained by this method had
not been ascertained.

I therefore determined to try and obtain for myself the answers
to problems which were not yet solved, and, as a result, the present
work has gradually developed. In it are included the Jacksonian
Prize Essay of the Royal College of Surgeons for the year 1882,
and the Astley Cooper Prize lssay for the year 1886. The book
may indeed be said to be merely a condensation of the latter essay,
with the addition of such further knowledge as I have gained
during the last three years. A portion of the following pages has also
appeared in the Laneet for 1887, in the form of Lectures delivered
at the Royal College of Surgeons in that year.

The work throughout has been done entirely from a clinical
aspect, and whatever value it may possess is due to the fact
that large numbers of patients suffering from nerve mjuries of
the most various kinds have been kept under constant observation
for many years.

I do not think that the practice of any one surgeon could have
afforded a sufficient field for observation, but, fortunately for my
purposes, I have been attached to a large hospital into which many
and various accidents are yearly admitted, and in which my oppor-
tunities for clinical study have been practically inexhaustible.

To the Surgical Staff of St. Bartholomew’s Hospital, I indeed
owe a debt of gratitnde larger than I can ever expect to pay, for,
without their constant aid and encouragement, without access to
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the patients under their care, | could never have profitably studied
the clinical aspect of my subjeet.

| have, however, not only described the cases observed by
mysell, but have endeavoured as far as possible to give due weight
to the opinions and writings of others. This, indeed, was very
necessary in dealing with some of the more rare affections in which
my own experience was but scanty and insufficient, and [ have
therefore supplemented it by quoting cases derived from various
sources.  But, althongh I am indebted to many writers, it 1s to
the works of Dr. Weir Mitehell that my acknowledginents of
assistance arve especially due. I have found his book on * Injuries
of Nerves,” published in 1872, so full of accurate observation and
so complete in its realistic descriptions. that after the lapse of
seventeen vears there is but little of value to add to those parts of
the subject he has made so peculiarly his own.

In other respeets, however, our knowledge of the pathology,
clinical aspects and treatiment of injuries of the nerves has made
considerable advances, and althongh in some dirvections there is yet
room for much further work. i have thought that an account of
cases observed by mysell, and an attempt to summarize our know-
ledge of this branch of surgery. might be of interest fo members of
the medical profession.

[ am well aware that with further experience than 1 have vet
had the book might become much more perfect than it is; but
inasmuch as most of the worlk is already as complete as 1 can hope
to make it, 1 have thonght it hest to delay no longer.

The illustrations are from drawings by the late Mr. 'I'. Godart,
and the blocks for printing have been prepared by the Illustrated
Medical News Company.

My best thanks are due to my friend and colleague, My, D Arey
Power, for much valuable advice, and for his assistance in correcting
the proof-sheets,

ANTHONY A. BOWLBY.

43 QUEEN ANNE STREET,
i etoder T IHSI_}.
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INJURIES AND DISEASES OF NERVES.

CHAPTER 1.
ANATOMY OF THE NERVES.

BEFORE studying the nerves in the various abnormal conditions
which result from injury, it will be well to take a very brief
glance at the nervous system as it presents itself in the healthy
body.

Our nervous system is divided into two sub-systems—
the ¢ cerebro-spinal” and the ¢ sympathetic.” The first of
these is again subdivided into the * central ™ and * peripheral.”
With the former we are not at present intimately concerned,
including as it does the brain and spinal cord, which have a
pathology of their own, separable in great part from that of the
peripheral system, and yet not so widely separated but that the
diseases and injuries of the one act and react upon the structure
and functions of the other.

It is unnecessary in this place to interpose any account of the
minute structure and the physiology of the brain and spinal cord ;
they will accordingly only be referred to when in relation either
to the morbid processes occurring in the nerve-trunks, or else to
their anatomy and physiology.

The development of the cerebro-spinal system has been much
in dispute ; but the most recent investigations have thrown con-
siderable light on the subject, a light which is not without its
value in pathology.

The origin of the spinal cord and brain from epiblast has long been
conceded, though at first some doubt was thrown on the development
of the white matter of the cord. But while the epiblastic origin of

A
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the cord was granted, it was universally believed that the peripheral
nerves were formed in mesoblast, a conclusion which was arrived
at chiefly owing to the investigations of Remak; and it was not
till His challenged the universally accepted doctrine that any real
doubt was thrown upon it. Subsequently, Balfour * showed that
the whole of the spinal nerves were formed by outgrowths from
the cord, a view which has since been supported by other writers.

Liwe, however, while conceding the epiblastic origin of the
nerve-tubes themselyves, doubted whether the nuelel of the sheath
of Schwann are derived from the same source, or from the
surrounding mesoblast. On this subject Balfour's opinion was
very clear ; and I am much more inclined to believe with him,
that these nuclei, which play so important a part in nerve
regeneration, are originally derived from the same source as the
nerve-tubules, which, as we shall presently see, they are capable
of forming. The cranial nerves appear to hold the same relation
to the encephalon as do the spinal nerves to the cord.

The spinal nerves thus developed spring from the cord by two
roots, which when first formed are entirely separate, but sub-
sequently coalesce, and in the fully formed feetus are found
united immediately outside their exit from the spinal canal ; the
fibres of the one mingle with those of the other, and are not
separable throughout their peripheral distribution. On the
posterior root, immediately before its junction with the anterior,
is situated a ganglionic enlargement, consisting of cells and fibres,
of which there will be more to say on a future occasion.

In many parts of the body, the nerve-trunks give and receive
branches reciprocally, forming what is known in descriptive
anatomy as a ** plexus,” and it is In this manner that the nerves
supplying the extremities are composed of fibres which take their
origin from different areas of the spinal medulla. In their course
through the leg and arm, the general tendency is for the nerve-
trunks to accompany the larger blood-vessels, and thus to share with
them such protection as their somewhat sheltered position affords.

The nerve-trunks thus constituted are enclosed by a sheath of
connective tissue, to which the name of * epineurium” has
been given, composed of bundles of fibrous tissue crossing and re-
crossing each other so as to form a sort of plexus, in the meshes of
which are contained connective-tissue corpuscles, and in which the
vessels of the nerve-trunk divide into their smaller branches. A

* In a paper in the Philosophical Transactions, vol. clxvi., 1876.
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ANATOMY OF THE NERVES. 3

greater or less amount of fat and lymphatic vessels may also be
found in this sheath. Prolongations from the epineural frame-
work pass into the nerve trunk and divide it into fasciculi, each
of which is surrounded by a special sheath, the * perineuriom,”
composed also of layers of conneective tissne with contained cor-
puscles and lymph spaces. Within each fasciculus, the nerve-fibres
are separated from each other by the *endoneurinm,” which con-
sists of a homogeneous substance with a few connective-tissue
fibres and flattened eells.  Small blood-vessels penetrate as far as
this sheath, but not into the nerve-fibres themselves,

The intimate structure of the latter consists of, first, the axis
cylinder, occupying the centre of the fibre, composed of a soft pale
material, capable of being split up into numerous minute fibrils
(Max Schultze). Immediately around the axis cylinder is a
narrow space containing a fluid albuminons substance, the  peri-
axial space” (Klebs). Outside this is the myeline or “ medullary
sheath,” consisting of a thick, fatty, semi-fluid substance, which
readily stains black with osmic acid, and is held in a fine honey-
comb reticulum. This myeline, under some conditions, is capable
of being broken up into sections which have been described by
Lantermann and McCarthy. The outermost envelope of the nerve-
fibre is the sheath of Schwann, an elastic, hyaline membrane, con-
stricted at regular intervals, the constrictions being known
as “ Ranvier's nodes.” Corresponding to each node the medullary
sheath is interrupted. and, with the exception of the sheath of
Schwann, the axis cylinder is here devoid of covering ; that part of
the nerve which lies between any two nodes is called an * inter-
annular segment.” On the inner side of this sheath are found
small nuelei, the nerve corpuscles. generally one to each inter-
annular segment, but occasionally more.

As the nerve-fibres approach to their terminations they lose
their medullary sheath, and thus come to consist of an axis eylinder
surrounded by the sheath of Schwann. Still further, this latter
also disappears, and the axis eylinder is covered by an elongated
nucleated cell plate, rolled around it and corresponding to a nerve
corpuscle (Klein). This also finally disappears, and leaves the
axis eylinder bare. It may here be mentioned that, in addition to
the medullated fibres just deseribed, there exist a number of
fibres which are distinguished by the entire absence of the me-
dullary sheath, and are known as “ non-medullated fibres,” or
““ fibres of Remak.”
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Afferent or Sensory Nerves.—The exact method in which
the nerve-fibre terminates varies according to the structure to
which it 1s distributed. In the skin, the axis eylinder is split up
into its elementary fibrils, which, with those from other fibres, form
a network in the sub-epithelial tissue. from which fine branches
may be traced between the epithelial cells themselves. The hair
follicle is specially supplied with nerves which maintain their medul-
lary sheath as far as the outer coat of the hair sac and then break up
into elementary fibrils, which can be traced as far as the cells of
the outer root-sheath (Jobert). In addition to these modes of
peripheral distribution, there are special terminal organs in the
skin of various kinds.

1. The Pacinian corpuscles, known also by other names,
found widely distributed over the body, but specially numerous in
the subeutaneous tissue of the volar side of the hand and foot.
Each of these bodies is connected with a medullated nerve-fibre.
which with its thiek sheath represents the stalk of the corpuscle.
The latter consists of a great number of capsules placed in a con-
centric manner around a clear central mass, each capsule beiny
made up of a hyaline elastic membrane, in which are embedded
fine connective tissue-fibres, and lined by a layer of flattened
endothelial cells; the thickened sheath of the fibre forming the
stalk is continnous with the outer capsules. The medullary sheath
and sheath of Schwann accompany the axis eylinder in its passage
through the capsules, but cease at its entrance into the central
clear mass. This latter consists of a limiting membrane, continued
from the stalk, and containing a transparent hyaline matrix, in
which the axis eylinder divides into two or more branches, at the
termination of which are found small irregular or spherical masses
consisting of a network of elementary fibrils. Capillary blood-
vessels penetrate between the capsules, but not as a rule into the
central clear mass.

2. Smaller bodies of a somewhat similar nature occur in the
penis and clitoris, and are known as ‘“end bulbs.” They consist
of several layers of membranes which are continued from the
tissue in which the nerve lies, and into which a medullated fibre
passes, losing its medullary sheath at the point of entrance. The
distribution of the axis eylinder is similar to that which is found
in the Pacinian corpuscles. FEnd bulbs are also met with in the
conjunctiva, and differ but slightly from those just described.

3. Besides these endings, medullated nerve-fibres may be traced
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into the papillee, which contain what are known as Meissner's
corpuscles, and are found in the skin of the hand, foot, glans
penis, and lips. They consist, like the other terminal organs, of
a fibrous sheath, in the centre of which the nerve-fibres terminate,
but in what manner has not yet been exactly ascertained.

Motor or Efferent Nerves.—In unstriped muscles the
nerve-fibres are of the non-medullated kind. They divide into
small groups of axis eylinders, which form a plexus around groups
of muscle-bundles known as the “ground plexus”™ (Arnold), and
from which smaller branches form the “intermediary plexus”
around individual bundles of fibres. The muscle cells themselves
are swrrounded by a network of primitive fibrils, which are
described by some authors as terminating in either the nucleus
or nucleolus of the cells.

This description also holds good for the termination of nerves in
blood-vessels.

In striped muscle, after having formed interfibrillar plexnses,
the medullated nerve-fibres enter the individual muscle-fibre in an
oblique or vertical manner, and at the same time lose their medul-
lary sheath, the sheath of Schwann becoming continuous with the
sarcolemma. The axis cylinder then divides into several thin
fibres, which lie embedded in a granular mass—nerve end-plate or
muscle-plate—on the surface of the muscle, but within the sarco-
lemma, and from which some authors describe the distribution of
terminal fibrils to the more intimate parts of the muscle-fibre.

In tendons, nerves terminate in various ways—mnamely, in a net-
work of primitive fibres, in end bulbs similar to those met with in
the conjunctiva, or in plates such as are found in muscle.

Finally, in connection with the anatomy of the nerves, it should
be mentioned that at a meeting of the Royal Medical and Chirnrgical
Society (held on January 22, 1884), Mr. Vietor Horsley described
what he named “ Nervi Nervorum “—i.c., small sensory nerves dis-
tributed to the nerve-trunks themselves. These appeared to arise
occasionally from the primary bundles of nerve-fibres, but also,
and perhaps mere frequently, from the eutaneous branches. Their
direction was first at right angles to the primary bundles, and then
parallel, running as single medullated fibres of medium size in the
connective tissue of the epineurium, and terminating in “ end
bulbs™ similar to those met with on the conjunctiva.*

At the present time Mr. Horsley's statements have neither been

* British Medieal Journal, 1884, vol. 1. p. 166,
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negatived nor supported, and although his specimens, in the opinion
of some authorities, agreed with his description, there were others
who did not think so.

Connection of the Nerves with the Spinal Cord.—As
before stated, the nerves are connected to the spinal cord by two
roots, the fibres from which pass into the substance of the cord,
and are variously connected with its constituent parts. It may
briefly be said that the fibres of the posterior root decussate with
those of the opposite side almost immediately, while the motor
fibres ascend in their own lateral half of the cord as far as the
anterior pyramids before decussating, many of them being con-
nected with the large ganglion cells,

The physical properties possessed by the nerve-trunks remain to
be considered. Composed as each one is of a number of nerve-
tubes, each separated from the other by a special sheath, and sur-
rounded and bound together by fibrous tissue, the nerve-trunk
bears a strong resemblance to the traditional bundle of faggots
whose unity constituted their strength. The toughness and elas-
ticity of the nerve-trunks is indeed remarkable, and well illustrated
by the power they possess of resisting injuries, a power which
is only equalled by the blood-vessels. Many instances of this
must occur to every surgeon, :

The Sympathetic System.--The sympathetic being re-
moved in great part from risk by injury, needs but very brief
notice. It consists of symmetrical chains of ganglia lying along
each side of the bodies of the vertebrie, and connected together
by intervening nerve cords. These ganglia receive branches from
the spinal nerves, and themselves give off filaments to the ante-
rior and posterior roots, more especially to the ganglion on the
latter.

The nervous supply of the viscera is mainly derived from the
sympathetic, the branches of which form their chief plexuses, the
cardiac, the solar, and the hypogastric. The fibres which con-
stitute the cords of the sympathetic are chiefly of the class before
described as fibres of Remak, or non-medullated fibres, but, in
addition, a few medullated fibres exist, originally derived, in all
probability, from the branches of communication from the cerebro-
spinal nerves. In addition to fibres, the nervous system contains
cells varying in shape and structure, but yet having a general
similarity to each other; they are found in the ganglia of the
sympathetic, and in the grey matter of the cord and encephalon,
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and consist of a protoplasmie cell body, in which a fine network of
fibres may often be seen, containing a nucleus and nucleolus,
They possess one or more processes which either interlace with
those from other cells, or else are connected with the axis eylinder
of a nerve-fibre, the precise relation of this fibre to the cell being
still in dispute, though not apparently a matter of any material
importance.

The recent investigations of Gaskell tend to show that the
sympathetic system is really but a part of the cerebro-spinal
nervous system already described, and that it should be considered
as merely a development of the splanchnie or visceral branches of

the spinal nerves.



CHAPTER II.
PHYSIOLOGY OF THE NERVES.

Ix the following chapter an attempt has been made to lay stress
on those points which are of special importance  as regards the
pathology of the nerves, with the view of saving much needless
repetition in the future, but it has not been considered a fit place
in which to disenss the many theories which ‘are so efficiently
treated in various works on physiology.

The function of all the nerves is essentially that of a egnduet-
ing medinm between the cerebro-spinal centres and the parts to
which their peripheral terminations are distributed. The con-
ducting power possessed by the nerve elements is known as their
“condunetivity.” It may be exerted in various ways.

The only part of the nerve which is essential for the exercise
of this peculiar property is ecertainly the axis eylinder, the
remainder of the fibre acting either as an insulator of the nervous
current or else as a protection for the more delicate central axis.
The loss of the medulla and sheath of Schwann as the fibre
approaches its termination, and the total absence of them in the
non-medullated fibres, affords abundant evidence of the correctness
of this view,

The fibres which enter into the formation of a nerve-trunk are
generally deseribed as centripetal and centrifugal, according as
the current by which they ave wswally excited passes towards or
away from the nervous centres. For this reason also they are
sometimes called *fafferent” and * efferent”; and forther, an
afferent nerve coming from a sensitive surface. such as the
skin, is commonly described as a * sensory nerve,” while an
efferent branch supplied to a muscle is known as a * motor
nerve,” these names being obviously given on account of the resulf
caused by the exeitation of their conducting power.

In the spinal nerves, both afferent and efferent fibres exist, and
the name of “mixed nerves”™ is therefore given to such trunks.
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As the branches of a mixed nerve approach the spinal cord, the
sensory and motor filaments are separated from each other, so
that all the motor or efferent nerves are collected into the anterior
or ““motor” root, all the sensory or afferent into the posterior or
*“ sensory ” root.

This general statement as to the separation of the different
kinds of fibres from each other requires some modification, for it
has been found by experiment that some of the fibres of the
posterior root, after running a short way in the mixed trunlk, take
a recurrent course amongst the motor fibres back to the spinal cord,
and ave therefore named recurrent fibres. Whether or not the
branches from the two roots are intimately intermixed through-
ount their distribution, or whether they follow different paths in
any individual trunk, is doubtful. A strong argument in favour
of the former is that, when the branches of either root have
undergone what is known by the name of the * Wallerian
degeneration ” (so that they can be distingnished from the un-
degenerated fibres). they may, as a rule, be seen commingled with
the fibres-of the other root, and inseparable from them except by
their altered contour. On the other hand, the fact that the motor
branches. may be destroyed by an injury which apparently leaves
the ss*"n.‘sm'_y nerves intact, is adduced in favour of the argument
that they run a different course. The evidence thus obtained is,
however, open to many fallacies, as we shall find when we come
to study the pathological conditions resulting from injury.

As to the normal electrical condition of a nerve there 1s yet
much dispute, and here it suffices to say that two main theories
are at present held with regard to the presence or absence of any
continuous current ; Du Bois-Reymond and his followers arguing
that a “ natural nerve current ” is constantly passing from the
interior to the exterior of the nerve-trunk, while Hermann
contends that all carrents demonstrated by experiments are due to
injury inflicted on the tissue.

What is. however. of more importance is that ** neural ” currents
are pretty constantly passing from the periphery to the centres
and so keeping up a communication as to the conditions of the
peripheral parts, while others pass centrifugally, maintaining the
condition of “tone” in the various muscles, and supplying the
necessary neural stimulus to the glands and other organs. It is
also noteworthy that this condition of tone is probably to a great
extent maintained by reflex action due to the irritation of the
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peripheral afferent nerves, for it has been shown by Brondgeest
that if a frog be vertically suspended after the brain has been
separated from the spinal cord, and then the posterior roots of the
nerves snpplying one leg be divided, the result is that the leg on
the affected side immediately drops. showing a sudden relaxa-
tion of the muscle tone. evidently due to the want of afferent
currents. ®

Whatever may be the result of investigations as to the presence
of the “natural nerve current.” all experimenters are agreed that
the changes which accompany a nervouns impulse are transmitted
equally well in either direction in both sensory and motor nerves,f
thus making it probable that in any individual axis cylinder a
nerve-current can pass, either eentripetally or centrifugally, and
that on a stimulus being applied to any given point of the same it
is probably propagated hoth upwards and downwards,

Several other circumstances go to prove the same facts, which
for a motor nerve is best instanced by an experiment known as the
“ paradoxical contraction of muscle,” § and is conducted as follows :
A motor nerve is selected which, like the sciatic of a frog, divides
into two branches. If then one branch and the attachment of the
sciatic to the cord be divided, it will be found that on irritating
the central end of the divided branch, the electrotonic state is
developed, not only in the portion of the trunk continuous with
the irritated fibres. but also in the other branch, as will be made
apparent by the contraction of the muscles supplied by the latter.
In this ease the nerve-current must have passed up the divided
nerve as far as its junction with the other branch, before it could
have caused a muscular contraction.

For a sensory nerve the same fact is proved by the experiment
of M. Bert. The tip of a rat’s tail was bent over and engrafted
into the skin of the back, and subsequently the root was divided.
A year later, irritation of the root gave rise to symptoms of pain,
the impressions causing which must have been conveyed in a
direction exactly the reverse of mnormal. The sensitiveness
acquired by the flaps some time after many plastic operations
would tend to prove the same, while the study of the return of
sensation after neurotomy will supply additional examples of a fact
that is of much importance to the study of neural pathology.

* Hermann's Physiology, p. 488.
t+ Foster’s Physiology, fourth edition, p. 106.
I Carpenter's Physiology, second edition, p. 343.
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The rate at which the nervous impulse travels appears to be
much the same for both motor and sensory fibres, probably in the
frog about 33 metres per second ; and it was the result of a con-
sideration of this, and the above-mentioned similarity in the
behaviour of motor and sensory nerves to the same electrical
stimuli, that led various experimenters to try and establish a
functional union between sensory and motor trunks. Full accounts
of these attempts, especially as regards union of the hypoglossal
with the lingunal, may be found in all works on physiology, and we
may briefly say that in the opinion of the experimenters them-
selves (Vulpian and Philippeanx) the functional union of motor
and sensory trunks remains to be proved.

Nerve Stimuli —The various stimuli which excite, and the
condition of the nerve which is favourable to the passage of a
nerve current, remain to be considered.

The most notable of all artificial stimuli is electricity, which ex-
cites not only the sensory nerves, but is more powerful in causing
active contraction of muscle than any other stimulus of which we
have knowledge. The effects differ according to the nature of the
current. A continuous current up or down a nerve causes muscular
contractions at the moment of opening or closing the current, or
else when any sudden change is made in its intensity, while the
same stimulus applied at right angles across the nerve-trunk pro-
duces no appreciable effects. With an interrupted current the
muscles rapidly pass into a tetanic condition. It was through an
observation of such phenomena that the law of Du Bois-Reymond
was promulgated, a law which holds gecod for all kinds of stimuli,
and which may be stated as follows—* The excitation of a nerve
is affected by the modification rather than by the actual intensity
or amount of the stimulus.”

This is instanced by the museular contractions called forth by
the making and breaking of the current, and not by ifs passage;
also by the same results occurring when any sudden change takes
place in the intensity of the current.

This law is equally applicable to the effects of any other stimulus,
and therefore to that which holds one of the most important places
after electricity—namely, mechanical irritation. For though a sharp
tap be quite sufficient to excite muscular contraction, a nerve may
sometimes be completely destroyed by very gradually applied pres-
sure without any effect being visible in its supplied muscle, a fact
of much importance in pathology. Various chemical agents act as



T2 INJURIEH OF NERVES,

stimuli to the nerves, as do also heat and cold, though whether to
all nerves equally is not quite clear,

In order that a nerve may conduct efficiently, it is necessary that
it shall be supplied with a proper quantity of blood, and, further,
that this shall be of proper quality. The result of the absence of a
sufficient blood-supply is well shown in the numbing effects of cold,
and in similar conditions occurring after the application of a
ligature to the main vessel of a limb. Any alteration in the
amount of water contained by the mnerve alters its conducting
power, but, within certain limits, this power returns if the nerve
be placed in circumstances favourable for the restitution or other-
wise of the required moisture.

Applications of cold to a nerve-trunk at first excites the conduet-
ing power, but afterwards destroys it ; further mention of this will
be made in connection with the congestion of nerves,

In order that sensation of any kind shall be duly appreciated
by the nerve-centres, it is essential that the proper terminal
organ shall be excited, and not the nerve-trunk itself. Thus,
it is well known that if any sensory trunk be irritated, the
sensation is referred to the whole of the peripheral distributions
of the nerve as well as to the part struck, and this must be
borne in mind in considering the pathological conditions which
canse pain.

The skin is specially adapted for the due development of the
sense of touch and temperature, and its integrity is a necessary
factor for the proper appreciation of the same; thus,in the seat of
a scar, or else of an abrasion, these senses are numbed or else
entirely in abeyance.

It is unnecessary in this place to do more than refer to the
theory of the sense of touch, as excited by a mechaniecal stimulus—
namely, that the delicacy of touch depends on the fact that each
nerve fibril supplies a certain skin area whose relative size and
closeness to each other differ in different regions of the body. It
i further supposed that the Pacinian corpuscles and other bodies
found at nerve terminations intensify the impressions.

It is, however, very necessary that the respective sensibility of
different parts of the body should be known in order that a certain
standard of health may be established, and the amount of depar-
ture therefrom in pathological conditions duly measured. The
minimum distance at which two points of a pair of compasses can
be distinguished as such, is the usunal test of tactile power. These
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distances vary in different parts of the body, and are given by
Weber as follows :—

Millimetres,
Tip of tongue gl : : S 1.1
Palmar surface of last phalanx of ﬁngm : : - : 2.2
Palmar surface of second phalanx of finger . : ; : 4-4
Tip of nose . . : . : ; : : - : 6.6
White part of lips . : : : - 2 : - 8.8
Back of second phalanx of !‘nger : . - - - : 1.1
Skin over malar bone . . . - : : . : 15.4
Back of hand . . g g . e 1 : : ; 20.5
Forearm . - - - - . : . ; ; : 306
Sternum . : : : : g : : - : 44.0
Back - : - ; - - : ; : - 66.0

The following in inch measurements arve by Dr. Graves, a line
being 1-12th of an inch :—

Lines,
Point of tongue . . ; 3 : : ; : L
Palmar surface of third plml.m'«: 1
Palmar surface of second phalanx . : : ; : ; 2
Palmar surface of metacarpus . : : 3
White parts of lips . : - : ; 2 : ; 4
Palm of hand . - 2 5
Tip.of great toe 5
Dorsum of hand : ; - : : ; t 3
&kin over patella . : . - . : : : " 16
Saecrum (skin over) . ; - ) - : , . 18
Acromion (skin over) . - : - . . : s 18
Dorsum of foot - - . . : . . 3 ! 15
Middle of thigh . : . - ; : ; : . 30

Sense of Temperature.—In addition to the sensations
eaused by mechanical stimuli, the skin has the power of con-
veying sensations of heat and cold, and of distinguishing with
some accuracy the variations of temperature. The question has
been raised as to whether or no these sensations are ecarried
by nerve-fibres separate from those which convey the sensations
produced by mechanical stimuli, and whether there are two kinds
of peripheral organs, each of which is affected by its own stimulus
alone, and is connected with a separate centre of perception.

It is urged against this view that when each stimulus is
brought to bear in a very limited area, the two sensations are
frequently confounded, * and the cases where a hot sponge or
spoon was felt because it was hot, and yet the sensation was
confounded with one of pressure, indicates that the same terminal
organs are affected by both stimuli.” *

* Foster's Plysiology, second edition, p. 53I.
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It is also evident from the study of nerves which are uniting
after division, that the power of the nerve to conduet sensations
of heat requires a more perfectly normal state than that necessary
for the excitation of tactile perceptions, for the latter are almost
always present before any sensation of heat can be established.

Sense of Pain.—The same claims that have bheen made for
special nerves and nerve-endings to conduct the sense of heat and
cold, have been also made for the conduction of the sensation of
pain.

As a result of the study of pathological conditions, Brown-
Séquard * stated his belief in the presence of separate conductors
for “touch,” *pain,” “tickling,” and *temperature,” and his
arguments have been supported by others. This hypothesis
seems to me to be guite unnecessary, and there is really no reason
why the same nerve-fibres should not be capable of conveying
various impressions which can be appreciated by the nerve-
centres. We know that the contraction of a musele can be
excited by the application of various irritants to its motor nerve,
and as far as I am aware no one has yet suggested that each
stimulus requires a separate set of fibres to produce its due effect.
Why then should we think it necessary to invent the same for the
conveyance of sensory impressions ¥ It is, in fact, the intensity
or amount of the stimulus that determines the painful sensation,
and of course, if the centre which appreciates the stimulus be
itself in a highly excitable state, the amount of the stimulus required
to produce the sensation is diminished : this is instanced by the
different susceptibility of different persons to the sensations of
pain, and also by the hysterical state. Again, the fact that as the
result of a nerve injury there is never complete angesthesia, whilst
the sense of pain remains intact, argues the same conclusion ;
the contrary fact, that pain may be absent yet tactile sensation
perceived, is open to the same explanation that I have offered for
the absence of the thermic sense under similar conditions—
namely, that a more perfeet condition of the nerve-fibres is
requisite for the conduction of pain than for that of touch ; or, in
other words, that the stimulus which is sufficiently strong to
excite tactile sensation is not of enough intensity to cause pain.
This is again instanced in the case of the nerves of special sense.
A moderate stimulus applied to the peripheral terminations of the

* _Arehives d'e Physiologie, 1868,
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optic nerve causes a sensation of light, while one of very great
intensity will cause pain.

But if the argument be allowed that two sets of nerves exist—
one for pain and the other for touch—we must suppose that the
point of a needle which causes either tactile or paintul sensations,
according to the pressure applied, must always cover an area
sufficiently large to include both a tactile and painful nerve-
ending. This theory appears to me to be quite untenable,

Muscular Sense.—The actual nervous mechanism of what
is known as “ the muscular sense” is probably very complicated.
Whether it is of central or peripheral origin has been much
disputed ; but the latest investigations tend to prove that it is
largely dependent on sensations conveyed from the periphery, as
well as on what may be called the neural sense, caused by changes
in the encephalon, as a result of the exercise of volition.

In support of the latter, the observations of Mitchell # are very
interesting. He quotes various cases in which a patient ex-
pressed his ability to appreciate the apparent position of muscles
in a part which had been amputated, saying, My hand is now
open ; I touch the thumb with the little finger.” &ec., when only
the stump of an arm remained. In such cases, the attempt or
desire to place the muscles in certain positions also conveyed the
idea that the will was obeyed.

On the contrary, I may mention the case of a man who received
a severe blow on the side of the neck, resulting in complete
hemi-angsthesia below the thivd cervieal vertebra. Combined with
this condifion was an equally complete loss of muscular sense, but
not of muscular power. If his leg was put up in the air, he
easily retained it there, but was not aware of its position ; both
extremities could be placed similarly in various stages of con-
traction or extension, in which they were retained without the
knowledge of their owner. This patient subsequently recovered
entirely. I offer no explanation for these cases, and would
formulate no theory thereon. The whole subject requires further
investigation,

* Injuries of Nerves, p. 358,



CHAPTER III.

CHANGES IN NERVES AFTER SECTION, THEIR’.
DEGENERATION AND REPAIR.

Ix considering the pathological conditions to which nerves are
subject, it will be advisable to commence by a study of the changes
which occur in the peripheral and proximal ends of any mixed
nerve after simple section.

With regard to the peripheral end there is now tolerable unani-
mity, in one respect at least, as all writers concur in deseribing a
degeneration of both motor and sensory fibres, whilst differing in
their deseription of the process, Waller, in 1862, first thoroughly
investigated the effects of division, and established these facts.

ist. That section of the anterior root, before its junction with
the posterior, resulted in a degeneration of that part of the motor
fibres which are thereby separated from the cord.

and. That section of the posterior root, on the proximal side of
its ganglion, resulted in a degeneration of that part of the fibres
only which intervened between the point of section and the cord,
while the periphery of the nerve remained intact. Waller there-
fore concluded that the ganglion cells of the cord formed a trophie
centre for the nerves of the anterior root, while the ganglion on
the posterior root fulfilled a similar office for the sensory fibres.

These conclusions are generally allowed to be correct, as are also
the facts from which the author deduces them, despite the
difficulty of explaining the regeneration which, we shall presently
see, occurs while the distal end is still separated from its trophie
centre.  In the above experiments the recurrent nerve-fibres
present in all nerve-trunks may be seen for some time in a normal
state in the peripheral segment, while in the proximal end of the
divided nerve some may be szen in a degenerate condition. The
recurrent fibres soon undergo atrophy.

While agreeing in the main as to the changes occurring in the
distal end of a divided nerve, the various authors who have inves-









FIG. 3.

Longitudinal section of the degenerate lower end of a nerve
fifteen days after section. The specimen has heen preparved in
osmic acid, and the myelin, which has stained black, is broken up

into drops of various size.

LPage 17.
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tigated this subject differ in the details of the process, and it will
therefore be advisable to quote here the most important of these
conclusions. Waller and Busch* balieve that the whole of the
primitive fibrils are destroyed and are regenerated by reunion with
the proximal end. Ranviert describes a swelling-up of the nuclei
of the sheath of Schwann, the protoplasm of which collects into
large masses, and encroaches upon the sheath of myeline. The
swelling commences within twenty-four hours of division, and by
the third day the pressure of the newly formed mass has resulted
in a complete section of the axis eylinder opposite the situation of
the nucleus in each of Ranvier's nodes. By the sixth day the
myeline is reduced to small fragments, the protoplasm contains
fatty granules, and the nuclei of the sheath are increased in
number ; finally, at the twentieth day the fragments of myeline
settle into masses, separated from each other by slender filaments
with oval nuclei, formed by the sheath of Schwann. At the same
time granulo-fatty degenerative changes are observed in the
connective-tissue cells and in the endothelinm lining the vessels,
the fat granules being probably derived from the myeline which
passes in a state of solution through the sheath of Schwann.
White blood-cells become infiltrated into the substance of the
nerve-tubes and appear to be instrumental in removing the
de¢bris.

Mitchell deseribes a loss of translucency from the fourth to the
sixth day, and says that the white substance of Schwann under-
goes an irregular segmentation, and finally disappears, the nerve
assuming a dull grey tint, like a piece of firm connective tissue.
While confessing the difficulty of arriving at a very satisfactory con-
clusion, he considers that the axis eylinder is probably not affected
by the process of degeneration. He does not think that this pro-
cess spreads gradually from the cut end of the nerve to the
periphery, but is satisfied that it affects at one and the same time
the whole length of the nerve.

Benecke § agrees with Mitchell that the degeneration affects the
whole periphery simultaneously, and that the latter becomes of a
cloudy yellow tinge and tears casily. The medunllary substance
coagulates and breaks down to a fine detritus, the axis cylinder

* Zeit, fitr Wis. Zool., 1854, vol. vi,

+ Compt. Rend. de Udcad. des Sei., 1872 ; and Cornil and Ranvier's Pathological
Histology, 1882.

T Op. eit. § Virchow's Archiv, 1872,

i 1

0 |
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becomes enlarged and swollen, and finally disappears, and the
nuclel of the sheath multiply.

MM. Cossy and Dejenne consider that the large nerve-fibres do
not degenerate so rapidly as the fine primitive fibrils, and that
till the third day the only change is that the axis c}huder is
abnormally friable and the nuclei of the sheath are swollen.
Changes in the medullary sheath (similar to those already de-
seribed) commence on the fifth day, and are considered by these
authors to be secondary to those which occur in the axis cylinder ;
the latter entirely disappears by the twelfth day.*

Leegard investigated the condition of the distal ends of nerves
after having produced a simple solution of continuity of the
myeline and axis cylinder and not of the sheath, by the appli-
cation of a ligature which was immediately removed. He found
that in three days the axis cylinder broke up in places whilst the
myeline ran together into eylindrical masses and ultimately under-
went a granular degeneration ; the nuclei enlarged and multiplied,
and the axis cylinder finally disappeared from the tenth to the
fifteenth day. "This process of degeneration attacked the whole
peripheral segment at once.f

In two cases in which I have had the opportunity of examining
the nerves, one on the fifteenth day after injury, and one on the
thirtieth, when operations for the purpose of secondary suture
were undertaken, the condition of the peripheral end was very
satisfactorily demonstrated after staining in osmic acid.

In the case in which the nerve had been divided fifteen days
previously, there was found much segmentation of myeline, which
had collected in droplets of varying size in the nerve-sheaths. In
most of the sheaths there was some myeline, but in a few it was
completely absent.

The nuclei of the sheath had increased in number, although not
to any great extent.

The condition of the axis evlinders was very difficult to establish
with certainty. In most parts of the sections they had completely
disappeared, and it was only after a very prolonged search that I
could satisfy myself that some of them were yet present, though
so much altered in contour as to be almost indistinguishable.

In the case in which the section was thirty days old, the changes
mentioned above were all further advanced. Only a few drops of

Avchiv, de Phys., 1876, T Archie fur Kilin. Med., 1880,
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FIGS. 4 axp 3.

Transverse seetions of the degenerated lower end of a nerve
several weeks after section. The nerve-tubes can no longer be
distinguished, and their atrophied remains no longer fill the

sheath of perineurium.

Page 19.
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myeline remained, the axis cylinder had entirely disappeared—or
at any rate could no longer be distinguished—whilst the nuclei of
the sheath were again but slightly increased in number.

In another case, I examined the peripheral end of a divided
nerve three months after section. Here it was impossible to
recognize any nerve-tubules at all.  There was a complete absence
of myeline and of axis cylinders. In cases examined at times
varying from three to six months after injury, similar appearances
are found. In the majority of such specimens, the places formerly
occupied by nerve bundles are marked by the presence of cireular
masses of tissue, which have the appearance of connective tissue
with many nuclei. These masses are, however, much smaller than
the healthy nerve bundles, and consequently do not fully occupy
the space in the perineurium, but appear to have shrunk away
from the surrounding tissue.

My own observations on human nerves would thus appear to
accord with those of other observers on the nerves of animals, and
it may be concluded that the degenerative changes are signal-
ized by the destruction of the myeline, the multiplication of the
nuclei, and the loss of continuity of the axis eylinder. The greater
nuniber of observers, and amongst them the most trustworthy,
are also agreed that these changes occur in the whole length of the
peripheral portion at one and the same time, while others maintain
that they commence at the eut end and spread downwards, either
a short distance from the point of section, or else along the whole
periphery. This degeneration commences within a day or two of
the injury, and within two or three weeks the nerve has undergone
complete atrophy.

Central End.—As has already been mentioned, the fibres of
the proximal end are but slightly affected by the nerve section.
Ranvier describes the changes as being limited to one, or at most
two,of the inter-annunlar segments, and says that the myeline, instead
of becoming broken into large fragments, which subsequently be-
come smaller, as in the peripheral end, is rapidly reduced into fine
granules, which later on assume a yellowish-brown colour with
osmic acid. The nuclei multiply and increase in size, but instead
of encroaching on the medulla they remain flattened against the
sheath of Schwann ; the axis eylinder remains intact. An infil-
tration of white blood-cells into the nerve substanee oceurs, similar
to that already described in the peripheral segment.

Neumann also describes somewhat similar changes.
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Leegard* describes changes similar to those which he noticed
in the peripheral end as occurring in the first inter-annular seg-
ment of the proximal end, the next three or four segments becom-
ing also irregular and shorter. The sheath is empty at places and
shows nuelear proliferation.

Bulbs.—It is now many years since it was noticed that after
section of a nerve the upper end became bulbous, and this has
more particularly excited observation in stumps.  The very general
opinion as to the structure of these tumour-like swellings in the
nerves is that they consist of fibrous tissue, a statement which has
been handed down from one author to another without apparent
investigation.

George Hayem, in 1877f was the first to point out that these
bulbs consist not only of newly formed fibrous tissue, but also of
new nerve elements. He believes that after amputation the most
distal portion of the cut nerve degenerates, and is replaced by
young fibres, which undergo a gradual process of development.

In a case which I have recently examined, the amputation
(through the leg) had been performed five years previously in a lad
aged twelve years.  Re-amputation became necessary on account of
an insuflicient covering for the bones, and an examination of the
bulb on the anterior tibial nerve showed on cross section a greater
number of fibres than did the healthy nerve above. The only con-
clusion that can be arrived at is that the additional fibres were
of new formation; they were mixed with newly formed fibrous
tissue.

A microscropic examination of such a bulb under a low power
shows a proliferation of the perineurium, which penetrates between
the different fibres in the bundles and separates them into smaller
bundles of three, four, or more fibres.  Later on, these fibres becom-
ing compressed, gradually lose their sheath of myeline, and so
appear smaller than normal. The lower down in the bulb the
section is made the more complete do these changes appear, so
that between this part and the junction of the bulb with the
healthy nerve above all stages of tramsition between connective
tissue and healthy fibres may be seen.

Considering that the young nerve-fibres also appear on section
to be smaller than normal, it becomes very difficult to say for
certain whether any individual nerve-tube is in a stage of transition

% Op, cif. t fev. des Sci. Med.






FIGS. 6 axp 7.

Transverse sections through a bulb, showing the numerous

bundles of small nerve fibres under a high and low power.
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into a higher or lower state. Nevertheless, as a transverse section
shows on careful examination that although some of the thickness
of the bulb is due to an increase of the connective-tissue elements,
yet the larger amount of it is composed of nerve-fibres, we are
naturally driven to the conclusion that some of these must be of
new formation. Sections of the nerve trunk above the bulb do
not usually show any of the degenerative changes that are met
with in the peripheral end, there being no increase of connective
tissue or decrease in the white substance of Schwann unless inflam-
matory changes have been started and * chronic neuritis” has
supervened. In those cases, however, where the section is of very
long standing, it appears that after the lapse of a considerable
time, probably vyears, the nerve-fibres do in part atrophy and
degenerate, and thus follow the example of other tissues, and bear
evidenee to the general truth of the pathological law that “ atrophy
results from disuse.” 1 have not myself had opportunities of
examining the proximal ends of divided nerves at any distance
from the seat of injury after simple section, but I have examined
the nerves from limbs in which amputations have been performed
in bygone years, and have found in them that many of the nerve
fibres are diminished in size, that their myeline sheath is greatly
shrunken, and that some of them have quite disappeared. This is
a pathological fact of the greatest clinical interest, and one to
which I shall again have occasion to refer.

Regeneration and Union.—The process of degeneration,
which has just been deseribed, is succeeded by one of regeneration,
resulting, in favourable cases, in a complete restoration of the
nerve. The exact mannerin which this process is described by
varions authors is so different that it will be as well to guote their
deseription first, and subsequently to draw conclusions not only
from the pathological changes which may be seen under the micro-
scope, but also from observation of elinical cases. As I have not
had any opportunities of examining nerves during the process
of primary union, I am obliged to accept and base my conclusions
to a great extent upon the experiments on animals made by
others; the further changes, however, which occnr in the distal
end, and which I have not yet described, I have been able to
investigate for myself.

Chief in importance amongst these is the regeneration which
.oceurs even when no union has taken place with the proximal end,
for an examination of the peripheral end, seven or eight months
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after section, will show that the axis ecylinders have been re-formed,
and that around them a deposit of myeline is slowly developing.
The fibres are not, of course, collected into symmetrical bundles as
in a healthy trunk, and are smaller than natural. They may be
seen scattered about amongst the surrounding connective tissue in
all stages of development, some of the axis eylinders yet naked,
others with varying amounts of myeline around them. It seems
strange that such regeneration should take place without reunion
with the nutritive centre, but the importance of the fact for a
proper appreciation of the symptoms and results of nerve sections,
as well as for the light it throws on the question of treatment,
makes it one of much interest.

As to the exact process by which these new nerve-fibres are
formed, and the divided end reunited, I shall first refer to the
following accounts by others,

So long ago as 1855. Lent*® stated his opinion that the new
nerve-fibres were formed from the nuclei of the sheath, but does
not appear to have actually observed the process of formation.

In 1860, Hjelt T expressed his concurrence with the opinions of
Lent. Investigations by Remak further tended to confirm the
fact that the new nerve-fibres were developed in connection with
the sheath of Schwann, and this observer also noted that in some
cases several axis eylinders might be found within a single sheath
in the peripheral part of the divided nerve,

According to Neumann, new nerve-fibres are formed by a longi-
tudinal splitting of the axis eylinders which are left undegenerated,
the new fibrils being subsequently covered with myeline. He also
has observed several axis cylinders in a single sheath, Ranvierf
describes the method of regeneration very minutely. He main-
tains that regeneration takes place by a growing downwards of the
axis cylinders of the proximal end, which split up into a brush of
small nerve fibrils as far as the first node. These fibrils grow
towards the lower end, either into or between the degenerated
tubes, and form an uniting cicatrix. He admits that in the
interior of the degenerated peripheral fibres there is an appear-
ance of two or more axis cylinders, as deseribed by Remak and
Neumann, but maintains that they are the result of an ingrowth
from above, and are not simple axis eylinders but perfect nerve—
fibres, each with its sheath of Schwann. Regeneration of the

# Manual of Pathology, Wagner, p. 424. t Virchow's Awrechir,
t Op. ¢it., and Cornil and Ranvier's Pathological Ihstology, trans. 15587.
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lower end does not occur until after its union with the upper. The
inter-annular segments of the new nerve-fibres are much shorter
than those of the older ones.

Dr. Korybutt-Daszkiewicz, of Strasburg,* says that the degene-
rative changes do not, as a rule, go beyond the first of Ranvier's
nodes in either the peripheral or proximal ends. * After the ligue-
faction of the old medulla in the central end, there occurs the
formation of a new myeline with the peculiar appearance that
between two former constrictions one or two new ones are formed.
The nuclei of the sheath of Schwann also undergo changes in the
central end, near the division of the nerve: they swell up, become
surronnded by granular protoplasm, and, after becoming separated
from the fibres, assume an elongated form ; whether finally deve-
loping into nerve-fibres could not be definitely ascertained. The
axis cylinders in the peripheral part break up into more or less
numerous fragments during the segmentation of the medulla, and
of these some apparently liquefy and participate in the same
changes as the myeline, while others persist and clothe themselves
with a new medullary sheath.” ¢ Before the degenerated myeline
began to lessen, the fragments of axis cylinders began to lengthen
in each direction, the nuclei persisting within the sheath began to
elongate and lay at certain distances from each other. Simul-
taneously with this process, the new medullary sheath made its
appearance as a varicose or uniform deposit upon the axis eylinder.
Thus the fragments of axis eylinder remaining serve as a starting-
point for a new endogenous formation of nerve-fibres. They pre-
sent no tendency to blend with one another, but remain in con-
tiguity, growing in the same general sheath, close to one another,
and ultimately, after the disappearance of the old sheath of
Schwann, they develop into independent fibres. Hence, at a
certain time, there is an appearance as of several nerve-fibres in
a single sheath.”

“If, however, after a division of a nerve the axis cylinder
remains intact in its entire length, and the medullary sheath
degenerates, the appearance of several fibres in the same sheath is
never seen.’

Benecket says that the nuclei of the sheath, which, during the
process of degeneration are seen to multiply, elongate and form
axis cylinders by joining to each other in the long axis of the nerve.

* Lancet, Sept, 21, 1878. t Op. cit.
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Around these new cylinders the medullary substance and sheath
of Schwann are subsequently applied. With this deseription
Bakowiecki's observations entirely coincide.”

Leegardf considers that the process of regeneration starts in the
protoplasm accumulated within the sheath in the neighbourhood
of the nuclei, fine greyish threads becoming differentiated in the
inter-annular segments and running fogether into a continuousfibre ;
the new segments appear shorter than those in the healthy nerve.
Several new fibres do not originate in a single one, and the rege-
neration is more rapid the nearer the lesion is to the periphery.
Gliicki deseribes union as occurring by means of an elongation of
the already multiplied nuclei, the myeline and sheath of Schwann
being formed at a later date. The investigations of this observer
will be again referred to.

The descriptions of these various authors are all the result of
experiments on animals, and considering that there is frequently
found to be some difference in the exact mode of degeneration
and regeneration in different animals, it is necessary, or at least
advisable, to trace the same process in man.

I have already alluded to my examinations of nerves in a state
of degeneration, and shall now describe the appearances I have
met with in three cases, in which regeneration of the peripheral
end had oceurred after section, independently of union with the
upper portion. These cases are described in full in the chapter
on Nerve Suture, and at present I shall refer to the microscopic
examination alone.

The first case was that of a lad, aged eighteen, in whom an
operation for rennion of a divided ulnar nerve was undertaken
seven months after injury.

An examination of the portion of the peripheral end, which was
removed preparatory to suture, showed that, scattered throughout
a transverse section, were several small, imperfectly developed
nerve-fibres, such as are met with, and have already been deseribed,
in the bulbous proximal end. These new fibres were not collected
into definite bundles, they were mnch smaller than natural, and
their myeline sheath was scarcely perceptible. The total number of
these new fibres was but small, and I was unable to trace their
development in a satisfactory manner.

The second case was that of a woman, aged fifty-three, who had

* Gaz, Med, e Paris, 1876. t Op. eit. + Virchow's Archiv, 1878.






FIG. 8.

Longitudinal sections through the lower end of a divided nerve
nine months after section, showing the early formation of new

nerve fibres from the nuelei of the sheath. (Crouch, } in,
P
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divided the median nerve just above the wrist-joint. An opera-
tion for reunion was undertaken nine months later, and the
condition of the resected portion of the peripheral end was found
to be as follows :—

The ecircular spaces in the neurilemma, which T had previously
found in other degenerated nerves partly filled with nucleated
connective tissue, I now found to be ocenpied by nerve-fibres in
varying stages of regeneration. The steps in the formation of
these fibres could, moreover, be most clearly traced.

Their first appearance was in the form of oval and spindle-
shaped nuclei, which seemed to be identical in structure with the
nuclei of the sheath. These nuclei were arranged in bundles with
their long axis parallel to that of the nerve-trunk.

The next step was the elongation of the nuclei and their gradual
transformation into fibres, around which, subsequently, a myeline
sheath was formed. In some parts of the section bundles of newly
formed nerve fibrils could be seen occupying the spaces in the
neurilemma, which had evidently been previously occupied by the
healthy nerve bundles before the time when the injury was
inflicted.

The new fibres in some bundles were in a much more advanced
stage of development than those in others, the regeneration
appearing to proceed simultaneously throughout all the tubules in
each bundle, irrespective of the condition of the fibres in others.

I have been unable to find that similar changes have been
noticed by other investigators in cases of nerve sections in man.
and have also had the opportunity of examining the nerve ends
in a case in which the ulnar had been divided nearly two years
before I saw the patient.

The nerve had been completely eut across and no union had
taken place, the upper and lower ends being separated by about
half an inch or more of firm cicatricial tissue.

A microscopical examination of the peripheral end showed that
many of the fibres had been regenerated. A large number of the
bundles contained numerons nerve-fibres in various stages of deve-
lopment. In some the axis eylinder alone was formed. In many
others the myeline sheath surrounded the young axis cylinders,
whilst in some the “ nodes of Ranvier” were well marked.

The accompanying drawings show these conditions very
plainly.

There is indeed a tolerable consensus of opinion as to the part
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played by the nuclei of the sheath, from which, according to most
authors, the new axis cylinders are formed. The strongest
objection to Ranvier's theory, that the undegenerate fibres of the
central end grow into the empty sheath of the periphery, lies in
the fact that, as 1 have already deseribed, the peripheral end will
regenerate even when ununited to the central healthy fibres. And
if further proof of this be necessary. it may be found in the
investigations of Philippeaux and Vulpian,* who not only saw
regeneration of the peripheral fibres without union with the
proximal end, but found the same take place in a piece of nerve
resected and transplanted into the surrounding tissues. If then
the peripheral end has become regenerated, and is placed in
sufficiently close proximity to the central portion, union will result
by the continued formation of nerve-fibres between the divided
extremities. DBut. on the other hand, should union fail, it appears
probable that the merve again degenerates. perhaps never to
recover. 1 have found no mention of this by other authors, but
nevertheless feel certain that such changes must oceur. for
otherwise we should have some difficulty in explaining those
cases in which, many vears after injury, the nerves have been
found completely atrophied. As examples of such, T append
the two following examples.t Israel records the case of a man
who had been shot through the median and ulnar nerves thirty-
two years previously, and in whom the peripheral ends were
found to have only the thickness of a knitting-needle, and to
consist chiefly of connective tissue.

In volume xxv. of the Pathological Society's Transactions,
My. Butlin deseribes a case in which the ulnar nerve had been
divided fourteen years before death. No mnion had taken place,
and the lower end was found to consist nearly entirely of connec-
tive tissue, a microscopic section showing that the healthy nerve-
fibres had entirely disappeared, while the presence of any axis
cylinders was very doubtful. No doubt many such cases can be
found, and all bear but one or two explanations. Either the
divided nerve never became regenerated at all, or else it sub-
sequently again degenerated : the latter appears to me the most
likely, but before the matter can be considered settled, more in-
vestigation is necessary.

The conclusions which may be drawn from the most recent
investigations are :

#® (az. des Hop., 1861, t Virchow's Archiv, vol. Ixxxv.






FIG., 9.

Longitudinal section of the lower end of a divided nerve nine
months after section, showing bundles of newly formed nerve

fibres under a low power. (Crouch, 1 in.)
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1. That the nuclei of the sheath of Schwann (which are
developed from epiblast) form the new axis eylinder.

2. That the myeline is subsequently formed around the new
cylinder.

3. That the peripheral end may become regenerated without
forming any union with the proximal extremity, but that it again
tends to degenerate if union fails,

Changes in the Spinal Cord after Nerve Section and
Amputation,—It has been shown by English anthors—notably
by Dr. Dickinson—that certain changes occur in the spinal cord
after amputation of a limb. The precise canse of this has been
more clearly demonstrated by Vulpian, in a paper addressed to
the Académie des Sciences. He savs that after amputation of a
limb, the spinal cord, at the place where the nerves are given off
to the extremity which has been removed, becomes considerably
lessened in all its diameters. This atrophy happens after ampu-
tation at all ages, bat most rapidly in the voung. There is no
myelitis or fatty degeneration.

Not content with this discovery, M. Vulpian divided some of
the large nerve-trunks in different animals, and after keeping
them alive for varying periods, he killed them and examined their
spinal cords. The amount of atrophy which he found was exactly
of like extent and character to that which he had previously
observed as the result of amputation. He therefore concluded
that in the latter case also the wasting was due to section of the
nerve rather than to removal of the limb.

Friedrich,* Genzman,t and Leyden i have also described the
changes in the nervous system met with in cases of old amputa-
tion, and the views of these writers, as well as those of Vulpian §
and Dickinson,|| already alluded to, have been summarized by
Dreschfeld¥ in a valuable paper containing the account of
another case.

In his summary, Dr. Dreschfeld says:—* Changes in the tranks
of the large peripheric nerves are recorded in only one case of
Dickinson’s. Vulpian and others, and amongst them myself, have
not detected any change in the peripheric nerves. The nerve-
roots, again, were found altered by Dickinson and by Leyden, and

* Progress. Muskelatroph., p. 140. + Virchow's Archiv, vol. 1xvi,

1 Klinil. der Riick. Krankheiten, vol. i. p. 316.

§ Archiv. de Physiol,, 1868 and 1869. | Journal of Anat. and Physiol., 1868.
€ Journal of Anatomy and Plysiology for 1850, vol. xiv. p. 424.
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seem in most of the other observations to have been unaltered.
As regards the spinal cord itself, the white matter has been found
in most observations (with the exception of Dickinson’s and a few
of Vulpian’s cases) intact; the posterior grey matter has been
found altered in many of the recorded cases. but has bheen found
absent in those cases most recently reported. On the other hand,
the changes in the anterior grey matter are of the most constant
ocenrrence, and, thongh missed in gome of the older observations,
have been found in all the recently recorded cases. These changes
affect chiefly the ganglia cells, and though most authors have not
sufficiently distinguished between the several cell groups, a glance
at the drawings accompanying the descriptions of the several
cases will convince anybody that the intermedio-lateral tract of
cells is the one constantly attached.”

Since the publication of Dreschfeld’s paper, the literature of
the subject has been enriched by three papers—one by Drs.
Hale White and Edmunds, in the Transactions of the Pathologieal
Society (vol. xxxiv. p. 16) ; another by Hayem and Gilbert, in the
Archiv. de Phys. (1884, vol. iil. p. 430); and the third by Dr.
E. S. Reynolds, read at a meeting of the Pathological Society
of Manchester, and mentioned in the British Medical Jowrnal for
February 26, 1887.

The authors of the former paper narrated a case in which a
limb had been amputated six years before death. The nerves of
the stump had ** undergone such degeneration that they ave little
more than masses of connective tissue derived probably from the
perineurinum.”  This refers to the bulbouns ends, but in the seiatic
of a girl on whom amputation of the leg had been performed some
vears previously, there was noted ““an inerease of connective tissue
between the fibres, which has in many cases so invaded them as to
cause their complete destruction.” No mention is made of the
condition of the spinal cord.

In the second case one of the nerves was again found altered
ahove the site of amputation. The patient was a man who had
undergone an operation for amputation of the forearm immediately
above the elbow seven years before his death. During the time
that intervened between the operation and his death he suffered
from no nervous symptoms of any kind. The following changes
were found in the nerves of the stump. The ulnar, '::lvlz'.t:f'mil:r and
radial nerves were more particularly examined. They each ter-
minated in a neuroma.  An examination of these neuromas showed






FIG. 10,

Transverse section of the lower end of a nerve seven months

after division, showing some seattered nerve fibres.

FIG: 11.

Transverse section of the bulb in the upper end of the same
nerve, showing the thick fibrous tissue and some bundles of nerve

fibres.
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that they consisted in very large part of numerous small nerve-
tubules. The direction of these tubules was for the most part
longitudinal. They appeared to be econtinuous with the normal
tubes of the nerve above the bulb—that is, it seemed as if the axis
eylinders broke up into numerous small fibrils which penetrated
into the surrounding fibrous tissue. The radial and median nerves
themselves were smaller than those of the opposite side. Their
nerve-tubules were diminished in number and were also smaller
than natural. This smallness was due chiefly to the absence of
the myeline sheath. The axis cylinders also were very slender.
There was also a slight increase of connective tissue in the nerve-
trunk and the ulnar nerve was definitely enlarged. The enlarge-
ment was due in part to the increase in its connective tissue, but
in part also to an increase in number of the nerve-tubes. Many
of these were smaller than natural, and presented an appear-
ance precisely similar to that met with in section of the bulb.
There seemed to have been a degeneration of the nerve-tubules
with subsequent regeneration. In the posterior roots there was
an evident atrophy of the nervous substance. In the spinal cord
also there were changes on the side on which the amputation had
been performed. The posterior column was smaller than on the
opposite side: the anterior column was definitely increased in size
and the lateral column was slightly increased. These changes
were not limited to the cervieal region, but extended throngh the
whole dorsal region. In the grey matter of the cord there was
found to be marked atrophy of the nerve-cells. In many places
these had entirely disappeared, and this destroction of cells was
limited to the cervical enlargement of the cord.® In the latter
case it seems probable that the condition of the unlnar nerve was
due to chronic neuritis, such as has been described by various
authors as occasionally occurring in the nerves leading to stumps,

The changes described by Drs. White and Edmunds, on the other
hand, appear to be rather of an atrophic nature, the nerve-tissue
wasting in the same manner as any other tissue may waste for
want of proper use.

Dr. Reynolds’s observations also establish the fact that atrophy
of the nerve-fibres occurs in the nerves after amputation, and that
the nerve-cells in the anterior horns decrease in number and in
size, whilst those in the posterior horns also atrophy, though to a
less extent.

# Archiv. de Plysiologie, 1884, vol. iii. p. 430.
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CHAPTER 1V.

UNION BY FIRST INTENTION.

It has already been said that the usnal result of nerve section is
the degeneration of the entire peripheral end, and the question at
once arises whether such a degeneration is inevitable. To obtain a
satisfactory answer, both experiments and clinical experience must
be considered ; and as to the former. precedence must be given to
(liick.* who made his observations on the sciatic nerves of the
fowl and the pneumogastrics of the monkey.

According to this experimenter, the first change to be noticed
after section is a retraction of the sheath and a spreading out of
the myeline over the cut ends, which in a few days are found united
by a grey translucent tissue. The further changes depend on
the distance between the two ends. The removal of one or two
centimetres of nerve prevents all regeneration, even after many
months, if the ends are not brought together by artificial means.
The nerves and muscles degenerate, the limb wastes, and the fowl
dies about the fifth month.

If, however, the ends of the nerves are cavefully sutured together,
by preference with catgut, the results are quite different. The
closer the approximation and coaptation of the two ends, the less
is the amount of tissue /formed about them, aptly called * nerve-
callus,” and the less is the degeneration below. The histological
changes which have been found are the following. If a centimetre
is removed and the ends left separated, the space between the two
extremities is filled by a soft cellular granulation tissue containing
vessels ; the ends of the nerve undergo degeneration. One or two
months later only a dense fibrous tissue is to be found in the inter-
val, containing no nervous constituent. Gliick did not in any case
succeed in obtaining regeneration when a large piece of nerve was
removed, but if there had been a simple section, and the ends were

* Ree Virchow's Archiv, 1878 ; Lanee!, June 1, 1878 ; Rewv. des Sci. Med., 1881 ;
Report of Surgical Congress at Berlin, 1880,
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sutured, rapid reunion was obtained in such cases. In eight days
the cut ends were united by naked axis eylinders, which were sub-
sequently coated with myeline ; the only sign of degeneration of the
lower end was a slight multiplication of the nuclei for the first few
days. This may fairly be called union by the first intention.

In a case where the section had been made without involving
the perinenrium the fowl walked easily in two days, and in other
cases where complete section of the sciatic had been performed
and the ends well sutured, function was restored in seventy hours.

Even in cases where a portion of nerve had been excised and
the ends sutured, rapid union took place by means of the nuclei
of the sheath, and with scarcely any fatty degeneration of the
peripheral end.

In one case Gliick removed a portion of the seiatic of a chicken
three centimetres long, and replaced it by a similar piece taken
from a rabbit. In eleven days sensation and musecular power were
restored.

~ In the cases above quoted it must be noticed that the degenera-
tion of the lower end is said to have been prevented by the suture,
The author also insists on the wound closing by first intention.

If absolute proof be required of the reality of the union in these
cases it can be supplied, for on the fourth day after division and
suture of the sciatic in a fowl, mechanical or electrical stimuli
applied to the nerve isolated on a piece of glass, resulted in a con-
traction of the muscles to which it was distributed. Again, the
vagus in the rabbit was also successfully sufured. as was found
by the fact that ten days after division of it on the right side a
section of the left pnenmogastric did not cause death. Resection of
the previously divided nerve, in addition, was however fatal, thus
proving that the union had been sufficient to keep the animal alive
after the nerve on the right side had been divided.

I think that Gliick’s results must be taken as establishing the
fact that union by primary intention can and does occur under
favourable circumstances, in the fowl and rabbit. But we must
be very careful in applying these results to man. The difference
in the rapidity of union between the nerve divisions in the fowl
and in the rabbit was very marked, and in man it might be much
oreater, The rate at which degeneration takes place in the peri-
pheral end varies in different animals, as has been well pointed out
by Mitchell, * who says: “In the frog it is most speedy in hot

¥ Op, cits, p. 77-
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weather, and in the hibernating animals Schift states that it is so
singularly slow that five weeks elapsed in the marmot, with less
change than five days produced in the dog. In the snapping
turtle (Chelonia serpentina) I found it to be equally tardy during
the winter. Some years ago, in the autumn I eut the left sciatie
nerve in two box turtles, which soon buried themselves in my
garden. On their reappearance in April I found the nerves quite
unchanged. Within the next month the peripheral end of the
nerve underwent complete alteration.”

However valnable, then, the experiments may be which prove
the possibility of immediate union in the lower animals, it cannot
be said that the proof holds equally good for man. But, in the
lesions brought under the notice of the surgeon, the opportunity of
establishing the reality of primary union of nerves by the micro-
scope has not yet, to my knowledge, presented itself. We must
therefore judge by the re-establishment of the fumctions of the
divided trunk. And here a considerable difficulty offers itself, for
many observers, notably Létiévant, and Arloing and Tripier, have
objected to the recurrence of sensafion in the part supplied by the
divided nerve as offering proof of ifs restoration, for they argue
that the other nervous trunks take the place in part of that which
is injured, and convey the sensations in question. But, as will sub-
sequently be seen, these * sensibilité suppléée ™ of Létiévant ave
by no means so perfect as the sensations conducted by the normal
nerve, at any rate for a considerable time after the section, if ever ;
and, moreover, though the surrounding musecles may more or less
supply the part of those paralysed, the latter are themselves
absolutely powerless, and rapidly degenerate and atrophy.

A rapid restoration of perfect sensation, together with an
absence of wasting, and a reténtion of the contractility of the
museles, may thus be taken as certain proof of the restoration of
the continuity of the divided nerve,

The subject is one on which there has been much entroversy,
but T may say at once that, from clinical observations, I have no
doubt of the pessibility of primary union, although I think it is
certainly very rare, and, in support of my opinions, will quote the
following cases :—

H. II., aged twenty-three, was admitted into St. Bartholomew’s
Hospital on November 2o, 1881. He had fallen with out-
stretched hands on to some sheets of loose glass a few minutes
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before arriving at the hospital.  On examination I found a large
lacerated wound about an inch above the palmar surface of the
right wrist, a flap of skin and musele being turned downwards
towards the palm of the hand. The whole of the flexor tendons of
the wrist and fingers, except the flexor carpi ulnaris and the inner-
most tendon of the flexor sublimis digitorum, were divided. A
small piece of bone was cut out of the radius, and the pronator
quadratus was torn. The radial and interosseous arteries bled
freely and were tied ; the-arteria comes nervi mediani, which was
very large, was similarly treated. The median nerve had been
divided in two places, and the intervening portion of it, nearly an
inch in length, lay loose in the wound, and was accordingly
removed. I then drew down and stretched the upper end as
foreibly as possible, and sutured it to the lower portion with car-
bolized catgut, the eut surfaces being brought into contact with
some difficulty after extreme flexion of the wrist. As many
tendons as possible were similarly fixed, and the wound dressed
with carbolized oil, the hand being steadied in a position of flexion
by means of a splint.

Nov. 21st.—Much pain in the hand; no sensation whatever in
the parts snpplied by the median. Temperature 103°

22nd.—The edges of the skin have sloughed, but the deeper
parts look healthy.

Dee. 1st.—Sensation has been tested daily, but this morning,
for the first time, he can tell which finger is pricked with a pin.
No pain. A good deal of the wound has healed, and the part is
eranulating healthily.

3rd.—With his eyes blindfolded he can now tell with certainty
which finger is touched with the handle of a pen; the prick of a
pin causes pain.

7th.—Sensgation in the thumb, index, and middle fingers is
nearly perfect. He can feel the slightest touch, and can localize it
accurately. Is fully sensitive to the prick of a pin, and can move
the fingers slightly.

16th.—Has much improved in the power of flexion; can
thoroughly oppose the thumb and pick up a pin ; says he has still
a slight sensation of numbness; the fingers are all quite warm and
fully sensitive to all stimuli.

24th.—The wound has healed except for a very slight ulceration
opposite the seat of injury to the radius; he says that, except for
some stiffness in the fingers, one hand feels much the same as

C
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the other. Has increased power of movement in the fingers and
thumb.

Bight months later this patient came to show himselt at the
hospital. He could not quite bend the fingers into the palm,
owing to the adhesions of the tendons to the scar ; otherwise there
was no difference between the two hands, and the man said he
could work and feel as well with one as the other.

I am indebted to Mr. Menzies for the details of the following
case, which appears to me to be of unusnal interest, alike from
the care with which it is recorded and the rapidity with which the
tunctions of the injured nerve were restored.

Primary Suture of the Median Nerve, with Union
by First Intention.—J. W. aged fifteen, was admitted to the
West London Hospital on November 29, 1884, having fallen on a
olass bottle and cut his wrist. On examination there was found
to be an incised wound an inch and a half long on the anterior
aspect of the right wrist. The tendon of the palmaris longus was
seen to be severed. The median nerve was completely divided.,
There was haemorrhage from the arteria comes nervi mediani, and
the patient had complete anmsthesia over the part supplied by
the median nerve. The ends of the nerve were exposed and
sutured with three catgut stitches passing through the trunk
itself.

Nov. 3oth.—Patient had a good night, but complains of pain.

Dee. 1st.—Wound dressed. He has tactile sensation, and
localizes accurately in the parts which were previously ansesthetic,
with the exception of the last two phalanges of the index finger.
The prick of a pin causes pain. He can distinguish the points of
two pins one inch apart. Sense of temperature is uncertain,
especially that of cold.

6th.—Wound healing by granulation. Sensation is fully estab-
lished to all forms of stimuli. He ean appreciate the points of two
pins half an inch apart, except on the index finger.

Sth.—Sensation returned in the index finger.

20th.—The wound has healed. Sensation is equal to that of the
other hand for all stimuli.

Jan. 2oth, 1885.—He uses the hand quite well ; he says it is as
good as it was before the injury.

July zoth, 1885.—The hand differs in no way from that of the
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other side; the muscles are quite natural, but they do not react
to either faradism or galvanism,

As to the actual lesion, and the rapidity of the subsequent
recovery in the first case, there can be no room for doubt, for the
patient was seen both at the time of the accident and during his
convalescence by many competent observers, and the conditions I
have described were frequently verified. The case under the care
of Mr. Menzies is, again, in my opinion, quite undoubtedly one in
which primary union oceurred. In mno other way than by actual
union of the previously divided fibres is it possible to explain the
preservation of such perfect sense of touch, pain, and temperature,
and above all of muscular power. As fo the completeness and
rapidity of the cure the patient himself bore the strongest testi-
mony, insisting that his hand was not numbed for more than
about a day, and that it was * quite as good as the other in three
weeks,” notwithstanding that there had been a considerable wound.
In other cases that I have observed, there has been noticed a rapid
restoration of funetion after primary suture of varions nerves, lead-
ing one to believe that some fibres at least had undergone primary
union ; but the cases already quoted are sufficient for my present
purpose—namely, to establish the fact that * primary union™ of
recently divided nerves, without any antecedent degeneration, is
quite possible in man. For although up to the present no case
has been recorded in which a microscopic examination could be
made of the nerve during the process of repair, yet the complete
return of sensation and of motion is a sufficient: proof of the reality
of primary union. Supposing that in any given case primary
union does not oceur, the length of time required for the restora-
tion of the continuity of the nerve-trunk is very variable. Paget
considers that a year or more is requisite. Létiévant observed
cases at the end of the nineteenth and fourteenth months respec-
tively. The time required will necessarily depend on many
circumstances. If the ends are far apart, if the wound sloughs, if
a large quantity of dense cicatricial tissue intervenes, and if the
cut nerve contracts adhesions to the surrounding muscles and
tendons, union will be long delayed. In connection with this
question the following two cases are of interest: the first being
an example of failure of primary union, due probably to separation
of the cut ends, followed hy subsequent regeneration ; the second
showing very plainly that, even when the best contact is main-
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tained, primary union may be interfered with by erysipelas and
sloughing.

Mary Ann P., aged nine years, was admitted into St. Bartholo-
mew’s Hospital in October 1879, having sustained a deep cut
above the wrist-joint on the palmar surface. There was complete
loss of sensation and motion in the parts supplied by the median
nerve, but the cut ends could not be found. A few weeks later
the patient was discharged unimproved and with some wasting of
the muscles of the ball of the thumb.

On July 24, 1882, I had an opportunity of examining the
hand, and found it in the following condition :—Secar neither
painful nor tender. Hand well nourished and plump, not at all
atrophied. Iingers straight ; can bend them well, but does not
make a very good fist. Movements of thumb quite normal. Sensa-
tion perfect. No trophic changes. Suffers slight pain in the hand
in cold weather, Her mother says that feeling did not begin to
return till a year after the child left the hospital, but that since
then motion and sensation have steadily improved.

R. W., aged forty-four, was admitted into St. Bartholomew’s
Hospital on July 6, 1882, on account of a wound on the inner
side of the upper arm, which divided the biceps and a part of the
median nerve. As the divided portions of the nerve tended te
separate from each other, catgut sutures were inserted and the ends
drawn together; the muscle was treated in a similar manner.

On the 11th I found the wound suppurating, and the patient
complaining of a sensation of numbness in all his fingers. The
sensory condition was as follows :—Thumb: Tactile sensation
impaired over the distal phalanx, both front and back ; also sensa-
tions of pain and femperature; mno place, however, is quite
angesthetic.  Proximal phalanx normal. Index finger: No sensa-
tion of touch, pain, or temperature over the whole palmar surface,
or the dorsal surface of the last phalanx and half the second.
Middle finger : No sensation of touch or temperature, but firm
pressure with a pin at the tip causes pain, the seat of which he
cannot localize ; this statement refers to the palmar surface, the
back of the finger being in a similar condition to that of the index.
The fourth and fifth fingers are normal, as are also the entire palm
and back of the hand. The movements of all the fingers are unim-
paired, but the power to oppose the thumb is very deficient.
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On July 15th erysipelas of the arm supervened ; there was no
improvement in the nervous symptoms; no trophic disturbances.
The erysipelas lasted some time, and no improvement was present
antil August 19th, at which time he was able to distingnish two
points of a pair of compasses a quarter of an inch apart on the
dorsal surface of the second phalanges, and could localize the toneh
of a penecil except at the tips of the fingers on the palmar surface.
At the time I made this note I had not seen the patient for ten
days, so am unable to fix the exact date at which gensation coms-
menced to return.

A few days later the patient left the hospital, and did not show
himself again till October 27th, when he exhibited the following
condition : Forearm slightly wasted, and feels firm and hard; the
range of supination is limited, apparently by the contraction of the
pronator radii teres; movements of fingers good ; ball of thumb
much wasted. He has now no power of opposition, the move-
ments of the thumb having deteriorated since he was last seen.
Trophic: No other trophic disturbances, but the fingers are cold
and blue. Sensation—Thumb : Tactile, thermie, and pain sensa-
tions all present, and but little, if at all, impaired. Index: Can
localize well all over, but sensation is impaired at the tip ; sensa-
tion of temperature good. Middle: In much the same condition
as index, but the skin over the third phalanx is more ansesthetic.
He was now ordered to be galvanized twice a week, and to employ
friction to the whole forearm and hand, with a mixture of equal
parts of lin. saponis and lin. ecamph., also to use the forearm as
much as possible, and to keep it warm,
ovement in both motion and sensation.
Has returned to his work as a lamp-cleaner on the railway.

Ang. gth, 1883.—Sensation quite perfect, except at the tips
of the index and middle fingers. Even here it is scarcely at
all impaired, merely amounting to a slight loss of acuteness.
Still some wasting of thumb muscles, but he has fair voluntary
power in them. No re-action to eiemncl’r} Nails, skin, &e.,
normal.

March 26th, 1884.—Sensation perfect. Muscles quite regene-
rated, being as large and strong as those of the other hand. All
the muscles supplied by the median re-act to faradism, though as
yet only feebly.

In the foregoing case it will be seen that although only part of
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the nerve was divided and good apposition maintained, yet a year
and nine months elapsed before function was completely restored,
and there can be little doubt that this delay must be attributed to
the erysipelas, which prevented healing by first intention. I may
also take the present opportunity of expressing my very firm
opinion that the commonly accepted doctrine that partial section
or wound of a nerve-trunk is more dangerous, and more likely to
lead to complications than complete section, is quite erroneons. 1T
have no doubt at all that, on the other hand, the amount of trouble
is directly proportionate to the amount of nerve-fibres divided,
and have arrived at this conclusion after a clinical experience of
many cases, both of partial and complete section.

The influence that the amount of nerve removed exercises on
the length of time requisite for repair is well instanced by experi-
ments on animals recorded by Létiévant, *° After a simple section,
the reunion of the ends by a cicatrix and the re-establishment of
the functions requires three or four months, and this ought to be
considered a good result.  After resection of a centimetre, the same
time is necessary. If more than a centimetre, five, six, twelve
months, or more. After resection of more than three centimetres,
the ends are only united by fibrous tissue, if at all.”

Considering the favourable results obtained by Gliick by suture
of the two ends after resection of a portion of nerve and the rapid
repair in one of the cases I have related above, it is most probable
that it is the distance of the divided ends from each other rather
than the actual loss of nerve that influences the time required for
reunion.

That the cut ends of a divided nerve ean unite, even after exei~
sion of a considerable portion, is sufficiently proved by the case I
have already described. That partial reunion may occur when the
ends are widely separated has been shown by Mitchell. Three
such cases are recorded by this author and Bertolet in the dmerican
Jowrnal of Medical Seience for 1876. In the first, both the musculo-
spiral and median nerves united after excision of about an inch
of each. In the second, after removal of an inch of one of the
digital nerves, complete union was found in eighteen months,
In the third, the radial nerve was repaired within ten months of
excision of two inches of its trunk.

But although the preceding cases may fairly be adduced in
evidence of the contention that it is possible for union of nerve
to occur after resection of portions of nerve-trunks, it would
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be the gravest error to draw from such cases the conclusion
that reunion oceurs as a rule. And it is to be noticed that even
in the instances above quoted the restoration of function was
most imperfect. In very many cases, even of simple section, which
are not treated, no union occurs in man—in far more, I think,
than is generally believed ; and I cannot agree with Mitchell that
“the eapacity of nerves to re-make their lost parts is almost invin-
cible.”* The records of surgery tell a very different tale, and one
which is, unfortunately, much more unfavourable for the sufferers
from nerve injury. The conclusion that repair of nerves is inevi-
table has been drawn from a return of pain in cases of neuralgia
which have been treated with temporary success by the operation
of neurotomy or neurectomy. Such conclusions are not warranted.
Pain may return, and so may sensation, independently of nerve
regeneration. The real truth is to be found in a study of cases of
accidental nerve section which have not been treated, and in such,
even where no bulk of nerve has been excised, my own experienca
and that of many other surgeons is entirely opposed to the conelu-
sion that nerves whose ends are separated show any irresistible
tendency to unite. If they unite at all, they do so in a most
imperfect manner, and frequently there is no sign of repair.
Although, as T have already said, the lower end of the nerve under-
goes regeneration even though separated from the proximal portion,
it seems probable that, after union by first intention has failed, the
bringing together of the divided ends materially hastens the rege-
nerative processes. For, as will subsequently be shown, a suturing
together of nerve ends, which have been separated four, five, or six
months, is sometimes followed by a very immediate and rapid
return of function ; in other cases, however, the process is slower,
and in some it fails. In the cases which succeed it is evident that
the otherwise very tardy process of regeneration is considerably acce-
lerated by a union of the nerve with its centres of nutrition ; and
this, indeed, is rather what might be expected. Some Continental
surgeons and physiologists have been unable to reconcile the plain
facts taught by the results of secondary nerve suture with their
theories as to how the injured nerves ought to behave. They
argue that because in a given case of secondary suture no nerve-
fibres or axis eylinders can be found in the distal end at the time
of operation, therefore any return of sensation which immediately
or in the course of a few days follows operation and suture cannot

* Frain, vol. i
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be due to a re-establishment of the continuity of the injured trunk.
Such objections as these will have no weight with any one who is
not hopelessly wedded to theory, for the facts in many of the cases
which I shall mention in speaking of ¢ treatment” are too plain
to need any further advocacy on my part, and to them I would
refer for confirmation of the statement that suture of nerves after
many months separation may, and frequently does, result in a
rapid restoration of function through a restoration of continuity
of the divided axis eylinders,



CHAPTER V.
TROPHIC CHANGES CAUSED BY NERVE INJURY.

Ix addition to the partial or entire loss of sensation and motion
in the parts supplied by the divided nerve, the various tissues are
liable to undergo changes which are chiefly of a degenerative
nature, though sometimes combined with inflammatory conditions.
The extent to which these changes are dependent on a want of
nerve-force will be left for future consideration, and for the present
it will be sufficient to study the morbid processes themselves. The
first authors to draw attention to the altered nufritien of the
parts supplied by u divided nerve were Hilton, in his Lectures
on Rest and Pain (p. 199), and Paget, in the Medical Times and
Gazette for March 1864 ; but since then they have widely occupied
the interest of surgeons, and it would be impossible to allude
here to all the writers on this subject, amongst whom the names
of Charcot, Weir Mitchell, and Hutchinson occupy the foremost
places.

It must first of all be premised that many of the changes to be
described, and which will be known once for all as * trophic
changes,” are not by any means the invariable sequel of mnerve
section, but rather that, instead of such conditions being the rule,
they are the exception.

The Skin.—The condition of the skin most characteristic of
nerve lesion is a smooth shiny-red appearance, generally known
by the name of “glossy skin.” The desecription of Paget in the
Medical Times and Gazelte, alveady alluded to, yet remains the
most graphic. He says: * In well-marked cases, the fingers which
are affected (for this appearance may be confined to one or two of
them) are usually tapering, smooth, hairless, almost void of
wrinkles, glossy, pink or ruddy, or blotched as if with permanent
chilblains. They are commonly also very painful, especially on
motion, and pain often extends from them up the arm. In most
of the cases this condition of the fingers is attended with very
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distinet neurvalgia, both in them and in the whole arm, and its
relation to disturbances of the nervous condition of the part is,
moreover, indicated by its occasional occurrence in cases where
neuralgia continues after an attack of shingles affecting the arm.
In two such cases I have seen this same condition of the fingers
well-marked, and only very slowly subsiding, and seeming un-
affected by the ordinary treatment of nenralgia.”

Weir Mitchell,* while agreeing with Paget’s description, also
remarks that the epithelium is partially lost, and that the cutis is
exposed in places, while the subcuticular tissnes are wasted.
The same anthor notes that, “ where a single nerve, as the ulnar,
had been attacked, the described state of the skin was seen only in
its nltimate distribution ; but in other instances of more extensive
nerve injury the central palm suffered, or a single finger, or the
pulps of all of them. In others, the palm or fingers were dotted
with islets of thin, red and glossy skin. The dorsum of the hand,
as a rule, was in that member the part least subject to the altera-
tion, while the dorsum of the foot was in that region the part
most liable to suffer. o

“The state of the skin to which I refer is never present without
burning pain, and commonly the earlier presence of this form of
neuralgia enables us to predict the coming of the skin disease. In
no case did it become visible short of two weeks, but usually it
preceded the healing of the wound, and not rarely was to be traced
to an ontbreak of inflammation involving the wound. The duration
of the malady varied from a few weeks to years, but in all the cases
I have been able to follow it has either been cured or gradually
disappeared.”

The foregoing deseriptions mainly agree with my own observa-
tiong.  Mitchell’'s statement, however, that this glossy skin 1s
“never present without burning pain,” admits, I think, of some
doubt, and I question if the same condition is not sometimes per-
manent, despite his opinion to the contrary. Both of these points
are illustrated by the following case :—

W. H., aged forty-two, divided his median nerve two inches above
the wrist, in August 1870. On July 19, 1882, I found the skin
over the back and front of the two last phalanges of the index and
middle fingers red, glazed, and tightly stretched, so that it could not
be pinched up in the least ; there was no appearance of any papillae

* Op. cit., p. 157
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or of hair; the fingers as a whole were very thin and tapering. He
had no pain of any kind, except in very cold weather, when he
said the affected parts caused a tingling sensation of pins and
needles. In this man, then, the glossy skin had existed twelve
years, and as the patient assured me it showed no sign of improve-
ment, we may fairly conclude that the condition was likely to
remain permanent.

In another case of an old man who had divided his nlnar nerve,
ten years previously, the skin over the little finger and part of the
ulnar side of the palm remained glossy, yet without pain, exeept,
as in the previous case, in cold weather.

In addition to the glossy condition just deseribed, the skin 1s
liable to various forms of eruptions, which may or may not occur
coincidently with the above affection. Of these, undoubtedly the
most common form is a vesicular rash, sometimes presenting an
appearance very similar to herpes, but frequently oceurring as large
bullze, such as ave seen in cases of pemphigus. As in the case of
glossy skin, it is chiefly the parts at the extreme periphery of the
nerve which are affected, and these in a most irregular manner;
for instance, after division of the median nerve it 18 common to
find any one of the three digits supplied by it the seat of a bulla,
while the others are healthy. The earliest date after nerve section
at which I have found the appearance of vesicles recorded is the
second day ; the case is detailed by Mr. T'Anson, in the Medical
Times and Gazette for December 30, 1871. Mitchell saw the
thumb rapidly covered on the fourth day by a large bulla, and
“looking as if blistered.” These eruptions are very common for
some months after the primary lesion, but in cases where the
section has ocenrred some years previously I have not found them,
neither do I find mention of them by other writers under similar
eircumstances,

In addition to the vesicular eruptions, Mitchell deseribes an
eczematous condition of the skin which he thinks is more fre-
quently found than true herpes, and, indeed, it oftéen becomes
very difficult to give a name to a rash which is not quite like any
that occurs under other circumstances.

In some cases the inflammation of the skin is more intense and
results in the production of abscesses or ulecers. The former,
which have been particularly described by Hutchinson under the
name of “subeuticular whitlow,” are most common, as their name
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implies, at the tips of the fingers; the pus in them is only covered
by the upper layers of the skin, and the nail is sometimes de-
stroyed ; the course of the whole inflammation is, however, pain-
less, The uleers which are found at the tips of the fingers are
frequently the result of a subcuticular whitlow, which has burst,
and thus exposed the delicate papillae, which, being free from all
tactile sense, are constantly liable to irritation by surrounding
objects.

The uleers thus formed sometimes proceed to the destruetion of
a considerable amount of tissue, and I have seen one case in which
nearly the entive tip of the index finger and part of the middle
were eroded in this manner within five months of the accident.

[t must, however, be borne in mind that many of the ulcers
which follow nerve section owe their primary origin to some trau-
matism, and more especially to the effect of heat or cold acting
on an angesthetic part. In one case that came under my notice,
the man had burnt the end of his finger with a lighted pipe; in
another, by carryving very hot plates; in a third, by touching one
of the bars of a fireplace ; and such instances could be indefinitely
multiplied.

In many patients. as pointed out by various authors, the ulcers
heal with great readiness, but such is not always the case, more
especially, I am inclined to think, where no traumatic origin was
present as an exciting cause. In the case above-mentioned of
destruction of the tip of the index, the unlcer after healing again
broke down, whilst the hand was completely protected from injury ;
and in another the uleceration was still present and slow to heal
ten months after the division of the nerve.

In a few rare cases a whole finger, or fingers, may become com-
pletely gangrenous. Hilton deseribes such a case, in his work on
fiest and Pain, in which the two last phalanges of the fifth and
the tip of the fonrth finger were completely separated by a line of
demarcation. The cause of this was an exostosis pressing on the
alnar nerve in the subclavian triangle, and also causing occlusion
of the subclavian artery. There can be no doubt that this plug-
ging of the vessel would act as a predisposing cause, but, as Hilton
justly points out, the whole of the hand was subjected to the same
influence, thongh only those fingers supplied by the nlnar nerve
suffered.

A less equivocal case is that recorded by Mr. I'Anson, already
alluded to. Here the median nerve was divided at the wrist, in a






FIG. 12.

A hand, showing uleeration of the tip of the index-finger and
necrosis of the ungual phalanx following an injury to the median

nerve at the wrist,
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man aged twenty-four, on June 8. Two days later, vesicles and
black patches appeared on the fingers, but improved under gal-
vanism. On Augnst 11, bullee again appeared, and were followed
by gangrene of the whole index finger.

Gangrene following Injury of the Ulnar Nerve.—
In the following case gangrene of a part of the hand followed
on division of the ulnar nerve.*

On November 29, 1831, W. P., aged forty-seven, received a
severe lacerated wound from a cirenlar saw on the inner side of
the forearm, dividing, together with other structures, the ulnar
artery and nerve. The artery was tied, and the wound was dressed
with carbolized oil. The wound healed by December 24. The
patient was then discharged as cared, but returned on January 6,
1882, with gangrene of the ulnar side of the hand, extending into
the little finger. The whole hand was cedematous. Finally a
slough, about * half an inch deep,” came away, and the gangrene
ceased to extend.

The nails and hair, as might be expected, share in the changes
affecting the skin. While speaking of subeuticular whitlow, I
have mentioned that the nail of the affected finger sometimes
perishes, but the nails occasionally undergo other changes in shape
and texture of a kind peculiar to nervous lesions.

Judging from a considerable number of cases of such injuries
that have come under my own notice, I should be inelined to con-
sider characteristic changes in the nails as not very rare, although
this opinion is not supported by the almost complete absence of
any mention of such diseased nails by other authors. Thus, of
seven cases recorded by Hutchinson of divided nerves, in only one
were the nails found to be “stumpy, broken, and uneven on the
surface,” while other English surgeons have passed over the
question in silence.

Mitchell, Morehouse and Keen, however, in some patients
noticed very considerable lesions. They say : ** The alteration in the
nail consists of a curve in its long axis, an extreme lateral arching,
and sometimes a thickening of the cutis beneath its extremity. In
other cases a change takes place which is guite peculiar, and which
to us, at least, was new. The skin at that end of the nail next to
the third finger-joint becomes retracted, leaving the sensitive

* Root, N, Y. Med, Becord, 1882, p. 560..
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matrix partly exposed. At the same time the upper line of union
of skin and nail retreats into, or under, the latter part, and in
place of a smooth edge is seen through the nail as a ragged and
notched border. The patient who presented these changes in the
most striking form had also lateral arching of the nail, but no
longitudinal eurving. It was a case of most terrible suffering
from a combination of burning pain in the hand and neuralgie
pain in the forearm.

“ No deformity of nails in tubercle at all approaches that which
nerve-wounds occasion. Indeed, we think it would be possible for
one familiar with these cases to diagnose the existence of a nerve
lesion from the form of these protuberant and oddly eurved nails.

“ When the nails of the toes have been attacked, and they are
very rarely so, the ecurving is less marked, but a distressing
ulceration is apt to oceur at their angles, and to break out again
and again, despite of every care and attention.

“ In many cases of nerve-wounds, where there is only ordinary
neuralgia, and not glossy skin and causalgia, I have seen the nails
clubbed in some places, and in others dry, scaly, cracked, and
fragile ; occasionally they are very thin, so as to be tender
atrophied, in fact . . . . even complete nerve section does not pre-
vent lost nails from being re-formed.”

In the above graphic description, however, the anthors do not
mention in what proportion of cases they observed such lesions, or
whether they occurred, as a rule, in recent divisions or in those of
later date.

It has appeared to me that after nerve section there may be
simply a diminution of the rapidity of growth of the nail, combined
with a stunted and fibrous appearance; or else that changes of a
more special nature, such as those described above, may be
observed.

Of eleven cases of old injury which I examined consecutively,
in only one was there any stunted and fibrous appearance of the
nails ; none of the other ten patients exhibited any morbid changes
whatever, and for the most part expressed their opinions that the
nails of the one hand grew as rapidly as did those of the other.
In ten consecutive cases of more recent nerve section, within a
vear of the aceident, eight patients showed no change in the nails ;
but in the two others the latter presented a very strange and
characteristic appearance, in many respects resembling the deserip-
tion by Mitchell.
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The first patient was a boy, aged fourteen, who had sustained a
division of the median and ulnar nerves nearly a year previously.
The nails of all the fingers were short, stumpy, and broken, exces-
sively arched both longitudinally and transversely, with transverse
furrows and ridges running across them, the latter being marked
with a delicate longitudinal striation, giving them a “toothed ™
appearance. The nails were thick and not tender, and the sur-
rounding skin was not retracted from their bases. 'The patient
said that they had been in this condition ever since a few weeks
after the accident; he thought they grew as rapidly as those on
the opposite hand.

The second patient was a lad, aged seventeen, who had divided
the median nerve five months previously, and in whom partial
union had resulted and was still progressing. The nails of &/l the
fingers and of the thumb presented conditions very similar to those
just described, except that they were very long, a condition com-
bined with their extreme curvature, which gave them a talon-like
appearance. In this respect the thumb-nail differed from its
fellows, being short and only half-grown ; this was accounted for
by the fact that the mnail had been painlessly shed from this
digit a month previously. The patient was certain that all the
nails grew rapidly, and their appearance certainly warranted the
statement.

These cases support the belief that trophic changes in the nails
appear soon after the nerve injury, as might be expected from the
time at which similar lesions are found in other parts. In addition
to the curvature, the most characteristic appearance was found in
the peculiar striated or toothed condition of the transverse ridges,
which was quite different to anything I had ever seen, and which
is well shown in the accompanying drawings. In the last patient,
perhaps the most surprising fact was that, although it was quite
certain that only the median nerve had been divided, yet the
nails on the fourth and fifth fingers were quite as much affected
as those of other digits. This peculiarity I have since seen in
other cases.

In a few instances I have found the nails exceedingly smooth,
shiny, and vitreous.

Changes in the hair growing in parts deprived of their nerve-
supply have appeared to me to be very common,

In most of the cases I have examined, the hair, when any has
been present, has appearvel short, stumpy, and brittle. In some
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patients it was altogether absent, and Paget and Weir Mitchell have
observed that this is especially the case in patients with glossy
skin. In one case I have been enabled to examine a portion of
such skin microscopically. I found the cutis much diminished in
thickness, and the epidermis smoothly stretched over it with an
almost complete absence of papille, such as may be seen in scar
tissue. Such of the hair follicles as remained were shrunken and
ill-developed, and the sebaceous and sweat glands were in a similar
condition.

In some rarve exceptions the growth of hair after nerve-wounds
has been very excessive. Mitchell quotes several examples, but
does not appear to have seen cases himself, and none have come
under my own notice.

Hamilton, however,* records a case in which a nerve appears to
have been wounded in the operation of venesection, and in which
symptoms of chronic neuritis ensued, the arm being subsequently
covered by a rich growth of hair; the patient was a young lady.

The connective tisswes deprived of their nerve-supply usually
undergo atrophy. In some patients, however, there is developed
a great tendency to edema, a condition which is probably due to
section of some of the vaso-motor nerves.  Mitchell has deseribed,
in addition, cases where hypertrophy of the connective tissues was
very marked, and was apparently the result of chronic cedema.

The seeretion of sweat 18 in most cases more or less affected.
By most of the patients I have seen, in whom the injury was of
some standing, there was a tolerable certainty expressed that the
parts deprived of their nerve-supply were always dry. I examined
some of them on very hot summer days, and in most of them the
parts affected remained dry, while the rest of the hand was moist,
and this despite energetic friction. In some cases, apparently
those of partial division complicated by neuritis, the secretion of
gweat has been deseribed as excessive, and Mitchell records cases
in which it was very acid and foul-smelling.

Considering these facts by the light of recent researches in
physiology, it might almost be said that such conditions would be
only just what we might expect from nerve section or irritation ;
but it is interesting to note that they were observed before
experiments had proved the dependence of the secretion on nerve-
supply.

The fewmperature of the paralysed parts often differs consider-

# Dublin Journal of Medical Seience, 1830.






FIG. 14.

A lt..'illil seven months after section of the median nerve. The
nails of all the fingers and of the thumb are divided by transverse
ridges which separate the portions of the old nails from the newer
portions which have grown since the accident. TlLe new nails ave

fibrous and ridged. The ease is fully recorded on page 134.

Page 48.
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ably from that of the opposite side of the body, of contiguous
digits, &e. Immediately after section of a nerve—eg., the median
—the distal parts become suffused with blood, and appreciably
hotter to the touch. Waller and Mitchell have both shown that a
similar rise of temperature follows on compressing the ulnar at
the elbow, and the latter observer has also demonstrated that this
elevation does not occur if a tourniquet has previously been
placed on the brachial artery,* thus showing the dependence on
the vaso-motor system,

This increased heat is well instanced in the two following cases :

A man, aged thirty, divided his ulnar nerve on May 8, 1835, and
came at once to St. Bartholomew’s Hospital, where the cut ends
were sutured by the house-surgeon, Mr. Murray.

Eight hours after the accident the temperature, taken hetween
the fourth and fifth fingers, was 100°.2; between the first and
second, 9g°.
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Speaking generally, the temperature of the paralysed fingers
averaged about 1° higher than that of the others, and this variation
remained constant, despite alterations in the general body tem-
perature.

In the next case a woman, aged twenty-seven, divided her
median nerve at the wrist.

The next day the temperature hetween the index and middle
fingers was 99°, whilst that between the ring and little finger was
96°.6. The day afterwards the temperature between the index
and middle finger was 98°.8, that between the ring and little
finger, g7°.

The following case, by Richelot,t is another instance of the rise

* Archiv. of Sei. and Prae. Med,, New York, 1873,
t Bull. et Mém. de la Soc. de Clin. de Paris, 1883, p. 438.
D
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of tempgrature that may follow on separation of peripheral parts
from the nervous centres :

Fracture of Humerus, followed by Neuroma of

"Median Nerve.—Resection of Nerve followed by Rise
of Temperature in Hand.—A man, aged twenty-six, was -

admitted to the Hospital of La Pitié on December 30, 1882, on
account of severe pain in the right forearm. His history was
that at the age of seven years he had sustained a compound
fracture of the lower end of the right humeruns, that the arm had
always been in a weak condition, and the elbow had been stiff.

On admission there was found to be on a level with the site of
fracture a small oval swelling, the size of an almond, situated
apparently on the median nerve. Pressure on this swelling caused
pain referred to the thumb, index and middle fingers. In these
fingers also sensation was much impaired. The muscles of the
forearm and of the ball of the thumb were much wasted, but were
not. completely paralysed.

The temperature of the hand on the affected side was 4°.5
Réaumur below that on the opposite side.

On January 15, 1883, M. Verneuil removed the tumour by opera-
tion, completely cutting out the portion of median nerve from
which it grew, and not stitching the cut ends, but leaving them
widely separated. The tumour itself was found to be a fibroma,
separating the nerve-tubules, and by its pressure destroying some
of the nerve bundles.

After the operation the temperature of the hand on the side
on which the operation had been performed-—i.c., the right—
was 34° C., of the left, 30° C. The day after, temperature of right
was 35° C.; of left, 25°C. Sensation was still further lost, but was
nowhere entirely absent.

The further history of the patient is not given.

But although immediately after injury and for a varying number
of days there is an increase of temperature in the peripheral parts
supplied by the damaged nerve, yet in the course of a few weeks,
more or less, there is a decided fall of temperature, so that in by
far the larger number of old nerve-wounds the peripheral parts
are cold and livid.

The amount of loss of heat varies much. In one of Hutchin-
son’s cases it was as much as 16° compared with the finger of
the opposite side; in two others 10°; and, indeed, it may vary
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between these and the normal temperature in a manner which
admits of no rule being formulated.

In a case brought before the Pathological Society® the gradual
restoration of heat, coinciding, apparently, with nerve repair, is
well instanced. The patient was a boy, aged six and a half years,
who suffered division of his ulnar nerve in Aungust 1861. In
October of the same year the temperature of the fingers supplied
by it was 10" Fah. lower than that of the others which derived
their supply from the median and radial. On November 28 the
difference was 5°. In July 1862, 5°. In November 1865 there
was only a difference of half a degree, and the muscles had
resumed their normal bulk.

Sometimes, however, instead of any loss being discoverable,
there is a distinet increase of heat; and Mitchell found the
temperature raised one or two degrees in cases of *‘ causalgia.”
These cases seem comparable with those of increased sweating.,

The suseles in conmection with a divided nerve undergo a
rapid atrophy and degeneration, of a character which is com-
pletely different to the simple decrease in size which follows
merely upon disuse. The final result of this process is a frans-
formation of the muscles into a mass of fibrous tissue, firm
and dense, neither contractile nor elastie, and sometimes mingled
with a little fat. For some time after the nerve lesion, the muscle
feels limp and flabby, the patient can exercise no control over it,
and the tendon into which it is inserted no longer stands in relief
under the skin—the muscle has in fact lost tone, This condi-
tion is gradually followed by wasting in bulk, and frequently by
shortening of the muscle in its long axis.

Vulpian describes a reduction in the diameter of the primitive
muscle bundles, with granulo-fatty changes, and complete dis-
appearance of certain fibres. “In the early stage of alteration,
the primitive fibres appear to be segmented, the museular sub-
stance persisting in some places and being absent in others. At
the same time we observe the formation of a more or less con-
siderable quantity of fat vesicles in the connective tissue which
separates the secondary bundles of fibres, and much more rarely
between the primitive fibres,”

. Multiplication of the nuclei of the connective tissne of the
muscle arve also observed, while the vessels suffer only a loss of
calibre, without other changes.

% See vol, xvil. of their Transactions.
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The faradic and galvanic excitability of the muscles is soom
lost ; but at present 1 shall not further allude to the changes in
the electrical reactions, as I propose to treat of them at greater
length in the chapter on Symptoms of Nerve Injuries.

The trophic changes in the joinis and Dones next claim
attention.

With regard to the joints, the deseription by Weir Mitchell
must again be given the foremost place, for he was the first to
describe the condition to which I am about to allude.®* He states
that the arthritic lesions may appear either early after the nerve
lesion, or else at a later period, when the more immediate symp-
toms are subsiding. Under the latter conditions, * we may then
have one articulation—and if only one, a large one—involved ; or
perhaps all the joints of a finger, or every joint of a hand, or of
the entire limb, may suffer. The swelling is never very great, the
redness usunally slight, and the tenderness on touch or motion
exquisite.”

“This condition of things remains with little change during
weeks or months, and then slowly declines, leaving the joints stiff,
enlarged, and somewhat sensitive, especially as to movement.
A small proportion of such cases find ready relief ; but in many
of them the resultant anchylosis proves utterly unconguerable,
so that it is vain to try to restore mobility by manipulation or
splints.”

Such is Mitchell’s account, and I make mno doubt that cases
guch as he has described have been seen by him, yet it would be
quite a mistake to consider that such are at all common. It has
heen my fortune to observe for some years past, and to keep
constantly under my notice, a large number of cases of nerve
injury of very various kinds, yet in none of them have I seen any
joint affection so extremely acute and painful as those deseribed
by Mitchell.

On the other hand, I think that arthritic lesions of a less severe
and more chronic kind are amongst the most common resunlts of
nerve injury. I have seen them over and over again, and for my
own part am inclined to consider them as an almost invariable
sequel of nerve lesion. It is difficult to understand how they
have been missed by other observers; I suppose because they
have not been looked for.

From my own observations, I should say that within a time

* Op. cit., p. 169.
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varying from one to six weeks after injury to a nerve, the joints
will usually be found somewhat stiff. The finger-joints have
seemed to me to be much more liable to be affected than those of
the wrist and elbow, and this not only in cases of injury inflicted
low down in the forearm, but also where the wound has been in
the upper arm.

Usually, but not always, this stiffness has supervened without
causing the patient any pain, and, from the fact that the affected
parts are often both anssthetic and partially paralysed, the
stiffening of the articulation not infrequently escapes the notice of
the patient himself. In other cases, I have seen the joints
swollen, painful, and tender. For several weeks the stiffness
increases, and the movements of the joints, both active and
passive, gradnally diminish. Finally, there appears to be a
tolerably firm fibrous anchylosis. The future of the case depends
to a great extent on the condition of the injured nerve, and on
the patient himself, for if the hand be not used, the stiffness is
likely to be much more persistent than if resolute attempts arve
made to overcome the fixation of the articulations. If the divided
nerve resumes its funections, the joints are much more likely to
again become movable than in cases where no reunion oceurs.
In many cases they entirely recover, but in others, in spite of all
treatment, permanent stiffness results. There is much in the con-
dition of these joints which is suggestive of chronic rhenmatism.

It is but rarely that an opportunity is afforded for an examina-
tion of the diseased articulation, and I am only aware of one case
in which the results of such an examination have been recorded.
The case I allude to is one by Blum,* in which the joints of a
man whose median nerve had been divided several years pre-
viously were examined after death. The cartilages were thinned
and softer than matural, and there was some cell proliferation.
The articular bone also was rarefied.

In 1882, T had the opportunity of dissecting the hand of a man
whose median nerve had been injured about eighteen months
previously.

An examination of the hand after removal showed that the
median nerve had been wounded above the wrist-joint, and that a
fragment of wood was still buried in its substance. The finger-
joints were one and all much stiffened. On opening those of the
middle finger, the capsules were found to be thickened, and the

# These dagrégation,
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cartilaginous surfaces of the most distal joint united by fibrous
tissue. The terminal joint of the ring-finger was firmly anchy-
losed, the union being by bone, and so firm as only to yield to
entting instruments.

Mieroscopically examined, the eartilages were all thinned, and
their normal hyaline matrix replaced in part by fibrous tissue.

With regard to the bones, 1 have not myself met with any case
in which definite change could be assigned as the result of nerve
injury. Instances have, however, been detailed by Blum,” Ogle,
and Arnozan.t In the cases collected by these authors the chief
alteration appears to have been a simple atrophy of the osseous
tissue, such as might not improbably result from mere disuse.
Thus, shortening of the femur is mentioned as a result of injury
to the sciatic during childhood. In one of Ogle’s cases, however,
there was not only thinning of the bones of the hand in a case of
section of the median nerve, but also bony union between the
radius and ulna at their lower ends. Considering the paucity of
information on the subject of bone lesions due to nerve injury,
I think it may be concluded that they are of comparatively rare
occurrence.

Such is a brief account of the varions trophic changes that may
follow on nerve injury. Instances of them are sufliciently numerous
to allow most surgeons to become more or less acquainted with the
more common of them, and although I might quote in detail
numerons cases in support of the above deseriptions, it is needless
to enumerate them here.

What is of more importance is to inquire into the manner in
which section of a nerve-trunk so affects the tissues to which it is.
distributed ; and on this point opinions are much at variance.

The following are the chief theories :—

1st. That the changes arve due fo section of vaso-motor nerves,
and consequent irregularity of the blood-supply.

2nd. That they are due to disuse of the paralysed parts.

3rd. That they are due to irritation of the centrifugal fibres
set up by the injury.

4th. That they are due to the removal of a special influence
exercised by the nerves on the nutrition of the tissues.

The first of these theories has been very extensively supported,
but may, I think, be disproved. The arguments adduced in its

¥ Loe, eit,
t Des lesions trophiques conséentives awe Maladics du Systéme Nerveur.
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favour have been mainly founded upon incorrect views of the vasc-
motor system, and conclusions have been incorrectly drawn.

It is well known that section of the vaso-motor fibres results in
the congestion and rise in temperature of the part to which they
are supplied, and it has been rather hastily assumed that these
changes may readily overstep their bounds and pass on to inflam-
mation and destruction of the affected tissues. These conclusions
were drawn on the supposition that the vessels of the part remained
permanently in a state of suffusion. Such is not the case. It has
been definitely proved that the vessels of any part are not entirely
dependent on their connection with the medulla oblongata for
their nerve-supply, but that local vaso-motor centres are present,
which are capable of regnlating the calibre of the vessels after
section of all nerves connecting the latter with the brain and
spinal cord.

The ear of a rabbit in which the corvical sympathetic has been
divided will gradually return to its normal condition, and the
former rhythmical contractions of the blood-vessels may again be
perceived. The temperature also gradually approximates to that
on the opposite side, and subsequently the ear or else the limb of
a vertebrate animal, which, after section of the main nerve was
markedly hotter than its fellow, will gradually become colder by
several degrees. It will thus be seen that while the trophic
changes may last an indefinite period, the condition which is sup-
posed to give rise to them gradually passes away.

Again, while the vessels are turgid and swollen, the ear of the
rabbit does not atrophy or inflame. On the contrary, the hair
grows more luxuriantly (exactly the reverse of that on an extre-
mity whose main nerve is divided), and the nutrition of the whole
part is improved.

So much, then, for the experimental evidence ; but that afforded
by pathology is none the less clear in its refutation of the claims
made for the influence of the vaso-motor nerves on nutrition.

If it can be shown that in certain cases vaso-motor paralysis
exists without trophic lesions, the independence of these two con-
ditions might be considered demonstrated.

Now the first of these conditions is undoubtedly present in a
large number of cases of infantile paralysis. It has been shown
of late years that the seat of the lesion causing this disease lies
in the anterior horns of the grey matter of the cord, and most
probably in the ganglion cells which are found in this situation.
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Further, it is well known that many of the vaso motor nerves
leave the spinal medulla by the anterior roots as low down as the
eleventh dorsal.

These nerves, then, ave ¢ priori likely to be affected by the
lesion in the cord, and 1t 18 a matter of clinical observation that
the skin over the paralysed muscles is generally congested and
its temperature raised, althongh later on it becomes cold and
blue.

But infantile paralysis is never accompanied by changes in the
nutrition of the skin, always excepting chilblains ; there are no
subenticular whitlows, no herpetic eruptions, no loss of hair, and
no glossy fingers. Yet, were these lesions dependent on loss of a
proper vaso-motor supply, we might fairly expect to find them
present in at any rate a certain proportion of these cases, whereas
they are conspicuous by their absence.

And. on the other hand, we have the testimony of the best authors
to prove that trophie changes may be present and the vaso-motor
supply still intact. On this point Mitchell® writes : “ If the vaso-
motor nerves were alone responsible for the existence of all the
lesions which follow nerve-wounds, it would be reasonable to expect
always to meet with some rise or fall in temperature. Such, how-
ever, is not the case, and I have frequently met with profound
trophic changes unattended by thermal perturbations, and the
same remark has been made by other neuro-pathologists.”

With regard to the second theory, that the wasting and dege-
neration are due to disuse of the part, it will be well to turn to
the case of the muscles, and the claims made for this explanation
may be readily set aside.

The most distinetive characters of the atrophy following division
of a motor nerve are the rapidity of the onset and progress, and
the fact that it is accompanied by * degeneration ” of the muscle-
fibres, so that the affected muscle will not react to faradism, but
will readily do so to galvanism.

Now, on the other hand, we have inmnumerable cases of injury to
the spinal cord, of hemiplegia and paraplegia, in which, so long
as no destructive disease is in progress in the cord below the seat
of the lesion, the paralysed muscles maintain very nearly their
normal bulk, and do not give the degenerative reactions to electrical
stimuli ; yet these muscles are equally as powerless as those whose
motor nerve is divided, so that were the atrophy due to simple

* fJI:I. it
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disuse, it ought to accompany the one lesion as frequently as it
does the other.

Both the third and fourth theories involve the belief in the
presence of a direct nervous influence over the process of nutrition,
and may be considered together.

From an anatomical point of view, the distribution of the
terminal nervons filaments to the cells themselves of the different
olands, to musele and connective-tissue fibres, &e., would render it
extremely probable that they were intimately conecerned both with
their functional and vital powers, and experiment lends proof to
this supposition.

If the fifth nerve of a rabbit be divided within the skull, the
section 18 followed in about twenty-four hours by a cloudiness of
the cornea, and subsequently by a destructive inflammation of the
eyeball, and frequently by ulceration of the mucous membrane of
the lips, gums and nose. Considering that division of the fifth
necessitates an anaesthetic condition of the corresponding side of
the face and of the parts involved in the inflammatory process. it
seemed at first quite probable that the destructive changes ocenr-
ring in the eye were the result of an inability to perceive and
remove any irrvitating substances which might be lodged npon it.
Snellen accordingly re-investigated the subject, and expressed his
belief that with due care in protecting the eyeball, the subsequent
inflammation might be avoided. His results have not, however,
been obtained by others, and more recent investigations by Merkel
have placed the matter in a rather plainer light. This observer
states that the fibres, division of which causes the inflammatory
conditions above described, arve collected together in a small bundle
on the inner side of the fifth nerve. If they alone be divided,
while the rest of the nerve is intact, sensation of the correspond-
ing side of the face is not lost, but destructive changes occur as
before ; and. on the other hand, if this bundle be left whilst the
rest of the nerve is divided, no trophic troubles follow, though
anwesthesia of the face ensues. It is therefore assumed that the
small tract of fibres alluded to are essentially “ trophic.”

The numerous experiments bearing on the secretion of saliva by
the submaxillary gland also tend to prove the reality of the trophic
influence of nerves, When all of those supplied to the above-
mentioned gland are divided, and a so-called * paralytic ” secretion
1s set up, the gland-tissue ultimately degenerates. This degenera-
tion is not due to cessation of function, for the gland continues to
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secrete so long as it is able, and it may also be proved that secretion
(which is but a variety of nutrition) may be started by stimulation
of the nerve going to the gland under the most varied conditions
of blood-supply, or even in its entire absence. It therefore
appears that in the presence of a copious blood-supply and of
a continuance of the functional activity, division of the nerves
will yet cause an atrophy of the gland structure, while the pre-
sence of the nerves alone is sufficient for the maintenance of the
salivary secretion,

The argument that the lesions of the skin are due to physical
causes, such as pressure, heat, &e., applied to an ansesthetic part,
cannot be maintained in its entirety. I have already stated that
in some of the cases which have come under my own notice, some
external injury has been the starting-point of an ulcer or inflam-
mation of the finger; but this is not the case in all, and does not
indeed apply to many of the trophic changes, such as loss of hair,
herpetic eruptions, and others that might be mentioned. Again,
in these cases, lesions occur while the patient is under observation,
and frequently while the extremity is bound up in bandages, &c.,
which obviate all external influences. Lastly, ulcers, whitlows,
&e., are more particularly prone to make their appearance very
early after the date of the mnerve injury, whilst the ansesthetic
condition of the skin to which they are supposed to be due is
much more permanent, and indeed exists under conditions such
as manual labour, &e., which might fairly be expected to pre-
dispose to inflammatory conditions in a part insensible to pain.
Yet as the anmsthetic condition outlasts the tendency to trophie
change, the latter can scarcely be said to be dependent on the
former. DMany of these arguments have already been used by Dr.
Poore, in the Lancet for May 19, 1887, and to his paper 1 am much
indebted for many suggestions.

Against the theory of the trophic influence of nerves, it has
been argued that the nutrition of some tissnes—e.q., cartilage and
fat, whose nerve-supply is either very scanty or entirely absent—
is independent of neurotic influence. Such is by no means
necessarily the case. and indeed the changes which oceur in the
above-mentioned tissues after merve section argue the contrary.
FFurther, it is no argnment to say that because any tissne maintains
its nutrition, although unconnected with the nervous centres,
therefore those which arve supplied by nerves are independent of
them. Tt is only fair to suppose that the more highly developed
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a structure, the more dependent it is on the accurate working of
every component part.

All other theories failing, we are then again driven back to the
conclusion that the nerves exercise a distinet trophic influence
over the tissues. Where, then, is this influence generated, and
what are the conditions essential for its integrity ?

These questions may be briefly answered by ctating that so long
ag any tissue is connected to a healthy nerve-centre by healthy
nerve-fibres, its normal nutrition is preserved. Each tissue, then,
has its own centre of nutrition in the ganglion cells from which
its nerve-fibre springs, the tissue, the fibre, and the cell being
considered, as Dr. Poore puts it, to be one nutritive unit. One
question which offers itself for solution is whether the ganglion on
the posterior root acts as a centre for nutritive funetions ; but the
answer must be that, thongh it may do so, yet «ll the trophic
impulses are certainly not generated in it, as is proved by the fact
that many of them follow lesions of the cells in the cord itself.
But it may be considered necessary to still further localize the
situation of the trophic cells of each fibre, and it only remains to
be shown that the latter are not situated higher up the cord than
the point at which each of the nerves takes its origin.

Simple section of the spinal cord, however, above the point of
junetion of any particular nerve-root, does not in any way interfere
with the nutrition of the parts to which the same is distributed ;
whilst, on the other hand, any lesion involving the nerve-cells
from which the fibres take their origin, results in trophic changes
in the peripheral tissues. And MM. Déjérine and Léloir, in the
Archives de Physiologie for 1881, have demonstrated that in
cases of acute decubitus the nerves themselves had undergone a
degeneration, thus placing the tissues to which they were distri-
buted in a condition similar to that which results from nerve
section.

Again, in infantile paralysis, a disease in which the cells of the
anterior cornu undergo destructive changes, atrophy of the muscles
is the most marked symptom; and there is no doubt that the
nerve-fibres also degenerate, for transverse sections of them show
an increase in the connective tissue and a corresponding diminu-
tion of mnerve-fibres, those which remain being in a perfectly
healthy state. This condition is probably due to a degeneration
of the motor nerves, their atrophied remains being seen amongst
the normal sensory fibres.
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But, granting that the nerves exercise a special control over
nutrition, the nerve injury may be supposed to affect the latter in
one of two ways: (1) By irritation of the trophic fibres; (2) By
cutting off the permanent trophic influence which is constantly
passing. Professor Charcot is the most notable supporter of the
first view; others who formerly held to it, foremost of whom is
Dr. Weir Mitchell, having given their adhegion to the latter ex-
planation. In this particular Charcot follows the teaching of
Samuel, who thus states his opinion. He says: “The sudden
inerease in the action of the trophic nerves beyond their ordinary
physiologieal action occasions a rapid development of all nutritive
processes throughout the parts to which they are distributed.
Acute irritation of these nerves gives birth to a series of abnormal
products, simply becaunse it stimulates to the highest degree the
nutritive processes. The tissues suddenly tumefy, the eells increase
rapidly, they divide and multiply, and hence the formation of new
structures which no longer resemble the parent one. We are
accustomed to mame this fow! enscmble of phenomena inflam-
mation,”

Under this belief, Charcot states his opinion that muscular
atrophy oceurs most frequently * after contusions, punctures, and
incomplete sections of the nerves—that is to say, after traumatic
canges which are most able to pl*ﬂducf‘ neuritis, or at any rate
neuralgia ;™ and this is also his opinion as regards other h'aphlc
lesions following nerve injury.

But this thmr 7 is not borne out by facts, and I have no hesita-
tion in saying that in by far the larger number of cases of nerve
injuries which I have examined, and which have shown trophie
legions more or less marked, the section has been complete, and
there has been no reason whatever to suspect any neuritis or
neuralgia, Moreover, in the greater number of cases described
by other writers, similar conditions have existed. This explana-
tion of Samuel’s, then, is theoretical, but even on a theoretical
ground it falls throngh. For, as V ulpum has pointed out, the
nerve-fibres below the seat of section or other injury rapidly
degenerate ; how, then, can they convey the necessary irritative
impulses ?

I think, therefore, that it may safely be assumed that nerves do
exist which exert a direct trophic influence upon the tissues, and
that the currents which convey the same are constantly passing.
The only question that remains to be considered is, whether the
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existence of special nerve-fibres is necessary for the conveyance of
trophic impulses, or whether the ordinary sensory and motor tracts
suffice. It has been shown that there is nothing incongruous in
the idea that any given nerve-fibre can convey currents either cen-
tripetally or centrifugally, so that there is no ostensible reason
why the nerves of motion and sensation should not be amply suffi-
cient for the purpose. And considering that trophie disturbances
very rarvely, if ever, occur without some interference with the
sensory and motor functions, there is strong probability that the
same fibres are capable of conveying the different impulses which
are generated in the centres. This point, however, requires further
investigation,
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CHAPTER VI.

SYMPTOMS OF NERVE INJURIES,

Symptoms of Complete Section of a Nerve Trunk.—
The symptoms of nerve injuries of all kinds have much in common,
but considering that those caused by bruising, pressure, partial
division, &e., possess some points of difference from cases of simple
division, I shall at present treat of the latter alone.

The pein cansed by division of a nerve-trunk does not appear
to be very severe, for, judging by the accounts of patients, no
further pain than that caused by the skin wound seems to attract
attention in, at any rate, the larger number of cases. Numbness
and tingling frequently cause more anxiety than does the actual
pain.

The shock following on an injury to a nerve-trunk is not a
very noticeable feature in patients met with in ecivil practice,
though Mitchell records many cases of gunshot wounds in which it
was present.

The loss of museular power and of the sense of fovch are symptoms
of far greater import than either of the foregoing. With regard
to the former, it may be said at once that the muscles supplied by
the divided nerve become absolutely powerless, and remain so as
long as the divided nerve-ends continue ununited ; their functions
may be to a certain extent supplied by surrounding muscles, as
insisted on by Létiévant, but they themselves undergo a rapid
atrophy and degeneration, which is the cause of many deformities,
and which affords a sure evidence of the injury that has been sus-
tained.

Sensation may be affected in many ways; there may be loss of
sense, of touch, of temperature, anwsthesia, hypersesthesia, and
varions abnormal sensations, such as pricking, tingling, numb-
ness, &e.

The thermal sense is generally lost in proportion to the loss of the
sense of touch, and over the same area ; in very many cases, how-
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ever, in which complete ansesthesia is not present, there is no
power to discriminate between heat and cold. The amount of loss
may be easily determined by making the patient dip the fingers
into water of different temperatures, or else by touching the skin
of the affected part with some steel implement which has been
heated to a certain degree in hot water.

The anasthesin which follows nerve section is generally to the
patient the most obvious result of the injury he has sustained, but
the extent to which it is present requires an immense amount of
time and care to estimate. The best mode of testing the tactile
sense in different parts of the body is to measure the exaect dis-
tances at which the two points of a pair of compasses can be
detected as such, but, in addition, the power of localization must
be duly estimated. For general purposes it is best to try ronghly
to find the presence or absence of anwsthesia over a given avea
by lightly touching the skin with the point of a pencil or pen-
holder, and then to proceed to map out the exact amount of
angesthesia with a pair of compasses and a ruole.

The patient should always be placed in such a position that it
1s impossible for him to see the hand of the surgeon, or the area
which ig under observation ; he should not be allowed to move the
finger or other part touched, for thereby the musecunlar sense comes
to the aid and falsifies observations ; the impact of the instrument
used should be very light, for, as Létiévant has shown, a patient
can frequently discern friction on an anwsthetic surface by means
of vibrations carried by the tissnes to surrounding healthy nerves.
The distances at which the points of a pair of compasses can be
detected as such have been given approximately by physiologists,
but are almost valueless in testing the sensation on the hand
of a working man, in whom the cuticle is so thickened and
horny as to be insensible to slight contact of any kind. It must
also be remembered that the distance at which the two points of
the compasses can be distinguished varies according to whether
they are applied in the long or transverse diameter of a digit.

The readiness with which a patient can recognize friction when
applied to an angesthetic finger requires more than a passing notice,
for it 1s liable to become a very fertile source of deception. I have
often seen the sensory power of a presumably ansesthetic area tested
by rabbing the part with the finger while the patient’s eyves were
averted, and almost always with the result that the stimulus was
correctly perceived, and that a returning sense of touch was
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diagnosed by the investigator. Such a conclusion is entirely
erroneous, for, as Létiévant has pointed out, any person can per-
ceive friction applied even to the finger of another person when
held between the bases of two fingers of his own hand—i.e., the
vibrations are conveyed to, and appreciated by, the nerves of the
surrounding digits, How much more must this be the case when,
as happens after division of the median, healthy nerves exist on
the same finger to which the friction is applied. Friction should
therefore never be used as a test of sensation. For the same reason
the part which is being examined should never be pushed or thrust
away from the position in which it lies; this, I think, needs no
further explanation.

If, then, the parts supplied by the terminal branches of the
divided nerve be tested with every care, it will be very frequently
found that they are not completely anzesthetic, even in cases of
complete section of the trunk. A careless examination in such a
case might readily lead to the belief that the nerve had not been
divided, and that such operative measures as might otherwise have
been considered advisable were no longer necessary. The merit of
first drawing attention to this condition is due to M. Richet, in a
case observed by him in 1867, and since that date the theory of
“nerve anastomoses” has been so largely accepted that some
authors—e.g., Létiévant, Arloing, and Tripier, &c.—have applied
it to explain symptoms many of which were undoubtedly due to
true regeneration. Now, in far the larger number of cases, it
hecomes very difficult to say for certain whether the power of
distinguishing touch is really due to regeneration, or to nerve
anastomosis, and only an examination of the divided ends can
set the matter at rest. In others, where the section has been very
recent, and the distance separating the upper from the lower
end precludes the possibility of union, any tactile sense must be
referred likewise to the influence of nerve anastomoses.

On the other hand, in many cases a careless examination will
lead the surgeon to the conclusion that all sense of touch is abso-
lutely lost, that the part is completely ansesthetic, and, conse-
quently, there are not a few who deny the presence of any tactile
power in the paralysed part, and who, consequently, discredit the
theory of “ nerve anastomosis.” From my own observations I can
have no doubt that in most cases of neurotomy a complete anosthesie
is certainly present, and that there are all grades of gradually
increasing sensation till we reach a point at which it becomes
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exceedingly difficult to say for certain that the tactile sense is
not due to a regeneration of the divided nerve. The amount to
which this supplementary sensation is present varies according
to the nerve divided, and even then is by no means at all constant.
As a proof of its reality I shall quote at length the following
cases 1 —

“A young woman fell and sustained a cut across the wrist,
completely dividing many of the tendons and the median nerve,
Convineced that all the parts supplied by the nerve were insensible,
M. Richet wished to show to his assistants the result of section of
a nerve, but, to his great astonishment, the patient had retained
tactile sensibility. She felt very well when he touched the thumb,
middle and ring fingers, The ends of the nerve were united by a
silk thread, and the hand maintained in a flexed position. Three
hours afterwards, M. Richet had the patient examined by MM,
Pajot and Denouvilliers, who also established the retention of sen-
sation in the median distribution, by touching the palmar surface
of the hand with a piece of lint or paper while the patient’s eyes
were covered, Sensibility, intact in the thumb, middle and ring
fingers, and palm of the hand, was dulled in the last phalanges of
the index. Everywhere else the patient clearly perceived when
touched or pricked. As regards temperature, she was sometimes
mistaken, taking a cold object for a hot, and wice versd.”*

“ L., aged fifty-five years, was admitted into the Rouen Hospital -
in October 1862, suffering from phthisis, of which he died. He
had been injured at the age of eighteen by a piece of a broken
pitcher, which had made a deep wound in the tissues on the front
of the forearm above the wrist. This wound, which reached from
one side to the other of the forearm, had been followed by an
abundant hgmorrhage, and for six months the hand was kept
immovably fixed by orders of his doctor; nothing was ligatured.
The hand and the fingers, at first cold, became by degrees warmer,
or at any rate the patient ceased to notice the sensation of cold.
Soon after the forced flexion was given up he recovered the entire
use of his hand, and followed the occupation of a butler.

“When L. came under our cobservation, we ascertained that
movements were almost as good on one side as the other ; never-
theless, his grasp is stronger with the right hand than with the

* Richet, Gaz. des Hop., 1867.
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left. He has analgesia, without absolute angesthesia, over the
median distribution.

“The following was the condition found at the post-mortem
examination. The cutaneous cicatrix adhered closely to the sub-
jacent tissues by firm scar tissue; the tendons, over a space of
three centimetres, had a yellow red tinge, instead of their usual
opalescent appearance. At the place of the section, over a length
of one centimetre, the parallelism of the fibres was lost, being so
mixed that the tendon of the long supinator divided into two
parts, and was partly continuous with the long flexor of the
thumb; the tendon of the palmaris longus united itself to a mass
chiefly composed of the lower ends of its tendon, of the median
nerve, and of the upper end of the radial artery. The mediun
nerve below the wound exhibited an olivary swelling 25 milli-
metres long and 10 millimetres wide, the end of which was conti-
nuous by three slender cords with the inter-tendinous fibrous tissune.
The lower end of this nerve was so intricately bound up with
the tendons of the palmaris longus, the flexor longus pollicis, and
the flexor sublimis digitorum, that it was 1mpossible to find the
least continuity with the upper end. The rest of the nerve in the
forearm, palm, and fingers showed nothing abnormal in size,
colour, or consistence.” *

Thus, adds M. Paulet, after thirty-seven years, no trace of re-
nnion was found, but nevertheless sensibility was not lost.

Baudens ¥ records the following case :—*1In 1836, a Zouave,
aged thirty, received a sabre-wound in the axilla, which divided
many muscles, the axillary artery, and the median, ulnar, internal
cutaneous, and musculo-cutanecns nerves. The cut ends of the
nerves were approximated by silk sutures passed through the
surrounding cellular tissue. The limb remained warm, and after
twenty-four hours the least pressure on the hand and fingers was
painful. During the following days sensation became blunted,
but g0 long as the patient lived no cutaneous anwesthesia could be
established in any part of the upper extremity. Eight days after
the accident the patient died from hwemorrhage, and the post-
mortem examination showed that the nerve-ends were not united,
or even in contact.”

# Leudet and Delabost, Gaz. Med., 1864.
+ Reported by Létiévant, p. 110.
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Dr. Israel * © gives an account of the post-mortem examination
of a man who, in 1848, had received a shot in the region of the
left shoulder. The bullet made its entrance at the lateml margin
of the pectoralis major and came out at the lower third of the
scapula. In the last six months of his life, the patient had
exhibited symptoms of chronic brain disease, apoplectiform fits,
headache, paralysis of the left facial nerve, and mental disturb-
ance. In September 1880, be had repeated attacks of giddiness,
tremor (especially in the left arm), vomiting, and singultus.
He died in a fit of this kind, September g, 1880. On examin-
ing the patient, four weeks before death, Dr. Brieger found the
following condition of the left upper extremity :—Considerable
atrophy of the whole arm, but particularly of forearm and hand ;
thumb extended. Passive movements in the joints of left thumb
impaired. Active mobility of shoulder ; elbow and wrist perfectly
free. Seecond and third phalanges flexed and greatly atrophied.
Tendons in the paln distinetly discernible on account of atrophy.
Flexion and extension of hand free ; abduction and adduetion im-
possible, 'I‘}m difference of circumference of the arms varies
from 2-3} centimetres; difference of temperature from 0°.6-3".3
Lentlgrnde in the different parts of the extremities, the
areatest difference being in the palms of the hands. Direct
electric excitability of biceps, triceps, deltoid, and extensors of
hand normal. Direct electric irritability of the left ulnar nerve,
faradic as well as galvanic, entirely abolished. Tactile sensibility
of left palm distinctly clunuusz.hu:d; perception of temperature
slightly so. Perception of pain not impaired. Otherwise, no
alteration of sensibility to be found.

“The auntopsy revealed a tumour in the centre of the left hemi-
sphere, chiefly oceupying the insula and part of the third frontal
convolution. Internal capsule and pyramidal strands intact ;
nucleus lentiformis partly affected. In the spinal cord the sub-
stance of the middle and lower part of the cervical region dis-
tinctly asymmetrical, the left side being considerably smaller than
the ughr.

“ Muscles of left upper arm a good deal :11101}]11&*[1 those of
forearm emaciated in an extreme :lvu'nu There is a cicatrix of
3 centimetres by 0.5 centimetre on the lateral margin of the
pectoralis major.

“ From this cicatrix strings of connective tissue penetrate the

% Virchow's .lrchin, vol. lxxxv. ; reported in Brain, part xv.
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muscles crossing the great brachial nerves. The ulnar and median
nerves form a regular loop ending in the cicatrix; they unite by
an intermediate piece of nervous tissue; each of them shows an
intumescence of 2 centimetres length and 1.5 centimetre in
diameter. Both nerves have the diameter of a pencil. The radial
nerve is but slightly entangled in the cicatrix. In striking contrast
to this condition, the peripheral parts of the ulnar and median
nerves are considerably atrophied, their diameter being that of a
knitting-needle. Having passed through the fascia of the arm,
they enter into a direct union with the cutaneous median nerve,
which appears thicker than usual. Mieroscopically, the termination
of both nerves show real nervous tissue, whereas the peripheral
parts consist chiefly of connective tissue. It need hardly be men-
tioned that the alterations of the left arm were due solely to the
injury, and not to the cerebral tumour. The integrity of sensi-
bility, which was almost perfect, is explained by the communication
of the injured nerve with the median cutaneous nerve. It is a
remarkable fact, however, that, in spite of this detour, the sensory
impressions in the ulnar region were localized in the same way as
before the injury, whereas the centrifugal action of the motor
nerves had not been restored.”

In the Lancet of August 1, 1868, Mr. Savory describes a case of
neuroma, in which he excised a considerable portion of the musculo-
spiral nerve with the tumour. The following is his deseription of
the state of the parts after the operation :—* From the time of the
operation the muscles of the back of the forearm were paralysed,
and the hand dropped forward from the wrist; but when testing
the sensibility of that portion of the skin of the hand which is
supplied by branches of the radial nerve, we were not a little
astonished to find that it was but slightly impaired. When the
skin upon the outer part of the back of the hand, or over the back
of the thumb and forefinger, was slightly pricked, the man cried
out sharply. He counld distinguish in the same region two points
of contact, when they were not less than an inch apart, both in
the long and transverse axis of the hand; when they were closer
than this, on any part of the back of either hand or forearm, he
confused them; and, indeed, in comparing the sensibility of this
region with that of the inner portion of the back of the hand and
two inner fingers, or with the corresponding part of the opposite
hand, no very striking difference could be detected.
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“All portions, too, of the back and sides of the middle finger
appeared equally sensitive. He counld distingnish also between
the contact of hot and cold bodies in this recion as well as in other
parts. He always remarked the distinction between the touch of
a cold steel sound and one that had been previously dipped in hot
water., When desired to experiment on himself by touching,
scratching, or pricking the different parts, he repeatedly declared
either that he could perceive no difference of sensibility, or that
the radial portion of the dorsum of the hand was rather more sen-
sitive than the other half. These observations were carefully
repeated in various ways, day after day, with a uniform result;
indeed, the man at last got tired of them, concluding, no doubt,
that the existence of acute sensibility had been abundantly proved.
It need hardly be said that, in many of these experiments, the
man was blindfolded, and otherwise prevented from forming any
idea of what we did, except through the sense of touch.

“ Now, what is the interpretation of this remarkable fact ? All
anatomists will agree that, so far as ordinary dissection goes, the
skin on the ounter half, or thereabouts, of the back of the hand,
and of the back of the thumb, forefinger, and outer portions of the
back of the middle finger, is supplied only by branches of the
radial nerve ; and when any variation is witnessed in the distri-
bution of this nerve to the back of the hand, it is almost always
that it supplies more than the usual portion of integument, going
on sometimes to the ring-finger. I cannot doubt, therefore, that
in this instance the parts in ¢uestion were supplied in the usual
way, only through the branches of the radial nerve. But, then,
how could these parts retain sensibility after the removal of some
inches of the nerve-trunk? T can only account for it thus: we
know that in the forearm, just above the wrist, some small
branches of the external cutaneous nerve communicate with the
radial, and it may be that at this junction the radial receives
filaments from the external cutaneous, which so pass down to be
distributed with the filaments of the radial even to the skin of the
hand. This seems to me the most probable view of the matter—
indeed, the only reasonable one.”

The next case was reported by Mr. Butlin, in vol. xxv. of the
Pathological Society’s Transactions :

“D. D, aged thirty-two, was admitted into St. Bartholomew’s
Hospital with a broken back (in June 1873), of which he died three
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or four days after admission. There was noticed on his left fore-
arm, three or four inches above the wrist, a long obligue scar,
apparently the remains of a tolerably deep and severe wound ; the
ring and little fingers were exceedingly contracted, the little finger
especially drawn in towards the palm. Neither of them could be
at all straightened ; the skin covering them was tense and glazed.
The muscles of the ball of the little finger were atrophied to an
extreme degree and contracted. The interossei and abductor
indicis, the abductor pollicis and the inner head of the flexor
brevis pollicis, were in the same condition. But, as far as could
be ascertained by careful examination, there was no loss of sensa-
tion, feeling being as complete in one hand as in the other.

“The history which he gave of this—for he was in complete
possession of his faculties until shortly before his death—was as
follows: that fourteen years previously his forearm was wounded,
and he was in the hospital for fourteen weeks. At the time of
admission, and for some time afterwards, the hand was ‘numb’ on
the inside. He regained feeling in it before he went ont; his
fingers became drawn down afterwards.

“ A post-mortem examination showed that the ulnar nerve had
been completely divided about three and a half inches above the
wrist. The upper portion was firmly united to the anterior surface
of the tendon of the flexor carpi ulnaris; the lower portion was.
united to the same tendon, but to its posterior and external aspect.
No communication whatsoever could be discovered between the
extremities of the divided nerve, which were not only far apart..
but also on a totally different plane.

“The upper portion showed very little atrophy, even when ex-
amined with the microscope. About three-fourths of an inch
above its point of union with the tendon was a large bulbous
swelling, similar to the swelling found at or about the ends of
nerves in stumps. The lower portion of the nerve was exceedingly
atrophied. Sections examined microscopically showed that it was:
composed almost wholly of connective tissue, but here and there-
could be seen small points which had been deeply coloured with
carmine, and which resembled axis evlinders.”

The manifest care expended on a thorongh investigation of the
recorded cases, and the high reputation of many of the surgeons:
under whom the patients happened to be placed, leaves little or no:
room for doubting the reality of the retention of a certain amount
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of sensation in the area supplied by the divided nerve. The more
care, then, is necessary in arriving at the conclusion that, in the
case of any injury, a regeneration and reunion of the divided ends
has occurred ; for, if the surgeon disregard the possibility of a
supplementary nerve-supply. he is apt to refer any signs of re-
turning sensation to a reunion of the nerve, and not to its true
canse,

In addition, then, to testing the tactile power and amount of
anssthesia, it is necessary to note the presence or absence of
trophic change. If coincidently with a gradually returning sense
of touch, the nutrition of the part improves; if previous trophic
lesions pass away ; and if, what is most important, the atrophied
muscles resume their normal bulk, their reaction to faradism and
their contractile power, it may fairly be considered proved that a
reunion of the divided nerve has occurred. But, in the absence
of these additional symptoms of rvegeneration, ¢ stmple veturn of
sensation does not afford sufficient proof of new nerve formation.

With regard to the extent to which this supplementary sensa-
tion (sensibilité suppléée of Létiévant) may be present, Létiévant
writes:

“These supplementary sensations are very imperfect, but, in
proportion to the length of time which has elapsed since the
section, they undergo by use a greater development. . . . .

“Tt is modified by certain local pathological conditions. Thus,
after certain nerve divisions, practised chiefly for neuralgia, there
is produced a sort of local stupor which masks the supplementary
sensibility for a few days. Sensibility is gradually restored as
this stupor is dissipated. . . . . Supplementary mobility and
sensibility have a variable duration—temporary in some cases,
they are permanent in others.” :

With these remarks, my own experience would lead me to
agree; and I would only add that, in some cases, the supple-
mentary sensation appears to be most marked immediately after
the nerve section, and that it subsequently disappears.

The manner in which this sensibility is kept up is thus
stated by Richet: “ As both the loops and filaments which end
in the touch corpuscles are compound, containing fibres from the
median, radial, and ulnar nerves, section of one of these trunks
is powerless to deprive of sensibility the corpuscles, which are the
essential organs of touch.” This is & propos of a division of the
median.
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Arloing and Tripier® express much the same opinion, and state
that, after division of three out of the four collateral nerves on the
toe of a dog, sensibility still remains, but is destroyed by dividing
the other nerve. This, however, is certainly not applicable in its
entirety to the human subject, as there can be no doubt that in
many cases—e.f., after division of the median at the wrist—the
fingers are, in parts, frequently entirely ansesthetic. Israel, in the
case quoted by him, is inclined to ascribe the cause of the supple-
mentary sensation to a chance union of the proximal ends of the
injured nerves with another nerve which was yet intact ; this con-
dition, however, is not essential for the presence of supplementary
sensation,

Mr. Savory, with more probability, refers this condition to what
I may call the “coarse anastomoses,” in contradistinction to
Richet’s explanation, and in the case of injury to the musculo-
spiral, on which he bases his arguments, instances the union of
small branches of the external cutaneous with filaments of the
radial nerve. No difficulty need be found in accepting either
Richet’s or Savory’s explanation : it has already been pointed out
that the nerves can transmit currents equally well in either direc-
tion, and, considering the comparatively small bonds of union
which exist, and the fact that they do not enlarge as do the
collateral vessels after ligature of an artery, the imperfections of
the supplementary sensations will not excite surprise.

In addition to simple inability to perceive the contact of various
bodies with the skin, there is often found a want of power to
localize correctly the exact spot touched. Frequently a patient
will perceive that some part of the hand is being touched, but, on
on being asked to name the finger or spot of contact, he makes
mistakes. Thus, on pricking the back of the finger, he fancies
that it is the front which is being experimented on, or else another
finger, or else even the palm or back of the hand. In my experi-
ence, there seems to be no particular law as to this transference of
sensations—sometimes the patient fixes on a spot which is really
devoid of sensation, at other times on a sound digit. The sense of
pain, as evinced by pricking or pinching, is generally lost in pro-
portion to the amount of anssthesia, but in a considerable number
of cases all sense of pain is absent, and yet there is not complete
angesthesia ; the reverse is rarely the case. In my opinion, this is
due to the fact that a more intense impression is necessary to give

# Annales de Med, Vet 1876.
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rise to pain, and that a proportionately perfect nerve-supply is
requisite, while the sensation of touch can be more or less clearly
pereeived, even when the nerve paths are more or less damaged.

In rare cases, the skin may be in an hypersesthetic condition ;
this, I think, only occurs in cases of incomplete section, in conjunc-
tion with neuritis as a rule, but sometimes apart from this in the
netghbowrhood of trophic lesions, and at the junction of ansesthetic
with healthy skin.

The muscles supplied by the divided nerve are paralysed by its
section, and the subsequent changes which take place in them
have been already described. It remains, however, to notice the
deformities which result from their atrophy.

The exact method by which the altered condition of a muscle
after nerve section canses contractions and deformities appears
to be very imperfectly understood. It is generally spoken of
as if it were an active contraction either of the muscle itself
or else of the degenerated tissue which takes its place. 1
believe that this view is not correct. The muscle undergoes
atrophy, it shrinks and grows smaller in every diameter, but
not with any degree of force sufficient to cause actual deformity.
No, the whole secret of the process lies in the fact that fhe
musele shrinks only so long as it 1s unopposed ; if, therefore, its
origin and insertion be unduly approximated dwring the process
of atrophy, they will remain in such a condition when the trophic
changes have ceased, not because they have been drawn together
by such changes, but that the atrophy found them in a certain
position and fixed them there. For instance, after section of
the median nerve in the upper arm, it is very common for per-
manent flexion of the digits to ensue, but the reverse is not the
case after the division of the muscunlo-spiral ; the fingers and wrist
are not then extended, but, on the contrary, are flexed. Whence
the difference ? T think it is easily explicable. When the hand
is paralysed, or when it is simply not in use, the fingers naturally
lie in a position of flexion, and in this position they are gradually
fixed by the trophic changes. There is evidently no active con-
traction, for if it occurred in the flexors in the case of division of
the median, the same result onght to follow in the extensors on
section of the musculo-spiral, and hyper-extension of the fingers
and wrists would result. This condition is prevented, however, by
the naturally bent position of the hand, and by the frequent
exercise of the flexors. Similarly, after infantile paralysis, the
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most common deformities are equinus and bent knee. But in many
cases the whole of the museles of the lower extremity are equally
paralysed ; why, then, are not the leg and foot sometimes extended ¥
Simply for the very good reason that both of them, either in sit-
ting or walking, but more especially the former, naturally fall into
the position, in which they are subsequently fixed, by the shrinking
of the muscles which ocenrs at a period when from the nature of
the illness the patient is unable to take active exerecise.

I am then very strongly of opinion that the “irresistible power
of contraction of the paralysed muscles,” described by some
authors, has no existence in fact, but am quite willing to allow
that, when shrinking has once occurred, the muscles cannot be
restored to their normal length.  There is, however, one form of
active contraction which is sometimes very troublesome—namely,
that which is due to the unbalanced action of the unaffected
muscles ; it may produce a real deformity, though not, I think,
very frequently.

The changes in the electric irritability of divided nerves appear
to commence very early after section. MDM. Cossy and Dejeune
found that after section of the sciatic in guinea-pigs, the excita-
bility of the peripheral segment is diminished on the second day,
and after the third is entirely lost. Leegard* says that at first the
irritability of the divided nerve—i.c., of its distal end—is slightly
increased in some cases, but not constantly, and agrees with the
above observation that by the third day it no longer reacts to
clectricity. _

The electrical condition of the muscles has been already referred
to in speaking of trophie changes, and the extent to which a musele
will respond to electrical stimuli after nerve lesions has been made
by some authors a point of great importance in the prognosis of
such injuries. It must not, however, be thonght that the absence
of all reaction to the proper stimuli in any way indicates that
motion is permanently lost, for, as we shall see presently, if the
continuity of the merve be re-established, regenerative changes
will take place in the muscle, at any rate for a considerable time
after the date of the original lesion.

But although the failure of a muscl> to react to electrical
stimuli is not by any means to be considered an indication that it
is beyond recovery, the behaviour of the musecle to the electric

# Archiv fiir Klin. Med., 1880.
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current nevertheless affords the most valuable evidence as to its
connection with its trophic nerve-centre.

On examining a muscle in a natural condition with a galvanic
current, it will be found that the kathodic closure contraction
(k.c.c.) is greater than the anodic closure contraction (a.c.C.), a
condition which is briefly expressed by the formula K.c.c. > A.C.C.

It has been shown by Erb* that, in a muscle separated from its
motor nerve, this reaction undergoes a marked change, the s.c.c.
becoming first equal to and then greater than the x.c.c., which,
together with other electrical conditions, go to make up the
so-called “ reaction of degeneration.”

This alteration in the electrical reaction of the muscle is well
and briefly put by M. Nicaise.f He says:

“ During the first fifteen days the faradization curve becomes
gradually depressed. After the third week the muscle is no longer
excitable—at least, throngh the skin. Towards the sixth week, in
favourable cases, the excitability reappears, and gradually increases
until it reaches the normal reaction.

“ But the galvanization curve follows an entirely different course.
During the first fifteen days it follows the faradization curve; but
from the third week, when the interrupted currents have no longer
any effect, the galvanic reaction is exaggerated, the eurve is raised,
soon exceeding the normal, and reaches its maximnm when the
other is at its minimum. At the moment that repair begins to
take place the phenomena follow an inverse order; and at the
same time that the faradic curve is raised the galvanie curve is
lowered, and both gradually return to the normal level. If, instead
of a favourable case, we suppose a case in which the regeneration
of the nerve does not occur, there is no ascent of the faradic
curve, and the galvanic curve, after being elevated, falls again
to the normal, and then continues to sink until the reaction
becomes nil.”

The above paragraphs form a very accurate summary of the
conelusions arrived at by Erb and other experimenters. The care
with which the results have been recorded leave no doubt in my
mind as to the accuracy of the observations, and it only remains to
notice, before proceeding further, that these conclusions are the
result of experiments on animals and not of clinical observations
on man. These experiments I have not myself repeated, because 1

* andbool of Electro- Therapeutics.
t Article in Ashurst's Eneyclopedia of Surgery, vol. ii.
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have no doubt that the conclusions arrived at are correct. More-
over, inasmuch as I am interested more particularly in the nerve
injuries of man, I have found that I could better occupy my time
by examining the electrical reactions in the muscles after severe
injuries, such as are met with clinically. And here T would point
out again that the changes that occur in the nerves or in the parts
supplied by them, as noted by experiments on animals, do not
necessarily- find their exact counterpart in similar conditions in
man. This is a point that is duly appreciated by Nicaise, who
says, after concluding the paragraphs I have quoted: ““ Do the
same phenomena ocenr in man as in animals which are made the
subject of experiment? Precise observations are not sufficiently
numerous to permit this fact to be definitely affirmed. A minute
study of these electric phenomena in the traumatisms of nerves
is then necessary before we can apply with certainty to man the
results observed in animals.”

With this I entirely agree, but have so far searched in vain
amongst the now numerous recorded cases of nerve injury for
any information on this point. My own observations, however,
lead me to disagree with Erb, in some particulars at least; and
I would take the present opportunity of acknowledging the
valuable assistance I have received from Dr. Steavenson, elec-
trician to St. Bartholomew’s Hospital, who has very frequently
examined patients in whose cases | have been specially interested.

I have found that in cases of nerve section the faradic excita-
bility of the paralysed muscles has disappeared with much greater
rapidity than in animals; for, whereas Erb states that it graduoally
fades and finally disappears in the third week, I have found abso-
lutely no reaction to the strongest current as early as the third or
fourth day. Inone case only did excitability persist until the eighth
day. With regard to the galvanic current, there is again a marked
difference between the condition in man and animals. In the
latter the galvanic irritability of the muscles is said to become
oreatly increased at the second week, and in the third week the
excitability is so great that contractions are excited by the current
evolved from only two or three cells.

Such is not my experience. I have never seen but once—and
then it was doubtful—the least increased excitability. On the
contrary, I have found that the galvanic irritability diminished
rapidly, so that in two or three weeks, at a time when, theoreti-
cally, excitability should be at its height, strong currents produced
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but slight fibrillar contractions. And whereas, by experiment, the
date of the final disappearance of galvanic excitability has been
fixed at about eight or ten weeks, I have fonnd it fo vary in man
from about the third to the sixth week at the latest.

With regard to the alterations in reaction to the kathodal and
anodal closure currents, my own observations are in accordance
with those of others. I have found that the anodal closure con-
traction, about a week or ten days after injury., was either
equal to or greater than the kathodal closure contraction. This
reaction is of great value from a diagnostic peint of view, and is
also most reliable. Considerable care is nevertheless requisite in
investigating the affected muscies.

The next point for consideration is the permanency or otherwise
of these altered reactions. Supposing that at the end of a few
weeks all electrical excitability has disappeared in the paralysed
muscles, when must we look for its recurrence ? and in what way
does its absence influence the prognosis? To this it may be
answered that if the divided nerve does not reunite, the electrical
excitability will not return; but that if it does unite, voluntary
power will veturn before electiical excitalility.

The first sign of repair as regards the muscles must not, then, be
looked for in the electrical reactions, but in the return of function ;
and the continued absence of electrical irritability is not to be
looked upon as sufficient ground for a bad prognosis. Voluntary
power often returns many months, or even a year or more, before
electric excitability—a fact which is diffieult to cxplain, but of
which I cannot have the slightest doubt.

Does faradic or galvanic excitability return first? 1 cannot
answer this question quite so definitely as some of the others. In
some cases both have returned at the same time; in others the
muscles have contracted to the faradic current whilst yielding no
responge to galvanism. I have never seen galvanic irritability
return before faradic. In most of the cases I have observed, the
galvanic reactions, when they first reappeared, were normal in
quality, but in one case, where they did not return until six months
later than the faradic reaction, the reaction of degeneration was

well marked. The following notes of cases illustrate most of these
points :—

Case I.—James D., aged thirty-four, divided his ulnar nerve on
April 7th.
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April gth.—No reaction to faradism of ulnar muscles. Good
reaction to galvanism of ditto.

14th.—No reaction to faradism, Very slight reaction to gal-
vanism,

Case II.—George H., aged thirty, divided his ulnar nerve on
May 8th.

May 11th.—Muscles supplied by ulnar nerve react to faradism ;
to galvanie current A.C.C.=K.C.C.

13th.—Complete loss of faradic contractility in all the musecles
supplied by the ulnar nerve. Very slight reaction to galvanism.

(‘asg III.—Emile M., aged forty-seven, divided ulnar nerve at
elbow on February 22, 1884.

I"eb. 25th.—Faradic current. No reaction of muscles supplied
by ulnar nerve.

Case IV.—John J., aged thirty, divided his ulnar nerve at the
wrist on February 23, 1883.

Feb. 24th.—Faradic eurrent, all museles react. Galvanic current,
K.C.C. > A.C.C. No increased irritability. Ulnar muscles paralysed.

26th.—Faradic current, slight reaction of interossei. Galvanic
current, A.C.C. = K.C.C. No increased irritability.

27th.—No change.

28th.—Faradic current, marked diminution of excitability.
(zalvanic current, in third interosseous musele a.c.c. = K.c.c. Other
interossel as before.

March 1st.—Faradic current, only the faintest contraction.
Galvanic current, A.C.C. = K.C.C.

g4th.—No reaction to faradism. The faintest tremor to gal-
vanisni.

(‘ase V.—Henry B., aged forty-seven, divided his ulnar nerve
on February 6th.

IFeb. 28th.—Complete loss of both faradic and galvanic con-
tractility.

(‘ase VI.—Annie B., aged twenty-seven, divided her median
nerve at the wrist on September 27, 1885. On account of the
hand being entirely covered with antiseptic dressings, I was unable
to examine the condition of the muscles until the third week.
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On October 2oth there was found to be no reaction to faradism
in either the opponens or abductor pollicis. The same muscles
gave the reaction of degeneration to the galvanic current (A.C.C. =
K.C.C.), but instead of there being marked excitability there was
oreat loss of galvanic irritability, and the contractions were slow
and wavy.

Oct. 30th.—The muscles supplied by the median nerve require
eighteen more cells to cause a contraction than do those of the
other hand, and then scarcely react.

It will thus be seen that after nerve section the paralysed
muscles nsually fail to contract to the faradic current after the
third or fourth day. That at the same time, tested by the galvanic
current, A.C.C.=K.C.C., and later on A.c.c.>K.c.c. In three to six
weeks there is complete loss of all electric excitability.

In support of my statement that voluntary power returns before
electric excitability, I append the following extracts from cases I
have observed :—

(Case I.—J. C., aged seventeen, divided his musculo-spiral nerve
on March 25, 1883.

On April 28th the operation of secondary suture was performed.

On July 27th there was some return of power in the previously
paralysed extensor muscles, but no return of electric excitability.

On Nov. 16th there was almost perfect restoration of power, but
no reaction to galvanism or faradism.

On March 25, 1884—one year after the injury—there was com-
plete restoration of voluntary power, but still no electric excita-
bility.

Oct. 9, 1884.—Wrist extensors and extensor ossis metacarpi
pollicis react to faradism and galvanism, but the extensors of the
phalanges of the fingers and thumb do not react.

JAsE IL—T. M., aged twenty-four, divided his median nerve on
July 20, 1882,

May 5, 1883.—The divided ends were sutured.

Nov. 26, 1883.—Return of power in opponens and abductor
pellicis. No reaction to galvanism or faradism.

March 28, 1884.—Muscles quite as good as on other hand.
Very slight reaction to a strong faradic current.

Sept. 22, 18835.—Reaction normal to faradism and galvanism,
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Case ITI.—W. W., aged nineteen, divided his ulnar nerve at
the wrist. Seven months later the divided ends were sutured. In
five months there was return of voluntary power in the interossei
and musele of the ball of the little finger. A year later the hand
was quite well, but there was yet no reaction to electrical stimuli.

Case IV.—C. R., aged eleven, divided her ulnar nerve in the
forearm. Three months later secondary suture was performed.
Muscular power began to return in about eighteen months. Six
months later the muscles supplied by the ulnar nerve reacted to
faradism, but not to galvanism. After an interval of another six
months galvanic irritability was restored, but the reaction of
degeneration was well marked.

Punctured Wounds of Nerves and Partial Division.
—For many years it was taught that a partial division of a nerve
was more likely to be followed by serious complications and by
severe trophic lesions than was complete division.

Such is, I believe, an altogether erroncous idea. On the con-
trary, the less of the nerve divided the less is the anzesthesia and
paralysis, and the fewer the trophic lesions. Further, as the
divided ends in such cases are not separated, union is more likely
to be rapid and perfect than in cases of complete section. The
following cases may be quoted in support of these statements :—

Punctured Wound of Posterior Interosseous Nerve.
Gradual Recovery.

Henry (., aged eleven years, was admitted into St. Bartholo-
mew’s Hospital on January 3, 1884. On December 24, 1383,
he fell on some wood and sustained a wound on the posterior sur-
face of the forearm two inches below the elbow-joint. On admission
there was found to be suppuration amongst the muscles of the
back of the forearm. The muscles supplied by the posterior inter-
osseous nerve were paralysed.

Jan. 12th.—Electrical Examination. No reaction to either
galvanism or faradism of the extensors of the wrist, fingers, or
thumb., No loss of sensation,

March 1st.—Is faradized daily.

1oth.—Slight reaction to faradism. There is now no wrist-drop.

28th.—Discharged, further improved.
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April 24th.—C'an extend the wrist, thumb, and fingers. Good
reaction of the thumb extensors and of the extensor indieis,
extensor carpi radialis longior and brevior to faradism. Reaction
of the three inner fingers and of the extensor carpi ulnaris very
feeble.

Punetured Wowad of Medinen Nevee.—Gradual Recovery.

William C., aged fourteen, was admitted into St. Bartholomew's
Hospital, April 27, 1883. He had cut his forearm a month
previously by putting his hand through a pane of glass. From the
time of the accident some of his fingers had been very numbed.
Condition on admission: A wound an inch and a halt above the
wrist, immediately over the course of the median nerve, almost
completely healed. No tenderness, but pressure on the upper lip
of the wound causes tingling in the median distribution. This
tingling is not felt on pressure lower down the wrist. Sensation :
Absent to all stimuli over the front of the thumb, index and
half the middle finger, also over the back of the index and
middle, as far down as the middle of the first phalanx. Impaived
over the other halt of the middle finger and the radial half of the
ring. Trophic: No trophic changes. Muscles: He can oppose
the thumb, though feebly.

June 28th,—No wasting of muscles. Sensation improved over
the middle finger so that he can accurately localize a touch on any
part of the palmar surface. Trophic: The nails of a/l the fingers
are ridged, toothed, and furrowed. The hand is painful when cold., .
but not otherwise. Ordered to nse a stimulating liniment.

July 26th.—Sensation much improved in the middle and index
fingers. No other change,

Nov. 26th.—The nails are now all quite natural. Sensation has
improved in all the fingers,

March 25, 1884.—Hand is useful and strong. He says he
can do anything with it. Electrical examination: No faradic
contractility.

Oct. 8th.—No further change.

March 26, 1885.—Sensation much improved. Can localize
everywhere, but still complains of numbness. No electrical re-
action of opponens pollicis.

July gth.—The condition of the hand is practically natural,
but there is still no electrical reaction.

Sept. 24th.—Reaction of all the thumb muscles to both

I
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faradism and galvanism. There is slight loss of faradic excita-
bility.

Pavtinl Division of the Medion and Ulpar Nerves,—fradual
_Fijl".“'fllrl".l'.i"ﬂr!rf”'! r.{u'rl jl’“;“‘fjl{j”‘

. M.. aged thirty-four. cut her wrist severely in August 1883.
There was much hamorrhage at the time, and she lost sensation
and uge in the hand. Two months later she noticed blisters on the
tips of the index, middle, and ring fingers, which appeared without
any injury having been suffered. These blisters subsequently
suppurated, but cansed her no pain except in the case of the
ring-finger.

On Nov. 7. 1883, she was found to have marked reaction of
degeneration of all the museles of the thumb, interossel, and lnm-
bricales, but the muscles of the ball of the little finger acted fairly
well.  There was no reaction to faradism of the muscles which
showed the reaction of degeneration. Sensation: Lost to all
stimuli over the radial side of the palm and on the palmar surface
of the thumb, index, and middle fingers. Tmpaired over the back
of the first three metacarpal bones, and over the first and second
phalanges of the index, middle, and thumb. No sensation over
the posterior surface of the third phalanx of the same digits. The
palmar surface of the ring and little finger and the skin of the
ulnar side of the palm were anasthetic. The dorsal surface of the
ulnar side of the hand and of the ring and little fingers had its
sensation much impaired. The nails were serrated and broken ;
the hair was natural.

March 26. 1884.—The hand is numb and cold. It is painful
when cold, but not otherwise. There is general improvement in
sensation, more especially on the palmar surface of the thumb. All
the muscles are mueh wasted. The hand is flat and thin. She has
no power of opposition or abduction of the thumb. There is no
reaction to faradism of any of the muscles of the hand. The
patient says that the hand is improving, and that the ring and
little fingers feel much better than the others. She also feels
the faradic enrrent in them much more acutely than in the rest of
the hand. She has some power over the muscles supplied by the
nlnar nerve, but none over those supplied by the median,

Oct. 16th.—She says the hand has much improved and is
improving. She has no pain, but the hand sometimes becomes
suddenly stiff. There are bulbs to be felt over the median and
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ulnar nerves beneath the secar. These are tender on pressure,
There are no trophie changes except that the joints are a little
stiff and the hands a little cold. The interogsei muscles are wasted
and the hand is slightly clawed.  There is no galvanic or faradic
contractility of the musecles supplied by the unlnar and median
nerves in the hand: she can, however, oppose and abduct the
thumb, and the hand is useful for all ordinary work, but she can-
not sew. Sensation has much improved, and she can localize the
touch of a pencil everywhere except on the ulnar side of the ring-
finger. She says the hand scarcely feels numb except when it 18
cold.

March 27, 1885.—Not much change. The hand is strong and
usefnl, and does not cause her any inconvenience. The tips of the
index and middle fingers ave still numb. There is no faradic con-
tractility of any of the muscles in the hand, but none of them are
much wasted. The hand is really in very good condition.

July 12th.—There is now both faradic and galvanic con-
tractility of all the muscles of the hypothenar eminence. The
hand is altogether better. The museles of the ball of the thumb,
supplied by the median nerve, are more wasted and paralysed
than at the time the last note was taken.

I might quote many other cases, but the above are sufficient to
show that punetured wounds are not followed by speecial trophic
lesions, and are, on the contrarv, less serious than is complete
seetion of a nerve.
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CHAPTER VIIL
INJURIES OF SPECIAL NERVES.

Ix this chapter I propose to consider the symptoms following
lesion of such trunks as are most commonly damaged, for an
accurate knowledge of the extent of the motor paralysis and of
the accompanying angesthesia, together with any collateral evi-
dence to be gained by a careful study of each individual case, is of
considerable importance in both diagnosis and treatment.

The nerves of the upper extremity are from their sitnation most
prone to sustain damage in many ways. They may be divided by
wounds from cutting instruments, may be lacerated together with
the other soft parts in many varieties of machinery accidents, and,
most often of all, in civil practice may be wounded by the out-
stretched arm being thrust throngh a pane of glass, or by falls on
breakable articles, such as bottles, jugs, or basins. They may, in
addition, be damaged by gunshot wounds or stabs.

Symptoms of Division of the Ulnar Nerve.—Judging
from my own experience, and also from a consideration of pub-
lished casges, I am inclined to believe that the ulnar is. of all
nerves, the one most frequently wounded. The commonest situa-
tion of an injury to this nerve is immediately above the wrist,
just where it comes towards the surface, before passing into the
hand. The line of section may be either above or below the point
at which the dorsal eutaneous branch is given off, but is most
commonly above, In the rest of its course in the forearm the
nlnar nerve is greatly protected by the museles amongst which it
lies, but its situation does not prevent its occasional division in
this position also. Its secanty covering and exposed situation
behind the internal condyle render it very liable to damage, and
we consequently meet with more cases of injury in this situation
than in the forearm. In the upper arm division is rarve, and the
symptoms do not differ at all from those we meet with after section
at the elbow.
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FIG. 13.

The palmar surface of a hand some months after section of the
ulnar nerve, It shows the wasting of the muscles, the typical
position of the digits and the avea of anssthesia, The depth

of the shading indicates the amoun’ of anwesthesia.
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Loss of Motion.—If the ulnar nerve has been divided above
the origin of all its branches, the flexor carpi ulnaris and the two
inner tendons of the flexor profundus digitornm arve paralysed, and
as a result complete flexion of the fourth and fifth digits is im-
possible, ag is also complete flexion of the wrist. The wrist cannot
be bent to the ulnar side. The palmaris longus and radial flexors
of the wrist supplement to a great extent the loss of power in
the flexor carpi ulnaris.

The museles forming the hypothenar eminence are paralysed,
and all movements of the little finger, except that of extension,
are wanting. The absence of the power of abduction is very
marked, not only in the little finger, but also in the others; for,
on acconnt of the paralysis of the interossei, the patient is utterly
unable to separate the digits from each other. The loss of power
in the two lumbricales is not a prominent symptom: but. on
account of their paralysis, and of that of the interossei, move-
ment at the metacarpo-phalangeal joint is deficient.

The adductor pollicis and part of the flexor brevis pollicis arve
also paralysed, but, on account of the numerons other muscles
attached to the thumb, its range of motion is not mnch interfered
with.

If the nerve section has occurred some time previously, the
resulting deformity is very characteristic.  The wrist is genevally
slightly tilted backwards and towards the radial side, owing to the
frequent and unopposed action of the radial and ulnar exten-
sors and radial flexors. The whole hand is very much thinner
than its fellow. the hypothenar eminence is absent. and in its
former sitnation theve is frequently a hollow ; the metacarpal bone
of the little finger is bare and prominent, and the inner edge of
the muscles of the ball of the thumb supplied by the median is
sharply defined, and raised above the flattened palm. On the
dorsal surface the extensor tendons and metacarpal bones stand
out in strong velief, and on the radial side of the first metacarpal
bone is a very deep depression, marking the site of the atrophied
abductor indicis. The thumb is slightly rotated forwards by the
opponens pollicis, so that its radial margin presents more than
does that of its fellow of the opposite side,

The second and third phalanges of the fourth and fifth digits
are flexed, the latter being always the most affected. The position
of these fingers merits some attention.

I have no doubt that the site of the injury bears an imporiant
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velation to the amount of flexion, and that when the flexor pro-
fundus digitornm is paralysed the flexion of the digits 1s more
marked, ou account of the atrophic shortening of this muscle.
This is, perhaps, ouly what might be expected ; but flexion, though
to a less extent, is present even in cases in which the nerve has
been divided at the wrist. The deformity assumes the following
aspect,

The first phalanges of all the fingers, but more especially of the
fourth and fifth digits, are hyper-extended upon the metacarpal
bones. In the index and middle fingers the hyper-extension is but
slight, and the metacarpo-phalangeal joints can be flexed ; the
heads of all the metacarpal bones are unduly prominent in the
palm. The second and third phalanges of the last two digits are
also flexed to a greater or less extent, the fifth finger being always
worse than the fourth, and these digits cannot be extended. The
little imgt-r 15 abducted.

A satisfactory explanation of these malformations is not alto-
gether easyv. As I have already endeavoured to explain, the
paralysed muscles, thongh contracting, do not do so with any
degree of force, so that if the contraction be opposed deformity
does not take place. In the case of the thumb and wrist, the
movements caused by other muscles prevent this contraction and
deformity from ocewrring ; but in the little finger the case is
different. The paralysed digits naturally rest in a position of
flexion. and in those ecases in which the flexor profundus is
paralysed, the trophic changes occurring in that muscle meet with
no opposition, and the shortening of the muscles fixes the alveady
flexed fingers in the position in which they lie,

It is not by any means so easy to account for the flexion that
ensues on divigion of the nerve at the wrist, for in this case the
flexors profundus and sublimis are intact, as are also the extensors
of the digits; why, then, should the two last phalanges become
flexed and remain incapable of extension ?

Before attempting an explanation of this contraction, it will be:
necessary to consider the cause of another deformity which I have
already mentioned—the hyper-extension of the first phalanges on
the metacarpal bones,

This is undoubtedly due to the paralysis of the interossei, for
the action of these muscles being to flex the first phalanges, and
to aid the extensors in extending the last two, the result of this
paralyeis is that the extensors in acting extend not only the






FIG. 16.

The dorsal surface of a hand some months after section of the
ulnar nerve. It shows the wasting of the interossei, the typical

position of the digits, and the avea of anmsthesia.

Page 86.
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terminal phalanges, but also the proximal ones; another instance
of the fact that the atrophied museles do not cause any deformity
by their contraction when this is in any way opposed. The first
phalanges of the index and middle fingers are never so much
extended as those of the fourth and fifth, and I think this may be
accounted for by the fact that the lumbrical muscles attached to
these digits, not being paralysed, by their action supplement to a
considerable extent the loss of the interossei.

Another set of museles. whose main action is to flex the
proximal phalanx of the fifth finger, is also paralysed—namely, the
muscles of the ball of the little finger; but in proportion to the
amount of its flexor muscles, this finger is supplied by a special
extensor, so that, after ulnar paralysis, the metacarpo-phalangeal
joint of the fifth finger is more extended than that of any
other,

The flexion of the distal phalanges of the ring and little fingers
is to be partly acconnted for by the fact that the interossei and
lumbricales, which normally assist in extending them, are para-
lysed. But as the digits have in addition their own common
extensor in a healthy state, it is evident that they are yet
provided with a muscle which ought to be capable of extending
them., The reason why extension is difficult or impossible must
then be sought for in some mechanical condition resulting from
the nerve section. and this is found in the hyvper-extended state of
the first phalanges of the affected digits. For a liftle observation
of the movement of the fingers in a normal hand will readily con-
vinee any one that it is a physical impossibility to hyper-extend
the first phalanx, and to extend the two last phalanges simul-
taneously. The flexion of the fingers is therefore secondary to
the hyper-extension which results from the paralysis of the lum-
bricales and interossei attached to them.

Loss of Sensation after Division of the Ulnar
Nerve.—The parts in which sensation is affected by the division
of the ulnar nerve comprise the little finger, back and front,
and both anterior and posterior surfaces of the ulnar half of
the ring. also a corresponding portion of the dorsum and palm
extending upwards to just above the level of the wrist-joint. This
arvea is generally sharply defined, and does not gradually fade into
the surrounding healthy skin,

[n several cases I have examined, the loss of all sensation of
touch, pain. and temperature was absolute in, at any rate, some
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portion of this area; and I ecannot agree with Létiévant in his
statement that all sensation is never lost entirely, for 1 have
found the most careful examination fail to elicit the slightest
expression of sensitiveness. Henee we must conclude that the
deductions drawn by Arloing and Tripier, as a result of their
experiments on dogs, does not hold good in mankind ; for these
observers state that so long as any one of the nerves going to any
toe remains undivided, a certain amount of sensation remains in
all parts of the digit. In man this is certainly not the case.

But in some cases, undoubtedly. a * supplementary sensation ~
is established, and appears to improve with unse. It is, however,
very rarely so nearly complete as to lead to the belief that
union, or partial union, of the divided nerve has resulted. This
is not at all surprising in the case of the ring-finger, where the
close union between the ulnar and median nerves would rather
lead one to expeet more sensation in the ulnar half of the ring
than is generally to be found.

The amount of the anmsthesia present varies in different parts
of the anmsthetic area. 1 have found the little finger itself the
most insensible to all stimuli ; then the skin covering the head of
the fifth metacarpal bone, and in the rest of the area an anses-
thesia not so complete, Létiévant considers the nlnar edge of the
palm the most insensitive spot.

Trophic Lesions.— In addition to the foregoing symptoms,
many and various trophic lesions may be present in the parts sup-
plied by the divided ulnar nerve. It is unnecessary to re-deseribe
them at length; but I would just point out that these troubles
oceur more often in the hand than elsewhere. and that those
which may be specially looked for ave ** glossy skin ;7 loss of hair;
brittle, cracked, rideed. and curved nails; and coldness of the
anwesthetic area.

The following cases are good examples of the results of the
division of the ulnar, whilst some. in addition, have speeial points
of interest of their own :—

E. W., aged thirty-three, blind-maker, was admitted to St.
Bartholomew's Hospital on June 14, 1881. He had fallen through
a skylight. and received a severe wound in the middle of the fore-
arm. Some of the superficial flexors were divided. and also the
ulnar nerve. The nerve-ends were united by eatgut sutures.

June 17th.—Slight return of sensation,
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July 28th.—Return of sensation in ring-finger, but not at all in
the fifth.

I examined this patient on July 17, 1882, There is a large
depressed scar on the inner side of the upper forearm, not painful
or tender. Has no power of separating the fingers from each
other. Thumb movements rather limited in flexion and addue-
tion. Scarcely any power of movement in fifth finger, and but
little in the ring. The inner side of the forearm is wasted. and
the wrist slightly bent to the radial side and extended. The
appearance of the hand is typical of ulnar paralysis—thin, flat-
tened, and atrophied. The fifth finger 1s much flexed, the fourth
slightly so. Trophic: Paralysed parts feel distinetly cold. He
says that the inner part of the hand and the fourth and fifth fingers
never sweat. Nails normal. Hair on little finger short and
stumpy. Has had no blisters, ulcers, &e. Sensation: Much im-
paired on inner side of palmar surface of forearm. Iifth finger:
He can feel, but cannot localize tactile sensations over palmar
surface of first phalanx, but can loecalize them over second and
third phalanges. Much the same condition on dorsal surface.
Has no sense of pain, and very slight, if any, appreciation of
temperature.  Fourth finger : Can localize sensations in all parts,
and has very slight perception of pain and temperature. On the
ulnar side of the palm sensation to all stimuli is impaired. but
not altogether absent. He eannot distinguish the two points of a
compass as guch in any part of the ulnar distribution.

W. K.. aged fifty-three, stableman, admitted to St. Bartho-
lomew's Hospital, July 12. 1879. He had fallen on a basin, and
inflicted a severe wound on the forearm. at the inner side about the
middle. The flexor carpi ulnaris, two tendons of the flexor sub-
limis digitorum, and the ulnar artery and nerve were divided.

On July 17, 1882. I examined the condition of his arm. The
sear was adherent to the deeper structures, and was not painful or
tender. The fourth and fiftth digits were slightly flexed, and the
distal joints anchylosed. The wrist was slightly tilted back, and
there was scarcely any power of forward or ulnar flexion. The
thumb, index, and middle fingers were freely movable, There
was extreme wasting of the ball of the little finger, which was
(quite flat, and of the interossei; also a marked hollow on the
radial side of the first metacarpal bone, The hand was very thin,
and the ball of the thumb slightly wasted. Trophie changes : A
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large scar was found on the ulnar edge of the hand. He said it
was due to frosthite. eighteen months after the original injury.
He had “blisters™ on the hand in winter, but not in summer.
Skin : Smooth, atrophied, and glossy. Fourth and fifth digits
slender and tapering. Hair: Short, stumpy, and brittle over the
first phalanx of the fifth finger. Nails normal. He says this
part of his hand never sweated in the hottest weather, and, it
being a warm day, I found the ulnar half of the hand drier and
colder than the rest. Sensation : Absolutely no sensation of touch.
heat, or temperature ; neither could he feel moderately firm fric-
tion on the fifth finger. Fourth finger: Slight tactile sensation
at the tip of the ulnar half, but he could not tell what part of
the hand was being touched. No sensation of pain or tempe-
rature whatever. The inner side of the palm was quite anwsthetic,
especially over the large scar of the frostbite. His hand was
altogether very useless; the only thing he conld do to earn his
living was to work a mangle,

A consideration of these cases leaves no doubt that division of
the ulnar results in a very serious loss of power and usefulness in
the hand, and that such an aceident should be looked upon as one
of considerable gravity to a patient in almost any class of life.

Symptoms of Division of the Median Nerve.—The
median nerve is divided very nearly as frequently as is the ulnar.
The most common seat of injury is immediately above the wrist-
joint, where the nerve is somewhat superficial. This nerve may
in addition be wounded in almost any part of the rest of its course,
most frequently immediately above the elbow.

The muscles paralysed will depend upon the seat of section. If
high up in the upper arm, all the flexors and pronators arising
from the condyles of the humerus and the bones of the forearm
will be affected, with the exception of the flexor carpi ulnaris and
one-half of the flexor profundus digitornm. The museles of the
ball of the thumb, except the abductor and one-half of the flexor
brevis pollicis, will be likewise paralysed, also the two outer
lumbricales.

As a result of this loss of power, tlexion, pronation and supina-
tion of the forearm are weakened, but are not entirely absent.

A certain amount of flexion at the wrist is rendered possible by
the immunity of the flexor carpi ulnaris. Pronation is very feeble,
and is only accomplished by allowing the weight of the hand to
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EIG. 1.

The palmar surface of a hand some months after section of the
median nerve. It shows the wasting of the thenar museles and
the area of anmsthesia. The darkness of the shading indicates the

amount of the anwesthesia.
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rotate the arm back to its former position after supination has
been accomplished by the biceps and the special supinators.

On account of the paralysis of the flexor longus pollicis, the
terminal phalanx of the thumb cannot be flexed. Such is not the
case with the proximal phalanx, which is bent and adducted by the
muscles supplied by the ulnar nerve. But as regards the move-
ments of the thumb, the most important loss of power, and that
which is most typical of section of the median, is due to paralysis
of the opponens pollicis. In all cases of accidents to the median
nerve, the failure which follows the most strenuous efforts of the
patient to abduct or oppose the thumb points at once to the seat
of the mischief, the only result of all attempts being a flexion and
adduction of the first phalanx, and a slight dragging on the
metacarpal bone.

The paralysis of the flexors of the index and middle fingers
results in a failure to flex the second and third phalanges. the first
phalanx being bent by the unimpaired interrossei. Flexion of the
fourth and fifth digits is weakened on account of paralysis of the
flexor sublimis digitorum,

The grasp of the hand is enfeebled, more especially in the radial
half, and the patient cannot hold any small object between the
tips of the fingers and thumb.

OFf course, in cases where the section occurs at the level of the
wrist many of the above-mentioned muscles escape, and flexion
of the phalanges of the digits and thumb remains possible, though
the typical failure to oppose the thumb yet remains,

The deformity resulting in cases where the nerve lesion is of
some standing is very typical. The forearm is greatly atrophied,
but such healthy muscles as exist on the ulnar half stand out in
strong relief. The wrist is bent towards the ulnar side, and is
frequently hyper-extended, though not to any great extent. The
rounded prominence formed by the ball of the thumb has dis-
appeared, and the metacarpal bone, especially the head, is bare
and prominent, In some cases the thumb is drawn backwards by
its extensors, and rotated out a little, so that its palmar surface
presents more than is natural; this. however, does not always
oceur,

In most cases the fingers remain fairly straight, and are not
bent into the palm, as in the case of division of the ulnar; this is
due to the extensors preventing any tendency to displacement by
the atrophy of the long flexors. Occasionally, however, when the
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hand has been long kept av rest, and the fingers congequently have
remained in a state of flexion, the atrophy of the flexors fixes the
digits in their abnormal position, and subsequent efforts at exten-
sion do not avail to remove the deformity.

Loss of Sensation after Division of the Median
Nerve.—The parts in which sensation is either diminished or
lost after division of the median are the palmar surfaces of the
thumb, index and middle fingers, and the radial half of the ring, also
the radial half of the palm, excepting a small portion of the ball of
the thumb, which is supplied by the external cutaneous nerve. On
the back of the fingers also there is loss of sensory power, and those
anatomical descriptions which ascribe to the radial nerve the power
to convey sensations from the entire dorsal surface of three and a
halt digits are disproved by clinical evidence.

There can be no doubt whatever that after section of the median
nerve there is loss of sensation over the dorsal surfaces of both the
second and third phalanges of the index, middle, and half the ring
finger, also over the same surface of the tip of the last phalanx of
the thumb, around the nails ; sometimes, in addition, the sensation
is also distinetly impaired over the back of the first phalanges of
index and middle. I have said there can be no doubt on this
point, and on this T wounld rather insist, for the same observation
has been made by the most caretul investigators. Hutchinson has
pointed out this fact in the cases already referred to, published
by him in the ZLondon Hospital Reports, many years ago, and
Létidvant has demonstrated and illustrated the same. In all the
cases | have investigated, without a single exception, there has
been loss of sensation over the dorsal surface as above deseribed,
and a failure to recognize the real nerve-supply of the digits not
only tends to keep alive erroneous doctrines, but may also lead to
mistakes in diagnosis and treatment.

As in the case of ulnar paralysis, the amount of loss of sensation
differs in different parts of the anwsthetic area. 1 have found it
greatest at the tips of the index and middle fingers, both back
and front, next along the palmar surface of the same, and on
the backs of the second phalanges, and least along the face of
the thumb and palm ; this, of course, is liable to variation. The
extent to which supplementary sensation may be present also
varies, in some cases it is very marked, in others it is entirely
absent ; the remarks I have made relating to this subject, in treat-
ing of ulnar paralysis, holds good for cases of median division.
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The following cases tend to illustrate most of the above
points :

W. S., aged thirty-two, was admitted into St. Bartholomew’s
Hospital on August 3, 1870. He had thrust his hand through a
window, and had divided his ulnar artery and median nerve on the
front of the forearm, as well as some of the flexor tendons, Nearly
twelve vears after the accident I examined his hand, and found
its condition to be as follows : Scar about two inches above the wrist,
closely adherent to the deeper structures ; pressure over the course
of the median nerve at this spot causes shooting pains in the index
and middle fingers He can flex the wrist, but not forcibly. Has
good flexion of the first phalanges of all the fingers, but none at
all of the second and third phalanges of the index and middle.
The joints of these latter phalanges are very stiff, partially anchy-
logsed, and admit of but slicht movement even on the application
of considerable force. He can flex and abduct the thumb well,
but has no power of opposition, and cannot pick up a pin. The
power of grasp is very weak. The radial side of the hand is
considerably thinned, and the ball of the thumb much flattened,
the fingers are straight and show no tendency to become
flexed into the palm. Trophic: Index and middle fingers very
much colder than rest of hand, thumb in similar condition,
but loss of temperature not so great. Skin over back and front
of the two last phalanges of the index and middle fingers red,
glazed, and tightly stretched, so that it cannot be pinched up.
A similar condition, though less marked, prevails over the first
phalanges of the same fingers, especially on their palmar sur-
face, but iz also noticeable on the dorsum as well, These
fingers are thin and tapering. Radial side of ring-finger similarly
affected. Nails normal, says they grow as fast on this hand as
the other. Hair entirely absent from back of first and second
phalanges of index and middle, also from first phalanx of thumb.
Secretion : Is quite sure that the index and middle fingers never
perspire ; at the present time they are dry, while the rest of the
hand is moist. I[n winter and in wet weather, but not at other
times, he suffers much pain in the index and middle fingers.
Sensation : He can localize tactile sensations over the two last
phalanges of the index and middle fingers, back and front. Sen-
sation is, however, much impaired, and he cannot tell what sort of
a body it is that touches him, neither can he distinguish the two
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points of a compass even when separated the whole breadth of the
finger. On the palmar surface of the first phalanges of the same
fingers sensation is but little better, but is improved over the back
of the same, so that it is very doubiful if he ever recognized the
two points of a compass as such. Tactile sensation much impaired
over all palmar surfaces of thumb and back of third phalanx;
he can, however, localize fairly accurately. Radial side of ring but
little impaired. Sensation of temperature and pain : He has abso-
lutely no sense of temperature or pain in the parts just described,
and says he has often blistered his fingers carrying hot plates,
without being aware of it. One exception to this statement must
be made for the radial side of the palm, where a prick causes
slight pain, and is recognized as such, and also for the palmar
surface of the first phalanx of the thumb. The patient, who is a
very intelligent man, is quite sure that his hand has improved
within the last five years, and that before this time he had no
sensation at all in either the index or middle ; he thinks it is still

improving.

There can, I think, be but little doubt that in this patient the
nerve ends were not united, and that the little feeling he possessed
was dune to the gradual development of “supplementary sensa-
tion ' ; his statement to the effect that sensation had considerably
improved in the last five years, was very interesting in regard to
this point.

The muscles supplied by the divided nerves remained absolutely
paralysed, and were quite atrophied, there was no sign of any
regeneration of the motor nerves. The absence of all pain, com-
bined with the presence of glossy skin, during the space of twelve
years, I have already alluded to, with reference to Mitchell’s state-
ment that glossy skin was always combined with pain, and was
not a permanent condition. The state of the hair and seeretion of
sweat is also worthy of notice.

One of the most peculiar ecirenmstances in connection with
injury of the median nerve is that not only may the nails of the
index, middle and thumb show the trophic changes already
deseribed, but those of the little and ring fingers also are fre-
quently similarly affected.

It is extremely difficult to account for such a state of things. It
is certain that no branch of the median is distributed to the little
finger, and the only suggestion I can offer is that the alteration in
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the nail of this digit is of a reflex nature. 'With regard to the ring-
finger, an explanation is more easy, for not only is it supplied in
part by the median nerve, but in section of this nerve it will be
found that almost all the tip of the finger is anwsthetic. I think
that the ulnar nerve supplies but little of the pulp and matrix of
the nail in the ring-finger.

The following cases may be quoted in support of the above-
mentioned peculiarity :—

f}i.r'j'rfl'r_ifﬁ.rlri e T.r'r.liu.f.r;a- (.'f;rt.ulf;r.w tiv the Ihstribution ;:-f the Medion
Nevee uﬁ:”ru!'flilﬂ L fa{ﬁrf.i'.r!.ii'trffr'rm. uf e firrrﬁr.l'l! .ﬁu' tofvieh
[neisions avere  practised. — Anehylosts of the Joints of the
Fingers.— Lroplie Changes in all the Neils.

T. C., aged fifty-two, was admitted into St. Bartholomew’s Hos-
pital, October 29, 1884. Seven months previously he had an attack
of cellulitis in the hand and forearm, for which numerous inecisions
had been made. Since that time the hand had been stiff and
crippled, and the thumb, index and middle fingers had been
numb. Present condition: Index and middle fingers blue and
cold. All the nails, including those of the ring and little fingers,
striated, ridged, and furrowed. These nails are new ones, all the
others came off six to ten months ago. The parts innervated by
the median are partly anwesthetic. The muscles and skin supplied
by the ulnar nerve are quite natural. Electrical examination : No
reaction of any of the muscles supplied by the median nerve,
those supplied by the ulnar are normal. All the finger-joints are
stiff, and the fingers are flexed into the palm of the hand.

October 6, 1885.—The hand is worse : the skin of the thumb,
index, and middle fingers is blue and cold, and completely
angesthetic. The muscles supplied by the median nerve in the
hand are paralysed and wasted. The nails are natural.

R. C., aged seventeen, divided his median nerve on May 17,
1882. The nerve ends were sutured on October 31, at which
time the nails of all the fingers, including the little finger and
the ring were curved, ridged and furrowed, brittle and fibrous.
The thumb-nail was short and stumpy, the old nail having been
shed a month previously.

On April 17, 1883, the nerve had to a great extent united,
and the nails were in a natural condition,
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H. J., aged fifteen, divided his median nerve above the wrist-
joint on December 24, 1884 ; the cut ends were sutured.

July 9, 1885.—The nails of all the fingers, including the ring
and little fingers, are coming off, and the new nails are three-parts
agrown. There is a sharply marked line separating the old nail
from the new. The old nails are ridged, fibrous, curved and hrittle.

Symptoms of Division of the Radial Nerve.—The
radial nerve is not divided nearly as frequently as ave the others
which, with it, supply the hand. Neither is its section followed
by such serious consequences as ensue on division of the median
and ulnar, for, as it merely acts as a centripetal nerve, the paralysis
and deformity so characteristic of section of these trunks is absent.

The following case supplies further proof. if this indeed is
necessary, that the median innervates the skin over the dorsal
surfaces of the second and third phalanges of the index and middle
finoers :—

J. I.. admitted into St. Bartholomew’s Hospital, on April 3,
1875. He has a deep wound over the back of the right wrist,
dividing some of the extensor tendons and the branches of the
racdial nerve which supply the index and middle fingers,

June 3rd.—Sensation i1s completely lost over a small area,
including the back of the first and second metacarpal bones, and
of the thumb but not on the dorsal surfaces of the fingers.

Symptoms of Injury to the Musculo-spiral Nerve.—
This nerve may be injured either by open wounds or by fracture
of the humerns. The suscles paralysed in such an injury com-
prise all the extensors of the forearm and wrist. as well as the
supinators. The patient is thus unable to extend the elbow, the
hand hangs in a position of flexion, the wrist drops, and the
fingers are flexed at their distal joints. Extension of the latter is,
however, possible when the proximal phalanges are flexed. This
is due to the action of the interossel and lnmbricales, whose office
it is to flex the metacarpo-phalangeal joints, and extend those of
the last two phalanges.

Supination is not entirely absent, for the biceps musele, whose
innervation is vet intact, is able to rotate the forearm outwards as
well as to flex it ; the movement, however, is of course much weaker
than ig natuoral.

The deformity that subsequently results in cases where the
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division of the musculo-spiral is of some standing, consists of
extreme atrophy of the extensor museles, with permanent flexion
of the wrist and fingers, due to the unbalanced action of the flexor
museles. The atrophied muscles do not cause hyper-extension as
would be the case if their contraction was of an active character.

Loss of Sensation after Division of the Musculo-
spiral.—If the nerve has been divided above the origin of its
cutaneous branches, there will be loss of sensation over the outer
part of the arm in about one-fourth of its circumference, extend-
ing from the insertion of the deltoid to the external condyle. On
the forearm, the radial side of the dorsum in the upper two-
thirds is ansesthetie, whilst in the lower third the area of
angesthesia 1s much more limited, and includes a narrow portion of
skin in a line with the metacarpal bones of the thumb and index
finger. On the hand, the dorsal surface of all the thumb is
angesthetic, but oceasionally there is slight preservation of sensation
around the nail ; the skin covering the dorsal surface of the meta-
carpal bones of the thumb, index and middle fingers, as well as
the lower parts of the first phalanges of the same fingers, is in a
similar condition.

Simultaneous Injury of several Nerves of the Upper
Extremity.—It iz by no means uncommon for two of the nerves
of the forearm to be divided by one and the same acecident, those
most commonly implicated being the median and ulnar. Several
such cases have been deseribed by Hutchinson, in the Zondon
Hospitel Reports already referred to. The symptoms special to
such accidents need not be deseribed in detail, for they may be
easily deduced from a consideration of those due to section of the
same nerves separately. The following case is fairly typical.

John G., aged fourteen, was admitted into St. Bartholomew's
Hospital, on November g, 1881. He had sustained a very
severe wound from a cireular saw, which had divided the whole
of the structures lying across the front of the wrist, including
the ulnar and median nerves, the wrist-joint was opened, and
the ulna cut nearly in two. The nerve ends were sutured together
with catgut, and the wound healed slowly; there was, however,
no return of motion or sensation.

On August 19, 1882, I examined the hand and found it in
the following state :—Deep scar about one inch and a half above
the wrist, adherent to the ulna, and not painful or tender. Wrist-

L



08 INJURIES OF NERVES,

joint anchylosed; can scarcely move the fingers in the least,
thumb very slightly movable. The hand is very flat and thin,
all the muscles supplied by the ulnar nerve are extremely
wasted. as are also to a less extent those forming the ball of the
thumb. The metacarpo-phalangeal joints are hyper-extended,
and those of the two distal phalanges much flexed, so that the
hand possesses the typical claw shape; it is quite impossible to
straighten the fingers; the thumb is not contracted. Trophic
changes: Skin over front of palm smooth and glazed, also on
the palmar surface of the fingers, though this is not universal.
The backs of the little and ring fingers are smooth and shining, but
rather pale in colour. Towards the tips of the dorsal surfaces of
the index and middle, the skin is slightly glazed, but over the first
phalanges is normal, as well as on the back of the hand. There
is scarcely any hair on the dorsum of the first phalanx of the
thumb, and none at all in the same situation on the other
digits ; the orifices of the hair follicles may be seen as small
black dots : the other hand is hairy in the above sitnations. The
nails of the fingers are very striking, being short, stumpy and
broken, exceedingly arched, both longitudinally and transversely,
with transverse furrows and ridges running across them, the
latter being marked with a delicate longitudinal striation, giving
them a * toothed” appearance. Kight months ago the nail of
the little finger came off without -any previous pain, and the
new mnail is very small and ill-formed. The thumb nail is
normal ; he says they all grow as quickly as do those on the other
hand. (I have already referred to this case in deseribing trophic
changes in nails.) He thinks one hand sweafs as much as the
other, NSensation: Very imperfect over the whole palm ; he can
with difficulty localize sensations, but cannot distingunish the two
points of a compass, even one inch apart. No sense of pain or tem-
perature, The palmar surfaces of the thumb, index and middle
fingers are in a similar condition, the ring-finger is very insen-
sitive, and the little one quite anwmsthetic. On the back of the
index and middle fingers he can localize with difficulty at the tips,
but has no other sensation. Over the middle phalanges he can
distinguish two points a quarter of an inch apart ; sensation over
the first phalanx is normal. The dorsal surfaces of the fourth and
fifth digits are in the same state as the palmar, The dorsal sur-
face of the thumb is nearly normal. there being but slight
impairment of sensation at the tip.
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October 1gth.—No material change. The trophic changes in
the hair over the back of the first phalanges, and the changes
in the nails, combined with loss of sensation over the dorsal sur-
faces of the index and middle fingers, afford very strong evidence
of the influence exercised by the median nerve over both the
sensory and trophic functions of the skin and cutaneous appen-
dages on the backs of these digits. (The further progress of this
case will be found in the chapter on Treatment.)

In considering the symptoms which follow section of any of
the nerve-trunks of the upper extremity, it is most important
to remember that some of them may be due to wounds inflicted
on the neighbouring tendons. From their very situation it is
very diflicult to divide the median or ulnar nerves, and at the
same time avoid wounding the contignous structures. so that the
subsequent loss of motion and deformity is often caused by section
of some of the many tendons. It is frequently most difficult to
separate the symptoms of the nerve-injury from those caused by
such other damage, and much care is requisite before arriving at
any definite conclusions on this point.

Rupture of the Brachial Plexus.—In addition to section
of one or several nerve-trunks, it oceasionally happens that either
all or some of the nerves forming the brachial plexus may be torn
across, This aceident most commonly occurs in cases of disloca-
tion or severe wrenches of the shoulder.

Both Hutchinson * and Mitchell Banks have. however, recorded
instances of this injury following a fall on the shoulder, without
lnxation or fracture ; while Paget records three cases.t in two of
which there was a history of a direct blow on the shoulder, and in
the other the arm of a child had been violently wrenched. I shall
venture to give these cases in detail, and will briefly refer to the
others,

In the case by Hutchinson, the patient came under notice four
months after the accident; he was a young sailor, and had fallen
heavily upon his shoulder on to the deck.

“The condition of the arm when the man came to me was such
as to suggest the diagnosis of rupture of the four lower roots of the
brachial plexus. With the exception of the triceps, brachialis

* Path. Soe. Trans., vol, xxxi, p. 27.
+ Med. Times and Gasz., March 1862,
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anticus and coraco-brachialis, the muscles of the upper extremity
were wholly paralysed. The deltoid was also quite paralysed, as
also the latissimus dorsi, and the lower part of the great pectoral,
whilst the upper part of the latter and the rotators of the hu-
merus arising from the scapula had escaped, the forearm and hand
being helpless, but the elbow could be flexed aud the forearm
supinated. There was no sensation below the elbow, and it was
very defective over most of the upper arm and deltoid region.”
The muscles were wasted. the hand eold, and there were no lesions
of nutrition. The pupil of the eye on the injured side remained
contracted nnder circumstances which caused its fellow to dilate,
the eyeball was slightly retracted and appeared small, while the
palpebral fissure was distinctly narrowed.

Another case is recorded by the same author in vol. i. of his
Illustrations of Clinical Swrgery. The patient was a man aged
forty-two, who five months previously had fallen very heavily on
his shoulder (left side). The arm and forearm were much wasted,
and entirely powerless, as were also the pectoral muscles, the
latissimus dorsi, the rhomboidel, and the supra and infra spinatus ;
the trapezius and levator anguli scapulie acted well. Sensation :
None in forearm, or on the outer, anterior, and posterior sur-
faces of the upper arm; in the axilla and part of inner side
of arm it was normal. The front of the shoulder and outer
half of the supra-spinous fossa were insensitive, while the back
of the same joint and the space between the spine, the scapula
and the vertebree, maintained their natural sensibility. The
whole limb was eold and the skin thickened by cedema, the ear
also felt less hot than its fellow, the sight of the eye was impaired,
and the pupil did not dilate to the same extent as that on the
opposite side. After six years the patient could fex the elbow by
means of the biceps, and had sensation over the first and second
metacarpal bones.

Myr. Banks’s patient® was a sailor, aged thirty, who fell on
his shoulder down the hatchway, about a couple of months before
coming under notice. There was * complete loss of sensation in
the hand and back of the forearm, and in the upper arm. Com-
plete loss of motion from the shoulder downwards. Wasting
of muscles of shoulder and upper arm. No pulse in the

# Trans, of Int, Med, Congress, 1881, vol. ii. p. 443
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radial, ulnar, brachial or axillary arteries.” The deltoid alone
reacted to faradism, and the great pectoral very slightly. An
exploratory operation revealed that *the plexus had been torn
away bodily from the spinal column, and had been dragged
downwards below the clavicle,” with the exception of one small
cord which appeared to supply the deltoid and pectoralis major.
The axillary artery had been injured, and was found obliterated.
No mention is made of the state of the eve,

In a case which I have recently seen, paralysis of motion and
sensation in the entire upper extremity resulted from a severe blow
on the shoulder by the buffer of an engine, which, in addition,
fractured the upper extremity of the humerus and the clavicle,
The patient said that all feeling and motion had gone from the
arm when he was aroused from the state of insensibility caused by
the accident, and six months later, when he came under notice,
there was considerable atrophy of all the muscles of the forearm
and arm, as well as those of the scapular region ; there were no
sions referable to injury of the sympathetic, and the pupils were
normal and equal. None of the affected muscles reacted to
faradism. Under the impression that the axillary nerves might
have been torn, they were freely exposed in the axilla, but were
found to be intact.

Le Bret* records a very typical case of rupture of the brachial
plexus in a young soldier, aged twenty-two. The humerus had
been dislocated twenty-fonr hours, when reduction was effected by
means of pulleys, and was followed by immediate paralysis, with a
sensge of sudden laceration of something in the clavieular region,
Five months later, Le Bret found loss of sensation from the
shoulder to the finger-tips, with complete paralysis of the whole
upper extremity, a portion of the neck on the same side was
angesthetie; the arm was cold, and the musecles atrophied. There
was slight movement in the scapular muscles. The iris did not
dilate so widely as that of the opposite side, and sight was
impaired.

Four cases of similar symptoms, following on reduction of dis-
locations of the humerus are recorded by Flaubert.t

* Mem. de la Soc. de Plysiolagie de Pariz, 1853, p. 119.
t Rep. Gen. d dnatomie et de Plysiologie Patlologique, 1827, p. 55.
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i. A woman, aged fifty-four, had dislocated her shoulder three
weeks previously. Reduetion was effected by extension, and was
immediately followed by hemiplegia, the leg as well as the arm
being paralysed. The eye of the same side was at first slightly
cloged, but subsequently became normal. The forearm rapidly
wasted, was cold., numb, and tingling, all movements in it were
much weakened, and sensaticn was abolished in the fourth and
fifth digits, but not elsewhere. The leg recovered in three

maonths,

ii. A woman, aged sixty-six, had dislocated her shoulder five
weeks previously,  Reduetion was effected on December 8th, and
immediate paralysis resulted ; the patient became insensible, and
suffered from severe headache. On the 11th it was noted that
the pupil was more contracted than its fellow, and did not act to
light. The amount of sensation in the limb appears to have heen
doubtful.

On December 26th the patient died, and at the post-mortem
examination the following condition was found: The four last
nerves of the brachial plexus had been torn away from their
attachments to the spinal cord, and were found * bound together
at the level of the axilla by fibrous tissue;” the ganglia on the
posterior roots were attached to the torn nerves.

iii. A woman, aged sixty-five, had dislocated her shoulder
twenty-seven days before coming under notice. Reduetion was
followed by immediate loss of sensation and motion ; no mention
is made of the condition of the eye.

iv. A man, aged fifty. Dislocation fifteen days previously.
Similar symptoms,

Desgault * records two similar cases, though not apparently of so
great severity.,

The following is the description given by Paget of the cases
under his eare ;—

“In the first the patient was a man, aged twenty-three, who
had met with an accident ]1}' falling ont of a cart five weeks
before he came under notice. He was stunned and remained
insensible for fifteen or sixteen hours. When he recovered he

* (Fuvres Comp., vol. i. p. 335.
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found the arm completely useless, and in spite of galvanism,
friction, and rest, it rapidly wasted. He looks well, and feels
in perfect health. His left arm hangs heavily in his other
hand ; he has absolutely no power in it, and can only lift his
shoulder. On his thumb and forefinger ave two sluggish
uleers, the result of his holding his hands closely to a fire
without feeling it too hot. The upper arm is very flabby
and wasted. the forearm the same, though in a less marked
degree ; it feels slightly warmer than its fellow. He has no sense
of temperature. and does not know whether his finger is dipped
into hot or cold water. The limb is rather duskier than the
opposite arm, but there is no sensible difference in the pulse on
either side. Sensation is better in the upper and inner part of
the upper arm than in any other portion of the limb, perhaps
from the intercosto-humeral nerves being unaffected, but there
15 also some sensibility in the outer part of the upper arm,
The left pupil is smaller than the right, but both act equally
well, and there is no defect of sight in either eye. The con-
dition of this man’s arm must be aseribed, I believe, to some
injury of the brachial nerves. probably, though it is not evident
how it happened. to an injury of the brachial plexus at the base
of the neck or in the axilla. Such coneussion as he suffered
is not at all likely to have cansed complete paralysis of one arm
without any other symptoms of injury to the brain or spinal
marrow ; and the character of the paralysis, its completeness, the
coldness of the limb, its wasting, and the occasional severe pain,
and the sloughing of the skin after moderate heating, are just like
the consequences of division, or great damage of the nerve-
trunks.

“ Nearly all these things have been observed in two other cases I
have seen.  In one of them (a little girl about seven years old), a
ladder fell on the back of the left shoulder, and then broke herleg.
The exact manner of its fall was not known, but the integuments
over the scapula and by the side of the neck were scarcely bruised.
She was stunned and unconscious for less than ten minutes,
and then perfectly recovered her senses. As soon as she had
recovered from the shock, she called out * Where's my arm ?’ and
from that moment to the time at which I first saw her (about four
months after the accident) there had been perfect insensibility of
the arm, It had been for a time painful subjectively, and there
were some kinds of contact which distressed her, but she could
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feel no common touch, no heat or cold. and had only morbid
sensations either spontaneounsly or from some irritation. There
had been algo total loss of motion in the arm till within a month
before I saw her, when the pectoral and posterior scapular museles
had regained slight power. Every part of the arm had greatly
wasted, and it was habitually cold, with slight swelling and con-
gestion of the hand,

“ Some vears ago, I was consulted about a little boy, nine or ten
years old, whose left arm, when he was an infant, was violently
pulled by a little brother, and from that period for a long time
appeared powerless.  But he had gradually gained some use of it,
and when I saw him ecould move it in any way, and was fond of
climbing with it. It was, however, comparatively very weak, and
was small like one extremely emaciated. It was not short, but
altogether not more than two-thirds the size of the other.

“The inequality of the pupils is well marked in the man now
in Darker Ward. The pupil on the injured side is always smaller
than the other, but they both act equally well, and there is no
defective sight. The same condition has existed ever since the
injury in the young lady whose case I related next after his.
Her right pupil corvesponding with the paralysed right arm. is
always smaller than the left, and there is a very slight appear-
ance, which is said to be increased when she is not in perfect
health, as if the right eyve was a little smaller, or less open than
the left.”

The next case is one recorded by Dr. Ross,
jfn,-'u-:, —-_L’,r.rjjf e ”jl f_}’;'{ﬁ‘}l g'.r'l'f .?'lf-l".i_'.i'-'.ﬂ,

The patient was a young man, aged nineteen, whose left arm
had been caught nine months previously by the strap of a re-
volving wheel.  He was lifted from the ground by the entangled
arm, and wag stunned.  On recovering consciousness it was found
that his left arm was completely paralysed. Nine months after
the accident it was found that all the muscles of the hand, fore-
arm and arm., as well as the sternal portion of the pectoralis major,
were completely paralysed and atrophied.  The clavieular portion
of the pectoralis major, the pectoralis minor, the external and
internal rotators of the humerns and the latissimus dorsi, were
sparcd, while the serratus magnus on the left side was enfeebled
but not paralysed. The skin of the inner, of the upper two-
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thirds, of the anterior, of the whole of the outer, and of the whole
of the posterior surfaces of the arm was nearly as sensitive on the
left as on the right side, and the sensitive area extended pos-
teriorly to one and a half inches below the elbow, and there was
complete anesthesia of every form of cutaneous sensibility below
the specified areas. Sensibility was supplied to the inner surface
of the arm most probably by the intercosto-humeral nerve, and to
the remaining sensitive areas of the arm by the cervieal plexuses
and the communicating branch from the fourth nerve to the
brachial plexus. The patient also manifested, on the left side,
comparative contraction of the pupil, diminished palpebral aper-
ture, flattening of the cornea. diminution of the intra-ocular
pressure, and, five months after the injury, a shght relative
increase of temperature in the left external anditory meatus.®

The following case. by Leflaire, is another example of a similar
injury :—

Leflaivet—Ruptire of Brachinl Plevis,

A man, aged thirty. was struck on his left shoulder by a large
piece of wood. which fell from a height with such force that it
threw him on the ground in an unconscious condition. In addi-
tion to a fracture of the ribs, with laceration of the lung and
a scalp wound, the patient had complete paralysis of the left
arm, with absolute angesthesia. exeept in the region supplied by
the intercosto-humeral nerve. The left pupil was contracted and
fixed. KEight days after the accident the biceps alone eontracted
——and then feebly—to the interrupted current. The musecles of
the forearm no longer contracted. Ilour months later there was
no improvement : the pupil remained eontracted, and trophie
changes commenced in the hand.

A case exactly similar to the preceding was recently shown af
the Clinical Society by Mr. Charters Symonds. The patient, a
young and healthy man. had met with a severe injury at sea, and
from that time the arm had remained paralysed completely. As
the limb was a perfectly useless appendage, amputation was per-
formed.

I have seen another case at St. Thomas’s Hospital, under Dr,

* British Medical Journal, May 5, 15883, p. 868.
+ L’'Union Med., 1884, vol. xxxviil. p. 307.
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Hadden, and in it also the conditions described above were well
marked, as well as in a case recorded by Mr. Morrison.®

There can be little doubt that in all these cases a nearly
identical lesion was present, for in all the symptoms were re-
markably similar, and in two of them a post-mortem examination
showed that the nerves had been torn from their attachments to
the spinal cord. I have said that it is probable that a wearly iden-
tical lesion was present, for it seems very likely that in some the
cords were themselves stretched or torn, and not wrenched from
their insertion into the cord. There would result a corresponding
difference in symptoms, which may be explained as follows:—In
many cases an abnormal condition of the eve was noticed, and, as
will presently be shown, this eondition is similar to that which
results from injury to the sympathetic trunk in the neck. DBut
this trunk receives its branches from the cilio-spinal eentre in the
cord through the communications with the anterior roots of the
spinal nerves, so that when these are torn from the cord itself the
connection between the eye and cilio-spinal centre is broken, and
the above detailed symptoms ensune.  This would not be the case
when the nerve-trunks themselves were torn, and thus the exact
seat of the injury may be further localized. In one of Mr. Hutchin-
son's cases it is noted that the ear on the affected side was the
colder of the two. This also was probably due to lesion of the
sympathetic.

The case by Flaubert, in which the leg also was paralysed.
differs in this respect from all the others. I should suppose that
this was probably due to a coincident lesion of the spinal cord.

Symptoms of Division of the Sciatic Nerve.—The
nerves of the lower extremity are by no means so frequently
injured as those of the arm, partly because the leg is not exposed
to that class of injuries already described, by which the nerve
trunks of the upper extremity are most frequently damaged, and
partly because they are on the whole deeper beneath the surface.

I have described in another chapter how the nerves of the leg
may be damaged in fractures, and will now only briefly allude to
the symptoms of injury of the sciatic trunk in the thigh.

In most cases of this injury the nerve is divided below the origin
of its muscular branches to the hamstrings, and as the extensor
muscles of the thigh are supplied from a different source, the limb

* British Medical Jowrnal, 1887, vol. i. p. 1044.
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retains its mobility on the trunk. In the leg, however, the case is
different, and the ‘whole of the museles below the knee and of the
foot are paralysed. Nevertheless, in spite of this, the patient is
able to walk to a certain extent; he is in fact in much the same
condition as many children with infantile paralysis, who yet
manage to progress wonderfully well after the following manner.

The leg is extended upon the thigh and thrown forward with a
jerk by the action ot the quadrmeps extensor, while the thigh is
flexed on the trunk by the psoas and iliacus. The toes generally
come first to the ground, and then, as the weight of the body is
brought forward by propulsion due to the power of the healthy
limb, the heel is pressed downwards and the weight of the body
rests on the injured leg. In order that the patient should progress
with any security, it is necessary that this weight should be trans-
mitted through a line passing immediately down the long axis of
the limb, for the ankle and foot are liable to splay if any lateral
pressure is brought to bear; the knee therefore is kept steady by
the semi-tendinosus, gracilis, and sartorius on its inner side, and by
the quadriceps extensor in front.

The body is thus supported during the brief interval necessary
for the sound leg to swing past and reach the ground—an interval
which is shorter than natural, for the steps taken by the injured
limb are very short. The paralysed leg is then flexed at the knee
by the semi-membranosus and bieeps and again brought forward as
before, the foot generally hanging down and the toes dragging.
The whole movement is thus due to the unparalysed muscles of the
thigh, for, as Létiévant has well put it, the leg bears much the
same relation to the patient as does an artificial limb.

The loss of sensation does not appear to be nearly so great as
might have been expected. The only author who appears to have
investigated this subject with any accuracy is Létiévant,” and
according to him the foot and outer part of the leg are the only
absolutely ansesthetic parts. He points out that the long saphenous
nerve and the small seiatic supply a considerable portion of the
leg, and the rest of the sensation he attributes to the anastomoses
of the small sciatic with the ceutaneous branches of the paralysed
trunk.

For further information on this subject I would refer to the cases
described by this author, and to one by Paget in the Medical Times
and Gazette for March 26, 1864. In the latter the patient had

# (M, eit., . 147.
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been dragged by his feot caught in the stirrup three years before
coming under mnotice. “ Since that time he had had partial
paralysis of the right limb. lately rather increasing. He dragged
the limb after him, but it was little, if at all, wasted., and the
muscles of the thigh acted moderately well.”

Injuries of Nerves in the Neck.—Almost any of the
nerves in the neck may be injured, thongh some are more fre-
quently wounded than others. Wounds of the superficial cutaneous
branches present no symptoms of sufficent importance to merit
special attention.  The motor branches—namely, the descendens
noni and the spinal accessory—may also be divided either by acei-
dent, or, in the case of the latter, by the surgeon in cases of wry-
neck. I have no knowledge of any injury to the former nerve,
but various instances of the latter may be found recorded; the
symptoms are such as might be expected, and consist of paralysis
and atrophy of the supplied muscles,

Division of the phrenie is a very rave aceident, and is sapposed
to result in congestion of the base of the corresponding lung. on
account of paralysis of the diaphragm.

Injuries to the hypoglossal nerve are not of frequent ocenrrence.
They result in loss of power of that half of the tongue to which
the nerve is distributed, with protrusion to the injured side, a soft
flabby feel of the affected half with subsequent atrophy, and some
difficulty in deglutition and speech.

One such case is recorded by Mr. Hutchinson, as the result of a
stab in the neck.* Another is deseribed by Mitchell,t in which
the mjury was caunsed by a gunshot wound. I have myself seen
this nerve divided in a case of cut-throat in an elderly man with-
out any other very serious lesion accompanying it, but a month
later the paralvsed half of the tongue was flabby, and it was
protruded towards the paralysed side.

The following case by (fameron is of interest in connection with
this subject.

Crameron.—Stab in the | _.r'rﬂ': L_f,r which tHhe ';‘i:g.l‘ri.l" }f:w.r{}fﬂuxm'f
Nevve was dieided,

The patient was a woman who had been stabbed by her hus-
band. In addition to other wounds there was one situated a
little below the angle of the jaw on the right side, and, so far as

® Med. Times and Gaz., April 13, 1872, T Op. cit.
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the incision of the skin was concerned, seemed little more than a
harmless punecture. Irom the very first, however, it was noticed
that the patient’s utterance was slow and thick, like that of a
person intoxicated. A further examination showed that there was
a paralytic condition of the tongue, which could only be attributed
to a wound of the hypoglossal nerve. Three weeks later the
following note was made :—Tongue protruded very materially to
the right side, the deviation extending even to the tip. 'The
right side of the tongue has a flabby appearance, and assumes two
or three transverse wrinkles, due apparently to the flabby state
of the muscle. It can be moved in all directions, although im-
perfectly and with difficulty to the left. When protruded the tip
can be applied pretty well to the upper and lower lips, and it can
also be hollowed into a groove. The tactile sense is perfect, and
the sense of taste for sweet, acid, and bitter seemed almost perfect.
There was no paralysis of the soft palate. The patient seems to
have some difficulty in disposing of the saliva at the back of the
mouth. No deviation can be detected in the position of the hyoid
bone nor any special furring of the tongue. She died on April gth,
and the post-mortem examination showed a division of the right
hypoglossal nerve just internal to the bifurcation of the carotid
artery. The cut ends were retracted and the proximal end was
bulbous. On microscopic examination of the distal end of the
cut nerve it was found to be in a state of advanced fatty degene-
ration, and the muscles of that half of the tongue supplied by the
cut nerve were in a similar condition.”

Injury of the Sympathetic in the Neck.—The records
of cases of injury to this nerve are necessarily few, but the
symptoms which have been noticed are of much interest. Before
considering these symptoms, I shall briefly allude to the prineipal
facts deseribed in the few cases I have been able to consult.

Mitchell, Moorhouse, and Keenf deseribe the condition of
a young soldier, aged twenty-four, who was shot through the
neck in such a direction that the cervical sympathetic might well
have been wounded; the symptoms coincided with such as
Mitechell subsequently deseribes as characteristic of injury of this
trunk, and were yet present two years after the wound was
inflicted. Three months later it is noted—* He was able to

* Lancet, 1884, vol. i. p. 885.

1 Gunshot Injuries of Nerves, p. 30. (Also referred to by Mitchell, ap, e,
P. 315
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return to duty . . . . nearly all his peculiar symptoms having
disappeared.”

[n another case by Mitchell,* a captain was shot in the neck, but
in such a position as to lead the author to think that the sympa-
thetic could not have been injured, though the symptoms were
nevertheless characteristic of this lesion and existed two years
after the accident.,

Dr. William Ogle t details the history of a patient in whom,
after a deep-seated abscess in the neck, symptoms of injury to the
sympathetic supervened, presumably from implication of the trunk
in the process of suppuration.

Dr. J. F, Payne} gives a very minute account of the condition
of a child, in whom the cervical sympathetic was supposed to have
been injured during delivery ; the symptoms continued so long as
the child was under notice, it was then about two years of age.

Mr. Jonathan Hutchinson§ describes a case in which, after an
attempt to commit suicide by cutting her throat, a woman, aged
forty-two, developed all the symptoms of injury to the sympa-
thetie.

The most interesting case, however, because the most exact as to
the real injury, is one by Mr. T. I, Chavasse.|

The patient was a little girl, aged six years, and was suffering
from a tumour in the neck, on the right side. During the
operation undertaken for its removal, the pneumogastric and
sympathetic nerves were exposed and the latter was probably
injured ; for the author says, © posteriorly, it was necessary to
dissect away the trunk of the sympathetic nerve, as the tumour
rested on the transverse processes of the vertebree.” The author
believes that only some of the branches, and not the entire nerve-
trunk, were divided.

The symptoms observed were nearly identical in all these cases,
the differences being so slicht as not to necessitate any material
difference in classifying them. 1 shall allude to those points in
which the dizagreement is the most marked.

The condition of the eye was in all a very remarkable feature.

* ﬂp. git., p. 321.
Med, Clir. Trens., vol. lii. p. 51.
St Thomas's ff.-m"m-fmr }:’r:i}ni'hd, vol. iii.
Hlustrations of Clivical Surgery, vol. 1.
f.:'r'.-'.l';_qﬁ _|,.|r.rr.|r.l'rrij .fiﬂ.“‘.llr’ffl ]]("I’". |_|'F., ISET.
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The eyelids were partially closed, and the palpebral fissure
narrowed, and in some it was noted that this was rather due to
an updrawing of the lower lid than to ptosis of the upper lid, though
both were present. In addition, it is noted in the first case by
the American surgeons that the “ outer angle appears as though
it were dropped a little lower than the inner angle. Neither the
orbicularis nor levator muscles were paralysed. In all the cases,
except that by Mr. Chavasse, the eyeball on the injured side
appeared smaller than its fellow, a condition which was due to
the sinking of the ball within the socket, a shrinking backwards,
and not to a diminution in its diameter,

In two of the cases it was noted that the conjunctiva was
increased in vascularity, and in Dr. Payne’s case it appeared
abnormally dry.

In all five the pupil was in much the same condition. It
generally remained slightly more contracted than its fellow, and
in Mr. Chavasse’s case was as small as a pin's-head directly after
the operation. In a bright light the pupils became of much the
same size, a condition which was due to a contraction of the same
pupil. When the eyes were shaded the unaffected pupil always
became the more dilated ; in three cases the pupil on the
damaged side failed to dilate in the least, and in two—those of
Dr. Payne and Mr. Chavasse—it dilated very slightly.

In three of the cases it is noted that the sight of the affected
eye was impaired to a greater or less extent, and in two others
this might also have been the case; in that recorded by Mr,
Hutchinson the patient was only under notice for a few weeks,
and in Dr. Payne’s the age of the child prevented any satisfactory
observations.

In the patients under Dr. Ogle and Dr, Payne, a very unusual
dryness of the nostril and mouth on the side of the injury formed
a most marked feature. In the captain there was defect of
secretion of sweat in the neck, arm, and chest of the injured side,
and in the other case recorded by Mitchell there was great
difficulty in deglutition and talking after the accident, due
apparently to dryness of the mouth.

In neither of the cases under Chavasse or Hutchinson, in which
the injury was recent, was there noticed any flushing or hyperaemia,
orany anemia of the face and ear. In three ouf of the four other
cases, the affected half of the face—and it was strictly confined to
one side—was in a condition of ansemia, and did not sweat, This
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was most marked on exertion, for under the influence of active
exercise the healthy side flushed and perspired in a perfectly
normal manner, while on the opposite half the skin was dry and
pale. Dr. Ogle’s patient was induced to take very active exercise
in the park, after which the limitation of profuse perspiration to
one side was very noticeable. On the side of the face opposite to
the lesion, it was sometimes noticed that secretion appeared to be
excessive—for instance, the nose and eyve watered, and perspiration
was profuse and readily indueed.

Dr. Ogle offers explanations for most of the symptoms I have
detailed, and his accounts are both supplemented and eriticised by
Dr. Payne. The narrowing of the palpebral fissure is aseribed to
the presence of certain smooth muscle fibres which are found in
both the upper and lower lids, and are paralysed by the injury.
The retraction of the eyeball is considered to be due to the
paralysis of a funnel-shaped layer of involuntary muscle (musculus
orbitaris), which has been shown by Prévost to have the power of
causing protrusion of the eyeball, and to be supplied by the
sympathetic.

The variation in the pupils is undoubtedly caused by the
unbalanced action of the civcular musele of the iris, and the loss
of power in the dilator fibres, which are supplied by the injured
nerve.

That this is the case is abundantly proved by the absence of the
power of active dilatation when the eye was shaded, for it is probable
that in the patients of Mr. Chavasse and Dr. Payne the slight
dilatation present was the result of a relaxation of the cirenlar fibres,
and in the former there might have been in addition some few
nerve-fibres left intact to supply the iris.

The impairment of vision I should suppose to be due to the fact
that the lenticular ganglion was cut off from its connection with
the sympathetic.

The effect of irritation of the sympathetic trunk on the secretion
of the submaxillary gland supplies a suflicient basis for believing
that the amount of =aliva secreted would probably be diminished
by its section, and the same might be said with regard to the
secretion of sweat, of tears, and of muecus.

Perhaps the most remarkable feature in these cases is that in
none of them was there obgerved any flushing of the face, or neck
and ear. In the patients nnder Hutchinson and Chavasse, the
injuries were recent, and yet, while so many other symptoms of
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injury to the sympathetic were present, the hypersemia of the
skin noticed in experiments on animals was not present. I
cannot offer any satisfactory explanation for this phenomenon.
The subsequent angmic condition of the face is more explicable,
for it is only what is found to occur in animals some time after
the original lesion, and is due, as I have mentioned elsewhere, to
the action of local vaso-motor centres, which, being unconnected
with the vaso-motor centre and unable to receive inhibitory
impulses, remain in a state of constant action, and keep the
vessels permanently constricted.

It only remains to be noticed that in Dr. Payne’s case there
was present a peculiar shrivelled condition of the skin, of which
the author says : “ It resembled the skin of old age, or that seen
in badly nourished persons, being quite’different from the plomp-
ness and crispness of youth and health. This condition may
very plausibly be assigned either to want of tone—i.e., paralysis of
the smooth muscle-fibres in the skin—or, on the other hand, to a
want of crispness and elasticity in the connective tissue of the
skin itself and under the skin.”

Injuries of the Pneumogastric.—Cases of injury of the
pneumogastric are so rare, that it is at present impossible to
formulate any class of symptoms as being the invariable sequel to
division of this nerve. It is true that analogous cases in animals
are to a certain extent instructive, but, in the absence of a
sufficient number of instances occurring in the human subject, I
shall content myself with referring very briefly to the symptoms
noticed in such cases as I have been able to find recorded, and
these are but few in number,

In 1849, Chassaignac included the pneumogastric nerve in a
ligature passed around the common carotid, and noticed that
neither the functions of respiration nor deglutition were in the
least disturbed, but that the voice was immediately extinguished.
At a recent meeting of the Royal Medical and Chirurgical Society,
held on Oct. 27, 1885, Mr, Rivington narrated a case in which he
had divided the pneumogastric during the progress of an opera-
tion for ligature of the internal carotid. There were no special
symptoms, and at the post-mortem examination—the cause of
death being a cerebral abscess—no special lesicns were found.

The next case, by Mr. Savory. again shows Low few may be the
symptoms, when this nerve has been destroyed by suppuration.
H
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Writing of the nerve in relation to the abscess, he says: “ A large
portion of the pneumogastric nerve was also destroyed in its
course through the cavity. The two ends of the nerve were found
free in the upper and lower part, a portion of the nerve, from one
to one and half inch in length, being wanting. . . . . Nor was
the destruction of the pneunmogastric nerve followed by any
very obvious effect. During the last two or three days of life
the pulse was noted to have been very rapid, but that may be
otherwise well explained. The respiration was not remarkably
embarrassed, and the left lung after death presented no characters
that could be especially associated with the lesion of the merve,
certainly none in striking contrast to the right.” *

The next case is not one of injury, but as the pneumogastric
trunk was destroyed by pressure, it has some bearing on the
symptoms in question,

Riegel—Death from Pressure on the Pnewmogastric by an enlarged
DBronehial Gland.

In August 1875, Dr. Riegel recorded the case of a man, aged
fifty-three, whose chief symptom was an extreme rapidity of
pulse, amounting to 164 beats a minute. This was accompanied
by cedema of the bases of the lungs and bronchitis, with slight
hoarseness of the voice. The patient died, and a post-mortem
examination showed that the left vagus, just below where it gives
off the recurrent branch, was matted and embedded in an enlarged
bronchial gland. A microscopic examination showed that at this
point the nerve had undergone complete degeneration. The rest
of the body was healthy.f

The next case is one that was in St. Bartholomew’s Hospital,
In this patient the whole of the left eighth pair was more or less
lacerated by a fracture of the skull, and various symptoms seemed
to be distinetly referable to the implication of each nerve-trunk.
The condition of the lung found after death is also of interest.

Fracture of the Posterior Fossa of the Base of the Skull, with
laceration of the eighth pair of Nerves on the left side.

George M. was admitted into St. Bartholomew’s Hospital on
Nov. 8, 1884. Whilst drunk he had fallen off an omnibus, He

#* Trans. of Roy. Med. and Chir, Soc., vol. Ixiv, p. 28.
t Berlin. Klin., Wockens., Aug. 2, 1875 ; and L. M. £., 1873, p. 617,
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was bleeding from the nose and was very sick. The pulse was
irregular and quick.

Nov. gth.—Very restless.  He is sensible and can answer ques-
tions. Speech is natural. He is continually retching, and has great
difficulty in swallowing food. He takes it into his mouth, but is
apparently unable to get it into his stomach. He is occasionally
sick. He has pain in the back of the head and his head is drawn
back. The pulse is 68, and extremely irregular.

11th.—The difficulty in swallowing continues. He is rarely
able to take any food into his stomach.

12th.—The patient had a sudden attack of dyspneea without
apparent cause.

13th.—Very restless. Pulse 136. There is spasm of the
trapezius muscles and sterno-mastoid. The great difficulty in
swallowing continnes.

14th.—The patient died. A post-mortem examination showed
fracture of the left side of the base of the skull, with laceration of
the eighth pair of merves. The left lung was in a condition of
solid cedema and was airless, :

In the British Medical Jowrnal for June 13, 1866, is recorded
a case in which, in a woman aged thirty-six, the right pneumo-
gastric was divided in the wound caused by a suicidal cut throat ;
there were no marked symptoms and no post-mortem appearances
in the lungs.

In the same journal for December 1, 1866, is described the
case of a man, aged sixty-eight, in whom paralysis of the eighth
pair was followed by very slow respiration and gradual cessation
of the heart’s action.

It would therefore appear that the results of section of this
nerve are not so severe as we might be led to expect from our
knowledge of its funections, and it seems probable that the trunk
on the opposite side is able to supplement the action of the injured
nerve. The present number of cases, however, is not enough to
allow of any rules being formulated for human subjects. It has
been abundantly proved that in animals section of one pneumo-
gastric is by no means a necessarily fatal injury.

Injury of the Recurrent Laryngeal —In connection with
the subject of injury of the pneumogastrie, I shall here allude to
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two cases of injury to the recurrent laryngeal. They speak for
themselves and require no special comment.

Lefferts.— Wound of Recwrvent Laryngeal.

On January 5, 1881, the patient, a strong, healthy German
woman, aged forty-seven, was stabbed by her hushand in the neck
with a long narrow-bladed pair of shears. Turning, in endeavour-
ing to rise, she received a second blow upon the lower jaw, cansing
a long lacerated wound. On attempting to seream aloud for help
she found herself voiceless.  * On April 5th I first saw her ; she had
a long irregular scar on the right side of the lower jaw, a short dis-
tance from its angle, and a second smaller one at the inner border
of the centre of the mastoid muscle, at the level of the cricoid
cartilage.”® The patient was completely aphonic, and suffered from
slight difficulty of breathing. The laryngoscope showed absolute
paralysis of all the muscles of the right vocal chord, it being fixed
midway between the extremes of adduction and abduction, and
motionless on attempted phonation or respiration. The left cord
moved freely.

Lichvecht . —Division of the Recurrent Laryngeal Nevves during
the operation of removal of @ goitve,

A girl of twenty years of age had a goitre, which was not very
movable and not very large. An operation for ifs removal was
undertaken by Mons. Richelot, who tied the four vascular pedicles
and removed the gland. The operation was followed by a great
deal of asphyxia and difficulty of respiration. The following morn-
ing there was found to be aphonia and dyspnwa. At eight o'clock
in the evening there was an attack of dyspneea, in which the
patient died. Post-mortem examination showed that the two
recurrent laryngeal nerves had been cut, and the upper end of
the left recurrent was included in a ligature. The pneumogastric
nerves were intact.t

Other cases have also been recorded in which the recurrent
laryngeal nerve has been injured in operation on enlarged thyroids.

Injuries to the Facial Nerve.—The facial nerve may be
injured in the face, or else, in cases of fracture of the base of the
skull, in some parts of its course through the temporal bone.

* American Jowrnal of Med. Sei., vol. 1xxxii. p. 155.
+ Révue de Clirurgie, 1884, p. 1007.
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In both cases the ordinary symptoms of facial paralysis super-
vene, and do not require any detailed account from me. But, in
the latter injury, the two petrosal and the chorda tympani are cut
off from their central origin, and the additional symptoms include
partial parvalysis of the pharynx, and perhaps of the soft palate,
with asymmetry of the latter. The voice is husky, and deglutition
may become difficult, partly on account of the paralysis, and partly
on account of failure of secretion of saliva, due to lesion of the
-chorda tympani nerve.

Several very interesting cases of this class of injury are recorded
by Mitchell, and to these I would refer for further information.

Injuries of the Orbital Nerves.—Any one or more of the
nerves of the orbit may be injured. It is well known that punc-
tured wounds may result in division of the optic nerve and loss of
vision, but as cases of injury to the various motor branches are
uncommon, the following history may be of some interest.

J. H., a sailor, was struck by a policeman’s truncheon on the
left side of the head a fortnight before coming under notice. The
blow rendered him insensible, and soon after recovering he found
that he saw everything double. He was not much the worse for
the injury, and walked from Liverpool to London, where he was
admitted into St. Bartholomew's Hospital. He was then found to
be suffering from paralysis of the external reetus and superior
oblique, with fracture of the orbital process of the malar bone.
He remained in the hospital for a month, during which time his
paralysis gradually improved, so that when discharged the diplopia
was scarcely perceptible. I shonld suppose that these symptoms
were due to pressure on the nerves by extravasation of blood and
inflammatory effusion, and not to their laceration.

Wounds of Superficial Nerves.—Our knowledge of the
results of wounds of superficial nerves may be traced back to the
.days of venesection, but though cases of this kind are less frequent
than formerly, there is no doubt that they do occur, and therefore
merit attention.

The superficial nerves may be injured in any part of the bedy,
but those of the upper extremity arve from their situation more
exposed, and more frequently suffer.

As these nerves are all of the sensory variety, their complete
division is necessarily followed by anzsthesia over a corresponding
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skin area, an ansmsthesia which, as a rule, rapidly disappears. In
most cases there are no other symptoms, either trivial or severe,
and the patient rapidly convalesces.

In some few, however—rare exceptions to the rule—a most
peculiar train of symptoms supervenes, which may briefly be
described as follows. The wound, which in a large majority of
cases is a small one, rapidly becomes painful and exceedingly
tender, the tenderness spreads for a variable distance along the
limb, and is most marked in the course of the wounded nerve.
Inflammation and swelling of the lips of the wound may follow,
but are not necessary accompaniments. The neighbouring muscles
become extremely irritable, and tend to pass into a condition of
spasmodic contraction, of either a tonic ov clonic character. Any
attempt made to flex or extend the limb causes acute pain, and
excites the muscles to fresh spasms, which may pass on to general
convulsions. This condition may pass away, or become chronic
and last an indefinite time ; in such cases the health of the patient
materially suffers. The wound generally cicatrizes well, but the
cicatrix remains as a permanently irritable point, the least excita-
tion of which induces fresh pain and spasm,

Probably the first case described is that by Ambrose Paré, in
which such a train of symptoms followed on bleeding the king,
Charles 1X.

In 1793, Abernethy, in a paper entitled An Essay on the Ili-
consequences of Wounding a Nerve, drew attention to the same
subject. He had not, however, seen a case, but referred to two
mentioned by Pott, which were characterized by pain and convul--
sion, and which, in Pott’s opinion, were caunsed by the nerve being
only partly divided.

Swan, in 1834, recorded several cases of injuries to nerves sus—
tained during venesection.* He considered that the symptoms were
due to inflammatory action, and says: “ 1 have very little doubt
but by far the greatest number of injured nerves in venesection
is made troublesome by using the arm too soon and bringing on
inflammation, for I have never seen any bad consequences in
those patients who have been so ill as to be unable to do any-
thing.”

The following cases by the same author are typical of this

form of injury, and, as they are seldom seen at present, will bear
guotation.

#* A Treatize cn Diseases and Dijuries of the Nerves.
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“ John May, aged twenty-two, applied to me on the s5th of
August 1823, with a small wound in the forearm, close to the
beginning and on the outer side of the median cephalic vein, It
had been produced some days before by an eagle, which struck
him with one of his talons. There was not any hsaemorrhage at
the time of the accident. He complained of much pain up the
arm and neck, and very much of his back. He had an inability
of moving his arm, except in a trifling degree, and it was so weak
that he could not hold any weight in his hand. There was not
any inflammation about the wound, and scarcely any swelling.
The skin was separated from the fascia a short distance around
the wound.

“ Aug. 11th.—He said the pain had increased, he felt very
weak, he complained of very much tenderness on pressure to some
distance round the wound, but when the bit of skin joining the
edge of the wound was taken hold of, he complained of very great
pain. The pain and tenderness were chiefly on the outside of the
biceps muscle, and the external cutaneous nerve appeared to be
the most affected, but the internal was also, but in a less degree.
He could not sleep. He had leeches applied several times about
the elbow, and an evaporating lotion constantly ; as his complaints
appeared to be increasing, and the edge of the wound so very
painful, I took hold of the bit of skin with my thumb and finger
nails, and, holding the blade of the scalpel horizontally, removed
the circumference of the wound.” Within a week the patient was
considerably eased, and subsequently improved.

“ In a second case, a lady received a cut in the inner side of the
first phalanx of the left thumb, followed by a numbness and a
sense of fulness, as if the skin would burst; these sensations
lasted a fortnight, and the wound healed. Then ensued violent
pain with twitchings and spasms all over the body. After six
weeks these symptoms gradually subsided, but at the end of
seven years the thumb and forefinger remained morbidly sensi-
tive. - Lifting a weight, or using the right arm much, always
produces sensations as if needles were running into if; and
attempting to use the fingers of the left hand, as in knitting,
produces giddiness.”

In another similar case, in which the injury was in the same
locality, the patient, a lady aged twenty-six, suffered in a similar
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manner from constant pain and muscular spasms. These sub-
sided rapidly after amputation of the thumb.

In a case related by Sabatier® similar symptoms of pain and
twitchings of the leg followed a wound of the long saphenous
nerve. The patient very slowly recovered without operative
interference.

In the Medico-Clhirurgical Transactions, vol. xii., Mr. Wardrop
gives accounts of several similar injuries. In one, where the
symptoms ensued on a wound of the thumb, recovery followed a
division of the proximal end of the injured nerve; and in two
other cases, where the wound affected the forehead, the same
result followed a similar treatment.

Hamilton  also records cases in which a like train of symptoms
followed on nerve lesions. The following is the most remarkable.
A lady, aged eighteen, having been bled, suffered from severe
pain on the second day after the operation. The day following, the
arm was swollen and the hand cold and numb. The forearm was
flexed on the arm and could not be extended. For the next
three or four months the pain and other symptoms continued at
intervals, but about then a slight blow on the back of the hand
was followed by inflammation of the wrist-joint and an increase
of the pain. This was in April 1876, but in July of the same
year the thumb and fingers became permanently contracted, and,
as a result of constant suffering, the general health failed. By
December the pain and spasmodic contraction were worse than
ever, and the latter had increased to such a pitch that in spite of
an instrument, which by means of a screw tended to open the
hand, the nails had become buried in the flesh of the palm,
giving rise to a foul ulcer ; and, what is also not a little singular,
the arm had become covered with hair.

Under these circnmstances, Mr. Crampton divided the museculo-
cutaneous nerve, and in two or three weeks the tendency to spasm
subsided, and the general health improved. Some months later
the cicatrix became exceedingly painful and tender, and was
removed in August 1877, with the result that the pain in this
situation was p.’ manently cured. In 1878, a blow on the wrist
was again followed by pain and swelling, with erythema, head-
ache, and general failure of health. Six months later an attack
of pneumonia supervened, for which she was salivated ; after this
all the trouble slowly disappeared, never to return.

* Dela Med, Operatoire, 1 Op. cit.
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For many years past, such cases seem to have been few and fav
between, at any rate they are not recorded. I have, however,
seen one which was in many respects similar to the above,

In July 1880, I was called to see a woman who had sustained
a severe cut on the inner side of the first phalanx of the thumbh
from a broken soda-water bottle. C(Cobwebs taken from the coal-
cellar had been used to stop the hamorrhage, and the wound was
filled with coal-dust. After clearing away as much of the latter
as possible, all bleeding was easily arrested. The wound healed
readily, but some weeks later the resulting scar became extremely
painful. The pain was of a spasmodic character, and was greatly
mecreased by pressure; the least touch of the scar induced a
sudden action of the thumb muscles, so that if she were holding
anything in her hand at the time it was immediately dropped.
Three months from the time of the first injury I saw her again,
and at once noticed a remarkable wasting of the muscles forming
the ball of the thumb, o that this was now nearly flat. The scar
was exceedingly tender, and pain was referred from it to the tips
of the fingers. I recommended excision of the scar, and on this
being done a week later all symptoms rapidly subsided. The
wasted muscles were to a great extent regenerated, but, neverthe-
less, a year later were smaller than those of the opposite =ide,

The symptoms presented by this class of cases appear to be, on
the whole, very similar, and I think may be explained. The
extreme pain and tenderness, with redness spreading up the arm,
noticed during the days immediately following on the injury, are
most probably dne to an acute inflammation of the damaged
nerve,

The later troubles are probably due to several conditions, either
singly or combined. In many cases the symptoms seem to point
to a chronic neuritis, by which the nerve is kept in a permanently
hyperesthetic condition, and which in its turn induces a similar
irritable state of the mervous centres, a combination which is
sufficient to account for the exaggerated reflex actions. The
frequency with which these cases have occurred in young women,
and the concurrence in many of an hysterical condition,* suggests
the probability of hysteria playing an important part in the con-
dition of scme of the patients. And indeed I think this is
almost certainly the case, and must not be lost sight of in
considering either the pathology or the treatment. In others it

* Vide cases by Swan and Hamilton.
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seems certain that the abnormal condition of the nerve spreads
to other branches, and the various trophic lesions sometimes noted
make this probable. In Hamilton’s case there was excessive
growth of hair, and I think that the inflammation of the wrist
was very probably of a neurotic origin, for its characters were
almost exactly the same as those detailed by Mitchell for arthritis
depending on nerve lesions. In my own case there was con-
siderable wasting of the muscles of the thumb, possibly due to
a chronic neuritis spreading to their nervous filaments; and in
others, pain and tingling has been found to follow in digits other
than that originally wounded. All these symptoms tend to show
a gradual implication of other nerve-branches.

The extremely tender condition of the scar is frequently due
to the fact that the subjacent wounded nerve has been canght up
in the process of cicatrization, and the constant irritation resulting
therefrom may in this way of itself cause exaggerated reflex
action and excitation of the centres, or may result in a chronic
neuritis,

If, then, the scar which is the source of irritation were removed
sufficiently early, we might fairly expect that the trouble which
would otherwise result would be checked, and the happy results
of such treatment render this view a very probable one.



CHAPTER VIIIL.
TREATMENT OF CASES OF NERVE SECTION.

Treatment of Nerve Injuries.—Ior the proper and
rational treatment of nerve injuries the first essential is an accu-
rate knowledge of their pathology.

It is to the want of this knowledge that the erroneouns theories
of nerve union and of the treatment requisite for nerve lesions
are to be attributed. To the opinions held on this subject I shall
now briefly refer, for they seem to me to be instructive.

The conclusions of Galen, “that nature was powerless to rege-
nerate nerves,” held unlimited sway-until the time of Cruikshank
and Haighton, and the experiments of these observers, published
in the Philosophical Seciety’s Transactions for 1795, completely
subverted the doctrines taught up to that date. These surgeons
experimented on dogs by dividing the pnenmogastric nerve on the
one side only, and, having kept the animals alive for a varying
number of days, they demonstrated that division of the opposite
nerve-trunk was not sufficient to cause death, previous experiment.
having shown that a simultaneous section of both vagi was inevi-
tably fatal. They therefore .concluded that the one nerve must
have been reunited before the second operation was performed.
Swan, Fontana, Descot, and Prévost arrived at the same conclu-
sions, and the result was a very general belief that nerves when
divided were incvitably regenerated—a belief which led to a corre-
sponding carelessness in the treatment of such injuries, and which
has been widely prevalent up till the most recent times, not only
in England, but also in France and Germany, where Flourens and
Steinrneck upheld the theories started in this country.

The investigations of Waller, Vulpian, and Philippeaux, about
the year 1852, brought a new light to bear on this subject, and
formed the first step in the accurate pathology of nerve lesions.
It was shown by these physiologists that the peripheral end of
a divided nerve underwent degeneration, and that some months
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intervened before the nervous substance was repaired, Theore-
“tically, then, a corresponding time should always intervene before
the nervous functions were re-established; and thus, though the
theory of inevitable nerve regeneration was not relinguished. it
was assumed that union never could take place by first intention.
But the eyes of surgeons could no longer be shut to the cases
which constantly came under their notice, and as experimental
inquiry yielded to clinical observation, the fact was speedily
established that in a large number of patients suffering trom
nerve lesions, no union of any kind occurred.

In this branch of pathology, however, as in many others, the
discretion of pathologists speedily outran their wisdom, and the
theory of “supplementary sensibility” and * supplementary
motility” was, especially by French surgeons and physiologists,
adopted, to the exclusion of nerve regeneration. and more espe-
cially to that of rennion by first intention.

In a former chapter I Lave discussed the probabilities and
evidence in favour of union by this latter method, and also the
evidence bearing upon the presence and amount of nerve anasto-
moses and supplementary sensation; I shall therefore take for
oranted that the possibility of immediate nnion is an established
tact, and shall now pass on to consider the best means at our
disposal for procuring it.

Suture of Nerves.—In order that any tissues which have
been divided by the surgeon or else by accident should unite as
speedily as possible, it is plainly of the first importance that they
shall be closely approximated. How should this approximation
be maintained in the case of divided nerves? To this question
there can be, in my opinion, but one answer, “ By suture;” and
the reason that this answer has not been given very many years
ago i1s to be found in the erroneous views as to the probable
results—e.g., tetanus, &e.—of the irritation which the stitches
might set up, as well as in the mistaken ideas of nerve repair just
alluded to.

Putting aside the more than doubtful assertion that nerve
suture was performed in the Middle Ages by Lanfrane, Guy de
Chauliac, &ec., the operation is said to have been performed by
Arnemann in 1826, and by Flourens in 1828. Af a later date it
was practised in several instances by Dupuytren at the Hotel
Dien.

But, although these cases are interesting from an historical
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point of view, the time when nerve suture came to be practised in
surgery on a definite physiological basis is much more recent.
and may be said to date from 1864 when Laugier, a French
surgeon, sutured the ends of a recently divided median nerve.
Laugier claimed that immediate union resulted, but whether this
was or was not the case is not sufliciently clear.

In 1865, MM. HEulenberg and Landois made numerous
experiments on animals, and concluded that not only does the
peripheral end of the divided nerve degenerate in a manner
precisely similar to that noticed when no sutures are used, but
that the sutures themselves are absolutely harmful, producing
neuritis and perineuritis, and may even give rise to suppuration
and secondary abscesses in the lungs.

These statements, combined with the ever-present dread of
tetanus, naturally dissnaded surgeons from universally adopting
such measures ; and, in 1868, Boeckel of Strasburg related a case
in which, after division of the median at the wrist, there was a
recurrence of sensation in two months, except in the index
finger ; no sutures had been used, and the author rather illogically
concluded that they were never necessary.

Some years later Le Dentu noted that bullae occurred on the
fingers after an attempt had been made to procure immediate
union by suture of a recently divided median ; this lesion he
tattnlmf.ed to the irritation caused by the sutures, and not to th
cutting off of the nervous influence.

There can be but little doubt that this conclusion was an
erroneons one, for, as I have already endeavoured to prove, these
trophic lesions are not of an irritative nature, and the bulle were
no doubt due to a failure of union by first intention, and not to
the presence of the catgut.

But the results obtained by Eulenberg and Landois are entirely
different to those of other experimenters, some of whom in vain
attempted to induce neuritis by means of setons and other
_irritants ; and, what is of much more importance, amongst a large
number of cases in which sutures were applied to human nerves
these much dreaded consequences were conspicuous by their
absence,

The result of further experience has thus come to be that, as far
as any danger is concerned, no surgeon would hesitate to use the
most Db\.‘lmm means of approximating the ends of a divided nerve,
and would fearlessly insert as many c:.l]:tC]lE_‘S as might be necessary,
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without any dread. But, putting the danger out of the question,
is the patient any more likely to have the continuity of his nerve
restored if the ends are sutured than if they are left to nature ?
To this T would answer most unhesitatingly in the affirmative, for
judging by accounts published by various authors, and by my own
observations, I can have no doubt but that in the vast majority of
untreated nerve-wounds, either no union at all, or but a most
imperfect one, ean be expected. That the ends are sometimes
united even if left to themselves, is proved by some of the cases
already narrated, but under these circumstances a primary union
can rarely occur, for the ends are but seldom in apposition, a
state which is absolutely necessary for this method of healing.
And again, in cases where primary union fails, by the time when
degeneration and regeneration have occurred in the distal frag-
ment, it very frequently happens that in the process of cicatriza-
tion the nerve-ends have either become adherent to the sur-
rounding muscles and tendons, or else are widely separated by
fibrous tissue which forms an impenetrable obstacle to further
attempts at reunion.

These latter conditions at any rate can be obviated by the
employment of sutures, and even if union by first intention fails,
the nerve is left in a much more favourable condition for subse-
quent regeneration than is otherwise the case.

Now the experiments by Gliick proved very clearly that in
fowls, rabbits, &c., the use of sutures was followed by a rapid
reunion of the divided nerve, and on these grounds an analogous
result in man might fairly be expected. The records, however,
of cases in which such treatment has been adopted affords
information of a much more valuable nature, and it is to the
evidence afforded by such cases that 1 would direct attention
rather than pursue theoretical arguments any further.

Primary Nerve Suture.—The operations which may be
undertaken for the suture of divided nerves are conveniently
divided into two classes—primary and secondary.

The operation of ¢ primary suture ™ consists in stitching
together the ends of a divided nerve, either immediately after
injury, or else very shortly afterwards—before, in fact, the process
of healing of the wound has commenced.

This operation, in my opinion, should be performed in every
case of nerve injury in which it is possible. There are, of
course, cases in which such an extent of nerve has been removed
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that it becomes a physical impossibility to bring the severed
ends into apposition, and in such alone should the operation be
omitted.

I have no doubt—and T shall hope to adduce the proof—that the
operation of nerve suture is absolutely harmless; that when the
nerve-ends are left unsutured union is most unlikely to ocecur
at all, and at best is very imperfect ; lastly, that when the nerve-
ends are carefully sutured and maintained in apposition, a
restoration of function is the most frequent result.

Under this belief, I carnot agree with those surgeons who
consider that in cases of clean-cut wounds sutures should not be
inserted. I believe these are just the cases best suited for suture.
M. Nicaise, in his article on * Injuries of Nerves,” in the Jnfei-
national Encyclopedia of Swrqery, says, “ when the section is
clean-cut and simple, without extensive wound of the integument,
the suture should not be resorted to, unless the separation is
considerable ;" and other surgeons, especially on the Continent,
express the same opinion.

I am perfectly convinced that such advice should not be
followed. No possible harm can result from suture, and the
prognosis in the case of a wounded nerve left to itself is most
unsatisfactory.

The Mode of Application of the Suture is a matter which has
received much more attention than it really deserves. Ior a long
time it was taught that the sutures should only be passed through
the nerve-sheath, and that it was dangerous to pass the needle
through the bundles of nerve-tubes themselves. This again was
all due to theory, and surgeons have gradually learnt that the
thought of danger is one with which they need not trouble them-
selves when considering the best method of fixing the separated
nerve-ends in apposition.

I have myself passed sutures completely through human nerves,
and have frequently seen them passed by others, without the
slightest evil result; and in the now numerous cases recorded
in surgical literature the same treatment has been followed with-
out a single recorded instance of any complication.

The method which I would recommend is the following :—
A small needle armed with the suture should be passed com-
pletely through the nerve-trunk, at right angles to its long axis,
about a quarter of an inch from the cut surface in each end, and in
large trunks another suture may be passed at right angles to the
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first. These sutures should then be drawn tight until the oppos-
ing cut surfaces are brought into contact, and finally, if the trunk
be a large one, the edges of the sheath should be neatly stitched
by two or more sutures passed so as to include within it all the
eut tubules.

The Material for Suture.—The choice of a material for suture
is naturally influenced by the same considerations as those
which obfain in the similar operation of ligature of vessels, and
just as in the latter it is advisable to use a tissue which will not
act as an irritant and will be absorbed, so is a similar material
indicated in the suture of nerves.

In the majority of recorded cases catgut has been used, and I
am inclined to consider that for small nerves carbolized catgut is
the best material for suture.

In those cases, however, in which there is any unusual tension,
or in which it is anticipated that on account of any complication
it may be necessary to disturb the wound, I think that carbolized
out does not possess the necessary amount of resisting power,
and does not last a sufficient length of time. In such cases
I should use by preference a more stable ligature, such as
chromicized catgut, kangaroo tendon split into sufficiently
small filaments, horsehair, or fine silk; I prefer the two former
to the latter.

After apposition has been obtained by suture, the limb should
be fixed on the splint in such a position as to keep the injured
nerve in a state of the least possible tension,

The wound should be thoronghly cleansed, all sutures used
should be first rendered aseptic, and every endeavour should be
made to ensure healing by first intention.

The following cases, however, I think obviate the necessity for
further description, and apart from the question of suture they
possess nunerous points of interest, and illustrate much of what I
have written in former chapters on trophic changes and symptoms
of nerve injuries.

Almost all these patients were treated in St. Bartholomew’s
Hospital, where they were under the care of various surgeons, but
the course of each case has been run under my own observation,
and the symptoms recorded and the improvement described in

the following notes have been watched for and recorded by
myself.
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Case L—Primary Suture of Median Nevve, with Union by
First Intention and Rapid Restoration of Function,

Henry H., aged twenty-three, was admitted into St. Bartho-
lomew's Hospital, under Mr. Holden, on Nov. 20, 1881. He
had fallen, with outstretched hands, on to some sheets of loose
glass, a few minutes before arriving at the hospital. On exami-
nation there was found a large lacerated wound about ome
inch above the palmar surface of the right wrist, a flap of skin
and muscle being turned downwards towards the palm of the
hand. The whole of the flexor tendons of the wrist and fingers
were divided except the flexor carpi ulnaris and the innermost
tendon of the flexor sublimis digitorum. A small piece of bone
was cut ont of the radius and the pronator quadratus was torn.
The radial and interosseous arteries bled freely, and were tied. The
arteria comes mnervi mediani, which was large, was similarly
treated. The median nerve had been divided in two places and
the intervening portion of it, nearly one inch in length, lay loose
in the wound, and was accordingly removed. I then drew down
the upper end as forcibly as possible, and sutured it to the lower
portion with carbolized catgut. . As many tendons as possible
were similarly fixed, and the wound dressed with carbolized oil,
the hand being steadied in a position of flexion by means of a
zplint.

Nov. 21st.—Much pain in the hand, No sensation in the parts
supplied by the median nerve.

22nd.—The edges of the skin have sloughed, but the deeper
parts look healthy.

Dec. 1st.—Sensation has been tested daily, but this morning
for the first time he can tell which finger is pricked with a pin.
No pain. A good deal of the wound has healed, and the rest is
granulating.

jrd.— With his eyes blindfold he can now tell with certainty
which finger is touched with the handle of a pen. The prick of a
pin causes pain,

7th.—Sensation in the thumb, index and middle fingers is
nearly perfect. He can feel the slightest touch, and can localize it
accurately., He is fully sznsitive to the pain of a prick and can
move the fingers slightly,

16th.—The hand is much improved in the power of flexion, He
can thoroughly oppose the thumb, and can pick up a pin easily.

I
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He says he has still a slight sensation of numbness. The fingers
are all quite warm and fully sensitive to all stimuli,

24th.—The wound has healed except for a very slight uleeration
opposite the seat of injury to the radius. He says that, but for
some stiffness in the fingers, the hand feels much the same as the
other. He has increased power of movement in the fingers and
thumb.

Eight months later this patient came to show himself at the
hospital. He could not quite bend the fingers into the palm
owing to an adhesion of the tendons to the scar, ctherwise there
was no difference between the two hands, and the man said that
he could work and feel as well with one as with the other.

Cask 11.--Primary Sutwre of Median Nerve.—DPrimary
Unton.—~Suecess,

The patient, a lad aged thirteen, cut his right wrist on Nov. 29,
1884. Mr. Menzies sutured the ends of the median nerve with
catgut. It had been completely divided.

Dec. 1st.—There was considerable return of sensation.

6th.—Sensation was normal, except at tip of index.

20th,—Sensation normal,

Jan, 20, 1885.—The patient uses the hand as well as before the
injury.

July 20th.—One hand quite as good as the other. No wasting
or paralysis. (This case is detailed more fully at p. 34.)

The two preceding cases have already been detailed in connection
with the question of * primary union,” of the possibility of which
they each afford ample evidence.

In each patient the effect of suture was to promote union with
such rapidity that the nerve-ends were completely united before
the skin wound was healed. Had no sutures been used, I feel
quite certain that union would not have occurred at all in the first
case, in which an inch of nerve had been cut out, whilst I am
further of opinion that it is most unlikely to have occurred in
Case 1L,

('asg III,—Primary Sutwre of the Median Nerve.—Suceess.

Robert (., aged seventeen, was admitted into St. Bartholomew's
Hospital, under Mr. Smith, on May 17, 1882. He had put his
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hand through a pane of glass, and sustained a lacerated wound
of the front of the wrist. The wrist-joint was opened, the radial
artery and the median nerve were divided, as were also the
tendons of the flexor carpi radialis. The nerve and tendons were
sutured with catgut and the wrist kept flexed. The operation of
suture was followed by some return of sensation in the thumb,
index and middle fingers. I did not see this patient until October
31st, when I found his condition as follows: Wrist anchylosed ; no
pain. Muscles of the ball of the thumb wasted slightly. Secarcely
any power of opposition; thumb rotated out. The joints of the
index and middle fingers are stiff. Sensation: Nowhere complete
anaesthesia, but sensation is much impaired over the palmar surface
of the index and middle fingers and of the thumb. The dorsal
surface of the second and third phalanges of the index and middle
fingers are partially anssthetic, He has slight sense of pain in the
area of diminished sensation. No sense of temperature in the
same region, No trophic changes except in the nails, and these
are all curved, ridged, and furrowed, fibrous and brittle. Nails
of the ring and little fingers are in a similar condition to those of
the index, middle, and thumb. The nail of the latter has been
shed, and the present nail is not fully grown.

April 17, 1883.—Hand much more plump ; good movement of
the thumb. The opponens and abductor pollicis act well. Sensa-
tion: Can localize everywhere. There is now but very little impair-
ment. The nails are all quite natural, except that of the index
finger, which is a little furrowed.

This patient was unfortunately lost sight of before his case was
complete, but when last seen he had improved so rapidly that I
have always considered the case a successful one. At any rate, the
hand was useful and strong, and but little evidence of impairment
in the nerve-supply remained.

The case is further interesting, as showing that after section of
the median nerve trophic changes are liable to occur in the nails
of the ring and little fingers. I have appended drawings to show
the condition of the nails at different dates.

Case IV.—Primary Suture of Median Nevve at the Elbow.—Suceess.

Philip D., aged fourteen, was admitted into St. Bartholomew’s
Hospital, under Mr. Smith, on Sspt. 6, 1877. He had sus-
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tained a lacerated wound two inches above the elbow, dividing the
median nerve and fracturing the internal condyle. The nerve was
sutured by catgut. The wound healed slowly, but sensation rapidly
returned in the fingers, and by October 28 ho could feel a touch in
any part of the median distribution.

July, 1882.-—Hand is perfectly normal in every respect. There
is no impairment of either motion or sensation.

Case V.—Pronciry Sutvure of Median Nerve.—Suecess.

John G., aged twelve, was admifted into St. Bartholomew’s
Hospital on Nov. 2, 1881, suffering from a deep wound of
the wrist, which had divided the median and ulnar nerves, almost
all the tendons, and had opened the wrist-joint.  The nerves
were sutured with catgut, and the wound suppurated extensively.
The patient recovered with an anchylosed wrist-joint. :

Aug. 19, 1882.—His condition is as follows: A deep scar
about ona inch and a half above the wrist, adherent to the ulna,
but not painful. All the fingers partially flexed, especially the
little finger. Slight movement of the thumb, which is not con-
tracted. The muscles supplied by the ulnar nerve are all very
much wasted, those supplied by the median somewhat less so. The
hand is clawed. The patient says that the hand sweats very much
in hot weather. The skin over the front of the palm is smooth and
glazed, as well as on the palmar surface of parts of the fingers.
The back of the hand is natural, as is also the dorsal surface
of the thumb, index and middle fingers; the ring and little
fingers are shiny. There is almost complete absence of hair on the
fingers. The nails are stumpy and broken, arched, and ridged in
a very peculiar manner at their bases. The little finger nail came
off eight months ago, and is now scarcely reformed. Sensation :
He localizes fairly well on the palmar sorfauce of the thumb,
index and middle fingers. The ring and little fingers are
practically ansesthetic. The wrist is anchylosed and the hand
useless.

April 20, 1883.—Hand much improved; ball of the thumb is
thicker. He can oppose the thumb fairly well, and can partially
flex the flngers. All the joints are more or less stiff, but they
partially yield to extension, and the index finger is straighter than
formerly, This stiffness of the joints is not due to contraction of
the tendons, Nensation: Normal all over the hand and fingers,
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Sense of touch, temperature, and pain all natural. The nails are
only slightly striated. He has no pain.

June 3joth.—Has more power of flexion of the fingers and
thumb. He says the hand is more useful and the fingers are less
flexed.

Aug. 11th,
in a natural condition.,

March 23, 1884.—The fingers can be more extended ; the joints
are now no longer stiff, and the flexion appears to be maintained
by the scar tissue, which binds the tendons at the seat of
injury. There arve no trophic changes. The muscles of the ball
of the thumb and of the rest of the hand act well voluntarily, but
there is no faradic contractility. He now has no pain in the hand,
and it never feels numb,

Except that the fingers are still flexed, the hand is

In this case, as in Case III., the nails of the little and ring
fingers were affected with trophic changes quite as much as those
of the other digits, the nail of the little finger being shed. The
length of time that ensued before any repair occurred is worthy of
notice, and is a fact to which I shall again allude. The wasting
and regeneration of the muscles, the stiffening and relaxation of
the joints, are also points of much inferest.

Case VL—Primary Sutvre of Median Nevve af the Wrist—Sweer. s,

George H., aged thirteen, was admitted into St. Bartholomew's
Hospital, under Mr. Smith, on May 20, 1879. He had thrust
his hand through a window and sustained a wound one inch and a
half above the wrist, which divided the median nerve, the
palmaris longus tendon, and two tendons of the flexor sublimis
digitorum, as well as the radial artery. The divided nerve was
sutured by catgut.

22nd.—The wound is suppurating.

3oth.—Sensation has returned, except in the index finger.

July 2nd.—The wound has healed. He can feel in all fingers.
Discharged,

July 11, 1882.—The one hand is quite as good as the other.
Sensation and motion are perfect, except that the tip of the
index finger is a little numb, The scar is sound, not painful, but
slightly tender. All the muscles supplied by the damaged nerve
act normally.
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Case VIL—Primary Sutwre of Median Nevve—Rapid Return
of Sensation.—Cure,

Harry J,, aged fifteen, a warehouseman, was admitted into St.
Bartholomew's Hospital, under Mr. Baker, on Dec. 24, 1884. He
had fallen on broken glass and cut his wrist. The median
nerve and the palmaris longus were divided. The nerve was
sutured with catgut at the time of the accident. There was com-
plete anwmsthesia of the palmar surface of the thumb, index and
middle fingers, and of the dorsal surface of the last two phalanges
of the index and middle.

Dec. 27th.—Sensation : Thumb: Loealizes everywhere. Index
finger : Third phalanx ansesthetic; second phalanx, slight sense
of touch, but cannot localize ; first phalanx localizes well. Middle
finger same as index. The temperature between the index and
middle is 96° ; between the ring and the little, 4.

28th.—Wound healing well. Temperature between index and
middle, g8°.8. Ring and little, 96"

2gth.—Electrical examination : Faradic contractility lost in the
median muscles. Reaction of degeneration is marked in the same
muscles, the anodic closure contraction being greater than the
kathodic closure contraction. The temperature in the paralysed
parts has fallen, being only 97°.6 between index and middle, and
08°.4 between the ring and little.

Jan. 19, 1885.—Discharged. No further change.

March 1oth.—Very slight further improvement. He is gal-
vanized regularly.

July oth.—Is practically well. Sensation: Localizes every-
where, Sense of pain and of temperature normal. The hand
is in capital condition, strong and useful. He has good power
in all the muscles of the thumb. Electrical examination: No
electrical excitability. Trophic: All the nails are coming off,
those of the ving and little fingers the same as those of the other
fingers. The new nails are three-parts grown. The hand is quite
warm.

Sept. 17th.—Except for slight numbness in the median distri-
bution, the hand is perfectly well. The nails are all normal, and
the museles supplied by the median nerve react to faradism,

It is extremely difficult to say whether the amount of sensation
which was present within a few days of suture, is to be attributed
to a reunion of the divided fibres, or to sensations conveyed by
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nerves other than the one injured. I am inclined tothink that
there was primary union of some of the fibres, chiefly for the
- reason that it was noted before suture that * there was complete
angesthesia of the palmar surface of the thumb, index and middle
fingers, and of the dorsal surface of the last two phalanges of the
index and middle fingers.” I find another reason for this belief in
the rapid improvement of the sensation noted as present the day
after the injury, and in the rapidity with which the whole nerve
was subsequently united.
The return of voluntary power before electrical excitability, and
the affection of the nails of the ring and little fingers, are also
points worthy of attention.

(Case VIIL—Partial Division of the Median Nerve—Primary

Sutwre.— Sueceess.,

R. W., aged forty-four, was admitted into St. Bartholomew's
Hospital, under Mr. Willett, July 6, 1882, having sustained a
cut above the elbow, dividing the biceps and part of the median
nerve. Catgut sutures were passed through the nerve, the ends of
which were partly separated.

11th.—The wound is suppurating. Sensation—Thumb : Tactile
sensation impaired over the distal phalanx, but good over the
proximal. Sense of pain and temperature also impaired. Index:
No tactile sensation. No sense of pain or temperature on the
palmar surface or upon the dorsal surface of the last two pha-
langes. Middle finger: No tactile sensation. There is pain on
deep pressure by a pin at the tip, but not elsewhere. No sense of
temperature. The palm and back of the hand, and the fourth and
fifth fingers are normal. There appears to be partial paralysis of
the abductor and opponens pollicis.

15th.— Erysipelas extending from the wound.

26th.— Erysipelas has faded. No material alteration in sensa-
tion.

Aug. 19th.—Sensation much improved. He can distinguish
two points separated a quarter of an inch at the back of the index
and middle fingers, and can localize everywhere the touch of a
pencil.

Oct. 27th.—The forearm is wasted, the muscles feel firm and
hard. Supination is limited.  The muscles of the ball of the
thumb are much wasted, and there is no power of opposition.
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There are no nutritive lesions. Sensation in the thumb is
good. :

April 17, 1883.—Sensation very slightly impaired anywhere.
Not so much museular wasting, and some return of power in the
opponens pollicis. He says that since the last note his nails have
become misshapen ; that at first they were very tender, but this
has passed off. Now they are ridged at the tips with a single
ridge as if a part of the old nail were to be separated from the
new one. A/l the nails are affected, including those of the ring
cend Little fingers.

May 22nd.—He continues to improve. Sensation is more
acute. He can pick up any small object between the thumb and
any of the fingers. He has returned to his work, and finds
his hand quite useful for anything that he is called upon to do.
He gets as good wages as formerly. The nails are not much
altered.

Aug. gth.—Sensation is good over all the median distribu-
tion, quite perfeect in the thumb, and scarcely at all impaired
in the index and middle fingers. There is much improved power
in the muscles supplied by the median nerve. The nails are
normal.

Dec. 3rd.—Still some wasting of the radial side of the
hand.

March 26, 1884.—Sensation 1s quite perfect. The muscles
are much restored in bulk. The one forearm measures as much
as the other. The opponens and other median muscles can all
be used. Electrical examination: All the muscles supplied by
the median nerve react to faradism for the first time since the
injury.

April 8th.—All the muscles act to faradism. both through the
nerve-trunk and also directly. The patient is now completely
well.

In this patient one year and eight months elapsed from the
time of injury before the electrical excitability of the paralysed
muscles returned. The progress of this case was thronghout
slow,

Case IX.— Primary Suture of Median Nerve— Partial Suceess.

John (., aged seventeen, put his hand through a window-pane
on July 31, 1887, and divided his median nerve and some tendons,
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all of which were sutured with catgut. The wound healed in
three weeks, after a little suppuration,

Sept. 28, 1888.—Localizes everywhere, but sensation is still
much impaired. The middle and index fingers are blue and cold.
The thumb is normal, and the muscles of the ball of the thumb
are in good condition, and act voluntarily.

Case X.—Primary Sutwre of Medion Nerve.—Partial Suecess,

Mary T., aged fifty, was admitted into St. Bartholomew’s
Hospital, under Mr. Willett, on Aung. 22. 1886. She had put her
hand through a glass door, and divided her median nerve and
some of the tendons two inches above the wrist-joint. The
tendons and the nerve were sutured with kangaroo tendon liga-
tures, and the wound healed by first intention.

Sept. 23rd.—No return of sensation or motion.

Feb. 4, 1887.—Localizes the least touch everywhere. Slight
return of voluntary power; shght reaction to galvanism and
K.C.C. = A.c.C. No reaction to faradism. .Joints of fingers stiff,
and skin shiny. The nail of the ring finger has come off.

Sept. 28, 1888.-—Hand useful and painless. Good sensation.
but muscles supplied by median still feeble and wasted.

Case XI.—Primary Sutvre of Median Nevrve.— Partial Suceess.

Annie B., aged twenty-seven, was admitted into St. Bartholo-
mew’s Hospital, under Mr. Langton, on Sept. 27, 1885, having,
whilst drunk, thrust her hand through a window-pane, and divided
her median nerve just above the wrist, together with some of the
flexor tendons. The nerve was sutured with four stitches of car-
bolized catgut, and the hand fixed on a splint. Eleven hours
after the accident I found that she had lost sensation over the ball
of the thumb and the palmar surfaces of the thumb, index, and
half the middle finger, the other half of the middle digit and the
ring finger being normal. The back of the thumb was normal,
but the skin over the back of the last two phalanges of the index
and half the same area in the middle finger was numbed.

28th.—The temperature between the index and middle fingers
was 99°, and between the ring and little fingers, 96°.6.

2gth.—There was a slight return of sensation in the ball of the
thumb and the index finger.
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Oct. 5th.—Wound uite healed. Sensation over index further
improved.

gth.—Return of tactile sensation in front of thumb and index.

20th.-—Electrical examination. — Faradism : No reaction of
muscles supplied by the median nerve. Galvanism: Marked loss
of galvanic irritability and A.c.c.=K.c.c. in the muscles of the ball
of the thumb.

3oth.—The muscles supplied by the median nerve require
eighteen more cells to make them react than do those of the other
hand, A.c.c. = K.C.C.

Nov. 2nd.—Localizes everywhere except over the last two pha-
langes of the index finger. After this the patient was lost
sight of.

Case XIL—Primary Suturve of Median Nerve—Sloughing of
Wound,—Failwre,

Frank Y., aged forty, was admitted into St. Bartholomew’s Hos-
pital, under Mr. Baker, on Sept. 10, 1886, having cut his wrist
eighteen hours previously by thrusting his hand through a window-
pane. His median nerve and some tendons were found to have
been divided, and were accordingly sutured with kangaroo tendon
ligatures. The wound suppurated freely, and subsequently the
exposed nerve and tendons sloughed, so that on his discharge,
two months later, the patient had no return of sensation or of
motion.

CasE XIII,— Primary Sutuve of Ulnar Nevve, with Return of
Function after several years,

Edward W., aged thirty-three, fell through a skylight and
divided the ulnar nerve and the superficial flexors in the middle of
the forearm. He was admitted into St. Bartholomew's Hospital,
under Mr. Savory, on June 14, 1881. The nerve was sutured with
catgut. The fourth finger and half the fifth were angesthetie,
as was also the ulnar half of the hand.

June 17th.—Slight return of sensation,

July 28th.—Further return of sensation in the ring finger, but
none at all in the fifth,

July 17. 1882.—-The patient has a large depressed scar on the
inner side of the upper forearm, not painful or tender. The fore-
arm is wasted, especially on the inner side. The ball of the little
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finger is flattened, and the adductor and flexor brevis pollicis are
wasted. The interossei muscles also are wasted, and all these
muscles are paralysed. The natrition of the skin is good. The
patient has had no blisters and no sore places. The nails are
normal, and the ring and little fingers are colder than the others.
The patient says that the inner side of his hand and the fourth
and fifth fingers never sweat. Sensation: Impaired slightly on
the lower part of the forearm on the ulnar side. Fifth finger: He
can feel the touch of a pencil, but cannot localize it over the
palmar surface of the first phalanx. There is slight thermic sense,
but no sense of pain in the ring finger, and slight impairment of
sensation on its inner side. He can localize everywhere on this
finger, and has sense of temperature and of pain, On the ulnar
side of the palm there is partial loss of sensation.

April 23, 1883.—The hand is very greatly improved. The
muscles are almost, if not quite, as large as those on the other
side, There is no perceptible wasting, and no nutritive lesions,
Sensation : Normal in forearm, ring finger, and palm of hand.
On the little finger he does not localize quite accurately, except at
the tip.

Aug. 13th.—He localizes well everywhere, but there is slight
loss of acuteness.

March 27, 1884.—Sensation further improved. It iz now
scarcely at all impaired. The muscles of the ball of the little
finger react to faradism, as do also the interossei. 'The fingers
are nearly straight. The hand is useful and strong, and scarcely
at all numb.

March 25, 1885.—He is practically well, except that he cannot
spread the fingers in a natural manner.

Sept. 21st.—Quite well. Sensation, and motion of all muscles
alike perfect. The electrical reactions of all the muscles of the
hand to faradism and to galvanism are normal.

Case XIV.—Primary Suture of Ulnar Nerve.—Suceess.

Alice D., aged twenty-four, was admitted to St. Bartholomew’s
Hospital, under Mr. Savory, on June 17, 1879. She had thrust
her arm through a window-pane, and divided the ulnar nerve
behind the elbow. The nerve was sutured with catgut. There
was complete loss of sensation in the little finger and ulnar side
of the hand, with partial ansesthesia of the ulnar side of the ring
finger,
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Sept. 6th.—-As there had been no improvement in sensation,
the nerve was exposed behind the elbow, and was found to be
apparently completely united.

July 14, 1882.—The patient wrote to say: “1 am most happy
to inform you that 1 have quite recovered the use of my arm. 1
find no difficulty in bending or using it, and no pain whatever.
The little finger swells in cold weather, but at other times I feel
no difference.”

The chief point of interest in this case is that, althongh the
continuity of the nerve appeared to the naked eve to be restored,
nevertheless the funections were entirely in abeyance.

Case XN.—Division of Ulnar Nevve,—Primary Sulure.—

J‘f.}'H{ A,

J. D., aged thirteen, was admitted, under Mr. Savory, to St.
Bartholomew’s Hospital on Aug. 12, 1885, with a cut on the
right wrist caused by falling on to some broken glass. The
flexor carpi ulnaris and the ulnar nerve were divided. The nerve
and tendon were sutured with catgut. The early notes as to loss
of sensation are of doubtful value. I did not see the case until
the 17th of September.

Sept. 17th.—Sensation—Little finger : Ansesthetic. IRing
finger: Can localize everywhere. 'The skin over the fourth
and fifth metacarpals, back and front, has much impaired sensa-
tion. There is complete anwmesthesia on the ulnar edge of the
hand. Trophic changes: None. Muscles: Hand clawed. All
ulnar muscles paralysed.

Oct. 2nd.— Discharged. There is now very evident wasting
of the interossei and the hypothenar eminence. The wound is
even now barely healed.

Feb. 4, 1886.— Sensation greatly improved. Localizes every-
where., No trophic lesions. Muscles wasted and paralysed.

Oct. 1888.—The hand is practically quite well. The muscles
are not at all wasted, and the grasp of the hand is strong. The
interossei, however, are feeble, and do not separate the fingers
completely. The little finger is a good deal abducted. Sensa-
tion is good, and the patient says he only feels a little
numbness in cold weather. He localizes uickly and accurately
everywhere.
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CaseE XVL - -Primary Suture of Ulnar Nerve,

vV
JS‘ OGRS,

Minnie D., aged twenty-five, thrust her hand through a
window-pane on Feb. 6, 1887, and divided her ulnar nerve and
artery, and some tendons. On admission into St. Bartholomew’s
Hospital, under Mr. Langton, she was found to have lost sensa-
tion in all the parts supplied by the ulnar nerve, the cut ends of
which were accordingly sutured with catgut. The wound healed
with but little suppuration, and by Feb. jrst sensation had
returned in the ring and little fingers, though the power of correct
localization was wanting. The patient then left the hospital, and
I did not see her again until October 1888, when I found her
hand completely recovered, sensation and motion being perfect,
except for slight feebleness of the interossei. The muscles reacted
to both faradism and galvanism, but A.c.c. = K.C.C,

(*asE XVIL— Wound of Ulnar Nevee and Avieriy.
LPromary Suture.—-Suceess,

E. A, a lad, aged seventeen, was admitted on Aug. 10, 1886,
under Mr. Morrant Baker, with a history that he had fallen and
eut his wrist with a broken glass. He was found to have divided
his ulnar nerve and artery on the right side one inch above the
wrist. The nerve was sutured with catgut. The wound suppu-
rated, and did not heal till the 28th. Sensation was lost in the
typical ulnar area, and there was typical ulnar paralysis.

Feb. g, 1887.—Can feel a little when touched, but ecannot
localize. A touch causes sensation of ““ pins and needles.” Muscles
wasted, but not excessively so. The little finger is abducted. There
is no clawing. Electrical examination : No reaction to faradism.
Reacts to galvanism, thirty-two cells, but s.c.c.>xK.c.c. Query:
Is this a degencrative reaction modified by nerve suture, or a
returning reaction due to vegencration ? It is diffieult to say.

Nov. 22, 1888.—The hand is practically well. He can localize
the slightest touch everywhere, but says that the feeling is not
yet the same as in the unaffected fingers. The shape of the hand
is normal, and all the muscles supplied by the ulnar nerve are
well developed and act vigorously. The grasp of the hand is
strong. The interossei act well, but the fingers cannot be sepa-
rated quite so well as can those of the other hand., There is also
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slicht abduction of the little finger. The patient says the hand
is quite as useful as before the accident. Electrical examination
shows normal reaction to faradism, but to galvanism A.C.C. = K.C.C.
There are no trophic lesions, and the joints are natural,

Case XVIIL.—Primary Sutwre of the Ulnar Nerve——Inereased
Temperature in the Paralysed Parts—Great Tmprovement ofter
thiee years.

George H., aged thirty, was admitted into St. Bartholomew’s
Hospital, under Mr. Langton, on March 8, 1885. He had thrust
his arm through a pane of glass, and received a cut over the
internal condyle of the humerus. . The ulnar nerve was com-
pletely divided, and was sutured with three catgut and two
horsehair sutures.

May oth.—Eight hours after the accident the temperature
between the fourth and fifth fingers was 100°.2; between the
first and second, gg°. At 7.30 P.M., in the same situation, between
the fourth and fifth, gg°; first and second, g8

1oth.—Between the fourth and fifth, 99°.6 ; between first and
second, g3°.2.

1 1th.—Between the fourth and fifth, g8°.6 ; between first and
second, 97°.6.

14th.—Between the fourth and fifth, g8°; between first and
second, 97°.4.

15th.—Between the fourth and fifth, g8°.2; between first and
second, 98°.2.

16th.—Between the fourth and fifth, 101°.6 ; between first and
second, 101°.6.

19th.—Between the fourth and fifth, 99°.4; between first and
second, 98°. 3.

20th.—Between the fourth and fifth, 98°; between first and

second, g7°.6.

21st.— Between the fourth and fifth, 9g°; between first and
second, 98, _

The temperature of the paralysed parts remained generally
about one degree higher than that of the rest of the hand until
his discharge on May 3oth, and varied with his body temperature.

May 11th.— Electrical examination: The interossei react to
faradism, and to galvanism, there is no loss of excitability. The
anodic closure contraction equals the kathodic closure contraction.
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13th.—Electrical examination: Complete loss of faradic con-
tractility of the ulnar muscles, and no appreciable reaction to
galvanism.

14th.—Sensation : Little finger quite ansesthetic. Ring finger:
(an localize ocecasionally on the ulnar side. The wound is sup-
purating.

soth.—There has been much suppuration, and sensation has
not improved. The museles supplied by the ulnar nerve ave all
paralysed.

June 18th.—Has improved. He can localize all over the
inner side of the little finger, and palm and back of the hand.
There is complete anasthesia of the outer side of the little
finger and along the fourth interosseous space on the back.
There is much cedema of the hand. No pain or trophic lesions.

Sept. 19th.—No further alteration. No reaction to galvanism
or faradism.

July 13, 1886.—Tactile sensation much improved, but still
does not localize accurately. Muscles still paralysed.

Feb. 4. 1887.—Localizes badly, but feels a touch readily.
Slight voluntary power over hypothenar muscles, none over
interossei. The former act feebly to both faradism and gal-
vanism (K.C.C. = A.C.C.), the latter do not act.

Oct. 31, 1888.—There is no wasting of the forearm, and the
flexor carpi ulnaris and the muscles of the ball of the little finger
have good voluntary power. The interossei are still wasted and
paralysed. Sensation is much improved and he can quickly and
readily feel and localize the slightest touch. He says, nevertheless,
that sensation is not quite natural and that he has feelings of * pins
and needles.” The hand is useful and strong, and he says has
much improved during the summer.

In each of the last two cases the electrical reactions after nerve
section are well demonstrated, and support the views [ have already
advanced of the much more rapid loss of excitability in man than
in animals, and the absence of that increased galvanic irritability
noted after nerve lesions in the latter.

Case XIX.—Primary Suture of Ulnar Nevve—fimprovement,

James D., aged thirty-two, was admitted into St. Bartholomew's
.Hospital, under Mr. Baker, on April 7, 1885. He had thrust his
hand through a window and had met with an incised wound on the
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ulnar side of the right wrist. The ulnar artery and nerve and
flexor carpi ulnaris tendon were divided, also the two inner
tendons of the flexor sublimis digitorum, The nerve was sntured
by two silk ligatures passing through the sheath.

gth.—Sensation was found to be lost in all tke ulnar distribu-
tion. The wound was healing well, Electrical examination: No
response to interrupted current in the ulnar muscles. Good
reaction to galvanism.

14th.—No definite reaction to either the continuons or the in-
terrupted current.  When discharged from the hospital a week
later, there was no return of sensation in the little finger or the
ulnar side of the palm or back of the hand, or on the ulnar side
of the ring finger. There was no return of power in the muscles
of the hypothenar eminence. _

July 1oth.—All the ulnar muscles are much wasted and com-
pletely paralysed. The little finger is clawed and the phalangeal
joints stiffened. No reaction to electricity. No trophic changes,
Sensation : Localizes on the inner side of the little finger and
on the palm, and feels a touch, but carnot localize it, on all other
parts of the hand supplied by the ulnar nerve. He says the little
finger and part of the ring feel very numb.

This patient died seven months later from acute rheumatism,
but I was not able to examine his nerve, as I did not hear of his
death at the time.

(‘asE XX.—Primary Sutuve of Ulnar Nevve.— Povtiol Suceess,

Sarah S., aged fifty, was admitted into Lucas Ward, St. Bar-
tholomew’s Hospital, under Mr. Langton, on Jan. 11, 1886, having
divided her nlnar nerve just above the wrist by falling on a broken
jug. She had lost sensation in the parts supplied by the ulnar
nerve and had divided the ulnar artery also. The nerve was
sntured with catgut, but the wound suppurated freely and did not
heal for more than a month, when the patient left the hospital.

July 16th.—No return of sensation ; muscles not much wasted.
All the nails are ridged, furrowed, and brittle,

I'eb. 4, 1887.—Some return of sensation and of power of loca-
lization on the palmar surfaces of the ring and little fingers. Muscles
still wasted, but some return of voluntary power and very little
deformity. There is slight reaction to galvanism and A.c.c, > K.c.C,

Oct. 1888,—No further change,.
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Casg XXI.—Primary Suture of Ulnar Nerve—Partial Suceess,

Henry T., aged sixteen, put his hand through a window on
June 7, 1887, and divided his ulnar nerve just above the wrist,
The cut ends were sutured with three catgut sutures, and the
wound healed after a little suppuration in seventeen days.

On June 29th the galvanic irritability was very much impaired,
but K.c.c. = a.c.c. No reaction to faradism.

Oct. 1888.—Localizes well and accurately, but sensation is
still numbed. He says that when cold the hand is painful, but
otherwise painless and useful. The muscles supplied by the ulnar
nerve are still wasted and paralysed.

Case XXIL—Primary Suture of Ulnar Nevve af the Elbow.
Slowgling of the Wouwnd—Failure,

Emile M., aged forty-seven, was admitted into St. Bartholo-
mew’s Hospital, under Mr. Willett, on Feb. 22, 1884. On the
day of admission the patient fell on to some bottles in a cellar and
cut his arm severely with the broken glass. On admission he was
found to have sustained an extensive wound behind the internal
condyle of the left elbow. The ends of the divided ulnar nerve
were found after some trouble, and sutured with Chinese silk.

23rd.—Sensation : Abolished over the liftle and half the ring
finger and over the ulnar half of the wrist and hand. The wound
was dressed with oiled lint, but the edges did not look like healing.
The temperature between the fourth and fifth fingers was one-
third of a degree higher than that of the rest of the hand.

25th.—Electrical examination: The hypothenar muscles no
longer react to faradism, but the interossei react to a strong
current,

Feb. 27th.—All reaction to faradism absent ; slight return of
tactile sensation on the back of the second phalanx of the little
finger.

March 18th.—The wound has been sloughing extensively, but is
now healed, or nearly so. Patient discharged without having
undergone any further improvement.

April 28th.-~Wound healed. The muscles supplied by the
ulnar nerve are much wasted. The skin over the ulnar side of
the palm is rough and dry. Sensation has returned in the ulnar

K
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side of the tip of the ring finger and over the dorsal and palmar
surfaces of the hand to such an extent that he can readily localize
the touch of a pencil. The little finger is numb; there is no
faradic reaction of the paralysed muscles, and no voluntary
power,

Oect. 22nd.— Ulnar muscles of forearm and hand much wasted ;
no power over any of the ulnar museles. The hand is much
clawed, especially the little and ring fingers. Sensation: ring
finger good all over ; little finger: he localizes over a small area at
the outer side of the second phalanx behind, not elsewhere ; hand :
back fairly good, side and front much impaired.

March 23, 1885.—The hand is altogether more strong and
useful ; in fact, he says it gives him little inconvenience ;
there is, however, no further evidence of nerve regeneration.
Pressure on the ulnar nerve in the forearm below the scar causes
shooting pain in the parts supplied by the ulnar nerve.

July 12th.—No further change. He says the hand is quite
useful and causes little inconvenience. The ulnar muscles con-
tinne paralysed and wasted.

Cask XXIIT.— Primary Sutvwre of Ulnar Nerve.—Failvre.
i !

William K., aged fifty-three, stableman, was admitted into St.
Bartholomew’s Hospital, under Mr. Holden, on July 12, 18709.
He had fallen on a broken bottle and wounded his forearm in the
middle third, dividing the flexor carpi ulnaris, two tendons of the
flexor sublimis digitorum, and the ulnar artery and nerve. The
nerve was sutured with catgut.

22nd.—There was slight return of sensation, but on his dis-
charge on August 7th there was no sign of repair.

July 17, 1882.—Present condition : An adherent but not painful
scar above the wrist, Marked wasting of the ball of the little
finger and also of the inner part of the ball of the thumb.
Interossei greatly wasted. Hand clawed. Nails are normal.
Hair short and stumpy over first phalanx of the fifth finger.
Patient says his hand never sweats, and has Dblisters on it in
winter, but not in summer. The skin is smooth and shiny. He
suffers no pain.  Sensation: The fifth finger is absolutely
anmesthetic, and the fourth finger is but little better. The inner
side of the palm of the hand is quite anwmsthetic, especially
over a large scar, which, he says, marks the site of a previous
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frostbite.  There is no evidence of any union of the ulnar
nerve,

Case XXIV.—Primary Suture of Ulnar Nevee—Failure,

Wm. R., aged thirty-one, was admitted into St. Bartholomew's
Hospital on July 6, 1880, He had fallen through a window and
cut nearly all the muscles of the inner side of the forearm, as well
as the ulnar artery and nerve. The nerve was sutured with catgut,

7th.—Slight sensation down the ulnar side of the hand.

Aug. 6th.—Sensation has further returned.

July 18, 1882.—Present condition : Sear on forearm five inches
above the wrist; not tender. No trophic disturbances of any
kind. Fingers supplied by the ulnar nerve feel slightly colder
than the others, and they are painful in cold weather. The
muscles of the hand are much atrophied, especially the interossei.
The fourth and fifth fingers are both flexed. Sensation: Palmar
surface of fifth finger anmsthetic to all stimuli. He can feel on
the back of the first phalanx, but refers sensation to the front of the
hand. On the ulnar side of the ring finger he has sense of touch,
but cannot. localize. Sensation is impaired in the ulnar part of
the palm of the hand. The muscles supplied by the ulnar nerve
are paralysed.

April 23, 1883.—The hand is much more plump. The grip is
firm. No trophic lesions. He says he has a numbing pain along
the little finger and on the inner side of the hand, worse in cold
weather and before rain. Sensation in ring finger normal ; little
finger anwmsthetic.

Aug. 14th.—Hand still clawed, and muscles wasted and para-
lysed. No further improvement.

March 28, 1884.—No power over ulnar muscles; no reaction to
faradism. No sign of reunion of the nerve.

Case XXV.—-Primary Suture of Ulnar Nevve—Feoilure,

Secondary Sutwre seven weeks later.—Success.

Samuel B., aged seventeen, was admitted into St. Bartholomew s
Hospital, May 11, 1881. He had inflicted a severe wound on the
left side of the wrist with a chise!, and was bleeding profusely.
On examining the injured arm I found that the ulnar artery
and nerve were divided, as well as the flexor carpi ulnaris
tendon. I accordingly ligatured the bleeding vessels and
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sutured the divided ends both of the nerve and tendon with
catgut. The arm was then fixed on a splint with the hand
in a position of flexion. During the first few days there
appeared to be a slight return of sensation in the parts supplied
by the ulnar nerve, but after about ten days this disappeared,
and up to the end of June there was no improvement. The
muscles wasted, the grip of the hand became much weaker,
and all the fingers were slightly extended at their metacarpo-
phalangeal joints, whilst the distal phalanges were bent, especially
those of the fifth finger, and to a less extent of the fourth. On
July 1st the ulnar nerve was exposed by Mr. Langton by an
incision about three inches in length; the divided ends were
found separated by a space of about half an inch, but lying
in the same plane and in the same straight line, and intimately
united by a strip of connective tissue stretching between them. The
upper end was slightly bulbous, and small portions of this as well
as of the peripheral extremity were removed, the ends being sub-
sequently sutured with both catgut and horsehair.

By July 7th there was a considerable return of sensation in the
palm of the hand and the ulnar side of the ring finger. Improve-
ment was slow, but on Dee. 3rd sensation was found to have
returned everywhere, except over the last two phalanges of the
little finger. At this time the interossei had increased in size,
and the power of the hand was improved.

On Dec. 15, 1882, this patient wrote to say that his
hand caused him no pain except in cold weather, that it was
almost as strong as tho other, and that his grasp was nearly
as wood. The fingers also were straighter, and continued to
improve in this respect. In referring to sensation, he said he
could feel a very slight touch or prick.

Oct. 20, 1885.—The patient came to see me. His hand
is as good as before the accident. Electrical reactions are
normal. The bulk of the muscles is the same as on the other
hand ; there is no stiffness of the joints.

This case has always seemed to me to be one of much practical
importance. I attribute the failure of the primary suture to my
own carelessness in not fixing the hand on a splint when the
nerve-ends were only sutured with catgut. I can have no dounbt
that the latter yielded too soon, and allowed some incautious
movement of the hand to separate the recently united ends,
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Case XXVIL.—Primary Suture of Ulnar and Median Nerves,
Sueeess,

Wm. P.. engineer, was admitted into St. Bartholomew’s
Hospital, under Mr. Smith, on July 6, 1883. He had put his
hand throngh a pane of glass whilst drunk, and cut his wrist,
The ulnar nerve, the flexor carpi ulnaris tendon, one of the
tendons of the flexor sublimis digitornm, and abont two-thirds
of the median nerve were divided. The tendons and nerves were
sutured with eatgut, and the wound was dressed with carbolized
oil lint and placed on a splint. At the time of the aceident there
was complete anmsthesia of the little finger, the ring and middle
fingers, and of the ulnar side of the palm or surface of the thumb.
Sensation in the index finger and the rest of the thumb was
impaired.

oth.—The index finger and thumb were found to have fairly
normal sensation in all parts. The palmar surface of the middle
finger as well as the dorsal surface of its last two phalanges was
anssthetic. The radial side of the ring finger was also partially
angsthetic. The ring and little fingers on their palmar surfac-s
were angesthetic. On  the dorsal surface the ring finger was
angesthetic, but the little finger normal.

11th.—He has very distinet tactile sensation on the front of
the little finger, and localizes the touch of a pencil accurately.
The wound is suppurating.

Aug. 7th.—Electrical examination: The muscles of the ball of
the little finger do not appear to have any faradic contractility.
The wound is very nearly healed, and there is né further change.

Nov. 26th.—Sensation: Thumb normal. Index normal, except
on the extreme ulnar side, where, though he can localize, sensation
is impaired. Middle: Sensation impaired back and front ; cannot
localize except over first phalanx, to which he refers all touches on
other parts of the fingers. Ring finger in a similar condition to the
middle. Little finger: He localizes accurately everywhere ; sensa-
sation is impaired. Palm in similar condition to the little finger.
He has tingling feelings all over the area of impaired sensation.
Muscles: All the ulnar muscles are wasted, but he can use the
opponens pollicis fairly well. There is a tendency to clawed
hand and stiffening of the joints of the fingers. There are no
other trophic changes.

Dee. 31st.—No material change.
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Jan. 14, 1884.—Slight improvement in sensation.

24th.—The opponens muscle reacts to faradism.

Oct. 11th.—General condition of the hand much improved. He
is at work as an engineer, and able to earn good wages. No
pain except when the hand is cold. Sensation: Thumb normal.
Index normal. Middle: No sensation on palmar surface or on
dorsal surface of first and second phalanges. Ring and little
fingers: He localizes at the back but not at the front. Muscles:
Ulnar muscles of the thumb are wasted; interossei are slightly
wasted. He can oppose and abduct the thumb. Eleetrical
examination: The opponens and abductor pollicis react to fara-
dism, No reaction of the interossei, The hypothenar muscles
react to a strong faradic current.

Sept. 24, 1885.—Still further improved ; the hand is strong and
useful. He earns as good wages as before the accident. Sensa-
tion: Localizes everywhere on the ulnar side of the ring finger.
The thumb and index are quite normal, but over the other fingers
and the ulnar half of the hand he still has pricking sensations
when touched. Trophic: The ulnar half of the hand sweats more
when hot than does the radial half: it is not colder than natural.
Motion: Has voluntary power over all the muscles, but there is
some stiffness of the joints of the fourth and fifth fingers, and
for some reason or other he cannot properly spread the fingers.
[ilectrical examination : All the muscles of the hand, both ulnar
and median, react normally to faradism and galvanism, but their
electrie excitability is diminished.

Case XXVIL—Primary Sutvire of the Medion and Ulnar Nerees,
followed by much dmprovement within wine months,

Edward F., aged ten, was admitted into St. Bartholomew’s
Hospital, under the care of Mr. Morrant Baker, on Ieb. 5, 1888.
He stated that he had fallen and cut his wrist with a jug,
which he was carrying at the time of the accident. On admission
he was found to be suffering from a rageged wound two inches
above the wrist, on the flexor surface of the right forearm. An
examination under chloroform showed that the median and ulnar
nerves had been divided, together with many of the tendons. The
median nerve and the tendons were sutured with catgut, and the
ulnar nerve with horsehair. 'T'ie wound did not heal by first
intention, and. thongh there was never much suppuration, it did
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not finally close until March 1sth. The parts supplied by the
median and ulnar nerves were quite angsthetic when the hand was
examined directly after the injury.

On March 1oth I found that the patient could feel and localize
sensations readily all over the thumb, and on March 13th there
was further slight return of sensation in the index and middle
fingers, though the ring and little fingers remained anzesthetic.

In Nov. 1888, I again saw the patient, and found sensation
very greatly improved, so that he could feel the touch of a pencil
on any part of the fingers, and could readily and quickly localize
his sensations. There was also slight return of power in the
abductor and opponens pollicis, but all the interossei muscles
of the hand were much wasted. The nails were ridged and fibrous,
and the hand was colder than its fellow.,
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CHAPTER IX,

THE VALUE OF PRIMARY SUTURE OF NERVES.

(CLiNICAL facts must furnish the basis on which an opinion may
be formed as to the value of primary nerve suture. It is useless
to argue from any other than a clinical standpoint. The investi-
gations of experimenters on animals of various kinds possess a
value of their own, but the conclusions arrived at in this way
cannot possibly be directly applied to man.

When we consider that after the section of the spinal cord of a
pigeon there may be a complete restoration of continuity, when
we are told that in a monkey three or four inches of nerve may be
re-made in as many months, the absurdity of applying to man
the conclusions arrived at by experiments is very obvious.

The cases of primary suture observed by myself, and described
in the last chapter, may be summarized as follows :(—

The wmedian nerve was sutured on twelve occasions. Of these
eight cases were successful, three were partially successful, and one
was a failure.

The wlnar nerve was sutured thirteen times. Of these, five cases
were completely successful ; four cases were partially successful ;
three cases were failures, In one case primary suture failed, and a
secondary suture seven months later was followed by complete
‘success.

The median and wlnar nerves were sutured in two patients, with
success in one case, and improvement in the other.

The total number of cases observed by myself thus stands at
twenty-seven: fifteen of these were successful; eight were
partially successful ; four were failures.

In two of these cases union by first intention, without previous
degeneration, ensued. In each case the median nerve had been
divided. In some of the other cases some fibres appeared to unite
by first intention, although the bulk of the nerve did not do so.

I have alveady briefly described the cases I have myself seen, and
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do not propose to do more than summarize those which have been
published, for the perusal of a large number of very similar cases
is necessarily tedious and not stfficiently remunerative to most
readers.

I have found much difficulty in summarizing the cases reported
in medical literature, for in many the reports are too meagre, in
others they are evidently inaccurate, and in some they are imper-
fect in important particulars. I have thus been compelled to
classify a certain number as “ doubtful successes,” for although
they are claimed as successful by their authors, it is not possible to
accept them ‘all in the absence of important details. It is of
course probable that in the majority of these patients there was
perfect recovery, but I have thought it more satisfactory to include
in the * successful ” class only those about which there could be
no doubt at all,

The following list, I believe, includes practically all the cases
recorded as late as the end of the year 1885, and I think they are
sufficient for my present purpose :—

Of Primary Sutwre of the Medion Nerve.

Suceessfol . ; ’ . ; : : : - ; A
Doubtful successes : - : : b
Partially successful ‘ - : - E e
Failures . - : : ; . ; : : ; R
Result not stated . ; : - . - ; : ; I
Total 20

Of Primary Suture of the Ulnar Nerve.
Successful . ; . - . : : - 4
Doubtful snccesses = s a Fi 4
Partially successful . ; . . 3
Failares 4
Total : : 15

Of Primary Sutwre of the Musculo-spiral Nerve.

Successful . 4 - 4 . : : . . ; e

Of Primary Suture of the Radial Nerve,
snecessful . . ; : : 7 . 5 u : T |

Of Primary Sulure of the Median and Ulnar Nerve simultaieously.

successful . 5 ; ; - % e ; . 2
Doubtfully successful . : - . - R . 2
Partially successful . | . . k i : ; R |
Failures F ; % ; . . A . 3

Total 2 - - SR |
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Of Primary Suture of the Sciatic Nerve.
Partially successful . - . . : . . : TN

Of Prisary Suture of the Peroneal Nerve.
Failure . . . . . . . : . . . v e

Of Primary Suture of the Posterior Tibial Nerve.
Partially snccessful : ; A : . . : 5 ol

Total wuwmber of ('ases of Primary Nevve Sutwuve, recorded
up to Deceniber 1885.

Buccessful ; A F : - : ; ; v T 1y
Doubtfully successful . 2 - : : : ; : S
Partially successful ; { : - ] : : - S [
Failures ; ! : 3 , : : : ; : . 10
Result not stated . A A : . . - . ; LT

Total - : : L

These, added to my own 27, give a grand total of 81,

Successful . . . . . : ; : . : 132
Doubtfully successful , - . - . : . - o I
Partially successful : : : : : ; : - . 22
Failures ! i ; : ; : ; ; : : o 1T
Result not stated . : - ; ; : - ; : T

Total i : ; . BI

Now at first sight it might seem as though such a summary as
the above would give a very fair insight into the prognosis of cases
of primary nerve suture. Yet I venture to say that in some
respects it is unavoidably misleading. I well remember that, when,
some few years ago, I first interested myself in the question of
nerve suture, I was inclined to form a somewhat low estimate of
its value. I saw cases operated upon, and 1 saw them frequently
leave the hospital without any material sign of nerve union, and
with deformities resulting from trophic lesions, from contracted
and atrophied muscles, or from anchylosed and painful joints. I
was told by surgeons that most of the cases operated upon were
failures, and such indeed was my first impression.

Further investigations, however, soon placed matters in a diffe-
rent light. I found that in almost all of the hitherto recorded
cases, nothing was noted of the state of the paralysed parts after a
few weeks or months at the latest ; and I therefore determined to
lkeep my patients in sight, not for months, but for years.

And whilst thus engaged in watching those who had been more
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recently operated upon, I also sought out other patients who had
met with nerve injuries in past years. On examining many of the
latter I found that, as might be expected, most of those whose
nerves had not been sutured at the time of injury were but little
improved. Others had gradually recovered. In some of the
latter the nerve-ends had been sutured,in some this had not been
done. But what most interested me was to find that, in many
patients who had completely recovered, there had been a long
interval of many months, or even of years, between the time of
injury and the return of sensation or motion, and I saw at once
that no case should be written down as a failure simply because
the operation of suture was not followed by immediate success.

It was with this impression that I continued to watch the
various cases that I met with, and 1 believe that there is no other
class of surgical injuries which so well repay clinical observation.
So little has been written of them that they are constantly supply-
ing surprises. Hach case has its own peculiarities, each runs its
own course, yet there are certain general rules which apply to all,
and enable the surgeon to speak with tolerable confidence as to
the final results of cases of nerve injury which have been treated
by primary suture.

If there is one fact more than another which stands out in the
clinical histories of the patients who have been under my own
observation it is that, after the failure of union by first intention,
after trophic changes of many kinds, after complete atrophy and
degeneration of the paralysed museles, recovery may yet be complete.

Time is the great requisite in these cases.  The surgeon and the
patient must alike have patience, and, if the nerve-ends have been
placed and maintained in accurate apposition, it is to fime that the
final result must be left.

Putting aside for the present the cases in which primary union
oceurs, I would refer to the period that elapsed in my own
patients between the time of suture and of repair.

Of the six cases of successful suture of the median nerve, five
months elapsed in the first case before any signs of union were
appavent. In Case LI restoration of function occurred within a
few months ; in Case II1.,it ocecupied more than a year; in Case IV,
about a year; in Clase V., about six months; in Case VL, there
was no improvement for more than a year, and final restoration of
function was not complete for one year more.

Of the five cases of snccessful union of the ulnar nerve, in the
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first at the end of a year the hand was clawed, the muscles
atrophied, the skin anmsthetic. It was not until fhree years later
that restoration of function was complete and perfect. In the
second case, as I have narrated, it was thought that the ends of
the sutured nerve had become separated, and they were exposed,
only to show an apparvent union. The patient was discharged as a
case of ¢ failure,” yet subsquently union took place.

In the third case three years elapsed before the cure could be
said to be completed. In the fourth case, it was some fifteen
months before the hand resumed its normal condition ; and in
the fifth patient, the time required for repair was more than two
years.

In one case of successful suture of the median and ulnar nerves,
the muscles were wasted, the hand was paralysed, cold and blue,
and the skin was anmsthetic six months after the operation. In
another year the hand was practically restored to its natural con-
dition. The other case of suture of the median and ulnar nerves
required two years before the funetions were restored.

The facts are plain. When a nerve has failed to unite by first
intention, its lower end degenerates, and again regenerates in the
way I have already described. That such regeneration is hastened
by contact with the proximal end 1 have no doubt, but in the cases
in which the muscles have atrophied and degenerated it is evident
that some time must elapse before they can be re-made. Motor
functions, as a rule, take longer to return than do sensory ones.

Now, if it be conceded that years may elapse before return
of function, it is evident that where the operation of suture has
only been performed a few weeks or months, hasty conclusions as
to the final result should not be drawn. Keeping this in mind.
let us turn to the other cases that I have detailed and placed under
the heads of * partial success” and “ failure.”

Of four cases of * partial success 7 after primary suture of the
nlnar nerve, in the first case the hand was strong and useful, with
almost complete return of sensation, when the patient was last seen,
and improvement was still in progress three years and a half after
the aceident. Another patient died within seven months of the
suture. The remaining two patients were seen and were still im-
proving after intervals of two years and a half and one year and
a half respectively.

Of three cases of * partial success 7 after median suture, one
patient was seen in a much improved condition fourteen montns
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later, and both the others were also improving when seen respoc-
tively twenty-six months and two months after suture,

Of the four cases of ¢ failare,” in two the wound sloughed con-
siderably. In the other two, after lengthened intervals no union
occurred. 'To these I shall again refer in discussing the ** canses
of failure,” and would now turn to the cases of primary suture
described by other authors, and already tabulated.

Without stopping to consider the cases recorded as “ successes,”
let us briefly glance at the length of time which the others—those
of ¢ doubtful success,” of * partial snceess,” and of ** failure "—were
kept under notice.

Of the cases of median suture, six, in which suecess was doubt-
ful, were under notice respectively for two months, twenty-five days,
two months, one month, a few days, and a few weeks. In five cases of
¢ partial success " the times were eight months, a few weeks, several
months, no time stated, and one month. In the two cases of
~ “failure ” no time is mentioned ; the patients do not seem to have
been under observation more than a few weeks at the outside.

Looking at the cases of sufure of the wlnar nerve, we find that
of four cases of * doubtful success”™ the patients were seen for
periods of six weeks, eighteen days, no time specified, and five
weeks, Of three cases in which there was ® partial suceess,” for
two years, “some months,” and one month. Of four cases of
“ failure,” the patients were observed for three weeks, three weeks,
one year and a half, and three weeks.

Of cases of suture of the wedicn and winar werees, in two, in
which sucecess appears donbtful, the patients were under observation
for  some weeks ” and a year and a half respectively, Of four cases
of  partial success,” for ten weeks, three weeks, fourteen days, and
three months. In three cases of “ failure ” the patients were seen
after six weeks, two days, and eight days respectively.

In the case of the seciatic nerve, the only patient was under
notice for thirteen days, and there was then some improvement.

The only patient on whom a primary suture of the peroneal was
performed died sixty-five ﬂ:t}rﬁs later with gangrene of the thigh,
The nerve-ends were found separated.

In a case of primary suture of the posterior tibiel neree, there
was a partial restoration of funetion in four weeks.

A consideration of these facts leads to the inevitable conelusion
that the reports of thess cas2s cannot be considered final. In the
enormous majority of cases of failure or of partial suceess the time
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that had elapsed since operation was far too scanty to allow of
reunion, supposing that union by first intention had failed. I am
convineed that it would be a most grave error of judgment to con-
clude that because no restoration of function had oceurred, even as
late as a year or more, that such was not possible. My own cases
supply abundant proof of the correctness of this assertion.

Prognosis of Primary Nerve Suture.—In considering
the prognosis of cases of primary nerve suture, there are two chief
questions to answer : Iirst, what is the probability of restoration
of function ? Secondly, how long will it take for funetion to be
restored ?

With regard to the first question my own mind is clear. The
probability is thet function will be restored. 1 am quite convinced
that if the nerve-ends have been carefully coapted and kept in
position, restoration of funetion will ensue in the great majority
of cases. The instances I have given arve my authority for this
statement, for I have shown that in by far the greater number of
failures, or of partial successes, the time which had elapsed when
the cases were published was too short to permit of accurate con-
clusions being drawn. But, whilst I would thus give a good prog-
nosis, I would at the same time warn the patient that some trifling
inconveniences may remain permanently. Thus, in cases other-
wise snccessful, I have noticed complaints of slight stiffness of the
muscles or joints, of paing or aching when the weather changed, or
when the parts were cold or wet. Other patients have complained
that, thongh they had good tactile sense, nevertheless the parts felt,
in a way that they could not explain, different from what they did
before the aceident ; in fact, delicacy of both touch and motion arve
lost for a long time after power and erude sensation have returned.

The earliest signs of returning funetion are nsnally met with in
relation to the sense of touch. The first thing the patient notices
is that he can feel when touched in a part previously anwmsthetic.
Just at first he does not localhize properly, perhaps refers sensa-
tions from one finger to the other, or from a finger to the palm of
the hand.  And indeed this is only what might be expected if we
consider that the several divided nerve-fibres can never be united
as before the injury, that the proximal end of a fibre which was
distributed to the middle finger may become united to the peri-
pheral end of one distributed to the thumb, and so forth. The
patient has, in fact, again to edweate his sense of touch in the way
that all infants have to do. What has generally surprised me is
the rapidity with which this eduncation is completed, rather than
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the difficulties which at first present themselves. The return of
the sense of touch, followed by that of pain and of temperature,
affords further ground for promising return of muscular power.
Will the atrophied and shrunken muscles regenerate 7 (I am sup-
posing some time has elapsed without improvement.) They will ;
their power will return, their bulk will inerease. Trophic lesions
also will disappear, and the tissues will practically return to their
normal state. Do any general conditions influence the prognosis ?
I think they do. T am of opinion that the prognosis is better in the
young than in the old, best of all in children and young adults. 1
think I have observed that regeneration is more rapid in warm
summer weather than in the winter time, when paralysed parts
are liable to become cold and livid, with impeded eireulation and
lowered vitahty,

The consideration of these points leads directly to the second
question in the prognosis—How long will it take for function to
be restored ?

This is not a question that can be answered dirvectly. The first
point for consideration is, What is the probability of union by
first intention ? For an answer to this I would turn to the cases
already tabulated. In only two instances out of the seventeen
under my own observation has union by first intention resulted.
In each the divided nerve wag the median. In three cases of suture
of the ulnar nerve recorded by other authors—mnamely, Boéghold,
Bramwell, and Clark —supposing the accounts to be accurate—there
was union by first intention. In one case by Kraunssold of suture
of the radial, median, and ulnar nerves there was a similar
result. Thus, out of a fotal of seventy-one, there are but
six cases of union by first intention, and of some of these
I am bound to confess 1 have some doubt, for there are absolutely
no details supplied of those by Bramwell and Clark, and but
few by Kraussold.

I should, therefore, conclude that union by first intention is not
to be expected in any given case.

And, supposing that such union does not occur, what time musf
elapse before recovery ? This is a question quite impossible to
answer. [t may be weeks, months, or years; no one can tell.
Recovery may be preceded by trophic changes, joint disease and
paralysis, or none of these may be present. But with regard to
time I would not say more than that considerable improvement
will probably occur within a vear, and of this I would feel more
certain in a young than in an old person. I would give up no
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case as hopeless until the lapse of at least two or three vears, and
not then if any improvement was in progress. The age of the
patient is a consideration of much importance. There can be no
doubt that in young people nerves regenerate both more surely
and more rapidly than in the old.

Does the prognosis differ in the case of different nerves? This
is a question I have often asked myself. I think it does. All the
cases of suture of the musculo-spiral have been successful, and,
althongh it is looking ahead a little, I would remark that a similar
success has attended almost all the operations of secondary suture
in the case of thig nerve. Ishould therefore be the more inelined
to give a favourable prognosis.

In the case of the median nerve, I find that eight cases out of
twelve seen by myself have been successful, while of twenty
recorded by other authors only two are recorded as failures, and
these may be explained by the short length of time they were kept
under observation,

With regard to the nlnar nerve. my impression is that motion
never returns before sensation, and that of all paralysed musecles
the interossei are the omes which are most slow to recover. 1 have
not seen a sufficient number of injuries of other nerves to form
any opinion as to their relative capabilities of repair. Indeed,
what I have just said in respect to the nerves of the upper ex-
tremity rather embodies my own somewhat vague impressions than
suggests any definite conclusions.

Causes of Failure of Primary Suture.—-I have
alveady expressed my opinion that *if the nerve-ends have been
carefully coapted and kept in position, restoration of funetion
will ensue in the great majority of cases,” but I have no doubt
that in some instances no such restoration occurs. The causes of
failure are more than one, but those on which 1 would lay most
stress are “ sloughing of the nerve-ends” and profuse suppuration
in the wound. The deleterious effects of sloughing are so obvious
that I need not enlarge upon them. It is evident that if portions
of the nerves are destroyed union is not to be expected. Thus,
sloughing was the probable cause of failure in a case of ulnar
suture at St. Bartholomew’s, and also in the case of suture of the
peroneal nerve already alluded to. In cases where suppura-
tion is profuse, portions of nerve may be destroyed by ulceration,
and even if they escape this fate they are liable to be strangled
and compressed by dense scar tissue, as in the case recorded by
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Biisch-Madelung. But not only may the nerve-ends be destroyed
by the suppuration, the sutures which hold them in apposition may
likewise be liguefied, and thus the ends may become separated. I
am inclined to think that this accident most probably occurred in
the two cases of failure of suture of the ulnar observed by myself,
but it is quite possible that pressure by scar tissue may have
cansed the continunance of the paralysis.

The Treatment of Cases of Failure of Primary
Suture is sufficently clear. In any case where a sufficient length
of time has been allowed to elapse without restoration of funection,
the nerve should be exposed at the seat of injury. If its continuity
is not interrupted, it should be freed from scar tissue, and then
thoronghly stretched to free the individual fibrils yet more. If
the ends have become separated from any cause, the operation of
““secondary suture” should be performed as described in the
following pages.

Treatment of Complicated Wound of Nerves.—In
connection with this subject I shall allude but briefly to two com-
plications. First, cases in which the nerve-ends are much lace-
rated and contused; second, cases in which the ends cannot be
brought into contact.

With regard to the first, the proper treatment, in my opinion, wounld
be the resection of such an amount of nerve as seemed too much
damaged to recover, followed by stretching of the proximal and
peripheral ends and fixation by sature. That the most satisfactory
results may follow such treatment, a case I have already mt-n‘.
tioned of a wound of the median nerve supplies ample proof. Here
there was a great deal of laceration of the soft parts, and T found
it necessary to remove about one inch of nerve which had been
almost completely separated from both the npper and lower ends.
I did not meet with any material difficulty in bringing the cnt
surfaces into apposition, and after fixing the hand in a flexed position
on a splint, the case resulted in union by first intention.

The second complication I have mentioned is much more serious,
for where the ends of the severed nerve cannot be brought into
apposition on account of tco extensive a loss of nerve substance,
the prognosis cannot be very favourable, -

Létiévant * has recommended that one of two operations should
be performed. First, that the peripheral end shounld be grafted
on toa freshened surface of some neighbouring trunk; or, secondly

® Op. cit.
L
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that the proximal end should be split longitudinally to a sufficient
extent, a cross section be then made of one-half of the nerve at the
highest point to which the splitting is carried, and then that the
split portion should be turned down and placed as a sort of graft
between the parted ends.

I am mnot aware that either of these operations has ever been
put into actnal practice, but should view each with but little favour.
The second suggestion especially seems to be of more than
doubtful value, for the split portion would really be completely
separated from each end, and in my opinion would probably
slough.

In a case where an inch or two of nerve had been destroyed, and
I was unable to bring the ends into apposition, I should pass
sutures through them, and bring them as close as possible by the
aid of stretching and of position. In this way further retraction
wonld be prevented, and the two cut surfaces would, at any rate,
be fixed in the same plane. I have already detailed cases in which
union has occurred after execision of several inches of nerve in-
dependently of suture, and although 1 should not give a favourable
prognosis, I believe that such treatment would afford the best
prospect of recovery. In case of failure, however, or in cases
where it is evidently impossible to get a satisfactory result on
account of the amount of nerve destroyed, no time should be lost
in performing the operation of nerve grafting, which is alluded to
more fully at page 2009.

Some experiments by Vanlair® are of interest in connection with
the subject of separation of the cut ends of a nerve. This author
details how he resected three centimetres of the sciatic nerve of a
young dog, brought the ends as near to one another as possible
with sutures. and enclosed them in one of Neuber's decaleified
bone drainage-tubes.  The wound healed readily, and four months
later an examination of the seat of injury showed a reunion of the
divided nerve. It is evident that the only value this treatment
possesses is derived from the fact that the cut ends of the nerve
are prevented from becoming adherent to the surrounding tissues,
or compressed by the cicatrix; but there is also an evident dis-
advantage, namely, that such complete separation of the nerve-
trunk from its surroundings is very likely to terminate in
gloughing,

# Archiv. de Phys., 1882, vol, x. p. 505.
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CHAPTER X

SECONDARY SUTURE.

Secondary Suture of Nerves.—The operation of secondary
suture is performed at some time after the infliction of the original
injury, generally in cases in which no attempt has been made to
secure primary union of the divided nerve. It may be performed
either before the wound has healed, or else after it has cicatrized.

The indications for such an operation are afforded by the
presence of symptoms pointing to the conclusion that a nerve has
been divided and has not united. These symptoms 1 have already
alluded to and deseribed in detail, and will only point out that, as
I have already insisted, it is not sufficient to examine the sensation
alone of parts supplied by the nerve in question. The conditions
and electrical reactions of the muscles are of as greaf, if not of
oreater, importance., .

With respect to the advisability of performing the operation.
I would say in its favour all that I have already said in connection
with “primary suture.” In all cases in which a surgeon believes
that a divided nerve has net united, it is his duty to attempt the
suture of the separated ends.

In performing the operation it is of prime importance that the
parts should be as bloodless as possible, and to obtain this end
the use of Esmareh's bandage is most advisable.

The limb having been rendered bloodless, an ineision should be
made throngh the scar in the line of the wounded nerve, the ends
of which must be carefully sought. Very frequently these ends
have become separated by a considerable interval, and it is
frequently necessary to prolong the wound to a much greater
extent than originally appears advisable.  The upper end is
usnally the more easily found, for it is not atrophied, and its
bulbous extremity is frequently very prominent. The latter is
cenerally closely adherent to the surrounding scar tissue, and
from this it should be carefully but completely separated.



SECONDARY SUTURE. 165

The search for the lower end is sometimes very tedious and
difficult. It is often much atrophied, and is liable to be displaced
from its normal sitnation by contraction of the neighbouring scar
tissue. When any difficulty is experienced, it is best to search for
fMe nerve below the seat of section, and having found it at a
place where it is not hidden or dragged aside, totrace it thence to-
the scar, From the latter it must now be separated in a similar
manner to the npper end.

The extremities of the cut nerve having been thus exposed, the
next question to arise is as to the amount which should be vesceted.,

On this point my own opinions are very clear. The section of
the upper end should be carried throngh the upper part of the
bulb quite close to the normal trunk. At this point there are
mumerous young nerve-fibres, and the tongher tissue of the bulb
affords an excellent hold for the sntures.

In dealine with the lower end, it should be remembered that
its whole length is in the same condition of degeneration or of
regeneration throughout. Manifestly there can then be no good
done by cutting off' successive sections in the hope that the cut
surface may look more healthy than that which is seen on the
first resection. All that should be done is to cut away the extreme
end, which, being matted with fibrous tissue and compressed by
the surrounding scar, is very likely to contain mo nerve elements
of any kind. It is seldom necessary to remove as much as a
guarter of an inch, and, however unhealthy the section may look,
no good is ever to be gained by a further sacrifice. The nerve-
ends should be as little pinched or bruised as possible, and after
section should not be held by forceps. If it is necessary to use
the latter they should be fixed in the sheath.

In eases in which there has been much separation of the cut
ends, an additional inch or more may be gained by a thorough
stretehing of each extremity. When thisis to be done, it is often
advisable to remove the Esmarch’s bandage, for if it be applied
immediately above the seat of operation, it will tend to greatly
limit the amount of length to be gained by stretching.

As to the material for suture and the best method of passing
sutures, I have nothing to add to that which I have written in
treating of the subject of primary suture.

I shall again refer-to the alternative treatment in cases in which
the ends are so widely separated that it is impossible to bring
them into apposition, and before entering any furthev into the
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operation or the merits of secondary suture, I shall detail those
cases which have been under my own observation, directing
attention to any points of special interest that they may possess,
and only drawing sunch conclusions as appear to me to be
warranted by a careful consideration of their clinical details
taken in conjunction with those of other authors. I have in each
case appended the name of the surgeon under whose care the
patient was placed.

Case L—Swmith.—Sutuire of Median Nevve fowr and o half months
after division.—Suceess,

Arthur B., aged twenty-three, was admitted into St. DBar-
tholomew’s Hospital on TFeb. 8, 1882. He had sustained a
severe cut across the wrist on Sept. 25th, and since then had
lost the sense of touch in the thumb, and in the index and
middle fingers. The backs of the second and third phalanges of
the index and middle fingers and the extreme tip of the thumb
were also anwesthetic. The opponens pollicis was paralysed. There
were uleers at the tips of the index and middle fingers,

On Feb. 8th, the median nerve was exposed by an incision at the
side of the former injury and the upper end was found to be bulbous.
The greater part of the bulb was removed, and a fresh section was
cut off the lower end. The ends were then united by catgut
sutures. On the 1oth there was some return of sensation over
the first phalanx of the thumb. On the 25th there was good sen-
sation except at the tip of the index finger, and the wound was
suppurating. In June he wrote to say: “I am very glad
to tell you that my arm is all right, and that no more sore places
have broken out since the operation. I can feel as well in one
hand as the other, and one hand is as strong as the other, for I
can go to work with it as if there had been nothing the matter. 1
find it a little colder in the mornings, but that makes no difference
when I am at work.”

Case IL—Marsh.—Sceondary Sutvire of Median Nevve nine months
r{j’i":’f' ?rfu'ri'r‘jf‘—}ﬂ.r'!.r.g;'u .ry" molion fu:ﬁu'ﬁ sensalion—Poartial suecess.

Thomas M., aged twenty-four, was admitted into St. Bartholo-
mew's Hospital on May 11, 1883. Nine months previonsly he had
put his hand through a pane of glass and cut his wrist. There
was a great deal of bleeding at the time, and he immediately lost
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sensation in some of the fingers. He said he had not had much
pain in the hand except in cold weather, He had burnt the finger-
tips and they had become blistered. He was unable to follow his
occupation as a carpenter on account of the numbness of the
fingers and thumb of the left hand. Five months after the accident
the nail of the little finger gradually became ulcerated at the base,
and after a few weeks fell off without at any time causing much
pain. A new nail took its place. Present condition : Sensation of
all kinds lost entirely over the last two phalanges of the index and
middle fingers, both back and front, also on the palmar surface of
the last phalanx of the thumb. Sensation is impaired over the
radial half of the palm and ball of the thumb, and over the
palmar surface of the first phalanx of the index and middle. The
back of the thumb is quite natural. Sensation is impaired over
half the ring finger. All the nails are quite natural. The fingers
are cold. The muscles of the ball of the thumb are completely
wasted. There is no power of abduction or of opposition.

May 15th.—Operation : The median nerve was found to be quite
divided. The upper end was bulbous and retracted one inch from
the lower end. The ends were refreshed and sutured with kan-
garoo tendon.

24th.—The wound has healed by first intention, but there is no
return of sensation or of motion.

June 2gth.—No material improvement except that sensation is
rather more acute over the ball of the thumb.

July 3rst.—No further improvement.

Nov. 26th.—The hand is much improved. The muscles which
were paralysed ave greatly increased in bulk, and he has good
power over them. He ean oppose the thumb thoroughly, but
there is no reaction of the opponens or abductor pollicis to either
galvanism or faradism. Sensation—Middle finger: Can feel, and
with difficulty can localize, the touch of a pencil on the palmar
surface, but not on the dorsal. The tip of the finger 1s more =en-
sitive than elsewhere. Index: Same as middle, Palm: Localizes
well, but sensation is yet impaired. The thumb is much the same
as the other digits.

March 28, 1884.—Sensation : Not materially improved. He
says that when the weather is warm sensation is much better.
The hand, however, does not feel colder in one part than another.
No trophic changes. Muscles: Firm and well-developed, quite
as good as in the other hand. His grip is firm, and he has good
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power over the opponens and abductor pollicis. The opponens
eontracts to a strong faradic current, but its electrical excitability
is yet much impaired. It is immaterial whether the current 1s
sent through the nerve from above the point of injury, or applied
directly to the muscles,

Oct. 6th.—Sensation has improved. He now localizes every-
where, but the hand still feels numb, and he cannot pick up
anything with accuracy. On this account he is unable to follow
his occupation as a carpenter, although to a superficial examination
there seems to be no loss of sensation,

Sept. 22, 1885.—Further improved. The hand is now quite as
strong as the other, and there seems to be complete restoration of
muscular power. The electrical reactions to faradism and to
galvanism are normal. Sensation has further improved, but he is
not yet able to work well as a carpenter on account of the
numbness which he feels in the index finger and the thumb.

In this patient the muscles improved with comparative rapidity,
whilst return of sensation was slow, and only partial. I think
that if this man had been a labourer he would have considered the
operation a complete success, and indeed it was so as far as motor
power was concerned. It was in his occupation as a carpenter
that he found the greatest amount of inconvenience in consequence
of his inability to pick up quickly such small objects as nails,
screws, &c.  For, althongh he could localize the touch of a pencil-
point without difficulty, sensation was not perfect. A very caretul
examination alone revealed any imperfection.

Case IIL.— Wealshain.—Secondary Suture of Median Nerve nine
months after injury.—Ertensive troplie lesions.—* Cavsalgia.”
—,f.‘e'lf;a'jr{‘j'{gfg'n.r: r:lJ,F'_'-.:n:,i'J_"f' Lﬂ"fu‘{'.:-' vt Hee disfal r'iuf,—furj:;'crr'.ﬁm{-.-te‘f
aftcr operation,

Elizabeth G., aged fifty-three, was admitted into St. Bartho-
lomew’s Hospital on Jan. 17, 1885. In October 1384 she
fell and eut her wrist with a broken glass bottle which she was
carrying in her hand. The wound was sewn up and the hand
placed upon a splint. The wound healed in a month, but ever
since the accident there had been numbness of the index and
middle fingers and of the thumb, with great feebleness of the
hand. Prezent condition: A transverse scar across the forearm an



SECONDARY SUTURE. 169

inch and a half above the wrist-joint. The flexor tendons are
adherent to and drag upon the scar. The whole hand is wasted,
especially the ball of the thumb. The skin of «/l the fingers 1s
livid and glossy, and superficially cedematous, the mark of a pencil
pressed upon the skin remaining for a long time. There is an
apparent absence of all papille. All the nails, including those of
the ring and little fingers, are curved, fibrous, ridged, and striated.
The thumb, index, and little fingers feel colder than the others.
Sensation—Index: Back of the second and third phalanges
angesthetic.  Palmar surface ansesthetic over the last phalanx.
Impaired sensation over the first and second. Middle finger:
She cannot localize, but can feel a touch on all the palmar surface,
and on the back of the second and third phalanges. - On the dorsal
surface of the first phalanx sensation is normal. Thumb: Dorsal
surface natural except for slight numbness around the nail.
Palmar surface: Anasthesia of skin over distal phalanx. Im-
paired sensation over the first phalanx. Palm of hand: On the
radial half a touch gives rise to a sensation of pins and needles. The
back of the hand is natural. The patient complains of a constant
sense of numbness, and more particularly of burning pain (the
““ (fausalgia " of Mitchell) over the radial half of the thumb, and the
index and middle fingers, Muscles: Paralysis of the abductor and
opponens pollicis, with much wasting. The whele hand is weak.
Electrical examination : No reaction of the musecles of the thumb
supplied by the median nerve to either faradism or galvanism,
and the other musecles of the hand and those of the forearm act
less powerfully than those of the opposite side.

June 23rd—Operation: The median nerve was found quite
divided beneath the scar, the ends being half an inch apart, The
upper end was bulbous, the lower wasted. The nerve-ends were
freshened and brought into contact, being sutured with four kan-
garoo tendon ligatures passing throngh the nerve. The arteria
comes nervi mediani was large, bled freely, and was ligatured.
Microscopical examination of the lower end of the nerve showed
regeneration of the nerve-tubules, there being numerous bundles
of nerve-fibres which, though of small size, were yet provided with
a myeline sheath. Other bundles were composed simply of
elongated nuclei and fibres. The arrangement of the bundles was
not so regular as is ordinarily found in the normal nerve. On
section, the bulb showed numerous small nerve-tubules surrounded
by much fibrous tissue.
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24th.—Distinet return of sensation on the palmar surface of
the ring and middle fingers. She can almost always localize the
touch of a pencil. No other change.

25th.—There is sensation on the dorsal aspect of the index
and middle fingers, but localization is still impaired. A touch on
the palm does not now cause a pricking sensation as formerly.
Sensation on the palmar surface of the middle and index fingers
1s not so good as yesterday.

26th.—Wound dressed, it looks well. Sensation at the tip of
the index is less than yesterday, but there is some return on the
palmar surface of the thumb.

27th.—Sensation is quite lost in the index finger; the wound
1s suppurating.

3oth.—Some return of sensation over the first and second
phalanges of the index. Sensation in the thumb is almost natural,
that of the middle good, except over the back of the last phalanx.

July 10th.—Discharged. No further change since the last note.
The wound healed with but little suppuration.

Sept. 22nd.—No further improvement. Ordered to be galvan-
ized and to use the hand, which is still much wasted and in
the same trophic condition as before the operation. The burning
pain continues,

Jan. 26, 1886.—Much improved. Hand more plump: skin
less shiny; fingers less tapering; scarcely any pain. Finger-
joints still stiff. Sensation much improved; she can localize
everywhere the slightest touch. Muscles still paralysed.

Feb. 4, 1887.—Not much change, but the hand is more useful.

Nov. 1888.—A good deal improved. The sense of touch is
much better, and there is some power in the abductor and
opponens pollicis, both of which muscles also react to faradism
and galvanism,

The trophic changes noticed in the hand of this patient were
very marked, and extended to parts usnally supplied by the ulnar
nerve. They persisted for some time after operation. Although
the ends of the divided nerve were completely separated, rege-
neration of the tubes in the distal extremity was considerably
advanced. In this case we meet for the first time with the pheno-
menon of a sudden return of sensation immediately after operation,
which afterwards rapidly faded, and left the fingers for a time but
little better than before surgical treatment.
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Case IV.— Holden.—Median Nerve divided in the forearin,
Secondary Suturve five weeks afterwards—Tmprovement.,

Samuel B., aged thirty, warehouseman, was admitted into St.
Bartholomew’s Hospital on Nov. 1, 1879. Five weeks before
admission to the hospital the patient had sustained a wound in
the middle of the forearm, dividing the median nerve. Sensation
was abolished in the median distribution.

8th.—The operation of nerve suture was performed. The nerve-
ends were found half an inch apart, the upper being bulbous and
united to the flexor sublimis digitornm. The ends were refreshed
and united by four catgut sutures.

1 3th.—There was slight sensation in the previously ansesthetic
area.

> 1st.—The wound, which had previously been doing well, sup-
purated.

Dec. 4th.—Sensation in the fingers was perfect.

I have lost all further trace of this patient.

(AsE \'.—}ﬂ:frh'u_—Si'r'mnfﬁj'l.rf Suture “_Jp" the Median Nevve _ﬁ-‘"f'
months "{Jﬁf'-f' division,—Heturn qf' '.i'.i'!'”ffti.r!, baet seof rif sensaltion.,
—Linprovement,

Ellen B., aged thirty-five, was admitted into St. Bartholomew’s
Hospital on Nov. 21, 1880. Iive months previously she had
thrust her hand through a window and cut her wrist severely.
This accident was followed by loss of sensation in the thumb,
index, and middle fingers, and by partial paralysis of the hand.
Upon examination there was found to be an oblique scar across
the front of the wrist. It was tender on pressure. There was
angesthesia of the thumb, index, and middle fingers, most complete
at the extremities, but sensation on the palm. although impaired,
was not entirely absent. The tip of the index finger was partly
destroyed by an ulcer. The opponens and abductor pollicis were
paralysed ; the middle finger was much inflamed and swollen ; the
tip was ulcerated and the nail was stunted.

Dec. 3vd,—An incision was made over the seat of the injury.
The median nerve was found to be completely divided, the upper
end being bulbous, the lower atrophied. Iresh sections were cut,
and the ends were sewn together with catgut.
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oth.—There was a good deal of tingling in the index and middle
fingers,

1 2th.—The wound was almost healed, but there was no material
improvement in sensation.
 Oect. 17, 1882.—Hand well nourished ; ball of the thumb nearly
as large as on the other hand. Good grasp. The tips of the
middle and index fingers arve stumpy, the result of previous
ulceration. The nails curved and stumpy, but not ridged or fur-
rowed. Sensation is almost absent over the last two digits of the
middle and index fingers. She has no sense of heat or cold over
the same fingers. Sensation is only slightly impaired on the fip
of the thumb, but over the rest of the palmar surface it is good.

March 27, 1884.—No material change. Muscles of thumb still
plumpand firm. Good voluntary power of oppogition. No reaction
to electricity. She said that during the last six months the hand
had improved and did not feel so numbed.

July 9, 1885.—5Still no further change. She says that the
radial half of the hand oceasionally is greatly swollen and painful.
She is able, however, to use it.

The improvement after operation in this patient was most
marked. The ulcerated places healed, the muscles of the hand
resumed their normal bulk and power, and instead of a miserably
wasted hand, useless for all purposes, the patient became enabled
to use it for almost anything. It is noticeable that, as late as
three years and nine months after the operation, electrical con-
tractility had not returned. Even at this date the patient claimed
that improvement was yet in progress.

CaseE VI—Maish.—Secondary Sutwie of Median Neive seven
months after vijury.—Improvement.

Louiza T., aged fifty-gix, was admitted into Lucas Ward, under
Mr. Howard Marsh, on Sept. 12, 1887, on account of a wounnd
of the wrist received by thrusting her right hand through a
window-pane seven months previously. An examination of the
hand showed a scar about an inch and a half above the wrist, and
beneath the sear could be felt a bulbous, tender swelling. The
index and middle fingers were blue and cold, the phalangeal
joints were stiff, the skin was shiny, and the nails ridged and
fibrons.  The musecles supplied by the median nerve were wasted
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and paralysed, and the hand was altogether very useless and
painful. Sensation was lost in all parts supplied by the median
nerve,

Sept. 22nd.—The median nerve was exposed beneath the
scar. It had been divided, but the ends were not much sepa-
rated, and after resection were secured in good position by some
kangaroo tendon sutures. The operation was not followed by
any immediate improvement, although the wound healed by
first intention, and on Oectober 3oth an ulcer appeared at the tip
of the middle finger, and caused the destruction of the greater
part of the pulp.

During the next year sensation improved much. but as the
hand was still weak and painful, Mr. Marsh exposed the nerve
at the seat of suture in Sept. 1888, only to find the divided
ends completely rennited. He nevertheless freed the nerve from
the surrounding scar tissue and stretched it.

Case VIL—Willett—Secondery Suture of Medion Nerve  four
months —after  injury,  followed by slowghing.—Foiluye.—
Abnorinal werve supply to abductor aid opponens pollicts.

Amn B., aged forty, was admitted into St. Bartholomew's
Hospital on June 20. 1884. Four months previously she
had cut her wrist with broken glass. Present condition—
Electrical examination : There i1s slight reaction of the opponens
and abductor pollicis to faradism and to galvanisin. No reaction of
degeneration. Sensation—Index finger: Palmar surface anges-
thetic. Dorsal surface anmsthetic over the third and halt the
second phalanx. Ring-finger: Anaesthetic on the radial side.
Middle finger: In same condition as the index, except that there
is slight sensation over the palmar surface of the second phalanx.
Slight power over the opponens and abductor pollicis.

July 1st.-—Operation : The median nerve was found completely
divided. It was united by kangaroo tendon sutures. Four of
the flexor tendons were also found divided, and were similarly
treated. The operation was followed by much sloughing, and the
patient when discharged a month later was in no way benefited
by the operation,

In this case, before the operation of nerve suture, an electrical
examination threw some doubts on the presumed division of the
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median nerve, for a few fibres of both the opponens and abductor
pollicis reacted to electricity in a natural manner. As, however,
the nerve was found to be completely divided, and as the reaction
was not altered by resection, it must be presumed that these
muscles were either supplied by a branch given off from the
median in the forearm, or else by some other trunk. They con-
tinued to react even after the sloughing of the wound, in which
it is almost certain that the nerve was destroyed.

('asg VIIL.— Langton.—Secondary Sutwre of the Ulnar Nevve
‘/]"‘ru‘-".r' 'n!f.l.rt..l"}t.*i f{_ﬁi'.r' ?-'.'ry-.‘-fi"__tf.—agﬁt‘t'qj‘s:r.

Jas. P., aged twenty-six, was admitted into St. Bartholomew's
Hospital on Nov. 29, 1883. On July 7th he fell through a
window and cut his elbow. Thiz injury was followed by
complete loss of all sensation in the parts supplied by the ulnar
nerve and by paralysis of the muscles supplied by the same
nerve.

On Nov. 29th he was found to be in the following condition—
SQensation : Little finger entirely ansesthetic. Sensation much
impaired on the ulnar side of the ring finger, and over the
back and front of the ulnar half of the hand. All the musecles
supplied by the ulnar nerve are absolutely wasted, and the hand
is clawed. There are no trophic lesions of the skin. He says
he has burnt the tip of his little finger without feeling it, but
that it healed readily.

Dee. 11th.—Operation : Incision at the seat of injury behind
the elbow. The ulnar nerve was found to be completely divided,
and the ends separated by an interval of half an inch. They
were resected and brought together by kangaroo tendon
sutures.

On Dee. 12th (h‘rt'llt}'-llll‘ﬁt‘ hours after the operation) he said
that he had a * tingling and pricking feeling in the fourth and
fifth fingers since four A, and they feel as if they had more life
i them.”  There is distinet return of sensation on the ulnar side
of the little finger and a small part of the ulnar edee of the
hand.

1 3th.—TFurther return of sensation. He can localize over the
whole of the ulnar edge of the palm of the hand, which was
previously anwesthetic, and also over the ulnar side of the little
finger. There is much improved sensation in the ring finger.
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During his stay in the hospital there was no further return of
power or of sensation.

March 5, 1884.—The hand is much improved in power. He is
able to return to his work. There is no further alteration in
sensation. The muscles supplied by the ulnar nerve still appear
to be completely paralysed, the increase in power of the hand
being apparently due to other muscles.

April 28th.—Slight improvement in sensation on the ulnar
side of the ring finger. No faradic contractility of any of the
parﬂlysud muscles, nor any return of voluntary power., ;

Sept. 22nd.—Sensation improved in the ring finger and in the
palm. No better in the little finger.  One of the dorsal interossei
of the third digit reacts slightly to faradism. The hand is much
stronger, and there seems to be some slight power in the inter-
ossel muscles.

March 28, 1885.—Sensation has improved considerably, but is not
yet perfect. There is no contraction of the fingers and no clawing
of the hand, which is useful and strong, but the muscles supplied
by the ulnar nerve are wasted and do not react to galvanism.

Sept. 19th.—Very much improved. The hand is so strong and
useful that he is able to earn the same wages as an engineer as
he could before the accident. He can use the interossei and flexor
carpi ulnaris. Eleectrical examination : All the muscles supplied
by the ulnar nerve react to faradism, but not to galvanism. He
localizes well everywhere, but says that a touch causes a sensation
of pins and needles, and the little and ring fingers still feel numb,

Jan. 31, 1886.—Sensation practically perfect. Good power in
the interossei and the hypothenar muscles. The former react to
faradism, the latter do not.

Feb. 5, 1887.—Hand nearly as strong and useful as before the
accident. The muscles supplied by the ulnar nerve all react to
faradism, but none of them react to any galvanic current.

The rapidity with which sensation returned in this patient is
very remarkable. There was certainly marked and permanent
improvement, with ability to localize sensation within twenty-three
Lours, and, judging from the sensations of the patient, it is pro-
bable that the return was even more rapid. The restoration of
motor power was, on the contrary, very slow, and was not
materially improved until eighteen months after the aceident.
Then it became rapid, and the final result was most satisfactory.
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Case IX.—Langton.—Secondary Sutvre of Ulnar Neree

seeen months ajtcr injury.—Suceess.

W. W., aged eighteen, thrust this hand through a window-
pane in April 1882, and inflicted a severe wound just above the
wrist-joint on the ulnar side. He did not divide the ulnar
artery, but lost a good deal of blood ; the wound healed in about
five weeks. TFrom the moment of the injury he was conscious
of a loss of sensation on the inner side of the hand, and over the
fifth and half the fourth fingers. IFor some time this numbness
gradually diminished, but sensation has not improved during the
last month or two. Abount eight weeks ago he noticed that the
hand (the left) was thinner than its fellow, and though he has used
it constantly, it has rapidly diminished in thickness since that time.
He has suffered no pain, but burnt the tip of the little finger in
the flame of a Bunsen lamp, without noticing the heat, a couple of
months sinee ; the wound thus caused healed rapidly.

On admission into the hospital on Nov. 21, 1882, his condition
was as follows :—The whole hand is very much thinner than its
fellow, the interossei are wasted and the metacarpal bones look very
bare, the ball of the little finger is nearly flattened, as is also that
part of the thenar eminence corresponding to the adductor and
short flexor. The fingers are all nearly straight, but the last two
are slightly extended at the metacarpo-phalangeal joints, and
the two distal phalanges are slightly flexed ; this deformity can be
readily removed when the first phalanx is drawn a little forward,
What attracts most attention on looking at the hand is the
constant abduction of the little finger at the metacarpo-pha-
langeal joint ; this digit is not in any way forcibly held in
this position, but can be readily placed in contact with the
next finger, though mnot by any veluntary power on the part
of the patient, who cannot adduct it in the least. With regard to
the movements of the hand and fingers, the loss of power of
orasp is very noticeable, the patient being able to indicate only
twenty-five kilos on the dynamometer with the left, and forty-
five kilos with the right hand. There is ne power te separate m;_j,r
of the fingers from one ancther, though the index can be fairly
well adducted.  Within the limits already defined, flexion and
extension of all the digits is good. There is no evidence of any
trophic lesions, with the exception that the skin over the dorsal
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surface of the last phalanx of the little finger is smooth and shiny.
Sensation good to all kinds of stimuli over the whole dorsum of
the hand, and up to the joint between the first and second
phalanges of the fourth and fifth fingers. Over the back of the
second phalanges of one finger and a half he cannot differentiate
the two points of a compass, but can localize tactile sensation
except at the extreme tips, where there is mo sensation to any
stimulus. On the other side of the ring finger, contiguous to the fifth
digit. there is a long narrow area, where there is no sensation to
any stimuli, but on the front of the same he can localize, and
distinguish heat and cold very well. The skin over the ulnar
half of the palm and along the whole of the front of the last
finger is quite insensitive to all stimuli. Here, however, I may
draw attention to a very interesting fact in connection with the
sensation of the hand; though there is no real cutaneous sensi-
bility, and though slight touches are not felt at all, the patient
iz well able to feel and localize the situation of any firm pressure,
which he says he “feels deep down, but not on the skin itself.”
This is evidently due to a certain amount of sensibility remaining
in the snbeutaneous cellular tissue, possibly through nerves conveyed
along the blood-vessels, which, as I have said, were not divided by
the original injury. The ansmsthetic parts are considerably colder
than the rest of the hand.

On Nov. 23rd an incision was made parallel with the course of
the ulnar nerve, through the cicatrix. After much tedious search
in some very dense cicatricial tissue, the nerve was found divided,
with its ends completely separated from each other and lying
upon different planes; the upper extremity was bulbous, but had
attached to it a long tapering piece of connective tissue ; the lower
was not much altered, though perhaps it was rather thinner than
natural. The bulb, which was large, having been almost entirely
removed, and the lower end freshened, considerable traction on the
upper end combined with extreme flexion of the wrist was neces-
sary in order to bring the two ends into contact ; sutures of catgut
and horsehair were then inserted, the skin incision sewn up, and
antiseptic dressings applied. The hand was fixed on a splint in a
position of flexion.

25th.—Has suffered very little pain, no rise of temperature.
Wound dressed and is healing by first intention. There is a
decided return of tactile scasibility over the palmar surface of the
hand, but not elsewhere.

M
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27th.—Patient says that since yesterday he has been able
to feel more on the palmar surface of the fingers than for some
months, and on testing him carefully he is found to have good
tactile sensation over the whole of the palmar surface of the fifth
and also along all the previously anwesthetic patch on the side
of the ring finger; he can localize the touch of a pencil-point well
in these situations, but cannot feel heat or cold, or differentiate the
two points of a compass half an inch apart, except at the tip of
the fourth finger. Wound nearly healed.

2gth.—Tactile sensation much improved ; can differentiate the
two points of a compass half an inch apart over the whole area of
ulnar distribution, except on the palmar surface of the little finger.
Pain sense tolerably acute. Thermal sense good over ring finger
and palm, but not over little finger.

Dec. 4th.—Sensation much the same. Wound healed. The
hand is slightly flexed towards the ulnar side. He has slight
power of separating the fingers, but no reaction can be obtained
by faradization of the interossei or muscles of the little finger : the
latter is still abducted.

Sth.—Much improved. Sensation to all kinds of stimuli
is nearly normal over the ring finger and palm of the hand, also
over the palmar surface of the first phalanx of the little finger,
and the dorsal surface of the first and second phalanges of the
same digit. Over the vest of this finger tactile sensafion is
fairly good, but there is no sense of temperature. The affected
muscles do not yet correspond to galvanism, but the abduction of
the fifth finger is less marked. A microscopical examination of
the portions of nerve removed showed that the bulb of the upper
extremity was mainly composed of nervous material. The lower
end of the divided nerve had in it a few apparently newly
formed nerve fibresg arranged in no very definite manner.

After an interval of several months, the muscles previously
wasted began to develop and to resume their natural functions.
Their complete bulk, however, was not regained for more than
another year, and only in April 1884 did they react to electricity.
The hand at that time was in a perfeetly natural condition.

As in Case VII., there was rapid return of sensation after the
operation, but restoration of power was very slow. Nothing could
be more marked than the extreme wasting of all the paralysed
muscles, and the deformity of the hand, yet as time went on these
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muscles, which seemed indeed to have guite disappeared, gradually
developed anew, and finally resumed their natural bulk and
power.

Case X.— Langton.—Secondary Sutwre of Ulnar Nevve four months
after division.—Abnormal nerve supply of the interossei —Suceess.

Cecilia F., aged seventeen, was admitted into St. Bartho-
lomew's Hospital on May 11, 1885, In the previous January
she had pushed her arm through a pane of glass and cat
her elbow on the inner side. Since that time she had suffered
from numbness on the inner side of the hand and wasting of the
hand and part of the forearm. Present condition: Scar two
inches long on the inner side of the elbow. An unhealthy ulcer
on the ulnar gide of the palm and base of the little finger. The
little finger and ulnar side of the palm feel cold. Sensation:
Little finger absolutely ansesthetic. Ring impairved, but localizes
fairly well.  Hand anwsthetic on the ulnar side.  Impairved
sensation on the palm and on the dorsum over the fourth and
fifth metacarpal bones. Muscles: Hypothenar eminence much
flattened.  Interossei not much wasted. The hand is not clawed.
There is no retraction of the fingers. She has power over the
interossei of the index and middle fingers. The muscles of the
thumb supplied by the ulnar nerve are wasted. Electrical
examination : No faradic contractility of the ulnar muscles of the
thumb, of the flexor earpi ulnaris, of the muscles of the ball of the
little finger, or of the two innermost interossei. The two radial
interossei react normally.

[1th.—Operation : The ulnar nerve was found to be com-
pletely divided opposite the site of the original injury. The
upper end was slichtly bulbous, the lower end a little atro-
phied. Fresh sections were cut of each end, that of the upper
passing through the bulb. The ends were sutured with kangaroo
tendon.

1 5th.—Has been tested daily. There is no improvement. The
wound has almost healed. An examination of the nerve-ends micro-
scopically shows absolute degeneration of the lower end. No
axis cylinder. No myeline sheath. The bulb of the upper end
contains numerous bundles of small nerve-tubules surrounded by
masses of fibrous tizsue.

16th.—The patient gays that the little finger does not feel so
numb. There is distinet return of sensation on the radial side of
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the little finger in its whole length. She can localize the touch of
a pencil-point anywhere. The wound has healed.

June 22nd.—Sensation not appreciably altered sinee 16th.
Eleetrical examination : The conditions are the same as before
operation. The two radial interossei still contract guite naturally.
Thev appear to be supplicd by some other nerve than the
ulnar,

Sept. 17th.—Has improved greatly: the hand is more plump.
The ulnar museles contract feebly to the will.  Eleetrical exami-
nation : Muscles of the ball of the little finger contract to a strong
current of faradism, not to galvanism. Sensation: Ring almest
natural.  Little finger : Localizes well on the radial side, but the
ulnar side is anwesthetie.  Sensation is impaired on the palm and
dorsum over the fourth and fifth metacarpal bones. Trophic:
Has had afew sore places on the little finger; they have healed.
The nails and skin are normal. The hand is strong and useful.
She can sew and write, but says that the hand aches if used for
long, and also in cold and wet weather. She continues to be
oalvanized once a week, and has been galvanized for the last three
mont hg,

Jan. 26, 1886.—Much improved. The hand is more plump.
but there is no definite return of power in any special muscle. The
grip, however, is good, and she can press 35 lbs. with a dynamo-
meter as against 48 1bs. with the other hand. The flexor carpi
ulnaris acts well voluntarily, and reacts normally to faradism and
galvanism. The patient localizes well and easily everywhere, but
there is still some numbness.

April 8th.—Senszation further improved. The affected fingers
fecl quite like those of the other hand, except when they are cold.
The muscles have all recovered power and are no longer wasted.
They all now react normally to faradism and galvanism,

I'eb. 1887.—Hand quite well.

(asg X1.

f:tlaf:‘ﬂrJ::,—JS-"f'rJ.rtri'rfir'_ff Sutvre of the Ulnear Nereve nine
months after injury.—Suceess,

Rachel H., aged twenty-three, admitted into St. Bartholomew’s
Hospital. Aug. 3, 1883. On Nov. 20, 1882, she cut her arm on the
ulnar side with a broken jug, and since then has lost sensation
in the ulnar distribution. Present condition: A scar, two and
a half inches above the wrist, extending over both the palmar and
dersal surfaces of the ulnar side of the forearm, Sensation lost over
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half of the ring and all the little finger ; also over the ulnar side of
the palm and back of the hand. There is no sharp line marking
the anwmsthetic skin from the normal skin, The hand iz much
wasted. There is complete paralysis of all the muscles supplied
by the ulnar nerve. No trophic lesions in the skin or nails.

Aug. 4th.—Operation: The ulnar nerve was found to be com-
pletely divided. The upper end was bulbous, the lower very little
atrophied, though separated from the upper by an interval of half
an inch, and adherent to the surrounding tissues. The ends were
freshened, almost all the bulb being removed, and fixed in aceurate
apposition by five sutures of kangaroo tendon.

7th.—Has undoubted return of sensation in the ring linger,
both bacl and front ; also on the back of the little finger, though
not at the tip. "This condition was established within sixteen
hours of the operation.

gth.

Can localize well over both the ring and little fingers. No
further improvement until her discharge ten days later.

Nov. 23, 1883.—Localizes well all over the ring finger, and also
on the tip of the little finger. Sensation is not quite so good over
the rest of the little finger, for though she can feel a pencil-point
everywhere, she does not always localize it accurately. There is but
slight impairment of sensation over the back and front of the hand
on the ulnar gide. The muscles ave still much wasted and para-
lysed.  The hand is eold, but there are no definite trophie lesions.,

Oct. 28, 1884.—No change in sensation. There is no evident
improvement in the museles, and they do not react to faradism ov
galvanism. She has been using, and eontinues to use. a stimu-
lating liniment, and bathes the hand in warm water. "The joints
of the ring and little fingers are partially stiff, and the hand is
clawed.

March 31, 1885.—The hand is much more useful. She has no
pain, and works as a general servant. Ring and little fingers
are clawed ; index and middle less so. No further improvement
in sensation. No retwrn of muscular power. No reaction to
electricity.

July 14th.—Sensation has much improved; there is now
but very little numbness, The hand is much more useful, and
she ean work well with it. There is still some wasting of the
interossei, but the muscles of the ball of the little finger arve
plump and firm and strong, with fair muscular power, and react
normally to both faradism and galvanism.
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Sept, 8th.—Still further improvement. She now suffers but
little inconvenience from the hand. She has a good deal of
power in the interossei, and they have increased in bulk.

Feb. 5, 1887.—The sensation is nearly normal in the affected
area. The hand is strong. The hypothenar muscles react nor-
mally to faradism, but require forty-two cells to obtain a reaction
to galvanism : A.c.C. > K.C.C.

In each of the last two patients the return of muscular power
and development were slow, much more so in ("ase X. than in
(‘fase IX. In the iatter case, indeed, a year and nine months after
injury there was no appearance of any change in the muscles, yet
after that date they steadily and rapidly improved.

Case XIL-—Langton.—Secondary Suturve of the Ulnar Nevve at the
ﬁfﬁkmf' .l"f”'r"-r' i E”:H.;,f; -f[j'?:':' :'nurlﬂ.i":lj,—Hm“r‘r’#H.

(‘aroline R., aged eleven, was admitted into St. Bartholomew’s
Hospital on Teb. 29, 1884. Three months previously her sister
threw a knife at her. It entered her forearm on the ulnar
side. two inches below the elbow, and passed completely through
the limb. The arm had been numb ever since, and had become
wasted ; an uleer bad developed on the unlnar side of the wrist
as the result of a burn which she did not feel. Present condition :
No tactile sensation in any part of the ulnar area; complete
paralysis of all ulnar muscles; wasting of all ulnar museles and
clawing of hand ; hyper@sthesia on pressure over the first inter-
0RSE0US Epace.

March  4th.—Operation : Nerve-ends found in apposition,
united by fibrous tissue. The ends were resected and sutured
by kangaroo tendon.

6th.—Slight return of sensation at the tip of the ring finger.

10th.—She can feel in the palm of the hand and on the back,
but cannot localize.

17th.—The hyperasthesia of the first interosseous space has
passzed off.

18th.—Loealizes over ring finger, palm, and back of the hand,
but not over the ulnar edge of the same. No real tactile sensation
in the last two phalanges of the little finger. She can feel but
cannot localize over the first phalanx. No return of muscular
power. Ulnar side of ring finger is hyperaesthetic.

Sept. 2nd.—C'an localize on both the ring and little fingers,
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though often imperfectly. Muscles still much atrophied. No
electrical reaction. No trophic lesions. No voluntary power.

March, 1885.—No material change, but she uses the hand well,
and suffers no inconvenience.

Sept. 25th.—Localizes accurately everywhere. but says that the
ring and little fingers still feel numb and tingling. No return
of muscular power. Muscles still much wasted.

Dec. 2, 1886.—Hand practically well. The muscles are in
good condition, and contract strongly. Examined electrically :
all the muscles react readily to faradism, but the hypothenar
muscles alone react to galvanism, and then show marked reaction
of degeneration, with slow and wavy contraction: A.C.C. = K.C.C.

Case XIII.— Willett.—Seconda i Suluie n‘f}l [ Tuer Nevee l..l'.ta:rf'

i"'"-t’!’ﬁ'-‘i rr,ﬁ;’j' i .-ﬂ'.r;,u”ffr_ —Hﬂr'r'a'm;_

Henry B., aged forty-seven, a wood-carver, was admitted into
St. Bartholomew's Hospital on Feb. 28, 1885, On Feb, 6th
he had cut his wrist with a chisel, and had immediately noticed
numbness in the ring and little fingers and inner side of the hand.
Present condition : Absolute ansesthesia of the parts supplied by
the palmar branch of the ulnar nerve, slight wasting of all ulnar
muscles, with paralysis. No trophic lesions. Eleetrical examina-
tion: Complete loss of faradic and galvanic contractility.

March g4th.--Operation: Ulnar nerve found to be com-
pletely divided, the upper end a little bulbous, the lower a little
atrophied. Both ends were stretched. [resh sections were cuf.
and almost all the bulb was removed. The ends were unifed by
five catgut sutures.

sth.—Much pain ; no improvement.

8th.— Decided improvement apparent to-day for the first time.
He can localize everywhere except over the palmar surface of the
tip of the little finger.

17th.—Says his fingers feel nearly the same as on the other
hand.

26th.—Discharged from hospital. Sensation has practically
returned in the previously anwesthetic parts. No change in the
muscles.

July gth.—All the ulnar muscles are much wasted and com-
pletely paralysed. The ring and little fingers are clawed, and
there is some stiffness in their joints. Eleetrical examination :
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No faradic or galvanic contractility. Sensation: Says that the
fingers feel a little numbed, but he can localize everywhere, and
there is but little loss of sensation. Trophic: Nails of little and
ring fingers slightly striated. Ordered to be galvanized twice a
week, and to use a liniment composed of equal parts of lin. sap.
and lin. camph.

Nept. 21st.—No further improvement. He has not been gal-
vanized, but has used the liniment.

Sept. 10, 1886.—Very greatly improved. The hand is plump,
strong, and useful. The fingers show no tendeney to claw, but
are when extended a little separated from one another, and have
hardly any lateral movement. Sensation is good, but not quite
natural vet. Electrical examination shows that the hypothenar
muscles react well to faradism, whilst the interossei hardly react at
all. A very strong galvanic current is required to cause any
contraction of the hypothenar museles, but then the reaction is
normal 1n guality : K.C.C. = A.C.0C.

March 6, 1887.—Hand practically well. Has returned to lus
work as a wood-carver.

Rapid restoration of sensation was the most obvious result of
this operation, but for nine months there was no change in the
condition of the paralysed muscles, although subsequently restora-
tion of motion and of sensation was complete.

Case XIN.—Willett.—Ulnar Nevee divided one year and  elevean
wmeoitths .rr_-';n.—,.S'.r*rf.li!ffﬂ-}'y Sutvre.— Lower .:'.rm"l,i'};m.lr.rf I'ffff'Ff*'J"flr'flr-
—-Hfa’r'ﬁ'f'ﬁ:;.

Francis S., aged thirty-six, was admitted into St. Bartholomew’s
Hospital under Mr. Willett, on Dec. 1, 1885. The patient stated
that twenty-three months before admission he cut the right wrist
by pushing his hand through a pane of glass. Since that time
he has suffered from paralysis of motion and sensation in the ulnar
area. Present condition: Scar about one inch above wrist-joint.
Muscles : Interossei and muscles of hypothenar eminence much
wasted and paralysed. Hand clawed in typical manner. Electrical
examination : No reaction of muscles supplied by ulnar nerve.
Trophic: No important changes, skin on the little finger shiny,
and joints slightly stiff. Nails normal.  Has had no sore places
on the fingers,

oth.—Operation : The ulnar nerve was found to have been com-
pletely divided, and the ends were separated and adherent to
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scar tissue. The upper end was bulbous ; the lower end atrophied.
The ends were refreshed and sewn with catgut. The upper
section was carried through the bulb in its upper haif. The hand
was fixed in flexion on a splint.

toth.—Slight return of sensation in little finger at tip.
The wound healed without suppuration, but as late as Jan. 11,
1886, there was no material improvement in motion or sensation,
though the tip of the little finger retained its returned sensation.
Microscopical examination showed numerous young nerve-fibres
in the distal end. Many of them had a myeline sheath, and in
some the nodes of Ranvier were well marked,

Sept. 1886.—Sensation : No sense of touch over both dorsal and
palmar surfaces of last two phalanges of little finger. Can feel
but eannot localize over the palmar and dorsal surfaces of the fifth
metacarpal bone and the ulnar edge of the hand. Sensation much
impaired over back of hand as far as the middle line, over the ulnar
side of the ring finger, and the first phalanx of the little finger.

April 1, 1887.— Writes to say sensation is returning and hand
improving.

May 3oth.—Says the hand is very much better.

July 13th.—Writes: “ My hand is improving: [ find it gets
stronger every day. It is rather slow, but I am thankful that it is
not going back.”

Oct. 1887.—Writes to say that the hand has improved greatly, is
almost as strong as the other, and the muscles have filled out as
large as those of the other hand.

CasE XV.— Willett—Secondary Sutvie of Ulnar Nevve at the Elbow
cight wmonths after injury.—Lmprovement.

W. M., aged thirteen, was admitted into St. Bartholomew’s
Hospital on Oct. 13, 1884. Kight months previously he had
fallen on to some broken glass and cut his right elbow.
Since the accident he had noticed loss of sensation in the middle
finger and half the ring, and on the ulnar side of the hand.
There was also some loss of power in the hand. Condition on
admission : A scar behind the internal condyle ; the hand clawed.
All the muscles supplied by the ulnar nerve much wasted. Elee-
trical examination: No reaction to faradism or to galvanism
of the muscles supplied by the ulnar nerve. The hand and arm
ache in hot weather. Sensation: Little finger anwesthetic; ring,
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avwesthetic on ulnar side.  Palm of hand: Sensation impaired on
ulnar side. These parts are also much colder.

Oct. 21st.—Operation: The ulnar nerve was found to be
completely divided, and the ends were separated half an inch : the
upper end was bulbous, the lower not so. They were resected,
and four catgut sutures passed through them. The operation
wound at first seemed likely to heal by first intention, but it failed
to do so, and suppuration continued for several days, the wound not
healing finally till Nov. 18th.

On Nov. 3rd, for the first time, there was found to be a slight
return of sensation on the ulnar side of the ring finger. He could
localize the touch of a pencil on the two terminal phalanges.

Dee. 1st.—Discharged : no further improvement.

March 4, 1885.—Very slightly improved. Pressuve on the
ulnar side of the forearm caused referred sensation to the ulnar
area.

Oect. 2gth.-—Little changed, but has return of voluntary power.
and slight electric excitability of Hexor carpi ulnaris,

Feh. 10, 1887.—No further change. The only evidence of any
improvement in this patient was that the ulnar nerve was sensi-
tive in all the forearm, and that there was commencing return of
power and of electrical irritability in the flexor carpi ulnaris muscle.

(Case XVIL.—Willett.—Recent Wowad of the Ulnar Nevee.—Second-

ary Sutwre on fifteentl day.—BRapid veturn of sensation after
sittuie, with loss of sensation after mrj:‘iun'rlftlnn wiis establisfed

—Jr;.!'.'jh'ur'r‘mr’nf_

John 8., aged thirty, was admitted into St. Bartholomew’s Hos-
pital on Feb. 23, 1883, suffering from an incised wound of the right
wrist, dividing the ulnar nerve and artery and the flexor carpi
ulnaris tendon.

24th, — Electrical examination: The interossei and other
muscles react well to the faradic current ; galvanic current, K.c.c.
greater than A.c.c. No increased galvanic irritability. No volun-
tary power over any of the nlnar muscles of the hand. Sensation :
I’alm of hand on the ulnar side ansesthetic, over fourth metacarpal
bone sensation is impaired. Back of hand : Over fifth metacarpal
bone anwsthestic, over fourth metacarpal bone sensation is scarcely
inpaired at all. Little finger: Palmar surface anssthetic, dorsal
surface over second and third phalanges in similar condition ;
impaired sensation over the back of first phalanx. Ring finger
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angesthetic over the extreme ulnar side, and impaired sensation as
far as the middle line of the finger.

26th,— Electrical examination : Interossel act well to faradism,
A.C.C. equals K..¢. No increased galvanic irritability.

27th.—No further change.

28th.—Electrical examination : Reaction of degeneration plainly
marked in the third dorsal interosseous muscle, A.c.C. greater
than kK.c.c. In the other interossei a.c.c. equals K.c.c. There is
marked diminution of faradic contractility.

March 3rd.— Reaction of degeneration well marked everywhere :
A.C.C. greater than K.c.c. No increased galvanic irritability. o
the faradic current there is only the faintest fibrillar contraction.

4th.—There is no reaction to faradism.

roth.—Operation : The wound, which had almost united. was
opened up, and the ulnar nerve was found to be completely
divided. The ends were separated about three-quarters of an inch.
The upper end was scarcely, if at all, bulbous ; the lower end was
natural. Each was attached to the scar tissue, and from this they
were separated. Iresh sections were cuf. and the divided ends

were put in apposition by five catgut sutures passing through the
nerve. The cut tendon of the flexor carpi ulnaris was also
sutured.

12th.— Wound dressed. Sensation partially returned in the
little finger, the hypothenar eminence, and on the ulnar side
of the ring finger. The patient can localize the touch of a pencil-
point fairly accurately evervwhere. He says that the fingers still
feel nnmb, and not like the others.

15th.—The wound is suppurating : no further change.

18th.— More suppuration ; almost all the regained sensation is
lost.

24th.—T'he patient’s hand is in the same condition as before the
operation. The wound is healing.

27th.—Discharged.

July 21, 1886.—Localizes fairly well, except in the little finger.
Has some return of power in the muscles supplied by the
ulnar nerve, and the abductor minimi digiti reacts normally to
faradism and galvanism.

Owing to the patient having given a wrong address he was
unfortunately lost sight of. In his case there was a most
rapid return of sensation after operation, but it almost all subse-
quently disappeared. 1 have headed his case one of improvement,



138 INJURIES OF NERVES,

but it is not possible to give any definite statement as to the final
result : he was not under observation a sufficient length of time.
The distal end of the nerve was found in a state of degeneration,
the myeline being segmented and the axis eylinders diffieult to find.

{.t_-'h.."_hl}': }:1?[[,—,]!”1':‘:{”{ ,HH'ﬁ‘r'j',—--jgf'r'ﬂ.r.rn'rn'j‘_.fl,f Nieditie {:J.Ir {,ﬂr”“' Nerve
J.n’hm' months .r{,.l"f.r-;- |’IH.I||'L|"'J'I|I'_I||'1J;‘!H{HW'H? er; }:-}:Irff';ﬂ-"rrf' Fits.— Fuailure.

C‘has. T., aged twenty-five, was admitted into St. Bartholo-
mew’s Hospital on Oet. 12, 1881. Four months previously
the patient fell on a basin and eunt his forearm. There
is a scar just above the wrist on the ulnar side. The fingers
ave slightly flexed, especially the fonrth and fifth. There is loss
of sensation over the fifth and half the ring fingers. The patient
cannot fully extend any of the fingers. The hand is blue, and
the interossei muscles are wasted.

Oct. 19th.—Operation: Nerve-ends three-fourths of an inch
apart, the upper bulbous. The cut ends were refreshed and
sutured with silk

2gth.—The patient had an epileptic fit.

Nov. 4th.—He had another.

He was discharged en Nov. 22nd.  The wound was healed,
but there was no real improvement.

This is the only case on record in which the operation of nerve
suture has given rise to, or been followed by, any complication.
What relation the epileptic fit had to the injury 1 cannot say,
but it appeared probable that the two stood in the relations
of cause and effect. He had never previously had fits.

(asE XVIIL.— Laungton.—Division of Deep Braach of Ulnar Norve,

;'_::.rr.l"r:,r'g: .rrf]".r-.r' firn j.;-f.ra;gff;:;,—ﬂ’rrj:[rf el ond fr-l-‘::h' -I':i'f‘ sensotionn.

Thos. S., aged fifteen, was admitted into St. Bartholomew’s
Hospital, under the care of Mr. Langton. on Sept. 15,
1887, with the history that he had cut his hand with a
broken bottle two months ago. Present condition: Complete
loss of sensation over the contiguons sides