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1. INTRODUCTION,

In two previous communications I have dealt with anastomosis of nerves as applied
to the facial nerve (32)* and to the nerves of the fore-limb of the dog (33), and in this,
which forms the third and concluding part of my research on this subject, the question
is considered as applied to the brachial plexus. The reason for making a special
investigation on the brachial plexus as distinguished from the nerves in the limb at a
lower level, is that the nerve trunks forming the plexus differ in an important respect
from nerve trunks distal to the plexus. In the latter the nerve fibres destined for
particular muscles or groups of muscles run as a rule in one nerve trunk. In making
an anastomosis, when one of two such nerve trunks is cut and its peripheral end
attached to a neighbouring trunk, the peripheral end is attached to nerve fibres, none
of which as a rule pass to the same muscle as those of the trunk to which it belongs.
This can be done by anatomosing the musculo-spiral to the median and ulnar and
musculo-cutaneous, so that a definite answer can be got to the question as to the possi-
bility of thus restoring function, provided that care is taken after recovery of function,

* The numbers in brackets refer to the Bibliography, pp. 398-400.
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by means of a physiological examination, to ascertain that no intercommunication has
taken place during the recovery. This was done in Part II of this research.

In the case of the brachial plexus, however, it has been found by most investigators
to be characteristic of the plexus that nerve fibres destined for the same muscle or
group of muscles are to be found in two or three of the contiguous roots of the plexus,
making it thus impossible to destroy completely the nerve supply of one muscle by
section of a single root.

It is obvious, therefore, that in all cases of anastomosis applied to this plexus, the
functions of the roots must be borne in mind in any judgment as to the results of
attaching one root to another with a view to restoring muséles» which have been
paralysed by injury to the plexus, or to the cells in the spinal cord corresponding to
the plexus. This part of the research must therefore be an investigation not only
into the results of anastomosing one or more roots to another or to others, but also
must inquire into the distribution of the nerve fibres composing the roots which are
concerned in the experiments. ' v

The previous work on this subject is scanty, and in the main consists of operative
work undertaken as a remedial procedure in the human subject where paralyses have
occurred due either to.trauma affecting some of the roots of the plexus or to infantile
paralysis where cells in the cord corresponding to some of the roots have been
destroyed. |

One of the earliest of these was a case published by THORBURN (17), which, although
not a special anastomosis, yet was suggestive of this. The case was one in which the
entire brachial plexus had been torn across seven and a half months previously. The
plexus was exposed, the entire extensive scar removed, and the proximal and distal
ends drawn together without being accurately apposed. When the case was seen
nearly four years later it was found that in the interval sensation had been restored
throughout the entire limb, and that almost all the movements of the arm were recog-
nisable. THORBURN calls attention to'the impossibility of securing accurate co-
aptation, so that “ nuclel might on regeneration be attached to muscles other than
those for which they were intended,” but states that in his opinion this is a matter
of little moment as regards the resulting recovery of co-ordinated movements.

The cases in which anastomosis has been deliberatively performed are those in
which the lesion has affected not the entire plexus but only a part. The commonest
of these conditions is the injury which usually only involves the upper roots of the
plexus, and which when caused by injury at birth is called Duchenne’s paralysis, and
when occurring first at adult age, Erb’s paralysis, after the neurologists who first
described it at the respective ages. In the case of Duchenne’s paralysis, 1(18)
published three cases in 1903 in which the upper part of the plexus was
exposed, and a cicatrix found at the junction of the fifth and sixth roots. This
was excised and the fifth and sixth roots united to the three nerves which
normally pass from the fifth and sixth, namely, the suprascapular, the branch to the
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outer cord, and the branch to the posterior cord of the plexus. The first of these
operations was performed in February, 1902. Further cases (20) were published by
me in the following year, and subsequently numerous cases of the same kind were
published by others. The results of these cases were satisfactory, in some cases
a perfect restitution of function taking place. This method is the ideal one of treating
all cases of rupture of the roots of the brachial plexus, but there may be certain cases
in which the scar on the nerve trunks is so extensive that after excision it would not
be possible to make a junction between the proximal and distal ends, and there
are cases where the roots of the plexus have been torn out from the intervertebral
foramina, and in these cases the operation of anastomosis might offer a method of
treatment.  Also there are cases in which the function of muscles supplied through
the brachial plexus is lost not through damage to the plexus itself, but through a
lesion involving the cells in the cord which are in connection with the fibres in the
plexus (infantile paralysis). In such cases it is obvious that anastomosis would offer
the only method of dealing with the case by operation on the nerves, although
alternative methods apart from operation on the nerves might also be suitable. It
1s necessary to enquire into the evidence of success of the procedure of anastomosis.
A number of cases of anastomosis for such conditions have now been published.

The first to publish operations of this nature were HArRIs and Low (19). They
published three cases. The first was that of a woman who had paralysis of the
muscles supplied through the upper part of the plexus due to neuritis of 16 months’
duration. They cut the fifth root and grafted it into the seventh root into a -
transverse cut, which severed the sheath and some of the nerve bundles. The section
made in the seventh root did not add to the paralysis originally present.

In the second case, a man, aged 40, who had injured his plexus three years
previously, there was wasting of the deltoid, biceps, and of the pectoralis major
and latissimus dorsi, the serratus magnus also being affected. When the fifth root
was traced up a bulbous swelling was reached 14 inches above the junction with the
sixth root. They cut the fifth below this swelling, and attached it into a transverse
cut in the sixth trunk. Before the operation, in addition to the muscular paralysis,
there was “ very slight anzesthesia on the outside of the arm from the shoulder to
the elbow, and quite marked ansesthesia to touch and pain in the thumb and radial
side of the index finger.” “The day after the operation the numbness and ansesthesia
of the left thumb and index finger had improved, and by the end of the week sensation
in this area was absolutely normal to the most delicate tests, though the slight
angesthesia on the outside of the arm persisted.” Motor power remained @n statu quo
ante, but “a month later definite contractions could be seen in the deltoid on
reversing a current of 10 milliampéres, though prolonged galvanic treatment some
months before operation had no effect.” TusBYy and JoNEs(26) report that in
answer to a communication to HaRrRis and Low regarding the above two cases,
under date November 2, 1906, they state “ Neither of the cases with the Erb’s
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paralysis recovered any power in the deltoid and biceps, though one recovered
sensation in the hand over the sixth cervical segment.”

In the third case by Harris and Low, a girl of two years of age affected about five
months previously with infantile paralysis, there was complete paralysis and wasting
of the deltoid, supraspinatus, and infraspinatus, while only slightly affected were the
biceps, brachialis anticus, and supinator longus. The treatment consisted in splitting
the fifth root into two longitudinal halves, and taking the half which was supposed
to contain the fibres destined to supply the deltoid, and anastomosing it into the
sixth. Before attaching it to the sixth it was stimulated and gave. weak contractions
of the deltoid. This case was shown at the Clinical Society of London in October,
1904 (22), and was reported with the following details: It was operated on five
months after the onset of the paralysis, and there was no change for six months after
the operation. “Slight power of abduction of the shoulder was then first noticed.
Progress, at first slight, has during the last three months increased in rapidity, and
she is now able to hold the arm out at right angles from the shoulder, and to raise the
arm over the head.” Faradic contraction was also found in the deltoid. HaRrr1s (29)
subsequently reported the case as a very good recovery due to the operation.

Harris and Low have concluded from their investigations that the fifth root is
not only the chief but is practically the only nerve affected in the type of paralysis
known by the names of DucHENNE and ErB. They say : ¢ We therefore came to the
conclusion that the deltoid, spinati, and biceps received their whole motor supply
from the fifth nerve or from the fourth and fifth, and that the sixth nerve sent
no motor fibres to these muscles” (21, p. 2). This was also the conclusion which
HArRis (21) came to from his dissection of the brachial plexus, although he found
that in monkeys the muscle groups (deltoid, biceps, infraspinatus, supinator longus
and brevis, and extensor carpi radialis longior) also contracted on stimulation of the
sixth root, but he considers that in man the plexus is prefixed to the extent
of a whole root, so that in man no result will be got in these muscles by stimulation of
the sixth root. The principle of the operation which he had performed in his third
case he explains (19, p. 1037) as due to the separation in the fifth root of that bundle
of fibres which is intended for the particular muscles which he finds it to supply.

Following these operations cases were published by different authors. In 1905
some cases were published by LaneNeckEer, Hermuorz, and CusHING (24), in one of
which, where all the cords of the plexus had been ruptured, CusuiNG carried out the
following procedure : “The nerve trunks were completely dissected out, and several
complex anastomoses were made. The spinal accessory was anastomosed into the
upper cord of the plexus. The operation was successful in so far as the patient has
already regained use of the upper arm and still continues to improve.” This
operation was performed in 1904 and the report made in the following year.

SHERREN (23), in 1906, published a case in which he had performed nerve
anastomosis of the fifth to the sixth anterior primary division. Before doing so, he
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stimulated the roots with the interrupted current. The result of .the stimulation of
the fifth was negative, while that of the sixth produced vigorous contractions of the
pectoralis major, chiefly its clavicular portion, with feeble response from the triceps.
He concludes from this that it appears probable that the sixth nerve supplies
no muscle or group of muscles exclusively in a manner similar to the supply of the
spinati, deltoid, the biceps, the brachialis anticus and supinators from the fifth. He
thus agrees with HARRIS and Low as to the part served by the fifth cervical nerve
in the supply of muscles.

W arrINGTON and JoNEs (25) made a contribution to this subject in the same year.
In one case, four years after the injury, the fifth and sixth roots were cut” and
anastomosed into the seventh, and as a result of this procedure they note that no
further muscular paralysis was caused, but that an additional area of ansesthesia
developed on the hand. Electrical stimulation of the roots showed nothing as a
result of stimulating the fifth and sixth roots, but the seventh gave ¢ strong
extension of the elbow and wrist and lateral rotation of the humerus.”. This
operation was done on September 14, 1904, and by August 31, 1906, no return of
motion had occurred, but “protopathic sensation” had returned. In another case,
in a 26 months old child affected with infantile paralysis when one year old
involving the deltoid, spinati, and flexors of the arm, they performed an anastomosis
in 1905. At the operation stimulation of the fifth gave no response, but of the sixth
contractions of the serratus magnus and pectoralis major. The fifth root was then
cut and its distal end placed into a longitudinal cut made into the sixth. By 1906
no alteration had occurred. ,

In a third case in which the paralysis was due to neuritis they found a cicatrix
surrounding the junction of the fifth and sixth nerves. Stimulation of the fifth got
no response from the deltoid, spinati, biceps, and brachialis anticus, but feeble con-
tractions in the supinator longus and radial extensor. Stimulation of the sixth
produced vigorous contractions in the triceps, pectoralis and latissimus dorsi.
Following Harris, they divided the fifth root longitudinally into two halves of unequal
size. The larger part on stimulation gave no response. This was then cut and
anastomosed into the sixth nerve. This operation was done on August 16, 1905,
and on August 6, 1906, they made the following note: “The biceps, brachialis, and
supinator longus show distinet recovery and the reaction to faradism is present ; to
galvanism there is brisk contraction with K.C.C.>A.C.C. The posterior fibres of
the deltoid react both to F. and G. K.C.C.>A.C.C., contractions fairly brisk. The
anterior fibres do not react to faradism and give a feeble response to galvanism.
A.C.C.>K.C.C., contractions sluggish. The infra- and supra-spinati are powerless,
but slight external rotation of the humerus can be performed to a moderate extent by
the posterior fibres of the deltoid. ~Appears to have slight loss' of epicritic sensation
over the outer preaxial border and complains of a slight burning sensation.” They do
not appear to give details of the state before operation except to say that the case
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was one of neuritis. From these observations WARRINGTON and JONES agree with
HARRIs as to the functions of the fifth cervical nerve.

Another case of the kind was published by SareENT (27). This was a male aged
19 years, who after influenza developed weakness and wasting of the deltoid, spinati,
triceps, and biceps and an area of ansesthesia and analgesia over the shoulder and
outer side of the arm. Before the operation at five months from the commencement
of the affection there were weakness and wasting of the deltoid and spinati and
winged scapula, but the biceps and supinator longus were fairly good. The operation
consisted of exposing the plexus, and splitting the fifth root after the manner of HARRIs.
The upper part was cut and turned down and implanted into the sixth root. Gradual
improvement was reported and at the time of publication, namely 14 months, the
deltoid and spinati were much increased in bulk and were used voluntarily with much
power. The deltoid and spinati reacted to faradism and there was no sensory
change.

In the discussion which followed this communication, HEAD (28) pointed out that
the operation was done five months after the injury and that already some improvement
had occurred in the biceps and supinator longus. He stated that in a traumatic case
not much improvement would be expected before a year, and thought that this case
should have been left alone. He also elicited the fact that no increase in the paralysis
had resulted from the incision made in the sixth root for the purpose of the anastomosis
and stated that the root which had been divided had nothing to do with the return of
power, and was of opinion that the course followed subsequent to the operation was
that followed by an ordinary well treated traumatic case. In support of this it was
remarked by WILsoN that muscles which were not influenced by the operation had also
improved, namely the serratus magnus and triceps.

In 1909 TusBy (30) published some cases in which a similar procedure had been
adopted. In the first case there had been laceration of the brachial plexus, and
complete paralysis of the arm was the result. The operation was performed in
February, 1906, or about six months after the injury, and consisted of dissecting away
a scar involving the upper cords of the brachial plexus. On the fifth root a fibro-
neuroma was found and was excised and the distal part of the fifth was grafted into
the sixth. The other cords of the plexus were healthy and it was thought that the
paralysis had been due to scar pressure. There was no improvement till March, 1908,
or 25 months after the operation, when return of power in the biceps was noted,
enabling the forearm to be flexed to right angles with the arm. There was also some
recovery in the deltoid and faradic irritability had returned. By another year
complete recovery of the biceps and brachialis anticus was reported, and the deltoid
acted better, ““so that he could draw his arm away from the side for about four inches.”
Sensation returned in the arm down to the elbow. The recovery of muscles was
limited to the biceps, brachialis, and part of the deltoid. The supinator longus did
not respond, nor did the muscles below the elbow.
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His next case was one of infantile paralysis causing partial loss of power in the left
arm. The arm hung by the side, but the elbow and wrist could be flexed. The
deltoid, supra- and infra-spinati, biceps, and supinator longus were wasted and did not
respond to faradism. The slight flexion present was thought to be due to the action
of the muscles attached to the internal condyle. Eight months after, the anterior
primary division of the fifth cervical was grafted on to that of the sixth, in such a way
that both proximal and distal ‘ends of the divided fifth were attached to the sixth
about % inch apart. A year later contractions had appeared in the biceps and the
muscle was more bulky. Also there was improvement in the posterior part of the
deltoid. There was still further improvement a year later.

In another case of infantile paralysis affecting the deltoid since the age of 10,
TuBBY three years subsequently, in 1906, found the deltoid wasted and showing no
faradic irritability. He exposed the plexus and stimulated the fifth root and found
that this on the inner side gave contractions of the biceps and supinator longus and
extensor carpi radialis longior. Stimulation on the outer side gave no effect, and he
concluded that these were the fibres supplying the deltoid, and followed then the
method of Harris, dividing the root half through its thickness and splitting it
longitudinally for an inch. ~He then turned down the flap and attached it into a
longitudinal slit in the sixth root. Twelve months after this operation the deltoid
responded to faradic stimulation. The muscle increased in size and firmness and was
felt to harden when voluntary effort was made. At 18 months afterwards, the boy
could abduct the arm 6 inches from the side, and at two years, 8 inches.

KiLviNeroN (31) also in 1909 reported a casein which the procedure was somewhat
different. His patient was aged 12, and suffered from birth paralysis of the upper
extremity, the two most outstanding defects being loss of power to abduct the arm at
the shoulder joint and to flex the elbow. He, therefore, cut across the musculo-
cutaneous nerve and joined it into a notch made in the ulnar, and he also cut the
circumflex and joined its distal end to the nerve supplying the long head of the
triceps. He gives no further details, except that when last seen ‘his power in
abducting the arm with the deltoid was good and he could slightly bend the elbow,
but with not sufficient power to raise any weight.”

It is unnecessary to follow further the published clinical cases, as they are all more
or less of the same nature as those already quoted. On making a careful study of
these, several considerations suggest themselves which ‘make further investigation
desirable. In the first place the method of making the anastomosis in some of the
cases calls for consideration. Thus in some a paralysis of a group of muscles regarded
by many as under the control of the fifth and sixth cervical nerves has been treated
by dividing the fifth nerve and inserting its distal end into the sixth, and recovery
reported after this procedure. This has been done by those who believe that the sixth
cervical nerve is not involved in these cases, and the recovery reported naturally is
taken as a confirmation of this view. But it does not necessarily follow that an
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improvement following an operative procedure is in consequence of that. ~ There is the
possibility that the recovery is a spontaneous one, and this must, therefore, be inquired
into.

The cases of anastomosis which have been quoted give examples of the procedure
adopted for different conditions. They have not all been cases of traumatic rupture,
but some of them have been cases of neuritis and others of infantile paralysis. Nowin
all these conditions spontaneous recoveries are known to occur toa degree more or less
complete, but in any case to as great an extent as most of the recoveries which have
been reported as following these operations. This is the criticism which was put
forward by HEAD in connection with one of these cases as quoted above, and, as he
pointed out, much recovery would not be expected in such cases before the lapse
of a year. Therefore an operative intervention during that period as was done
not only in the case referred to but also in some of the others, cannot have the
recovery following it attributed to the operation with certainty. This is a criticism
which is all the more justified in consideration of the fact that the nerve root which
was divided and anastomosed, on examination by electrical stimuli previous to division,
showed in some cases conductivity already or still present. This may be held as
evidence of a commencing or progressing spontaneous recovery, at the dates at which
these operations were done. It is, therefore, possible that the recoveries reported
have been due to this. ,

A third consideration is suggested in some of the cases where the operation was
undertaken long after the onset of the paralysing lesion. Recovery taking place in
paralysed muscles under such circumstances would be strong evidence in favour of
the recovery being in consequence of the anastomosis, but in some cases this recovery
has taken place so early after the intervention that one is led to doubt that the
recovery is the result of the anastomosis. We know that muscles after long periods
of severance from the central nervous system require long periods of restoration of
that connection before they become capable of responding to normal stimuli, and in
any case in which restoration occurs earlier than expected, in the circumstances,
careful investigation of all the conditions must be made before such evidence can be
accepted. Thus it is possible that the preliminary examination may have been
insufficient, and that improvement resulting may have been due to a course of
treatment, e.g., massage and passive movements following the operation, which has
brought about improvement by the mobilisation of the joints and in other ways.

All clinical cases are thus apt to be vitiated as evidence in support of the success of
anastomosis, for the reason that a physiological examination, or a post-mortem
examination of the seat of anastomosis, cannot be made after the recovery has
occurred, so as to ascertain if the recovery is due to the anastomosis. This can alone
be done by experimental investigation in animals. For the purpose of investigating
the brachial plexus from the point of view of comparing the results with those
found in operative anastomosis in man, it is necessary to make the experiments

VOL. CCVI—B, 3 B
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in an animal in which the plexus approximates as closely as possible to that of man.
Therefore these experiments must be made in monkeys. During the past few years I
have made a series of such experiments, the histories of which will now be related.

2. Tre AvurHOR'S EXPERIMENTS.

(1) Experiments in which Attachment was made of the Severed Root or Roots of the
Brachial Plexus to Another Root or Roots of the Brachial Plexus.

a. One root cut off from its centres and attached to another root.

Experiment L.—Section of the Anterior Primary Diviston of the Fifth Cervical
Nerve and Attachment of the Peripheral Segment wnto the Trunk of the Anterior
Premary Division of the Seventh Cervical Nerve. (Plate 23, figs. 1, 2.)

On May 8, 1909, in a young male Macacus rhesus the fifth and sixth anterior
primary divisions were exposed and followed from their point of junction inwards to
the intervertebral foramina, and then the seventh and eighth cervical and combined
trunk of the first and second dorsal nerves were also exposed. The seventh trunk was

| csc first half cut through on its inner side. The fifth trunk was then
cut close to the vertebree and the distal end sutured into the
cut made in the seventh nerve. The central end of the fifth
7 7 was then damaged by driving a bone plug into the inter-

8¢ vertebral foramen through which it emerged. The wound
mw was closed and sealed with collodion.

2D Later on the same day it was observed that the animal,
which had recovered from the ansesthetic in about ten minutes, was keeping its arm
close to the side, having apparently no power to abduct. It, however, clearly had
excellent power of flexion at the elbow, as it held the forearm flexed at an acute
angle, and at will extended the forearm and again flexed it. The wrist was held
semiflexed, as is customary with monkeys sitting in respose, but at will could be seen
being extended and flexed freely.

May 9, 1909 (1 day): The animal is using the affected hand for picking up
food and is flexing and extending well at the elbow.

May 10 (2 days): When a piece of biscuit is held to him he takes it with the
affected hand and carries it to his mouth without any difficulty, showing supination
and flexion of the forearm in so doing. It is noticed, however, that the finger and the
thumb grasp the biscuit with a slight defect, the movement not being so quickly
performed as with the other hand, but once it is grasped it is held firmly and quickly
carried to the mouth.

May 12 (4 days): Shows flexion and extension at the elbow joint with apparently
as much freedom as in the case of the opposite arm. Supination is freely carried out
in feeding. There is no attempt being made to abduct the arm.
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May 16 (8 days): Animal i statu quo. He has pulled out the stitches and the
wound is soundly healed.

May 18 (10 days) (Plate 23, fig. 1) : In feeding to-day it is observed that there is
considerable power of abduction of the arm, the arm being elevated to the extent of
forming a right angle with the body. This movement takes place in a forward and
outward direction. The flexion power in the elbow enables an acute angle to be formed
between the arm and forearm, being quite a normal range. There is, however, some
evidence of lack of power in the arm, as he will hang on to the bars of his cage with
the hand of his sound arm and by his two feet and will then take the biscuit offered
him with the affected hand, but he cannot be induced to hold on with the latter and
take the biscuit with the unaffected hand.

May 27 (19 days) : The arm within the last few days has recovered a practically
normal range of abduction and can be elevated almost vertically upwards, and as he
can be induced to take food by reaching up for it with the affected arm, he was
photographed in this attitude to-day (Plate 23, fig. 2). ‘

June 23 (46 days) : No defect in movements of right arm can now be discovered.

January 26, 1910: The animal died to-day. It had up to the last maintained the
condition of the arm reported in the last note.

Post-mortem Examination.

The central segment of the fifth trunk is seen close to the intervertebral foramen
and presents a bulbous swelling. No strands resembling a prolongation of the nerve
can be found. A thin translucent band dissected out from the surroundings in contact
with 1t was examined in a teased preparation, but no nerve fibres were found. Between
the junction of the fifth and sixth roots and the seventh root there is a globular
swelling consisting of dense tissue having the consistence of a neuroma, which represents
the turned down peripheral segment of the fifth root. The left plexus dissected out
shows a normal arrangement. The deltoid and biceps muscles of the two arms were
dissected out and carefully examined and those of the right arm did not show any
difference in bulk as compared with those of the left arm. '

Experiment IL—Section of the Anterior Primary Division of the Sixth Cervical
Nerve and Attachment of the Peripheral Segment into the Trunk of the Anterior
Primary Division of the Seventh Cervical Nerve. (Plates 23, 24, figs. 3, 4, 5).

On May 16, 1909, in a young male Macacus rhesus the brachial plexus was exposed
as in the previous experiment, and the trunk of the anterior primary division of the
seventh cervical cut half through on its outer side above the point of its breaking into
divisions. A fine catgut thread was made to transfix the seventh above and below
the point of hemisection and was then carried through the distal segment of the sixth
cervical previously cut. close to the point of its emergence from the intervertebral

3 B2



354 PROF. R. KENNEDY: EXPERIMENTS ON THE RESTORATION OF

foramen. The central segment of the sixth was then lacerated by the foramen having
a plug of bone driven into it, and the catgut suture on being tied brought the
peripheral end of the sixth into the gap made in the seventh.
The wound was closed and sealed.

The monkey recovered from the anzesthetic in a few minutes,

Distal qf 744 5C

ot 744

and 1t was then seen that the arm was held in a position of

% sc extension at the elbow, and no attempt appeared to be made to
; < flex it. _
%;z May 17, 1909 (1 day) : No abduction of the arm has been

noticed, and no such movement can be induced. The arm
hangs down by the side but is used for resting on, and the hand is being made use of.
The elbow is held extended, but there appears to be some power of voluntary flexion,
when it is induced by the offer of food, as an effort is then made to move the arm.
Supination has not been observed.

May 21 (5 days): Slight flexion of elbow can be performed, but not nearly to
a right angle. No abduction of arm has been seen. May 28 (12 days): Wound
healed. , ‘
~ June 2 (17 days): The animal was photographed showing the position in which
the limb has been held since the operation (Plate 23, fig. 3).

June 21 (36 days): To-day for the first time it was noticed that the animal was
able to make use of his right arm. An improved degree of flexion has been developed
at the elbow, and the hand is raised to receive a bit of biscuit, but he immediately
takes the biscuit out of the hand and carries it to the mouth with the sound hand.
In taking the biscuit with the right hand he shows considerable power of grasping,
and shows also loss of supination.

June 23 (38 days) : The arm appears to be able to be flexed to form an angle of
120° between arm and forearm. This is shown during his efforts to escape while
a noose is being thrown over his head. There is no indication of power to abduct,
but the grasp of the hand is good. '

June 25 (40 days): There has been considerable progress, as the animal can now
almost carry a morsel of food into his mouth with the affected hand, and also shows
some power of abduction of the arm when he is attempting to reach up for food
offered him. Supination is not evident. While fighting to escape a noose bemg put
over his head he raises the hand as high as the level of his nose when he is in the
erect posture, but evidently the incomplete power of flexion of the elbow and
supination of the forearm prevents him carrying food to the mouth. The amount of
flexion at the elbow now present allows the forearm to form a right angle with
the arm. The animal was photographed to show flexion of the forearm (Plate 28,
fig. 3). ‘

June 30 (45 days) : To-day the animal can abduct the arm, raising the arm well
above the head while stretching up to reach a morsel of food held above his head.
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Flexion of the elbow enables an acute angle to be formed between forearm and arm.
Now the animal succeeds in carrying food to his mouth with the right hand, but
there is clearly an effort required, as he occasionally helps the right hand up by
giving it a lift with the left hand. Supination is developing, and it is apparently
the defect in this movement which is now the only bar to a free and full use of the
arm. There appears to be still a defect in the action of the extensors of the forearm,
as there is a tendency to have a slight flexion at the wrist, but this is only very
slight and does not prevent voluntary extension of the wrist, and even over extension
and full extension of the fingers and thumb. ‘

July 1 (46 days) : Photograph taken (Plate 24, fig. 5).

July 2 (47 days) : Further improvement of the movements has taken place in the
past two days, as the morsels of food can now be carried to the mouth with ease, and
the power of supination is much improved. The only defect still noticeable is the
weakness in the extensor muscles in the forearm, but since the last note this has
mproved. .

July 6 (51 days) : All the movements appear now to be restored to the normal
practically, we. all the movements which the animal can be induced to make in
feeding and in defence when it is attempted to put a noose over his head. Thus
abduction and elevation of the arm, flexion of the forearm, and movements of the
hand and wrist and supination of the forearm are all apparently normal.

Physiological Examination.

July 10 (55 days) : To-day at 10 A.M. the brachial plexus was exposed. Tt was
very carefully approached and exposed, so that any communications between the
central end of the sixth cervical and the peripheral end of the same might not be
damaged by knife or blunt instrument until the stimulations were carried out. The
plexus was thus to begin with exposed as close to the vertebrae as possible without
doing more than exposing the anterior borders of the intervertebral foramina.
Distal to this the fifth nerve could be seen, and the seventh and combined trunk of
the eighth cervical and first and second dorsal, and passing from the fifth to the
seventh could be seen a somewhat cicatricial connection, representing the peripheral
segment of the sixth. The following stimulations were then made, using the current
from a secondary coil of a strength just enough to produce a disagreeable sensation
on the tongue. . 4

1st. The Fifth Nerve—On stimulating this trunk the deltoid was felt to contract
without resulting in abduction of the arm. No contraction of the biceps could be
felt, also no other muscle could be felt contracting. There was on stimulation a
distinet movement of the limb, and that was external rotation of the humerus.

ond. Central Segment of the Sixth Nerve—Stimulation at the intervertebral
foramen through which the sixth nerve emerges gave no movements of the arm,
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and no contractions of any muscular fibres in the arm could be felt, seen, or other-
wise ascertained.

3rd. The Seventh Nerve—Stimulation of this nerve gave extension at the elbow
joint, and the'triceps and biceps were both felt to contract. - The deltoid was also
felt to contract, but this was not sufficiently strong to cause abduction of the arm.
There were also contractions of the muscles of the forearm, both of the flexors and of
the extensors, but the flexors appeared to contract more powerfully, and the move-
ment produced was one of flexion of the fingers and wrist.

4th., The Eighth Cervical and First and Second Dorsal.—Stimulation of these
combined roots produced movements of the hand, namely, strong flexion of the
fingers, and the flexor muscles were found powerfully to contract. The biceps and
the triceps were also felt to contract.

5th. The Distal Seqgment of the Sixth Nerve.—This segment of nerve was embedded
in the scar tissue stretching between the fifth and the seventh trunks, and stimulation
on the surface of this mass caused contractions of the deltoid, biceps, and triceps, but
no contractions of any muscles in the forearm.

This piece of nerve was then cut across in a line running approximately parallel
between the fifth and seventh nerves, and the distal stump was held up and
stimulated, and this produced contractions of the deltoid and triceps without
producing actual movements of the limb. No attempt was made to reunite the
divided peripheral segment of the sixth, and the wound was closed with sutures and
sealed with collodion. The examination had lasted one hour and a quarter.

At 3 v.m. it was found that the limb was hanging at the side and was not being
used. On making the animal fight there was some evidence of some power of flexing
at the elbow, although it was only slight. The animal had not completely recovered
from the ansesthetic. '

July 11 (1 day after the examination): To-day the animal holds out the affected
hand to receive food, and shows that he has recovered power of flexion at the elbow
to nearly a right angle. He takes the food with the hand with some difficulty,
moving the fingers stiffly. He cannot apparently do more, and makes no attempt to
raise the morsel of food to his mouth, but passes it into his sound hand to be raised
to his mouth. No shoulder movements are seen.

July 12 (2 days) : More freedom in movement of elbow and hand.

July 18 (8 days) : The elbow can be bent quite to a right angle.

July 14 (4 days): Flexion at the elbow can form an acute angle. The stitches
have been pulled out, but the wound remains edge to edge.

July 15 (5th day) : The monkey can now put a piece of biscuit in his mouth with
the right hand. There is now slight abduction of the arm.

July 16 (6 days): The wound appears to be soundly healed.

July 27 (17 days after the examination): The position now is as follows: The
elbow can be flexed to an acute angle, the forearm can be supinated, the grasp is a
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little awkward, the arm can be abducted nearly to right angles, and a morsel of
biscuit can be carried to the mouth with the affected hand.

August 5 (26th day) : Further improvement is shown.

September 25 (77 days after the examination): For some time past the recovery has
been complete, the arm being used normally in every way as far as could be ascertained,
s.e. used in feeding, fighting, and in climbing. Supination appeared to be perfect.

January 16, 1910 (190 days after the examination) : Animal collapsed and died.

Post-mortem Examination.

The left brachial plexus presented the ordinary type. The junction of the fifth
and sixth cervical nerves was situated about I inch from the exit from the inter-
vertebral foramina. The junction of the eighth cervical and first and second dorsal
was § inch from the vertebree. On the right side the fifth cervical was found intact,
and in the next intervertebral foramen was found the stump of the sixth nerve,
presenting a bulbous swelling, and attached to the junction between fifth and sixth
nerves by no firm connective tissue, but surrounded by tissue easily dissected off.
The turned-down trunk of the sixth nerve was found attached to the seventh and the
second section practised at the physiological examination had healed.

The musculature of the right arm showed evidence of the reduction of nerve
supply in the lesser bulk of the muscles when contrasted with those of the left arm.
Especially the biceps, coraco-brachialis, supinators longus and brevis, brachialis
anticus, and deltoid showed wasting, and were paler in colour than the corresponding
muscles on the opposite side.

(b) Two contiguous roots cut off from their centres and attached to another root.

Experiment I1I.—Section of the Anterior Primary Divisions of the Fifth and Sixth
and, Seventh Cervical Nerves and Suture of the Peripheral Segments of the
Three Nerves to the Central Segment of the Seventh Nerve.

On September 12, 1910, at 10 A.M., in a young male Macacus rhesus, the posterior
triangle of the neck on the right side was opened up so as to expose the brachial plexus.
The junction of the fifth and sixth. cervical nerves was found
. .. Distal of 5C 5C
in close apposition to the vertebree. It was hooked outwards Distatofo¢ b €
and the two mnerves put on the stretch. They were then
sectioned close to the vertebrze, and the central segments 7 \

lacerated by the introduction of a silver plug into each inter- e
vertebral foramen. Next, the seventh nerve was divided < s
completely across except the perineurium of one side, at a %’ﬂ
point proximal to the giving off' of the branch to the posterior 2D
cord of the plexus.

Stimulation of the distal segments of the fifth and sixth produced contractions of

ce6l
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the deltoid, and of the biceps in each case. The distal segments of the three divided
nerves were sutured to the proximal segment of the seventh with horsehair. The
wound was then closed and sealed.

At 2 p.m. the monkey was moving about and eating, and it was seen that the arm
was held close to the body, and no attempt at abduction could be 1nduced The
elbow was held extended, and no attempt at flexion was noticed. The forearm was
pronated, and no supination could be induced. The hand was shut and the wrist
ﬂéxed, and there were occasional flexion movements of the fingers, and extension of
the two distal phalanges of the fingers, but no attempt to extend the fingers at the
metacarpo-phalangeal joints. '

October 10 (28 days) : There is still the loss of abduction of the arm, of flexion of
the forearm, of supination of the forearm, and there is only a slight degree of
extension of the wrist, but there is marked weakness of the extensors in the forearm,
as shown by the inability to extend the fingers. The thumb is particularly affected.

December 12 (91 days) : The movements of the hand are not so defective as they
were, there being distinct improvement in the power to extend.

December 21 (100 days) : Still further improvement in extension of the hand and
wrist, and improvement in flexion at the elbow. ‘

" January 16, 1911 (126 days): The monkey now makes almost normal use of the
hand, and is able to abduct the arm to a considerable degree, enabling him to reach
up in climbing, and to reach up to take food oftered him. The flexion of the forearm
is apparently normal. The extensors of the wrist and fingers are so well recovered
that it is difficult to detect anything wrong. It is noticed that he takes food
preferably with the left hand, but he then immediately uses the right hand also and
carries the food with it independently to the mouth, apparently as freely as with the
left hand.

Phg/siologiadl Examination.

January 20, 1911 (130 days): An incision was made in the neck and over the
right shoulder and down to the olecranon, so as to lay bare the posterior triangle of
the neck, the deltoid, biceps, and triceps muscles. The brachial plexus was then
exposed, and the thickened mass formed by the fifth and sixth joined to the seventh
was evidenced by the presence of the horsehair suture at the seat of suture. From
this mass it was easy to trace inwards the seventh nerve to its point of emergence
from -the vertebral column. Below that point two nerve trunks were defined, the
eighth cervical and the trunk of the first and second dorsal. Above the seventh
there was no nerve visible in the region which normally is crossed by the two upper
trunks of the plexus. The following stimulations were carried out.

Ist. The Central Segments of the Fifth and Sizth.—In the neighbourhood of the
intervertebral foramina through which these trunks are transmitted, stimulations
gave no contractions in the arm.
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ond. The Mass Representing the Distal Segments of the Fifth and Sixth and possibly
Part of the Distal Segment of the Seventh.—Stimulation here produced different con-
tractions and different movements according to the point stimulated. Thus at the
external part the stimulus produced distinct and strong contraction of the deltoid and
some abduction of the arm. More internally a point was found which gave powerful con-
tractions of the biceps and strong flexion of the forearm. Still more internal, a point
gave contractions of the triceps and strong extension at the elbow. These different
contractions were the result of applying a minimal current to different points on the
surface on the same circumference of the mass representing the combined peripheral
segments.

3rd. The Central Segment of the Seventh Nerve.—Stimulation here gave contractions
of the deltoid, and some abduction of the arm, contractions of the biceps and strong
flexion of the forearm, contraction of the triceps and extension at the elbow, and
extension of the fingers and thumb. These results, as is evident, were not evoked at
one and the same time but were the result of applying the electrode to different points
on the surface of the trunk. '

4th. The Eighth Cervical and First and Second Dorsal.—The eighth cervical joined
the other trunk lower down than usual. When the faradic current was applied there
were no contractions found in the deltoid or in the biceps, but the triceps contracted
and the elbow was extended. There was also extension of the hand and adduction
at the wrist produced. On examination the upper of the two trunks was seen to be
the larger. Stimulation of the lower trunk gave flexion of the fingers and wrist
strongly, and stimulation of the upper gave strong extension of the hand and fingers,
extension of the forearm and contraction of the triceps. There were no biceps or
deltoid contractions. Stimulation in the region of the spinal accessory gave only
- contractions of the trapezius and elevation of the shoulder. Stimulations with the
galvanic current in the various nerves gave the same results. There was good
irritability to the faradic current applied directly to the deltoid, the biceps and the
triceps. The wound was closed and sealed.

January 26 (6 daysafter the examination) : There has been little disturbance from
the examination except that the paralysis of the deltoid and biceps has reappeared,
but the hand is not much affected by the manipulation of the nerves.

February 19 (30 days after): The abduction movement is still in abeyance.

February 27 (38 days after): He can feed himself with the hand. There are only
trivial abduction movements of the arm. Shoulder is stiff but elbow is all right.

April 24 (94 days) : The animal was killed. He had recovered the use of the hand
and elbow, but the shoulder was stiff and the movements somewhat limited.

Post-mortem Examination.

The left brachial plexus was of the usual type. The right plexus showed a mass
attached to the seventh trunk containing the horsehair suture. The eighth cervical
VOL. CCVI.—B, 3 ¢
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and first and second dorsal were normal. The fifth and sixth central ends were not
visible.

The muscles of -the arm generally presented less bulk than those of the opposite
side. Thus the circumferential measurement of the exposed muscles was 6 cm. at the
level of the posterior axillary fold, and this compared with 75 on the left side. The
deltoid also was less bulky. The forearm also was less in bulk than the left forearm.
The right at the upper part had a circumference of 6 cm. and this compared with
7 cm. in the case of the left. The atrophy appeared not to be limited to any special
group but to be general.

Experiment IV.—Section of the Anterior Premary Divisions of the Fufth and Sixth
and Seventh Cervical Nerves and Suture of the Peripheral Segments of the Three
Nerves to the Central Segment of the Seventh Nerve.

On August 6, 1914, in a large male Macacus rhesus the right brachial plexus was
exposed and a transsection was made through the junction of the anterior primary
. divisions of the fifth and sixth cervical nerves at the point at
Distal of =8¢ L .. ; . . .
Junction of 560 which it subdivides into its branches. The anterior primary
> gé¢ division of the seventh nerve was also cut through at a
¢ corresponding level. The proximal parts of the fifth and
sixth nerves were then again divided as high up as possible

igc and removed. Fully three-quarters of an inch of nerve was
%zlg removed in each case. The proximal end of the seventh and
the distal of the seventh and the brancheés of the fifth and

sixth were all sutured together with a horsehair, which was passed through the
respective nerves before the sections were made. Before the nerves were cut they
were stimulated with a weak faradic current and gave the following responses :—

Stimulation of the fifth gave contractions of the deltoid and of the biceps, and
abduction of the arm and flexion at the elbow joint, and rotation outwards of the arm.
The same results were got on stimulating the sixth nerve. On stimulating the seventh
nerve at different points on its circumference extension of the elbow was got, and
contractions of the triceps felt, and extension of the fingers.

The wound was sutured and sealed with collodion. A

August 7 (1 day): The right arm is found hanging flaccid by the side, and there
~is no power apparently to abduct. The forearm is hanging in a position of slight
flexion, but there is apparently no power of making flexion movements. The forearm
is kept pronated. It is not possible to get a proper examination of the hand, but the
extensors of the fingers appear to be somewhat affected, although not completely
paralysed.

August 26 (20 days): Hand is used for grasping. Forearm cannot be flexed at
all or supinated, No abduction of the arm can be made, The wound has healed
per primam,
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October 5 (60 days) : No change.

October 24 (79 days): It appears as if an improvement has taken place in the
flexion of the elbow, as the animal is occasionally seen flexing it, although not so far
as a right angle, but ordinarily he lets it hang in the same position as it was
immediately after the operation, 7.¢. at maximum extension a position of slight flexion.
This is the first day that this has been noticed although the animal has been seen
several times since the last note.

October 29 (84 days): The animal now for the first time since the operation takes
a biscuit with the affected hand, and flexes the elbow in attempts to carry it to the
mouth, but he cannot do so as it cannot be flexed quite to a right angle. He therefore
passes the biscuit into the other hand and takes it to the mouth.

November 8 (94 days) : Improvement is evident to-day, as the animal can now flex
the forearm sufficiently to carry a plece of biscuit to the mouth with the affected
hand. Abduction of the arm is still apparently impossible, although evident attempts
to do so are seen.

November 28 (114 days): There is further improvement, as there is ability to
abduct the arm voluntarily to an extent greater than a righf angle, and the use of
the hand for raising food to the mouth is quite free. ‘

December 2 (118 days): There is free use of the right arm. The monkey when
offered food holds out the affected arm, showing supination, and takes it with the hand
and carries the morsel to his mouth in a normal manner, showing also normal range
of flexion at the elbow. He uses for this purpose the affected hand rather than the
normal hand, because he has been trained to do so by withdrawing the food when he
attempts to take it with the normal hand. He grasps the bars of his cage with the
affected hand as with his normal hand in order to climb, and in doing so shows his
capacity to supinate at least a half of the normal range. When the morsel of food is
held up he raises his arm at the shoulder joint to reach it and can do so to a point
above the level of his head, and abducts the arm at the shoulder joint more than a
right angle in doing so.

Physiological Examenation.

December 3 (119 days) : Same condition as yesterday.

The right brachial plexus was exposed by the usual incision and a mass was found
representing the junction of the nerves. In order to disturb it aslittle as possible stimu-
lations were made over it with a minimal faradic current before it was further isolated.
The result at various points was contraction of the deltoid, biceps, triceps, and slight
movements resulting from contractions of these muscles. Further dissection was then
made and it was seen that the seventh nerve entered the lower part. Above this was
a strand of tissue entering the mass, but higher than that nothing resembling a nerve
could be seen in the position of the fifth. Before elevating this trunk and this strand
stimulation was made with the faradic current. On the proximal aspect of the mass

302
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the electrode was placed where the fifth nerve ought to have been, but there was no
response in the muscles of the arm. Also the strand of tissue which lay in such a
position that it might have been the sixth was stimulated repeatedly but no
contractions took place in the muscles of the arm. /

When the seventh trunk was stimulated vigorous contractions resulted in the arm
muscles. These contractions were in the deltoid, biceps, and triceps, and movements
of extension of the hand, strong extension of the forearm and flexion of the forearm.
This was gradually ascertained by stimulation at different points on the nerve trunk
as 1t was gradually being raised.

Also the results of stimulating the mass at the junction were again noted. This gave
contraction of the deltoid and slight abduction of the arm, contractions of the biceps
less strong, and feeble flexion of the forearm. At other points on the mass the result
was strong contraction of the triceps and strong extension at the elbow joint. At
another point extension of the hand resulted. Thus different results were got by
minimal stimulation applied at different points of the mass.

The strand of tissue proximal to the mass which lay in the position of the sixth
was next carefully stimulated again, and even strong currents failed to cause
contraction in muscles. It was removed and the wound was closed and sealed.
Examination’ was then made of the condition of the deltoid and biceps by direct
stimulation with the faradic current, using a sharp electrode and thrusting it into
the muscle substance. By this method good contractions were obtained in these
muscles.

December 4 (1 day after physiological examination): The animal will not come
forward for examination but is seen making extension and flexion at the wrist and
flexion and extension at the elbow, but does not make abduction of the arm.

December 8 (5 days after) : The animal now comes forward and the arm can be
voluntarily' flexed as well as before the examination, ¢.e., to an acute angle, and he
takes food with the hand but he does not use the hand to carry it to the mouth. No
abduction of the arm was seen. A

December 9 (6 days after physiological examination): No abduction of the arm
seen, but all other movements as before the examination.

December 11 (8 days) : Slight abduction of the arm now seen.

December 13 (10 days): Further improvement in the abduction of the arm.

December 15 (12 days): Still further improvement in the abduction of the arm.

December 18 (15 days): Still more abduction. Wound healed by first intention.

December 28 (25 days): Movements of the hand and elbow remain as good as
before the examination, but there is less ability to abduct the arm than there was
before the physiological examination. The monkey always takes the food offered to
him with the affected hand, but helps it up to his mouth with both hands.
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Final Physiological Examination.

December 29 (26 days after the first examination and 145 days after the initial
operation) : The first trunk to be exposed was immediately stimulated. It gave
extension of the forearm and supination. It was found ultimately to be the seventh.
The deltoid was next exposed by removing the integuments, and by direct faradic
stimulation its contractions were good in every part. The biceps was next exposed
and it gave good contractions on direct faradic stimulation. The plexus was then
fully exposed by detaching the clavicle from the sternum and throwing it outwards,
and the integuments were removed from the limb as far down as the wrist.
Stimulation was then made with the faradic current.

The seventh cervical in the main gave contractions of the triceps and extension,
but other contractions as at the previous examination were got by stimulating at
different points of the circumference. A mass was seen at the distal end of the
seventh representing the junction between the fifth, sixth, and seventh, and stimula-
tion here gave strong contraction of the deltoid and at one point flexion of the fingers
and at another extension of the arm. The suprascapular nerve issuing from the mass
gave well marked external rotation of the humerus. Stimulation of the eighth
cervical gave strong extension of the elbow, strong pronation, strong flexion of the
fingers and hand and internal rotation of the arm.

The left plexus was then similarly exposed and faradic stimulation of the two
corresponding parts on the two sides one after the other gave the following results : —

First and second dorsal—

Left.—Contraction of latissimus dorsi, contractions of the flexors of the fingers and
flexion of the fingers ; contraction of the pronators and pronation ; slight contraction
of the triceps. Right.—The same.

Eighth cervical—

Left.—Strong contractions of the triceps, and strong extension of the elbow ;
strong contraction of the pronators and strong pronation ; contraction of the flexors
in the forearm and flexion of the fingers; internal rotation of the arm. Right.—The
same.

Seventh cervical—

Left.—Internal rotation of the arm and pronation of the forearm ; contraction of the
flexors of the hand and flexion of the hand; strong contraction of the triceps and
extension at the elbow.

Right.—External rotation of the humerus; contraction of the triceps and extension
at the elbow ; contractions of the flexors in the forearm and flexion of the hand.

Sixth cervical—
Left.—Shoulder pushed forward ; contraction of deltoid and abduction of arm;
contraction of biceps and strong flexion of the forearm ; contraction of the coraco-



364 PROF. R. KENNEDY: EXPERIMENTS ON THE RESTORATION OF

brachialis ; supination ; contraction of extensor muscles in forearm and extension at
the wrist.

Fifth cervical—

Left.—Rotation outwards of the arm ; contraction of the deltoid and abduction of
the arm ; contraction of the biceps and flexion at the elbow.

Stimulation of the circumflex on the affected side caused strong contractions of the
deltoid and abduction of the arm. Stimulation of the outer head of the median gave
strong contractions of the biceps and flexion at the elbow.

The animal was then killed.

Post-mortem Examination.

December 30, 1914 : The muscles of the right arm have all a healthy appearance,
none showing the pale colour of muscles which have been deprived of their nerve
supply.

They appear generally to be less bulky than those of the opposite side, but the
biceps and deltoid and supinator longus appear to have suffered most.

The circumference of the middle of the arm was 105 cm. as compared with 113 cm.
in the case of the sound side. In the forearm at the junction of the upper and
middle thirds the circumference measured 95 cm. on the affected side as compared
with 11 em. on the sound side.

(¢) Three contiguous roots cut off from their centres and attached to three roots.

Experiment V.—Section of the Anterior Primary Divisions of the Fifth, Sixth,
Seventh, and Eighth Cervical, and First and Second Dorsal Nerves, and Suture
of all the Peripheral Segments to the Central Segments of the Iifth, Sixth, and
Seventh Nerves.

On November 6, 1910, in a large female Macacus rhesus the right brachial plexus
was exposed. The fifth and sixth cervical nerves were stimulated with the faradic
current, and the result in both cases was contraction of the deltoid and of muscles on
the front of the arm, producing respectively strong movements of abduction of the
arm and flexion at the elbow joint. Stimulation of the eighth cervical gave strong
extension of the wrist, but when the same trunk was stimulated at another point of
its circumference feeble flexion of the wrist was the result. Stimulation of the first
and second dorsal produced strong flexion of the wrist.

The anterior primary divisions of the eighth cervical and of the first and second
dorsal were then divided as high as possible so as to keep the central ends of these
nerves as far away as possible from the seat of suture. The distal ends were then
transfixed with a horsehair. Next, the two ends of the horsehair were carried
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through the seventh, sixth, and fifth nerves at a distance from each other of about
4 inch. The fifth, sixth, and seventh nerves were then divided each between the
two points of transfixion, and the suture being then tied v

brought the three central ends into contact with the five /50

peripheral ends. The skin was then sutured and sealed with A
collodion. e

After recovery from the ansesthesia there was found to be
complete paralysis of all movements of the arm. The limb e
hung flaccid by the side and the fingers were semiflexed. Q’D
2D

No movements took place except a slight antero-posterior ;
swinging movement at the shoulder. This state was the Distal of 5041420
same on the evening of the same day.

November 15 (9 days): Nothing noteworthy has occurred until to-day, when it
was noticed that the monkey has sustained a burn of the fifth degree over the outer
aspect of the wrist and hand, covering an area of the size of a sixpence. This must
have been due to the animal while out of her cage having been allowed to place her
hand, which was devoid of sensation, in contact with the stove. ‘

December 12 (36 days): Following the burn the animal chewed her fingers and
thumb so badly that to-day the hand had to be amputated. No pain was shown
while this was being done.

January 14, 1911 (69 days): There appears to be some sensation in the arm, and
for the past 14 days the stump has been healing better.

February 19 (105 days): Sensation as shown by needle pricks has distinctly
returned in th® arm. _

March 8 (122 days) : No return of motion can be found, but sensation is good.

Physiological Examination.

March 19 (133 days): The plexus was exposed, and the trunks of the fifth,
sixth, and seventh were found leading into a mass formed where the junction had
been made. The muscles of the limb were exposed, namely, the deltoid, triceps,
biceps, scapular muscles, and forearm muscles. They were of healthy appearance,
and all gave normal responses on direct stimulation with the faradic current.

Distal to the mass forming the junction a large trunk was seen which on stimu-
lation with the faradic current gave contractions in the deltoid, triceps, and scapular
muscles. This trunk was the combined fifth and sixth, and further stimulations of it -
at other points of its circumference gave contractions in the biceps and brachialis
anticus. The supra-scapular was found, and on faradic stimulation it gave contractions
of the scapular muscles, and adduction and external rotation of the arm took place.

Faradic stimulations were then carried out on the trunks proximal to the mass at
the junction. The fifth gave slight contractions of deltoid, coraco-brachialis, and
strong contractions of the scapular muscles, which caused movements at the shoulder
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joint. The sixth gave contractions of the scapular muscles, of the triceps, and of the
deltoid. The seventh and eighth cervical and first and second dorsal could not be
properly defined from each other, but a mass occupying the position of these trunks
was stimulated at many points, and contractions of most of the muscles of the limb
resulted. Distinct contractions were noted in the biceps, coraco-brachialis, and
triceps in consequence of this stimulation. The animal was then killed.

Post-mortem Examanation.

The plexﬁs of the left side conformed to the usual type. That of the right side
showed that reunion of the eighth cervical and first and second dorsal had taken
place, as their central ends could be traced into the common mass. The muscles of

the limb had a normal appearance, but were less bulky than those of the opposite
limb.

(2) Expeﬂménts in which Attachment was made of the Severed Roots to a Nerve not
belonging to the Brachial Plexus. '

(@) Two contiguous roots cut off from their centres and attached to the central
segment of the nerve not belonging to the plexus.

Experiment VI.—Section of the Anterior Primary Diwvisions of the Fifth and Sixth
Cervical Nerves and Suture of the Peripheral Segments of these to the Central
Segment of the Divided Spinal Accessory.

On August 27, 1910, in a young male Macacus rhesus the posterior triangle of
the neck of the right side was laid open, and the spinal accessory nerve found just
under the edge of the trapezius. It was stimulated with the faradic current in order
to make sure that it was the right nerve, and vigorous contraction of the trapezius
was the result.

The fifth and sixth cervical nerves were then found, and the junction of these two

was seen to be very close to the vertebree. The fifth and

Spinal . U sixth were cut as close to the vertebree as possible. A silver
wire was then inserted into the two intervertebral foramina,

and the two central ends lacerated. The fifth and sixth
peripheral segments were then stimulated with the faradic

> ¢ current, and contractions of the deltoid and biceps were
7 evoked in both cases. A horsehair suture was next passed

,4:— s¢  through the two peripheral segments and these adapted to
7 < the spinal accessory, which was transfixed with the same
/\ 7" suture at a suitable point. The spinal accessory was then cut
below the point at which it was transfixed, and when the
".suture was tied the two distal segments of the plexus nerves were displaced upwards
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away from the position of their central ends and attached to the spinal accessory.
The wound was closed and sealed.

After recovery from ansesthesia, examination showed that the arm hung apparently
flaceid by the side. There appeared to be no power of abduction of the arm or of
flexion at the elbow, or of supination of the forearm, but the hand was seen to be
making movements. The arm was held as much extended as is possible in the
monkey.

August 29 (2 days): Examination to-day shows that the paralysis is not so
extensive as appeared to be the case on the day of operation. The only completely
paralysed movement is abduction of the arm. The forearm can be flexed with some
difficulty. There is no apparent defect about the movements of the hand, and even
some supination of the forearm is being practised. The animal can carry to his mouth
with the right hand a morsel of food.

September 18 (22 days) : For some time past the only evidence of paralysis is the
want of abduction of the arm. This is still absolute. Otherwise the arm is used in
feeding, etc., in a quite normal way.

November 6 (71 days): There is still no abduction of the arm and no other
apparent defect.

December 12 (107 days): There is now distinct abduction of the arm present,
exhibited when the animal is held by the hind legs and when he is attempting to
climb the bars of his cage.

December 21 (116 days): The movements of the arm are now all very markedly
restored, abduction of the arm being considerably improved. The arm is thinner than
the sound arm.

January 16, 1911 (142 days) : The animal has now recovered so much abduction of
the arm that he can reach up to receive food till the arm is raised through a range
greater than a right angle. Otherwise the movements are all apparently normal.

Physuological Examination.

January 18 (144 days). To-day the following examination was made :—

A. Stimulation of the Spinal Accessory—

The spinal accessory was exposed in the upper part of the neck in front of the sterno-
mastoid and just below the digastric muscle. Tt was held up and stimulated with a
weak faradic current. This produced one outstanding movement, namely, elevation
of shoulder. - It also produced contractions of sterno-mastoid, and of deltoid.

The incision was then extended downwards so as to lay open the posterior triangle
of the neck, and into the arm so as to expose the deltoid muscle, and the nerve was
again stimulated at the same point, when the deltoid was seen to undergo contraction.

VOL. CCVL.—B. 3 D
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B. Stimulation of the Brachial Pleaxus—

The plexus having been laid bare, it was seen that the junction with the spinal
accessory was marked by the encapsuled horsehair suture. No trace of central
segments of the fifth and sixth cervical nerves could be seen, although the inter-
vertebral foramina through which they normally issue were exposed. Below these
points the seventh nerve was seen, and further down the combined trunk on the eighth
cervical and first and second dorsal. These nerves were stimulated with the faradic
in the following way. Before making the observation the incision was extended
further down the arm to the elbow so as to expose the biceps and triceps.

1st. Side of the Vertebre above the Level of the Seventh Nerve, where the Fifth and
Sizth Nerves formerly issued.—Stimulations at these points gave no contractions of
the arm. The only contractions evoked were those of the muscles in the neck which
were being directly irritated by the current.

2nd. The Combined Fifth and Sixth Cervical Distal Segments, where they were
turned up to meet the Spinal Accessory.—Stimulation of this part of the nerves
resulted in strong contraction of the deltoid and abduction of the arm, and slight
contraction of the biceps and slight flexion at the elbow joint.

3rd. The Seventh Cervical.—Stimulation gave strong contraction of the biceps and
strong flexion of the forearm.

4th. The Combined Eighth Cervical and First and Second Dorsal.—These yielded
on stimulation flexion and extension of the wrist and fingers according to the point on
the surface of the trunk on which the electrode was laid.

The exposed deltoid was directly stimulated by the faradic current and showed that
the entire muscle had recovered its faradic irritability.

The triceps and biceps gave very strong contractions on direct faradic stimulation.

The wound was closed and sealed.

January 26 (8 days after the examination) : The wound has healed by first intention.
There is no abduction of the arm, and only slight flexion of the arm, but the movements
of the hand do not appear to have been affected by the examination.

February 19 (32 days): The hand is used in feeding quite well and abduction of
the arm is distinctly present. This has been the condition for some days past. The
animal can reach up its arm the height of its head to reach a piece of food, and the
arm can be flexed to right angles. There is some stiffness of the joints.

February 27 (40 days after the examination): The movements appear all to be
perfect except abduction of the arm, which is not up to the normal standard.

March 18 (59 days) : The animal died to-day.

Post-mortem Examination.

The left brachial plexus showed the ordinary arrangement.
The right showed the absence of the fifth and sixth roots.
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The spinal accessory was traced down and broke off in the mass formed at the
junction through which it was being traced.

This mass joined it to the peripheral segments of the fifth and sixth cervical The
muscles of the arm and forearm were generally less bulky than those of the left
corresponding muscles. This was rather more noticeable in the case of the deltoid.

Experiment VIL.—Section of the Anterior Pﬂmavy Divisions of the Iufth and Sixth
Cervical Nerves and Suture of the Peripheral Segments of these to the Oentral
Segment of the Divided Spinal Accessory.

On August 28, 1910, in a young male Macacus rhesus, the same procedure was
carried out on the right side as in the previous experiment. In the case of this
animal also, the junction between fifth and sixth lay very close to the vertebre.

Stimulation of the fifth and sixth junction, previous to suturing, produced
contractions chiefly in the deltoid, and also in the biceps and in some muscles of the
forearm. The spinal accessory was also tested with the faradic current before
dealing with it. The suture was of horsehair. The two central ends in the
intervertebral foramina were lacerated before closing the wound.

After recovery from ansesthesia it was seen that the arm was in the same position
as in the case of the previous experiment, ¢.e., the arm hung by the side without
attempts at abduction being made. The forearm was held in the extended position
and was not obser<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>