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THE CROONIAN LECTURES

0N

MUSCULAR MOVEMENTS AND THEIR REPRESENTATION
IN THE CENTRAL NERVOUS SYSTEM.

LECTURE 1.

MEe. PresipENT AND GENTLEMEN—I have first to express to you,
Sir, and the Council of this College, my most sincere thanks for the
great honour which vou have conferred on me in selecting me to
deliver the Croonian lectures. I feel very deeply the responsibility
of undertaking this duty, and when I regard the roll of dis-
tinguished Fellows who have preceded me my task is indeed
diffienlt, and though I fear that I shall not attain the high standard
which they have set, my endeavour will be to lay before you to the
best of my ability some investigations on muscular movements on
which T have been working for some years past.

The choice of my subject will also, I think, be in harmony with
the wishes of the founder of these lectures, for while the Croonian
lectures at this College are directed to be given on one or more
subjects in Anatomy, Physiology, and Pathology, with a view to the
prevention, control, and cure of disease, the Croonian lecture to he
delivered annually before the Royval Society is required to be on the

¢. L 1
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nature and laws of muscular motion. So that we may infer that
the founder himself took a great interest in the muscular system.

METHODS OF ASCERTAINING THE AcTioN oF A MUSCLE.

$ 1. In taking the subject of muscular movements the first
uestion which would naturally arise would be—Which is the best
method to ascertain the action of a muscle ¥

To determine the action of a muscle there are three chief
methods,

§ 2. First, the anatomical method, which is employed on the dead
subject and consists in dissecting out a muscle, freeing it from its
connections, but leaving it attached at its origin and insertion. The
muscle is then pulled upon by the dissector, and the resultant
position of the limb is taken to be the action which the muscle
would exercise during life.  Or a muscle is seen to have a certain
origin and nsertion, so that if it contracted it must produce an
approximation of the two parts. As an instance of this may be
mentioned the inspiratory action of the latissimus dorsi muscle,
which, from its origin from the lowest three or four ribs and its
insertion into the humerus, has been looked upon as a muscle of
forced inspirvation, for it was concluded that if, when the humerus
was fixed, the muscle contracted, its only action would be to elevate
the ribs, whereas its chief rile is expiratory, as we shall see later.

This—which I may call the anatomical method—is the only
means which we have of obtaining knowledge of the action of
muscles too deeply seated to be examined during life, such as the
quadratus lnmborum and the external rotators of the hip-joint.

It has, however, the following great disadvantages: It gives the
action of the individual muscle and thereby leads one to imagine
that this particular muscle acts by itself. It gives all the possible
actions of a muscle, and postulates that in all these possible actions
the muscle must take part.

With regard to these objections I think that there is hardly an
instance in the whole body of a movement in which only one muscle
takes part, and it would therefore be necessary to know first the
particular share of the other muscles in the movement and the
manner 1 which they affect the action of the muscle under
consideration.

It does not follow because a certain movement can be produced
on a joint by traction on the dissected muscle that therefore the
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muscle must be used during life for this movement, as it may not
be advantageous to use the musele for this purpose.

§ 3. The second method or electrical method is the one which was
emploved by Duchenne with such great success, and his classical
observations on the actions of muscles will always rank as one of
the most brilliant achievements i the subject.

The method consists in faradising with the two poles of an
induction eoil the musele under examination, and then noting the
action produced on the joint or joints over which the muscle acts.

The results of this method have civen most valuable information
as to the action of the muscles, and where the muscles are super-
ficial enough to be reached by the current this method is much
preferable to the anatomical method, in that the movements are
produced by the living muscle undisturbed in its relation to
surrounding parts,

I venture to think, however, that this method i1s open to the
same objections as the anatomical method in that, although every
movement that the muscle is capable of 1s undoubtedly produced,
vet, as the muscle acts alone, we do not know what the influence
of the other muscles may be which also enter into the move-
ment: and also there 1s the second objection that we do not
know by this method whether a muscle, which on stimulation gives
the movement, let us sav, of supination, is included in the move-
ment of supination when tlis is performed as a voluntary act.

It seems to me that, although the two former methods will tell
us what a muscle may do, it does not tell us what a muscle does do,
and we cannot say for certain that a muscle has a definite action
without following the precept of the immortal Harvey and going
direct to mature and there testing the results obtained by the
anatomical and electrical methods.

§ 4. This last method, which we may call the physiological or
natural method, differs from the two former in reversing the order
of procedure. In the anatomical and the electrical methods one
muscle 1s taken, and by dragging on it or stimulating i1t to contract
certain movements are produced, whereas in the physiological
method a living person is told to perform a definite movement, and
it 18 then observed which muscles take part in this movement,

Certain precautions have to be taken in using this method, the
most important being that the person shall perform by fixation of
the limb the movement only which is required, so that, for example,
if a person is told to pronate the forearm he must not at the same
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time abduct the shoulder and thereby bring into action other
muscles than those concerned directly with pronation. The means
which I have used for determining whether a muscle is taking part
in any given movement are inspection and palpation either of the
muscle as a whole or of its tendon. I have examined both normal
people and patients who have lost the use of some of their muscles.

§ 5. The movements have been performed in three ways

(1) By the person moving the limb without any extra weight.

(2) By moving the limb loaded with different weights.

(3) By attempting to move the limb which is fixed by an
opposing force.

The first procedure gives the minimum work which the muscles
entering into any movement are called upon to do. The least
possible work that a group of muscles can do is to overcome the
inertia of a joint. This can be accomplished in the elbow by
placing the upper arm on a support in a horizontal position and
then Hexing or extending the forearm on it in a horizontal plane,
so that by this means the action of gravity can be neutralised. Or
with the upper arm resting horizontally the forearm can be placed
vertically, and the movement of pronation and supination can he
carried out.

The minimum degree of work in certain positions is that afforded
by lifting the limb against gravity, as in flexing the forearm when
the humerus is in the vertical position alongside the trunk.

The third procedure gives the strongest work that the muscles
can perform, and as by reason of the fixation of the linb there is
no alteration in the angle of the joint, the error is avoided of
assuming that the tichtenine of a tendon from the stretching of a
passive muscle is evidence of contraction of the muscle.

The second procedure would give the intermediate conditions
between the two extremes of maximum and minimum work.

The amount of work done by the muscles was measured by
spring balances or by the traction scale of a clinical dynamometer.

§ 6. With the exception of Winslow* and Duchenne I am unable
to find that writers on anatomy as a rule take their knowledge of
the action of muscles from the living subject. James Benienus
Winslow, whom Duchenne rightly stvles the Admirable Winslow,
and who, although his name has an English sound, was Professor

# < An Anatomical Exposition of the Structure of the Human Body,” by
James Benignus Winslow. Translated from the Fremch original by G,
Douglas, M.D. Fourth edition, corrected, 1756, vol. 1, sect. 111, No. 784,
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of Physick, Anatomy and Surgery, in the University of Paris in
the eighteenth century, speaks with no uneertain note when he
writes that * The experiments made on dead bedies by pulling the
museles after they have been raised are very fallacious.”

Lists of muscles are given under the different heads of flexors,
extensors, rotators, abductors, adductors, ete., but how are these
lists obtained? They are made by putting into one category, for
instance, all the single muscles which are called flexors, ete., but
such a list does not express a combination which has been verified
by actual inspection during life. I venture to think that, if all the
muscles contained in some of these lists contracted, the movement
produced would not be the one which was expected, and I trust to be
able to show that the actions which are aseribed to some of the
muscles cannot be substantiated when put to what I think will be
admitted to be the only true test—their actions in the living
subject.

When one comes to clinical medicine, as in examining a
case of muscular atrophy, the chief difficulty consists in knowing
what movements to ask the patient to perform in order to find out
whether a particular muscle is acting or not. '

I trust the time will come when the actions of muscles will be
tanght on the living subject, together with the part which they take
in the performance of simple movements.

I now propose to take the movements of some of the joints of the
body and to deseribe the muscles which take part in producing the
movements as observed on the living subject.

For convenience I shall begin with the movements of the upper
limb.

§ 7. I shall use in all cases the Latin names for the muscles, and
I would like here briefly to express my regret that in these days,
when the idea of a universal language is so much discussed, in
anatomy so many nations prefer to use the vernacular to the Latin
name, which is intelligible to every one. For instance, the serratus
magnus is deseribed in modern foreign anatomical works as the
“orande dentel¢” and the * vordere Sige muskel,” and when we
come to the anatomy of the brain the * corpus geniculatum ex-
ternum ' becomes the * corps genouillé” in French and the
“dussere Kniehicker ™ in German.

I am glad to say that in this country we have not followed this
practice, and we do not talk as yet of the “front saw muscle” or
the * outer knee-knob.” It would save much trouble if every
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nation adopted the Latin terms, a decision which I believe the
International Nomenclature Committee have arrived at.

MOVEMENTS OF THE UPPER LIMB.

MovEMENTS OF THE FINGERS.

3 8. The flexion of the phalunges—Taking first some of the move-
ments of the upper limb, and first those of the fingers, I would
remind you that the first phalanges (proximal) of the fingers
are fexed on the metacarpal bones by the interosseli and
lumbricales, an anatomical discovery which was made by Columbus
and Fallopins in 1559 and 1561, and which, according to Duchenne,
was lost sight of till he (Duchenne) again called attention to it,
but this 1s hardly correct, as it was mentioned by Winslow * and
Jolhim Hunter+ refers to it in his Croonian lecture delivered before
the Roval Society in 1777. The first phalanges are also flexed by
the tendons of the flexores digitorum on their way to the terminal
digits.  If, however, it is required to flex the two last phalanges of
each digit, but not the first, the extensor communis digitorum is
brought into action, a musele which extends the first phalanx of each
finger more than the last two phalanges. If the movement of
flexion of all the phalanges of the fingers is required without any
movement of the wrist, then along with the flexores digitorum, the
extensores carpi radialis longior and brevior, and ulnaris contract.

§ 9. The extension of the second and third phalanges 1s, as is
well known, produced by the two sets of muscles, the extensor
communis digitorum and the interossei and lumbricales, which are
inserted into the common extensor tendons. The action, therefore,
of these small musecles is to flex the first phalanx and to extend the
second and third phalanges, and this combined movement cannot
be performed when the interossei and lumbricales are paralysed.
Duchenne ] is strongly in favour of the theory that the action of
the extensor communis digitorum on the last phalanges is exceed-
mgly himited, and that it is not an extensor of all the phalanges,
but that it only has a true action on the first phalanx, and he pro-
poses to call it the extensor of the first phalanx. He also states in
another part of his book (* Physiologie des Mouvements’) that the

i

Loe. eit., vol, i, sect. 111, No, 966.
The works of John Hunter, F.R.8., 1837, p. 237.
‘ Physiologie des Mouvements,” 1867, § 172, p. 164,
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interossel and lumbricales are in reality the sole extensors of the
two last phalanges and the sole flexors of the first phalanx,

It is no doubt true that when the extensor digitorum is paralysed,
the last two phalanges can be extended by the interossei and lum-
bricales, and also that in the opposite condition, the * claw-hand.”
where the extensors of the fingers are preserved and the interossei
ave paralysed, there is inability to extend the last digits when these
small musecles ave paralysed. But in the latter case, where the
interossei and lumbricales are paralysed, if the first phalanges be
kept passively flexed on the metacarpus, I have found that then
the patient is able to extend the terminal digits by means of the
extensor digitorum. So that it seems probable that in the claw-
hand the inability of the extensor digitorum to extend the terminal
phalanges is due to its energy being expended on the first phalanges,
which are not prevented from over-extending by the interossei and
lumbricales, as these are paralysed.

§ 10, The extension of the proxvimal phalanges on the metacarpus by
the extensor communis digitorum is accompanied, as Duchenne #
pointed out, by contraction of the flexors of the carpus, viz. the lexores
carpi radialis and ulnaris, and palmaris longus. The contraction of
the extensores carpi cannot be felt, when the fingers are extended
slowly and without resistance, until the phalanges arve nearly fully
extended, but if the phalanges are quickly extended the extensores
carpl seem to act at once. In lead poisoning, in those cases where
there is paralysis of the extensor communis digitorum and not of
the extensores carpi, according to Duchenne, **the patient can, if he
keeps his fingers flexed, extend the hand on the forearm, but if he
wishes to extend his fingers, his first phalanges remain immovable,
and his hand is flexed on the forearm with as much energv as he
makes in his greatest effort to obtain extension of the fingers.”
The explanation of this combination will be discussed later when
we consider the synergic action of muscles.

§ 11. The lateral movements of the fingers are adduction toward
the middle finger and abduction away from the line of the middle
finger. Adduction is performed by the palmar interossei, and
abduction of the three large fingers by the dorsal interossei, but
with abduction of the index finger and the little finger other
muscles come into action. It is exceedingly difficult to abduct the
mdex finger without adducting or flexing the thumb, from the

* Loc. cit, § § 168, 169,
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fact that the first dorsal interossens or abductor indicis arises from
the metacarpal bone of the thumb, as well as from that of the index
finger, so that if it is required to abduet the index finger alone the
extensores ossis metacarpi and extensor brevis (or primi internodii)
of the thumb are called into action to prevent the thumb moving,
Abduction of the little finger is performed by the special abductor
minimi digiti, but as this arises from the pisiform bone this latter
has to be fixed by the flexor carpi ulnaris. To obviate the special
action of the flexor carpi ulnaris on the wrist, the extensor ossis
metacarpi pollicis contracts, and when the hand is in a line with the
forearm it is apparently impossible to abduet the hittle finger with-
out the extensor ossis metacarpi contracting ; if, however, the hand
be first adducted to the ulnar side the contraction 1s less marked.

MoveMENTS oF THE THUMBEB.

§ 12, The movements of the thumb are flexion and extension of
all three joints, which take place in a plane parvallel to the palm of
the hand, and abduction and adduction of the metacarpo-carpal joint
im a plane at right angles to that of the palm of the hand. Inaddi-
tion there is opposition of the thumb to the fingers.

First, a few words with regard to the change of position of the
first metacarpal bone on the carpus. In the movements of flexion
and extension, which take place in a plane parallel to that of the
palm of the hand, the palmar surface of the thumb keeps at right
angies to the palm of the hand, but in the movement of abduction
it is difficult to perform this movement without rotating the thumb
mward, so that the palmar surface of the thumb is opposed to that
of the fingers. Therefore in abducting the thumb it passes natur-
ally into the position of opposition, and from that position it can
be advanced towards the tips of the fingers in suecession, but more
rotation will be vequired to oppose it to the index finger than to the
fourth finger.

§ 13. Taking the terminal phalangeal joint of the thumb first,
Mexion, as is well known, i1s performed by the flexor longus pollicis
and, if this movement alone be required, the extensor primi inter-
nodii or extensor brevis pollicis as it is now called, and the extensor
ossis metacarpi contract to prevent the first phalanx and the meta-
carpus being flexed. FErtension of the last phalany is performed
by the extensor secundi internodii pollicis, or extensor longus
pollicis according to the new nomenclature, but, as was pointed out
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by Duchenne, this simple movement cannot be performed without
also calling in the action of the adductor pollicis, the Hexor brevis
pollicis, and the adductor pollicis, as these small muscles send
prolongations to the tendon of the extensor secundi internodii
(Sabatier, Bouvier, and Duchenne) ; so that by the action of these
small muscles the last phalanx can be extended without extending
the first phalanx.

The movements of the metacarpo-carpal joint of the thumb are
more complicated, and besides flexion and extension there is opposi-
tiom.

§ 14. Flexion of the wietacarpal bone of the thumb is caused by
the opponens pollicis and by the abductor, flexor brevis and
adductores transversus et obliquus pollicis, as they are now called,
when Hexion of the first phalanx is also required ; but when flexion
of the metacarpal bone is required with extension of the phalanges
there is also some action of the extensor primi mternodii pollicis.
Flexion of the metacarpal bone is also affected by the flexor longus
pollicis after the phalangeal joints are flexed.

Extension of the metacarpal bone is performed by the extensor
ossis metacarpi, and also by the extensor primi internodii or
extensor brevis pollicis. At the same time, as was pointed out by
Duchenne, it is not possible to extend the metacarpal bone and the
first phalanx of the thumb without putting into action the extensor
carpi ulnaris and also I would add the flexor carpi ulnaris, which,
however, does not come into action so soon as the extensor. The
reason why these musecles are brought into action will be discussed
later on; at present I would lay stress on the impossibility of extend-
ing the thumb without putting these other two muscles into action,
and also that this action occurs in all positions of the wrist, even
when it 1s in that of extreme abduction, a position in which it
would not be possible for the extensor ossis metacarpi to move the
wrist further in the direction of abduetion.

Abduetioncf thethumd is performed by the small thumbmuseles, viz,
the abductor pollicis, opponens pollicis, and outer head of the flexor
brevis, and also by the extensor ossis metacarpi and extensor brevis.

This is not in accordance with Duchenne * who from electrical
observations states that the extensor ossis metacarpi is one of
the opposing muscles of the thumb, while the extensor primi
internodii (or extensor brevis pollicis) is not an extensor of the
first metacarpal bone but is the only direct abductor. TIf by

* Loc. cit., § 216.
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abduetion 18 meant carrving the thumb away from the first
finger in a plane at right angles to the palm, I think that there is
1o doubt that the tendon of the extensor ossis metacarpi can be felt
to contract. The extensores carpi radialis brevior (not the longior)
and ulnaris take part in abduetion of thumb.

There is one important point with regard to this movement, and
that is that though it is possible to abduct the thumb fairly well when
the extensor of the metacarpus is paralysed, it is quite impossible
for the extensor of the thumb to abduet it in the slightest degree
when the small thumb muscles are paralysed, in fact, inability to
abduct the thumb is one of the best tests for the absence of the
small muscles of the thumb.

In adduction of the thuwmb from the position of al wluetion 1t
rotates from within outwards, and the movement is performed by
the adductor transversus and probably the obliquus, and by the
extensor secundi internodii (or extensor longus follicis), as shown
by Duchenne. When, however, the thumb has passed the middle
point of its movement I find that the flexor earpi ulnaris also con-
tracts, probably to counteract the extension of the wrist by the
extensor secundl internodii.

Opposition 1s best performed after abducting the thumb, and
from the position of abduction advancing it to meet the fingers ; the
muscles which take part in this movement are the abductor pollicis,
the opponens pollicis, the flexor brevis, the adductores pollicis.

According to Duchenne # the abductor pollicis, as I have already
stated, chiefly opposes the thumb to the two first fingers, while the
flexor brevis opposes the thumb to all the fingers; in the list of
~opposers he also includes the extensor ossis metacarpi, which,
according to him, is one of the chief opposers of the metacarpal
hone and not its abduetor, but it seems to me that, although it does
act in abducting the thumb and putting it in the position of
opposition, it ceases to act as soon as the thumb advances to meet
the fingers. The movement of opposition is therefore preserved
when the extensor ossis metacarpi is paralysed, and lost when the
thenar museles are paralysed.

It is interesting to note that Duchenne,t from electrical observa-
tions, aseribes to the adductor pollicis four different actions on the
metacarpal bone of the thumb, viz. adduetion, abduction, extension,
and flexion. With this Tam not able to agree, as I cannot find that

® Loe, cit., § 306, xxvii, p. 315. + Loe. ¢cit., § 306, xxix, p. 316.
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this muscle takes part in abduction or extension in any position of
the bone, and I think it is an nstance where the actions obtained
by electrical stimulation of a muscle do not find their counterpart
in the voluntary movements in the living body. It also postulates
that a musecle may act as a primary mover in two movements which
are diametrically opposed to each other, a condition which I believe
hardly exists in the human body, and which I shall rvefer to later.

~'~‘_§ 15. We have next to consider the combiied worements r:j" the
fingers and thmb as in grasping an object.

Here all the muscles which flex the different joints of the fingers
and thumb come into action, and in addition to these muscles the
extensors of the wrist take part in the action just as they take part
in that of flexion of the first phalanges of the fingers. This com-
bination was definitelv pointed out by Duchienne,® who stated * that
the svnergic action of the extensors of the wrist 1s absolutely neces-
sary to the flexion of the fingers, and the force of their contraction
is then proportional to the energy of this flexion.”

MovEMENTS OF THE W RIST.

§ 16. The movements of the wrist are Hexion, extension, radial
lateral movement or abduction, and ulnar lateral movement or
adduction,

Flexion of the wrist—In addition to the definite flexors of the
wrist, viz. flexor carpi radialis, flexor carpi ulnaris, and palmaris
longus, the flexors of the fingers mayv become also fiexors of the
wrist and the amount of work which they do may be tested by fixing
the forearm, and by making traction against the movement of flexion
of the wrist by a band passed over the palmar surface of the meta-
carpal bones. If a dynamometer be interposed in the line of the
band and traction be made at richt angles to the metacarpal bones,
it will be found that it takes more traction to overcome the Hexion
of the wrist when the flexores digitorum are acting—and they can be
made to act as flexors of the wrist by pressing the fingers against
the palm of the hand and so fixing the insertions of the tendons—
than when the flexoves carpialone act. In my own case the maximum
strength with the extensores digitorum and extensores carpi was
20 kilogrammes (about 45 1bs.), while with the extensores carpi alone
16 kilogrammes. With regard to the thumb museles, the extensor
ossis metacarpi, as stated by Duchenne,t is a flexor of the wrist.

® Loc. cit., § 138, p. 154, T Loc. cit., § 218.
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§ 17. Eefension of the wiist is performed by the three extensors of
the wrist and also by the extensor secundi internodii to a slight
degree, but not by the other two extensors of the thumb. The
question of the part played by the extensores digitorum will be
discussed presently.

§ 18, Abduction of the wrist 1s performed by the flexor carpi
radialis, the three extensors of the thumb, and the extensor carpi
radialis longior ; and adduction by the flexor carpi ulnaris, and the
extensor carpi ulnaris. It is interesting to note that Duchenne®
from electrical stimulation denies that the flexor carpi ulnaris is an
adductor, or that the flexor carpi radialis is an abductor of the
wrist. In reply to that I would say that in performing the move-
ment of adduction and abduection these muscles can be felt to
contract, and it shows how important it is that results obtained by
electrie testing should be verified by reference to the living body.
The action obtaimed by electrical stimulation is that of the musele
acting alone, a condition which does not exist in the body unless all
the other muscles are paralysed. In passing round from flexion of the
wrist to adduction, the Hexor carpi ulnaris is either contracting
with the palmaris longus in flexion or with the extensor carpi
ulnaris in adduction. It is quite possible, that if the extensor
carpi ulnaris were absent, the flexor carpi ulnaris would not le able
to adduct the wrist alone. Now, according to Duchenne,+ faradisa-
tion of the extensor carpi radialis longior and of the extensor carpi
ulnaris separately produces extension of the wrist with abduction
and adduction respectively, so that these two muscles acting alone
could not produce pure abduction or adduction ; to do so each must
act with the flexor carpi radialis and ulnaris respectively.

§ 19, In reference to the movements of extension and flexion of
the wrist, an important question arises as to the part taken respec-
tively by the extensors and flexors of the fingers in these move-
ments. I will take first the movement of extension of the wrist.
It is mentioned by Duchenne—but whether he was the first to
point it out I do not know—and it is an observation which has
been frequently confirmed, that in lead paralysis affecting the ex-
tensor communis digitorum but not the extensores carpi, as long as
the person *“keeps his fingers flexed, he can extend with foree his hand
on the forearm.”  Also Sir William Gowers,§ in his work on ‘ Diseases
of the Nervous System,” states, in speaking of lead paralysis, in

* Loc. cif., § 161. T Loc. cit., § 168,
t+ Loe. cif,, p. 149, § Vol. ii, p. 9449,
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which the extensores digitorum arve paralysed but not the extensores
carpi, that “as long as the special extensors of the wrist retain
power, this joint can still be extended when the fingers are flexed so
as to close the fist, although the wrist cannot be extended when the
fingers are also extended. The reason for this seems to be physio-
logical. When in health the hand and fingers are both extended ;
the special extensors of the wrist act very little if at all ; the move-
ment at the wrist joint is effected by the long extensor of the
fingers, if, however, the fingers are flexed the extension of the wrist is
effected by the special extensors.” So that according to Duchenne
(see §10), if a person with paralysis of the extensor digitorum
tries to perform the movement of extending his fingers the only
result he obtains is flexion of the wrist, and, according to the ex-
tract from Sir W. Gowers just given, a patient with paralvsis of
the extensor digitorum has no power to extend the wrist as long as
he tries to do it with the fingers straight. These conditions are
frequently met with in cases of lead paralysis (see Figs. 1 and 2).

§ 20. Now the problem which is before us and which has, as far
as I know, never been explained is :—Why do not the extensors of
the wrist, which in this case are healthy, come to the rescue and
help the paralysed extensors of the fingers to extend the wrist ¥
They certainly do wof contract, and there must be some explanation
of the inability of the person to make them do so.

Now let us observe what happens in the normal condition.
With the fingers flexed so as to form a fist, if the wrist be extended,
the work is done by the three extensores carpi and their tendons
at the wrist and especially the extensores carpi radialis longior
and ulnaris can be felt to contract. If now, in the course of this
extension the fingers be suddenly extended, the extensors of the
carpus immediately cease to contract, and the work of extension of
the wrist 1s done by the extensors of the fingers. But the extensors
of the fingers cannot act without at the same time causing the
flexors of the wrist to contract, and by putting one’s thumb and
finger on the tendons respectively of the extensor carpi radialis and
the flexor ecarpl ulnars during this movement it will be found that
when the fingers are extended the extensor carpi radialis can e felt
to relax and the flexor carpi ulnaris to contract. The wrist can
therefore be extended fully by the extensors of the fingers without
the help of the extensors of the wrist, but as the extensors of the
fingers have to do this against the contraction of the flexors of the
wrist there is a feeling of constraint. Now what will happen if
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PArALYS1S oF THE EXTENSORS oF THE FINGERS FROM LEAD.
( From photographs taken by Dr. F. Buzzard.)

Fia. 1 shows the maximal (normal) extension of the wrist when
the fingers are flexed.

Fia. 2 shows the maximal extension of the wrist in the same ease
when the finrers are straight. The strong contraction of the
tendons of the flexores carpi is well seen.
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strong resistance be made against the movement of extension of the
wrist when it is performed by the extensors of the fingers, which are
weak musecles ¥ Will the extensors of the wrist—so to say—come
to the rescue and take part in the movement of extending the
wrist 7 As a matter of observation I have found that they will
come and help. But—and I think that this is a most important
point, and one which I believe has not been shown before—as long
as the fingers remain extended the extensors of the wrist will not
help until a certain resistance has been reached, and only when this
amount of resistance is reached will the extensor tendons of the
wrist be felt to act. (It i1s a question whether this secondary
action of the extensores carpi, auxiliary to the extensores digitorum,
is not to be looked upon as that of fixation muscles. See page 64.)
On the other hand, if the extensors of the fingers retire from the
contest and let the fingers flex, the extensors of the wrist instantly
contract, no matter how slight the resistance may be. It therefore
seemed to me important in extending the wrist by means of the
extensors of the fingers to find out: firstly, the amount of resistance
necessary to cause the extensores carpi to take part in the
movement ; secondly, the amount of resistance necessary to cause the
flexores carpi to cease contracting. The experiment was made either
with the forearm placed on the flat surface of a table with the palm
downwards and with the hand projecting bevond the edge of the
table in a line with the forearm, and with the fingers extended ; or
the forearm was placed midway between supination and pronation,
so that the ulnar edge of the forearm and also the hand rested on a
smooth table, and by this means the weight of the hand was
supported and no muscular action was required to counteract the
influence of gravity.

To determine the first question—the amount of resistance
necessary to cause the extensores carpl to contract—the resistance
or the amount of work exerted by the extensors of the fingers was
ascertained in one of two ways. One way consisted in passing a
broad band over the extended fingers and attaching it at one end to
a fixed point with a dynamometer interposed, and extending the
fingers against this fixed point, while the finger of the observer was
placed on the tendon of the extensor carpi radialis longior. The
other method consisted in the person keeping the fingers extended,
and by means of an assistant increasing the traction on the band in
the direction opposed to that of extension until the tendon of the
extensor carpi could be felt contracting. The latter was found to
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be the betier method, as the wrist being stationary it was move easy
to ensure that other movements should not be made which would
prevent the tendon being felt. The observations of several trials
in my own case gave different results according to the place where
the resistance was applied. 1In the first place, if the resisting band
were placed over the two terminal phalanges and traction were made
at right angles to the long axis of the fingers against the extending
action of the fingers, the tendon of the extensor carpi radialis
was not felt until from 4—5 Ibs. traction had been used:; the
same result was obtained when the wrist was actively extended
from the position of slight flexion against a fixed point, and also
provided that the terminal phalanges were kept fully extended it did
not make any difference whether the resisting band was over the
phalanges or over the metacarpal bones. In the second place, if the
resisting band were placed over the proximal phalanges, and if
the extension of the wrist were performed by the extensors of the
metacarpo-phalangeal joints with the phalangeal joints passively
flexed, the extensor carpi radialis tendon could be felt rather
sooner, when the dynamometer showed 3 Ibs. On the contrary,
if the band were placed over the metacarpal bones with the three
joints of the fingers passively flexed, the tendon could be felt
at once when + lb. or less of resistance to extension had been
registered.  Also, if the fingers were passively put into the position
of extension, and while in that position of easy extension without
using any active muscular exertion, if the band were put over
the distal phalanges and active extension of the wrist were made
acainst the resistance of the band, or active traction were made on
the band, the tendon of the extensor carpi radialis would be felt
when only the resistance of & to 1 1b. had been made. In this
last case the extensores digitorum must be acting, or the fingers
would flex from the traction made on them, and in fact their
tendons could be seen. It therefore seems to be a matter of in-
tention, so that if the intention or the predominant idea is to extend
the fingers, and while so doing to secondarily extend the wrist, the
extensores carpi will not assist until a certain amount of resistance
(3—>5 lbs.) has been encountered ; whereas if the intention, as in
the last case, is to extend the wrist the extensores carpi will con-
tract at once, and if the resisting band be on the phalanges the
extensors of the digits will assist to prevent them being flexed.

In determining the second question it might be thought that the
flexores carpi would cease to contract as soon as the extensores
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carpi took up the work. But this was not found to be the case, and
in some observations much more pressure was required, as much as
10 1hs. having to be applied before the tendons of the Hexores
carpi relaxed, and in some cases they did not relax at all. The time
of relaxation of the flexors of the carpus is a much more difficult
matter to determine, as in some trials they seemed to leave off
contracting at once, while in others they were still contracting even
with a pressure strong enough to overcome the resistance of the
wrist. I think that the following is the explanation of this
diserepancy :—If the fingers be vigorously extended to the full
amount, or if they be quickly extended, the flexors of the wrst are
felt to contract synergically, and if in this condition pressure be
made against extension of the wrist according to the method just
described, either with the band on the phalanges or the metacarpals,
the flexors of the wrist will not relax ; but if the extension of the
fingers he made very slowly and not to the full degree, the flexors of
the wrist will hardly be felt to contract, or very slightly, and in
that condition very hittle pressure against the extension of the wrist
suflices to relax them altogether. Tt therefore appears that, as n
the case of the extensores carpt mentioned above, so here, if the
predominant idea is extension of the fingers, then the flexors of the
wrist contract and remain contracted, even if this combination he
required to take part in the superadded movement of extension of
the wrist ; whereas if the movement of extension of the fingers he
not made to the full extent, and the superadded movement of
extension of the wrist become the predominant idea, or if the wrist
be extended with the resisting band against the phalanges while they
are 1 o condition of passive extension, the flexors of the wrist will
cease acting as soon as pressure is applied to the dorsum of the first
phalanges, although the extensor communis digitorum is taking
part in the movement and 1ts tendons can be seen to stand out.

[ think that these experiments show that if the movement of
extending the wrist be performed with the fingers actively and
fully extended, the extensors of the fingers have to do all the work
themselves and against the contraction of the flexores carpi until
the amount of work done amounts, as in my own ecase, to 4—25 Ibs.
before the extensores carpi will join in and help them.

§ 21. Now to apply this to what we find in lead paralysis. In
paralysis of the extensores digitormm due to lead, if the movement
of extending the wrist be started by that of attempting to extend
the fingers, the two terminal phalanges are extended by the

Q. L. s
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-
interossei, but the extensores digitorum being paralysed cannot
move at all, and so cannot possibly reach the amount of 3 lbs,,
which, as we have seen, it is required for them to attain before the
extensores carpi will come in and help them. The important point
is that the patient has apparently no power to make the extensors
of the carpus contract and the only resulting movement is flexion
of the wrist due to the synergic action of the flexores carpi (Fig. 2).
[t rather reminds one of some highly organized establishments
where if one of the servants are incapacitated it is no one’s place to
do the work, which is consequently left undone.

§ 22, Following on the results obtained from examining the
action taken by the extensors of the fingers in extending the wrist,
I have examined the movement of flexion of the wrist to see the
part taken in that movement by the flexors of the thumb and fingers.

I have already mentioned that the flexors of the fingers take part
in the flexion of the wrist. With regard to the relation of the
Hexores digitorum to the flexores carpt I was unable to find that
there was the same delay in the action of the flexors of the carpus
when the movement of flexion of the wrst was started by the
flexores digitorum as was found in the case of the extensors of the
carpus.  In employing the same method with the resisting band
acting at right angles to the palm of the hand against the direction
of flexion, it was found that, when the band was over the phalanges,
the palmaris longus tendon was felt when as little as } b, traction
was made, and the flexores carpi radialis et ulnaris when § 1b.
traction was made.  Also that the ficures were the same whether
the resisting band was placed over the phalanges or over the
metacarpal bones, T was therefore unable to find that, when flexion
of the wrist is performed by the flexores digitorum, a certain strain
has to be experienced before the flexores carpi will take part, as
they act at once.

It is also to be noted that when the flexores digitorum act as
flexors of the wrist the synergic action of the extensores carpi does
not ocenr.

§ 23. When however we canse the fingers and thumb to con-
tract. }u'm'{*rﬁﬂl}' as in grasping, and while this is occurring we flex
the wrist, we get an entirvely different condition.

Here we have taking part in the movement of grasping, the
flexors of the thumb and fingers and also the synergic action of the
extensors of the wrist, and the question is what will happen if we
now flex the wrist 7 Will this movement be done by the flexors of
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the fingers, or will the flexors of the wrist come and help, and
lagtly will the extensors of the wrist relax ¥ It will be observed
that if the movement of flexion of the wrist be attempted while a
strong erasp is maintained, and also 1f the flexion of the wrist be
made slowly, there is a considerable feeling of strain and a certain
amount of tremor due to the antagonism between the acting muscles.

To determine the three above-mentioned points the following
method was used :

(1) It was first necessary to ensure that the grasp of the hand
was being maintained throughout the observation, and this was
done by means of a dynamometer which was grasped in the hand
and the index of which could be watched, for it was found that in
flexing the wrist against resistance, as soon as the grasp was
relaxed, the flexors of the wrist immediately contracted even in the
slightest degree of flexion, and as I have already mentioned, the
whole experiment. depended on the grasp being maintained,

(2) The forearm was fixed in the position midway between
supination and pronation and a band was passed round the meta-
carpal bones, and either traction was made horizontally in the
direction opposed to flexion of the wrist or flexion was made by
the wrist against a fixed point ; a spring balance was attached to the
band, and the amount of traction was read off at which the tendons
of the flexors of the wrist were felt contracting, and also the amount
of traction required to make the tendon of the extensor ecarpi
radialis relax.

In my own case I found that when the resistance was slight,
flexion of the wrist was performed by the flexores digitorum only,
and the tendon of the palmaris longus eould not be felt until the
balance measured 3 lbs., whereas the tendons of the flexores carpi
radialis and ulnaris were not felt till from 5 to 6 lbs. traction
was made ; further the tendon of the extensor carpi radialis did
not relax till as much as from 14 to 16 1bs. traction had bheen
madle.

The strained feeling would therefore be due to the antagonism
between the extensors of the wrist and the flexors of the wrist.

§ 24. These experiments would seem to show that the association
between the extensores digitornm and flexores earpi, and also
between the flexores digitornm and extensores carpi is so strong
that the muscles, which flex and extend the wrist, will oppose each
other rather than give up their connection with the finger muscles,
i the movements where the wrist is being extended 1n conjunction
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with extending the fincers, or flexed in conjunetion with flexine the
fingers and thumb.

§ 25, While diseussing the question of the action of the exten-
sors of the wrist with the Hexors of the fingers it will be advisable
to say a few words about the nature of this combination.

Duchenne called attention to the definite association between the
flexors of the fingers and the extensors of the wrist as well as to
that between the extensors of the fingers and fHexors of the wrist,
and that between the extensor ossis metacarpi pollieis and the
extensor carpi ulnaris.®  He spoke of the * moderating synergy ™~
and he stated * that the synergic contraction of the flexors of the
hand on the forearm is inseparable from the muscular funection
which ought to produce voluntary extension of the first digital
phalanges. To place the common and special extensors of the
fingers in the greatest elongation in order to angment their dyna-
mical power: such is the useful end of this instinetive combination
of the flexors of the hand during extension of the fingers.” He
referred to the over-extension of the wrist which oceurs in extending
the fingers when the flexors of the wrist arve paralvsed, and the ex-

planation which he gave was that “the common extensors of the
fingers being up to a certain point at the same time extensors of
the hand on the arm, their contraction renders necessary the
moderating synergy of the flexors of the wrist.”

One of the earliest mentions that I can find about a musecle
passing over two or more joints is that of William Cowper,t who
in his *Anatomy ’ reproduces Bidloo’s splendid anatomical plates.
He gives various reasons why a musecle passes over two joints,
but he does not mention that other muscles are brought into the
movement.  John Hunter,] in his second Croonian Lecture
delivered before the Royval Society in 1777, was as far as I can
ascertain the first to enunciate the doctrine of synercic muscles.
He says: “ Muscles often go over two, three, or four joints and only
move the third and fourth, as the flexors of the last joints of the
fingers ; but to prevent the first and second joints being moved by
thig action, the extensors of the intermediate joints are obliged to
interfere and keep them from bending.” This I consider is really
the use of these synergic muscles, and although the result of the
action of the flexors of the wrist is to place the extensors of the
fingers in the greatest elongation so as to angment their dynamical

* Loc. cit., p. 161, § 169. + ¢ Myotonia Reformata,” 1724,
+

T Loc. cit., p. 238.
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power (and to such a degree that when the wrist is flexed to a
right angle the grasp in a normal person is about one half of what
it is when the hand is in a line with the forearm), yet that, I think,
is not their object.  For if the wrist be extended passively as far
as it will go with the fingers flexed, and if then the fingers be
actively extended, the flexores carpi will still be felt to con-
tract, without however remedying the position of the wrist-joint,
even though the extensors of the fingers are working at a great
disadvantage. If the function of the flexors of the carpus was to
put the extensors of the fingers in the most advantageous position,
they would flex the wrist and bring the hand into the position in a line
with the forearm. Their function appears to be to fix the wrist in
whatever position it happens to be, so that the fingers will have a
secure basis to work upon.

§ 26. Following the opinion expressed above by John Hunter 1
think that the condition may be stated thus: When a muscle by
pussing over two or move joints has two or wmore different aclions,
then, if only one of these aclions be required, other muscles are
browght into the movement whose actions arve anlagonistic to those of
the museles which ave wot requived.  In the above quoted movement
of extending the fingers the extensors of the digits, by passing
over the wrist, are extensors of the wrist as well as extensors of the
fingers, and as extension of the wrist 1s not required the antagonists
to this action, viz. the flexors of the wrist, are brought into the
movement and the resultant movement is extension of the fingers
without extension of the wrist. This rule applies, as far as I have
been able to observe, throughout the muscular system. These
muscles which are brought into a movement to neutralise an action
which 1s not required are called “ synergic muscles,” a term used by
Duchenne.
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LECTURE 11.

MoveEMENTS OoF THE RAapio-ULNAR ARTICULATIONS.

MEg. Presipext anp GEntLEMEN—The next movements that we
have to consider are those of the radio-ulnar articulations, pronation
and supination.

§ L. The muscles producing pronation arve the pronator teres anil
pronator quadratus, and if the resistance to the movement be applied
to the hand, as it usually is, the flexor carpi radialis and palmaris
longus contract. The pronator quadratus cannot be felt contracting,
but it is one of the museles whose action must be inferved from its
position.

Supination is performed by the supinator brevis, biceps, and
when the resistance is applied to the hand, by the extensor carpi
radialis longior and brevior and by the extensor carpi ulnaris. The
strongest supinator is the biceps, and its action as such was
deseribed by Winslow. ®

In the above list I have omitted the supinator longus or, as it is
now called, the brachio-radialis.  This muscle has had a very
chequered career at the hands of anatomists.  According to Winslow,
it *“was believed to be only concerned with supination till Mr.
Heister observed that it was a flexor of the elbow-joint,” and he
adds, “ before it can act as a supinator the hand must be in the
areatest degree of pronation, and even then it can do little more
than bring the radius back to its natural position.” According to
Duchenne t the supinator longus flexes and pronates the forearm, if it
iz previously completely supinated, into the mid position between
pronation and supination, and its denomination of long supinator is
inexact since the muscle exercises a contrary action. In the anatomical

# < An Anatomical Exposition of the Structure of the Human Body,” by
James Benicnus Winslow. Translated from the French orviginal hy G-

Douglas, M.,  Fourth edition, corrected, 1756. Vol. 1, sect. iii, No. 858,
+ Loc. cil., . 142,
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text-books at the present time the teaching is that the supinator
longus pronates when the forearm is fully supinated, and supinates
when the forearm is fully pronated. In the midst of so much con-
flicting evidence it seems to me that the only way to settle the
(question is to go direct to Nature and examine what takes place m
the living body. Ten years ago I published in * Brain™* an observa-
tion on this muscle, and came to the conclusion that while it took
an active part in flexing the forearm, no action in it could be dis-
cerned in the movement of pronation or supination. This is a
point  which anyone can prove for himself by supinating or
pronating the forearm against resistance, taking care that no
flexion of the forearm occurs. I think it will be found that no
contraction of the supimator longus will be seen either on pronation
or supination, but the moment that the slightest flexion is made
the muscle instantly stands out in strong outline. 1 therefore con-
clude that the supinator longns, or the brachio-radialis as it would
be better to call it, does not take part in supination or in pronation.

§ 2. It 1s mteresting to note that Duchenne t according to Ius
electrical observations considered * that the biceps could not be put
isolatedly into contraction without producing supination at the
same time as Hexion of the elbow,” and he cites a case where a
person had lost the brachialis anticus, supinatores longus et brevis,
and the pronators, but not the biceps, with the result that he
“could not flex the forearm without supination, owing to the
atrophy of the pronators,” and from this he argues that we must
conclude “ that the biceps only supinates during flexion of the fore-
arm,” and he considers that it ought to be called the flexor supi-
nator. He also seems to hold the opinion from this, that simple
supination is performed by the supinator brevis and simple prona-
tion by the pronatores teres and quadratus, whereas the biceps
only takes part in flexion supination and the supinator longus in
flexion pronation.y But what are the facts of the case? No
doubt the biceps is a flexor as well as a supinator, and yet if one
examines one’s own biceps when the forearm is being supinated
against resistance without flexion of the elbow,—and this is a move-
ment which everyone can perform,—the biceps is found to be vigor-
ously contracting, and it certainly can act without producing flexion
of the elbow. The question therefore arises: Why does not the
elbow flex in supinating the forearm when the biceps is contracting

# “On Some Points in the Action of Museles,” * Brain,” vol. xiv, p. 53.

+ Loc. cit., § § 146, 147, T Loc. cit., p. 142
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so strongly?  There must be some opposing force to prevent
Hexion. We have here in fact an example of a musecle, the biceps,
having two actions, supination and flexion, of which the latter
Hexion is not required, and therefore, according to the rule given in
the last lecture, the antagonist to this Hexor action must be brought
into the movement. The antagonists to the flexors of the elbow ave
the extensors of the elbow. In other words, it is not possible to
have strong pure supination without contraction of the triceps. If,
however, while supinating it be required to flex the elbow, the
triceps at once ceases to contract. Further, if the triceps be
paralysed the patient cannot supinate without flexing his elbow,
because the flexor action of the bhiceps is not neutralized ; on the
other hand, if the biceps be partially paralysed and weaker than the
triceps the elbow is extended during strong supination, just as the
wrist is overextended in grasping when the flexors of the fingers are
weak. Itisalso to be noted that in moderate supination apparently
it is not the whole triceps which takes part in this movement, for of
the three heads by which the triceps arises, the fibres of the outer
and inner head contract, but not those of the long head arising
from the scapula, unless the supimation is very strong when the
long head contracts. The reason for this is evident when we con-
sider, as we shall see later, that the long head of the triceps is an
adductor of the humerus.  Now the only counteraction required in
this movement of slight supination is extension of the forearm, but
when the movement becomes extreme the pectoralis major contracts
with adduction of the humerus, and then the part of the triceps
which performs this movement of adduction contracts.

To demonstrate the action of the biceps and triceps in pure
supination without flexion of the elbow I have used the following
apparatus. It consists of a spiral spring, such as is used for closing
doors, one end of which is fixed to the table, and to the other end a
handle is attached at right angles to the long axis of the spring.
By this means supination of the forearm can be made against the
resistance of the coil of the spring, and the elbow being free to
move, it can be seen that the movement of supination can take
place without producing any flexion of the elbow, and that in this
movement the biceps and triceps both contract, and that therefore
the biceps can take part in supination of the forearm without
necessarily producing flexion of the elbow.

3 3. As we shall see later on the pronator radii teres is also con-
sidered to be a flexor of the forearm on the arm as well as a pro-
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nator—though Winslow * states that it can have no action but pro-
nation—and to nentralise its Hexor action there is also contraction
of the triceps, but to a much less degree than in the case of supina-
tion in proportion as the Hexor action of the pronator teres 1s much
less than that of the biceps.

MoveEMENTS oF THE ELpow-Joint.

§ 4. The movements are Hexion and extension; the muscles which
take part in flewion arve the biceps, brachialis anticus, brachio-radialis,
pronator radin teres ; and when the hand is closed there is very
slight action in the flexores carpi but none in the extensores carpi.
In the above list the brachialis anticus 1s certainly a pure flexor of
the elbow, and as the brachio-radialis does not, according to my
observations, take part in the movements of supination, I look upon
it as a pure flexor.  We have, therefore, the pronator radii teres
acting as a flexor pronator and the biceps as a flexor supinator.

With regard to the part taken by the different muscles in flexing
the elbow in the different positions of the forearm I have found
that when the elbow 1s at a right angle and the forearm is in
the position of extreme supination or in the midway position, the
tendon of the biceps can be felt to tighten when flexion of the
elbow has to overcome only § 1b, (about 100 grammes), whereas in
the position of extreme pronation the tendon of the biceps does not
tighten till a resistance of 4 lbs. (1'8 kil.) has to be overcome. In
the position of supination when the elbow is at a right angle the
brachio-radialis (supinator longus) just becomes visible when the
resistance to flexion 1s 2 1bs,, but 1t 15 difficult to say whether it
may not have started acting before 1t contracts sufficiently to lift up
the skin.  From this it would appear that in moderate flexion of
the elbow when the forearm is in the position of pronation the
biceps does not act.

Now flexion of the forearm can be performed when it is in the
position of extreme pronation, or supination, or in anv position
intermediate between these two, so that the muscles which pronate
and supinate the forearm at the same time that they flex, must be
i equilibrium ; but the opposing muscles are the pronator radii
teres as pronator, and the biceps as supinator—muscles so different
and unequal in strength that it does not seem possible that the

8 Loc. cif., No. 889,
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former can balance the biceps when the forearm is midway between
supination and pronation. 1 canonly sugeest, though I have not yet
come across a case of isolated paralysis of the pronator gquadratus,
that this muscle may assist the pronator teres i neutralising the
supinator action of the biceps in Hlexion of the elbow in the midway
position of the forearm and in strong flexion in the pronated position.

§ 5. The association of flexion or extension of the elbow with
pronation or supination produces some interesting combinations.
For instance, if while flexing the elbow the forearm be supinated,
the pronator radii teres, which was acting as a flexor of the elbow,
ceases to contract as soon as the movement of supination is per-
formed, but on the other hand the biceps does not cease acting in
strongly flexing the elbow and pronating the forearm at the same
time.  Now what will be the action of the biceps, if during supina-
tion the forearm be extended ¥ Will it continue to act h}-‘ virtue of
its position as a supinator, or will it cease when the movement of
extension, to which the biceps action of flexion is an antagomst, 1s
superadded ¥ The answer 1s that the biceps contracts during the
combined movements of extension of the elbow and supmation of
the forearm, and therefore the action of the extensors of the elbow
must be stronger than the flexor action of the biceps, otherwise
there would be no extension.

§ 6. What part do the flexors and extensors of the carpus take in
the movements of the elbow ¥ According to Duchenne® the flexors
of the wrist are auxiliaries to the Hexors of the elbow, and when
these are weak the Hexors of the wrist are put on the stretch by
extending the wrist and can then assist to flex the elbow. My
experience is that the action of the flexors and extensors of the
carpus is exceedingly shight as flexors of the elbow. In cases which
I have seen, where the brachio-radialis was absent and the biceps
was very feeble, the patients in flexing the elbow first pronated the
forearns, the extensors of the wrist then contracted, hyper-extending
the wrist, and finally the elbow very slowly flexed. It was difficult
in these cases to say whether the flexion was performed by the
pronator teres and flexores carpi, or by the pronator teres and the
extensores carpi.  William Cowpert expressed the opmion that the
flexors of the carpus when theyv act together as they do when they
bend the wrist, destroy each other’s action on the elbow and have
little or no effect on it.

® Loc. cit.,, § 167. t Loc. cit., p. xxvii.
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§ 7. To ascertain the share of work taken by the Hexors and
extensors of the carpus in flexing the elbow, I have tested the
amount of work done by flexion of the elbow when the flexors of
the wrist took part in the movement and when they did not. The
trial was made first with the resisting band over the hand just
above the heads of the metacarpal bones, so as to include the carpal
museles, and on flexing the elbow the maximum amount of work
was found to be about 40 1bs., whereas on placing the band over the
lower end of the radius and ulna and flexing the elbow when the
wrist was lax, the amount went up to 50—54 1bs., so that there
was apparently more force without the action of the carpal muscles.
This increase is due to the shortening of the arm of the lever of the
third power by transferring the weight from the hand to the lower
end of the forearm. To obviate this the resistance band was applicd
to the lower end of the forearm and the elbow was Hexed with (a)
the fist clenched and (h) with the wrist lax. In several
observations identical ficures were given in the two cases: in one
observation when the wrist muscles were used the force was 2 1hs.
more. The proportion of 2 in 50 is s0 small that the power of
flexing the elbow by the muscles of the carpus is proportionally
very slight, and is almost a negligible quantity. The extensores
carpl also contract probably to fix the wrist. The effect of shorten-
ing  the arm of the lever is very well shown by putting the
resisting band in the middle of the forearm when the amount of
work done goes up to 70 or 80 Ibs. as against 50 1bs. when the band
is over the lower end of the radius, and it is well exemplified by a
person who, when carryving a heavy basket by the handle on the
bent arm, puts the handle as near to the elbow as possible,

§ 8. The extensor carpi radialis longior, which arises from the
lower third of the outer condyloid ridge of the humerus, has been
considered to be a flexor of the elbow-joint, but when the wrist is
lax I cannot, find that there is any contraction of this muscle when
strong flexion of the elbow with the forearm pronated is made
against resistance.

5 9. To determine the question of the relative strencth of the
flexors of the elbow in the various positions of supination and pro-
nation of the forearm I have taken the maximuwm in myself when
the forearm was completely pronated, when it was completely
supinated, and also when in the mid-position between the two.
When fully pronated the amount was 40 1bs., and in the other two
42 1bs., so that, as before said, in the position of pronation the
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supinating action of the biceps must be nentralised, as the flexor
force is nearly the same in all three positions.

§ 10, Balension of the elbow 1s 'iw'l"l'lll'llll_'tl ll} the triceps and
anconens, and I am unable to find that the extensors of the wrist

or fingers take any part in the movement.

MOVEMENTS OF THE SHOULDER.

§ 11. The movements of the humerus on the scapula are so
involved with the movements of the scapula itself that it will be
more conventent to take them tocether and afterwards those move-
ments of the scapula which are performed without the participation
of the humerus.  The movements of the humerus are best described
in terms of the planes corresponding to the three dimensions of
space, viz. antero-posterior, latero-vertical, horizontal. In the
antero-posterior plane, the humerns starting from the hanging
position is advanced forwards—flexed as it is also called—to the
horizontal line, and thence it is elevated to the vertical position ; on
the return jowrnev the humerus is depressed through 1807 to the
hanging position, and thence it can be carried backwards or retracted.
In the lateral plane the hanging humerns can be abducted to the
horizontal line, and thence elevated to the vertical position, and on
the return journey it is adducted through 1807 to the hanging
position. In the horizental plane the humerus is horizontally
adducted when it 1s moved from the lateral plane towards the
middle Iine and horizontally abducted when away from the middle
line to the lateral plane, behind which it is horizontally retracted.
Besides the above movements there is rotation i and out.

§ 12. In advancing the hwmerus the anterior fibreg of the deltoid,
the clavieular fibres of the pectoralis major, the biceps, and probably
the coraco-brachialis contract and carry the humerus forward,
nearly to the horizontal line. This action of the deltoid tends to
rotate the scapula with the acromion downwards, and to push its
inferior angle backwards and towards the spinal column, but this is
prevented by the contraction of the acromial fibres of the trapezius
—which Duchenne showed to be the fibres taking part in this
movement and not the clavicular fibres—and it is also prevented by
the contraction of the inferior fibres of the trapezius. Asshown by
Duchenne the deltoid and the other muscles cannot carry the
humerus further than the horizontal line. Beyond this point the
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serratus magnus comes to their assistance and draws the lower end
of the scapula forwards, raises the acromion with the humerus, and
thus the arm is elevated to the vertical position.

Now the serratus magnus is considered to fix the lower end of the
scapula at the beginning of this movement of advancing the humerus,
but T have seen cases in the last few vears which seem to negative this
wlea. "The first case which drew my atiention to this point was that
of a irl whom I showed at the Neurological Society in 1898, and who
had wasting of the lower part of the trapezins below a line drawn
horizontally from the spine of the scapula to the vertebral column.
The rest of the trapezius acted well, and the serratus magnus was
not affected, a point which was well shown by the patient being
able to push forward with the advanced arm against resistance. On
telling the patient to advance the arm slowly I observed that the
first action on the seapula was to rotate it so that the inferior angle
moved half an inch towards the vertebral column and the posterior
border of the scapula projected like a wing ; this projection reached
its maximum when the humerus was advanced through about 457
Then the serratus magnus contracted, and as it drew the lower end
of the scapula forwards the deformity diminished and finally
disappeared.  The explanation that I would offer for this oceur-
rence, which does not happen with normal muscles, is that
though the serratus magnus is mechanically in the position to fix
the seapula and prevent its lower angle being pushed backwards and
rotated towards the vertebral column, it 15 not its function when the
movement iz one of advancing the shoulder, to act on the scapula until
the humerus has been moved by the deltoid through about 457, The
inferior part of the trapezius apparently is the proper muscle to fix
the scapula in advancing the humerns, and when these inferior
fibres are paralysed the serratus will not step into the breach—so to
say—and do the work for the trapezius, which consequently is not
done at all. T think that this is another instance of what T
described in the previous lecture (p. 13) in the case of paralysis of
the extensors of the fingers due to lead poisoning, where the extensors
of the wrist were unable to help the extensors of the fingers until
the latter have experienced a certain degree of resistance. I consider
that in a movement such as advancing of the humerus certain
muscles are told off to come into action at a certain period of the
movement and not hefore.

§ 13. The description just given of advancing the humerus applies
equally well to the movement of abduweting the humerus with the
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exception that the middle part of the deltoid and the supra-spinatus
abduet the humerus and the pectoralis major does not act, but the
same condition is met with in regard to the movements of the
scapula and its relation to the trapezius and serratus as in
advancing the humerus.  In paralysis of the trapezius the inferior
angle of the seapula in the first part of the movement of alwduetion
moves more towards the spine, and does not project so much back-
wards as in the movement of advancing the humerus.

§ 14. This is well shown in the photograph (Fig. 3) which I give
here of a case under the care of my colleague, Dr. Ormerod, with
paralvsis of the lower fibres of the right trapezius and also with
some weakness of the right serratus magnus, but not enouch to
prevent it acting. I have marked on the skin the situation of the
posterior border of the scapula in the three positions of abducting
the humerus. The centre line on the right side (I) denotes the
position of the posterior scapular border with the humerus hanging
at rest ; the line next to the spinal column (IT) shows the amount
of movement of the seapula towards the middle line when the
humerus is actively abducted through 307 ; and the outer line (I11)
shows the position of the posterior border of the scapula when its
inferior angle has been drawn forwards and outwards by the
serratus in elevating the humerns to the vertical position. |[The
case was shown at the College.] On the left side, which was
normal, the three positions occupied by the posterior border of the
seapula, when the humerns was hanging vertically, when abducted
throungh 307, and when elevated to the vertical position, are shown
in successive order from the spine outwards (Nos. I, II, and III).
This case shows that while on the normal left side the posterior
border of the scapula moves away from the spinal colunmm as the
arm ig abdueted to 307 and to above the horizontal line, on the
paralysed side the posterior border of the seapula actually recedes
towards the spine from position I to position IT in abducting the
arm through 30% but after the arm has passed the horizontal line if
occupies the position ITI, as on the normal side.

I have lately had the opportunity of examining a case under the
care of my colleague, Dr. James Collier, where the whole trapezius
had wasted and practically disappeared owing to a lesion of the
spinal accessory nerve in the neck, with the result that when at rest
the scapula was half an inch lower than on the other side, and the
acromion was rotated downwards and forwards, so that while the
base of the scapula spine was two inches further away, the inferior
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angle was only half an inch further away, from the vertebral eolumn
than on the other side. On making this patient abduet or advance
the humerus it was seen that the inferior angle moved inwards or

Fia. 3 is a photograph (taken by Dr. Howland) of a ease of Dr,
Ormerod’s with paralysis of the lower fibres of right trapezius.
The position of the posterior border of the seapula when the arm
is hanging (I), when it is abducted through 307 (I1), and when it
iz elevated wvertically (ILI), is shown by the three marks and
numbers on either side. On the left zide (normal) the positions
from the spine outwards arve in the order of I, 11, 111 ; on the right
(paralysed) side the positions are in the order of 11, I, I11.

backwards for half an inch, and that when the movement of the arm
was resisted, for as much as an meh, until the humerus had moved
through an angle of 45 , when the inferior angle of the scapula was
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drawn forwards by the serratus the deformity disappeared and the
humerus was powerfully carvied upwards to the vertical position.
In this ecase, as the trapezius was the only musele paralysed the
deformity and backward movement of the scapula must have been
due to its absence, and the only conclusion that we can draw 1s that
although the serratus magnus is in the anatomical position of heing
able to act, and is generally supposed (see Duchenne, loe. #if.,
p. 115) to fix the scapula, the Will has apparently no power to make
it act before its appointed time, and take the place of the paralysed
trapezing,  Whether it would be possible to educate the serratus
and by practice to induce it to contract sooner I am not in a
position to state, but if the condition may be taken as the same as
that of paralysis of the extensors of the fingers in lead paralysis 1
should think it doubtful.

' Since delivering these lectures Professor Thane has brought to
my notice a work by 8, Mollier # on the movements of the shoulder
airdle, which T had not before seen. The author used a model,
made from a cadaver in which the muscles were replaced by strings
passing over fixed pulleys so that the direction of the musele was
preserved ; these strings were put in motion by keys which could
be depressed at will. By means of this model the author has made
a most laborious and exhaustive series of experiments on the action
of the individual muscles and parts of museles in the movements
of the shoulder girdle, and he has also compared his results with
cases of paralysis in man. With regard to paralysis of the
trapeziug, though I cannot find any mention of the movement of
the scapula towards the spine, the photographs which he gives,
especially Figs. 55, 56, and 66 on the movement of advancing the
arm in the sagittal direction, show very well on the paralysed side
that when the arm is advanced the inferior angle of the scapula
moves nearer to the spinal column than when at rest, and that
when the arm is carried above the horizon to the vertical position,
the inferior scapular angle passes outwards and forwards away
from the spine, thus confirming the results given in my Fig. 3.]

§ 15. What determines the period at which the serratus begins
to act, 1t 18 dificult to say, but it seems to have some relation to
the angle which the humerus makes with the scapula, or to the
degree of contraction of the deltoid, and the tension it produces
on the scapula. Normallv, in advancing the arm the scapula

# «Uebher die Statik und Mechanik des menschlichen Schultergiirtels
unter normalen und pathologischen Verhiltnissen von 5. Mollier,” Jena, 1899,
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hardly moves at all t1ll the humerus makes an ELI};_[']P of about 45°,
and then the inferior angle beging to move outwards by the com-
menecing action of the serratus, and when the humerus is horizontal
the angle with the scapula remains constant, and the elevation of
the humerus to the vertical position is completed by the serratus ;
according to Catheart * at the end of the movement the scapula
ceases to rotate and the last part is performed by the humerus
alone moving over the glenoid cavity. If, however, the deltoid be
paralysed or the shoulder be ankylosed, the serratus begins to act
at once and the scapula moves outwards at once; so much so that
this movement of the scapula is almost a diagnostic sign of one of
the two above conditions. Now it is quite easy to normally
imitate this movement by rotating the inferior angle of the seapula
forwards and the acromion upwards without first moving the
humerns, but in neither of these conditions is the movement
initiated |::|. the action of the deltoad, and there 11 no i!‘lll]t‘lll'}' ti
the displacement of the inferior angle of the scapula backwards or
towards the spine, as the first movement is now that of the scapula
forwards and outwards.

§ 16. Another point of interest, occurring inecidentally, is that
the projection or winging of the scapula may be cansed by paralysis
of the trapezius and especially of its lower fibres, as well as by the
well-known  paralysis of the serratus magnus.  The difference
between the two conditions is, that the deformity due to the
absence of the trapezius is less than that of the serratus, the
scapula projecting only a half to one inch; that the projection
reaches its maximum when the humerns 1s advanced througch
about 45°%, after which the deformity diminishes and disappears
when the humerus is horizontal ; and that the humerus can be
elevated to the vertical position. With paralysis of the serratus
magnus, the deformity imereases as the arm is advanced and reaches
its maximum when the humerus is horizental, beyvond which level
there is no muscular power to raise it. The diagnosis of paralysis
of the serratus is also confirmed by the ease with which the scapula
san be displaced backwards by pushing against the advanced arm,
which is not the case with the trapezius paralysis.

§ 17. The action of the upper fibres of the pectoralis major in
advancing the arm is important and was deseribed by Winslow.+
It is an action which does not appear in some people until the arm

¥ < Journal of Anat. and Phys.,” vol. xvii, part 2.
+ Loc cit., No. 836,

e
e
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15 advanced to a point nearer to the middle line than the antero-
posterior plane.

Advancing and abduetion of the shoulder are also attended by
contraction of the erectores spinme, a subject which will be discussed
when the museles of the trunk are considered.

s 18, Depvession of the hwmerus in the antero-posterior plane
from the vertical position above the head through 1807 is performed
by the sternal fibres of the pectoralis major, the latissimus dorsi,
the teres major, the teres minor, the infra-spinatus, and by the
long head of the triceps, and perhaps by the subscapularis, while
the pectoralis minor fixes the seapula.

The superior or clavieular fibres of the pectoralis major are not
from my observations depressors of the humerus, and T eannot
acree with Duchenne® that these fibres are at the same time
depressors and elevators of the humerus according to the position
of the limb, i. e. depressors only from the vertical to the horizontal
line, or that they are, as Duchenne gracefully deseribes, the agent
used equally by the enemy to strike with a sword, or by the priest
to bless the faithful. I cannot discover that the upper fibres con-
tract at all in foreibly depressing the humerus in any position, and I
was interested to find, what T was not aware of, that Winslow+
states that the superior fibres serve chiefly to raise the arm forward.
Duchenne’s opinion was evidently founded on the fact that if the
humerus be elevated vertically and the superior fibres be stimulated
electrically, they will depress the humerus to the horizontal line,
but according to my observations they do not contract voluntarily
to depress the humerus, and although they are in the anatomieal
position to depress the humerus they are not included in the group of
muscles told off to perform this movement.

Of the other muscles depressing the humerus I would refer to the
long head of the triceps. Now as this muscle cannot contraect
without extending the elbow there is also, if only pure adduetion
be required, slight synergic action on the part of the biceps and
brachio-radialis to neutralize the extensor action of the triceps.
This action of the long head of the triceps is very well seen in cases,
of which I have one under my care at the present time at the
National Hospital, where the triceps is unaffected while the flexors
of the elbow are paralysed. Here every time that the patient de-
presses or adducts the humerus against resistance the elbow is
extended by the unopposed action of the long head of the triceps.

* Loc cit., § 103, + Loc cit., No. 836.
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In the same way in advancing of the humerus when the biceps acts
through its short head, to prevent flexion of the elbow which is not
required, the triceps is felt in some cases, apparently not in all, to
contract, but not the long head, presumably because its adductor
action 18 not required.

§ 19. Retraction of the hanging hnmerus posteriorly to the vertical
line is performed in addition to the latissimus dorsi and teres muscles
by the posterior half of the deltoid. The pectoralis minor takes part
m the movement, but not I beheve the lll':*l.ul‘:l-IiH Ill'.i.jnl', so this
movement is a means of separating the action of these two muscles.

§ 20. Adduetion of the humerus is performed by the same
muscles that take part in depressing the humerus, with the
addition that both parts of the pectoralis major and also the
posterior fibres of the deltoid act as adductors, as Winslow* pointed
out. According to Duchennet © Electrical experiment shows that
the posterior third of the deltoid acts synergically with the other
fibres of the same muscle to elevate the humerus, through an
angle of 45° but above this point the posterior fibres become
depressors of the humerus, and antagonists to the other fibres down
to that point of elevation which results from the contraction of
the posterior bundle.” ¢ This,” he says, © justifies the opinion of
Bichat,  contested by many anatomists, that the deltoid can
be at the same time both an elevator and a depressor of the
humerus.” My observations would make me join the ranks of
the contestors of this opinion, as I ecannot find that the posterior
fibres of the deltoid take any part in elevation or abduction of the
humerus, and they are in my opinion adductors.  On this question
[ would again like to point out that because a muscle can produce
two opposite movements when stimulated by faradisation, we
cannot be certain from this that this muscle performs these two
opposite movements when acted on by the Will.  We have first to
prove that the muscle is actually contracting in each of these oppo-
site conditions, for it does not follow that because a musele is in the
anatomiecal position to take part in a movement therefore itmust do so.

§ 21. In both movements of depressing the humerus and adduet-
ing it, the scapula has to be fixed by the rhomboids and the lowest
fibres of the trapezius, so that when the rhomboids are absent and
the humerus is foreibly depressed or addueted, the inferior angle of

® Loc cit., No. 825. t Loc cit., § 66.

§ ¢ Anatomie descriptive,’ p. 226, Paris, 1846,
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the scapula is drawn into the axilla by the teres muscles, as was first
pointed out by Erb, and when the lowest fibres of the trapezius are
abgent the scapula is lifted upwards by the rhomboids and the teres
muscles in performing the same movement. The contraction of
the rhomboid iz, however, stronwer than that of the trapezius, and
in some cases the latter appears not to aet in adduction. Con-
versely, when the adduetors are weak and the rhomboid is normal,
it overacts and earries the inferior angle of the seapula to the spine
in adducting the humerus,

The pectoralis minor also fixes the scapula in depressing the
humerus, and when it is absent, as T have lately seen in a case, the
scapula is elevated, and the coracoid process projects under the
skin.

§ 22, In depression and in adduction of the humerns from the
horizontal line there 18 contraction of the abdominal muscles, as was
pointed out h:{ Winslow,* and especially of the rectus abdominis and
obliguusg externus, which fix the ribs and prevent them from being
drawn up by the pectoralis major.  In depression of the humerns 1
have found that the reeti of both sides act, but that of the same
side rather sooner than that of the opposite side, while in adduction
of the humerus the rectus of the same side only contracts, but in
addition the erector spine of the same side also takes part.  The
question is whether the abdominal muscles are essential for the per-
formance of the movements, or whether it 1s possible to perform
them without co-operation of these muscles.

I have, therefore, ascertained the amount of work that is required
to be done before the reeti abdominis contract in the movement of
depressing or addueting the upper limb from the horizental line,
[ find that the amount is exceedingly small, and that in the erect
position when the humerus was depressed with the arm in the hori-
zomtal position, the rectus abdominis of the same side could be felt
to contract when the seale only registered 4 1bs., and as this includes
the dead weight of the arm, which was found to be 2! 1bs., the
actual work done by the musecles was 11 Ibs., and this small amount
was suflicient to bring i the fixing action of the rectus abdominis,
The rectus abdominis of the opposite side was felt, in depressing
the humerus, to contract a little later, viz. when 6 Ibs. pressure was
recistered on the seale. The smallness of this amount is further
shown when compared with the maximum amount of foree which
can be produced by this movement. In my case it was 30 lbs., so

® Loc. cit., No. 839,
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that the earliest contraction of the rectus abdominis occurred when
only about one fifteenth of the maximum strength had been used.
It therefore oceurs not at the end of a strong movement, but so early
that the movement can hardly take place without it. As this
action of the rectus takes place equally well.in standing, sitting, or
lying down, its participation is not necessary for maintaining a
certain position, and therefore I think it must be included in the
list of muscles which are essential for the movement of depression
and adduction of the humerus.

§ 23, The movement of horizontal adduction, which takes place
after the humerus has been passively abducted to the horizontal
line and is then actively carried to the middle line, is l]l_‘l"i'lll'l“h"ik by
the anterior fibres of the deltoid, the coraco-brachialis, and by the
pectoralis major, and where there is no resistance by the upper
fibres only, but where an obstacle is to be overcome both parts of
this muscle act.

§ 24. I would here say a few words about the pectoralis major,
one of the most interesting muscles of the body. The pectoralis
major is a muscle consisting of two parts, clavicular and costo-
sternal, which can either act in unison or in antagonism. The best
way to bring out the actions of the two parts working together is
to passively advance the upper arm to the horizontal line and then
to tell the patient to carry his arm towards the middle line against
resistance. If while in that position he then raise his hand up-
wards against resistance the upper fibres alone contract, and it he
depress Ins hand against resistance the lower fibres alone contract.
In fact, as Winslow said, the pectoralis major may be looked upon
as two distinet museles, and 1 have published® cases of complete
absence of the lower fibres due to infantile paralysis with perfect
preservation of the upper fibres. Associated with the loss of the
lower pectoral fibres there was complete paralysis of the latissimus
dorsi and triceps.

§ 25, In horizontal abduetion of the humerns from the middle hine,
the different fibres of the middle part of the deltoid successively come
into action from before back until the posterior fibres act, together
with the latissimus dorsi, teres muscles and subscapularis (7).

Associated with horizental abduction of the humerus is the
fixation of the scapula by the trapezius in which all but the clavicular
and acromial () fibres take part. This is the best movement to bring
out the middle part of the trapezius, which it is often very difficult

= * Roy. Med.-Chir. T'rans.,” 1555.
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to make out. For this purpose the upper limb is put in the hori-
zontal advanced position parallel to the middle line, and it is then
passively pushed backwards so as to make the posterior edge of the
scapula visible.  If now the patient be directed to horzontally
abduct the humerns against resistance, the fibres of the trapezius,
and especially those inserted into the spine of the scapula, will be
well seen against the sharp edge of the posterior border of the
scapula, and they have a direction almost horizontal and not so
oblique downwards and outwards as the fibres of the rhomboideus
minor with which they might be confounded. In horizontal ad-
duction the abdominal museles act, and in horizontal abduection the
erector spinwe of the same side.

§ 26, Of the rotators of the humerus, the rofafors in are the
pectoralis major both parts, deltoid anterior fibres, teres major,
latissimus dorsi, and probably the subscapularis.

I have nothing to add to the muscles usually included as
rotators out, viz. teres minor, infra-spinatus, and deltoid (posterior
fibres), except to point out that in some cases, when the humerus is
horizontal, in rotation in the rhomboid chiefly acts to fix the
scapula, and in rotation out the lowest fibres of the trapezius per-
form this function. Consequently in paralysis of the trapezius
of there is great displacement of the scapula in rotation out of the
humerus, but not with rotation in.

§ 27. The scapula has also the movements which are independent
of those of the hwmerus, viz. elevation, depression, advancing, re-
traction, and rotation with the acromion upwards, which has
already been deseribed.

§ 28. Elevation of the scapula is l}l‘.l"fﬂ]']l]i.‘d by the trapezius,
and especially by the acromial fibres, while the clavicular do also
contract in some patients, though apparently not in all, by the
levator anguli scapule and the rhomboids.  According to Duchenne®
the inferior part of the serratus magnus is an elevator of the
shoulder, as shown by electrical faradisation, for on being stimulated
the serratus first rotates the scapula with the acromion upwards,
and then elevates it.  Nevertheless, Duchenne states (loe. eif., § 45)
that when he made a person elevate the shoulder and he applied
strong resistance to its point he found that the trapezius, rhomboid,
and the upper third of the pectoralis major alone contracted as
long as the person kept his arm close to his side, but not the
serratus magnus.  Yet as soon as the patient raised his arm the

Loc. cit., p. 30, § 39.
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muscle contracted at once. He explains that the reason why the
serratus magnus does not act is * probably because its contraction
would interfere with respiration in keeping elevated the ribs on
which it takes its origin™ (§ 46). I venture to think that the Will
has not the power to leave a musecle out of a group if 1t is included in
it, even if it interferes with respiration, and that the explanation is
rather to be found in the fact that the serratus magnus is not an
elevator of the shoulder, and also that the electrical results are not
to be relied upon unless they are corroborated by voluntary move-
ments. I also think that Duchenne is not distinguishing between
the two different movements of (1) elevation of the acromion where
the scapula 1s rotated by the serratus magnus, and (2) elevation of
the whole scapula as in shrugging the shoulders where the serratus
magnus does not act.

I have nothing speecial to remark about the other movements of
the scapula, except that the levator anguli scapule in some cases
takes part with the serratus magnus in advancing the scapula, and
perhaps it counteracts the rotation of the scapula with the acromion
upwards by the serratus magnus, unless the movement of advancing
the scapula is performed by the upper fibres of the serratus and not
at all by the lower fibres. The levator does not take part in the
rotation of the scapula in advancing the humerus beyond the
horizontal line.

MOVEMENTS OF THE SPINAL COLUMN.

§ 29. The chief movements of the lumbar spine are flexion and
extension, lateral flexion to either side and rotation to either side.

§ 30. The flexors of the spine are best tested when the person is
lying down. The chief of them are the recti abdominis with the
pyramidales, and also the externai obliques, but whether the
internal obliques also take part 1 have had no means of ascertaining.
In testing the action of the recti abdominis the person lies flat on
his back and crosses the arms on the chest, and the thighs are then
fixed by passive pressure. It is then often sufficient for the person
to bend the head forwards for the recti to tighten up sufficiently to
be felt.  The complete movement of sitting up from the recumbent
position consists of two stages ; in the first the ensiform cartilage is
approximated to the pubes by the recti abdominis flexing the Tumbar
spine, and then the pelvis with the spine is flexed on the femora by
the psoas and iliacus and the other flexor museles of the hip.
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§ 31. Itis often important to know, especially in cases of tumour of
the spinal cord, if any part of the recti abdominis are paralysed, as
they are long muscles which are supplied from the sixth to the
twelfth dorsal spinal roots. T observed some years back a symptom
which enables the investigator to tell if there is any weakness of the
upper or lower parts of the reeti.  This symptom is the movement
of the umbilicus, In health, in the movement of sitting up the
umbilicus does not alter its position, but, if from a lesion of the
lower part of the spinal cord or its nerves, the part of the recti
below the umbilicus be paralysed, the normal upper part of the
recti will draw up the umbilicus, sometimes to the extent of an inch.
As the abdominal wall at the level of the wmbilicus is supplied by
the tenth dorsal root, any marked elevation of the umbilicus in the
act of sitting up would show a lesion between the tenth and twelfth
dorsal serments of the cord, or the roots coming off from them. In
the case where I first observed this symptom there was o malignant
erowth mvolvinge the cord at the level of the eleventh and twelfth
dorsal roots.  In two cases, one a myopathy and the other a case
under the care of my colleague, Dr. Ormerod, I have seen the
umbilicus drawn downwards, due, I have no doubt, to weakness of
the part of the recti situated above the umbilicus.

In cases where the recti abdominis are completely paralysed, asin
one case of myopathy which I have seen, the patient cannot
approximate the ensiform cartilage to the pubes, and he has first to
fix the spine by the erectores spinwe, and then to flex the pelvis on
the femora and draw the spine with the abdomen convex forwards
by the psoas and iliacus, and the fexor muscles of the hips.

§ 32. The extensors of the spine are the erectores spinw, which can
be well felt at their origin on either side of the lumbar spine, but
whose divisions into ilio-costalis and longissimus dorsi I do not
think that it is possible to make out.  The action of these muscles
can best be seen by making a person, while lying down prone on a
bed, lift up the neck and the upper part of the trunk, when the
muscles can be felt and seen on either side of the lumbar spinal
column ; or by making the patient extend the spine from the
position of bending forwards either in the standing or sitting
position,

In connection with the actions of the flexors and extensors of the
lumbar spine are the muscular movements which regulate and
maintain the erect posture.

§ 33, In the erect posture, i. e. standing with the feet together
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in the position of attention, the muscles have to be continually
counteracting the influence of gravity, and although when work is
being done, as i pushing forwards against an obstacle or as in
keeping a door shut, the flexors of the spine act, vet when a person
bends forwards from the erect position without having to overcome
an obstacle, it 1z not the flexors of the spine which act but the
extensors, and conversely in extending the spine, as in leaning
backwards from the erect position, it is not the extensors of the
spine which act, but the Hexors.

This condition has been, I venture to submit, much overlooked in
books of general anatomy, and also in special books on anatomy for
artists. In the one by Marshall® I cannot find any allusion to this
point.  And in a recent similar work+t the following passages
oceur :—* This bulging of the muscles on either side is particularly
noticeable when these muscles (erectorves spinie) are in a powerful
state of contraction as when a person . . . . 1is bending back-
wards.”  And again on page 121 ; “ If the figure be bent backwards
the median furrow is deepened and the erectores spinge are rendered
more prominent owing to the fact that they are now in a powertul
state of contraction.”

It in the above description the movement of bending backwards
starts from the erect posture and is not made against resistance, I
could not agree with it.

Merkel § also states that in bending forwards without resistance
the groove in the middle of the back disappears and vertebral spines
become visible, and the back becomes smooth and round : in bend-
ing the body backwards the long back muscles become very tense
and appear in the lumbar region as thick swellings. On bending
to the side (presumably without resistance ) the long back muscles of
the bent side form a stronger projecting swelling than those on the
streteched side,

On the other hand, according to W. Adams,§ “ the muscles of the
spine are in a state of least action when the spinal column is in the
erect position.  Instead therefore of the muscles of the spine in
this position being in a state of active tension, it is more correct,
he says, to describe them as in a state of vigilant repose; . . . as soon

¥ ¢ Anatomy for Artists’

+ ¢ Anatomy for Art Students,’ by Prof. Arthur Thomson, Znd edit., 1599,
P 37

T ¢ Topographische Anatomie,” zweiter Band, 1896, p. 1585,

§ *Curvature of the Spine,” 2nd edit., p. 41.
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as the equilibrium is disturbed and the body is inclined to one side
the spinal musecles on the convexity of the curve are . . . put
on the stretch.”

Richer # also states that on bending forwards the extensors come
into action and on bending backwards the Hlexors of the spine, so
that the action is somewhat of a paradox.

But we must go further back to find similar opinions expressed
by Winslow,7 who stated that ©the musculi recti serve to support
the trunk of the body when inclined backwards . . . for
when we stand straight they have no hand in bending the body
forward, except we be striving to overcome some resistance.”

I should certainly agree with the opinion expressed above by W.
Adams that in the erect position there is a state of least action of
the muscles,

From my own observations—and it is an experiment that any
one can make by putting one hand on the erector spinwe and the other
on the rectus abdominis—there is no action to be felt in the erectores
spinge or in the recti abdominis in the erect position when standing
“at attention,” but by producing a forward movement of the trunk,
as by bending the head forward, so as to displace the centre of
eravity, the erectores spimme instantly contract and prevent the
trunk moving further in the direction of flexion, while the fiexors
i. e. the recti abdominis, are relaxed. In the same way by extending
the head backwards, the centre of gravity is displaced backwards and
the recti abdominis contract and check any further movement in back-
ward direction, while the erectores spine are relaxed. And, if it be
desired to bend the trunk gradually forward, the contracted erectores
would gradually relax and let out the weight of the trunk in the
same way as a heavy weight is slowly lowered to the ground by a crane.
In the erect position when neither the erectores spine nor the recti
abdominis are acting, if it be desired to flex the spine and bend the
body forwards without first moving the head, the flexors of the spine,
i. e, the recti, would start the movement, but as soon as the centre
of gravity was displaced in front of the base line the recti would
cease acting—unless the movement was made against resistance
—and the erectores spine would be the acting muscles.

§ 4. This action of these muscles can best be illustrated by the
upper limb.  If, when the upper limb is in the horizontal position,
the forearm be slowly flexed on the upper arm in the vertical plane,

¥ ¢ Anatomie artistigue,” 1840 4 Loc. eit., No. 126.
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the flexors of the elbow contract until the forearm is just past the
vertical line and comes under the influence of gravity, when they
cease to act and become quite Haccid, while the triceps then con-
tracts and lets the forearm gently Hex on the upper arm. The
actions of these muscles will be more readily understood if the same
movement be attempted by a patient with paralysis of the triceps;
in this case the first half of the movement is properly performed,
but as soon as the forearm has passed the vertical position and
comes under the influence of gravity the forearm falls on to the
upper arm as there is no triceps to counteract gravity and let the
forearm flex slowly on the upper arm. Conversely, if in the position
of flexion the forearm be slowly extended the triceps contracts until
just past the vertical line, when it ceases, and then the biceps and
the other flexors contract and let the forearm be gradually extended.
So that in flexing the bones of the forearm, through the vertical
plane, on the humerus the first half of the movement against
cravity is done by the flexors and the second half with gravity by
the extensors.

§ 35. This mode of action applies to all the muscles of the body
and it may be expressed thus :—In every slow unresisted movement
which is made in the direction of gravity the muscles, which act
the direction of the movement are relaxed, while their antagonists
contract and support the part, and if the movement be continued
the latter gradually relax to their full extent.

The contraction of the erectores spinm, when the body falls for-
ward, occurs automatically and apparently without any effort of the
Will, and 1t can be demonstrated by leaning forwards supporting
the weight of the body on one hand. On suddenly taking the
supporting hand away the body falls forward and the erectores
spine instantly contract. The contraction is an instinctive pre-
servative action performed automatically, and it always takes place
unless a voluntary effort is made to inhibit the contraction, when
it can be prevented from acting.

§ 36. In lateral flevion to one side where an obstacle has to be
overcome, the rectus abdominis and erector spine of that side can
be felt to contract together with the external oblique and latissimus
dorsi, and probably the quadratus lumborum ; but in inclining the
trunk to one side—let us say the right—in the direction of gravity,
where no obstacle has to be overcome, the muscles of that side start
the movement, but as soon as the centre of gravity of the trunk 1s
displaced to the right of the middle line, the muscles on the right
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side are relaxed and the museles on the opposite (left) side—the
antagomsts— contract, just in the same manner as the erectores
spinie contract in flexing the spine forwards. In vofation of the
spine to the right the left external oblique acts, but neither the
erector spine nor the rectus abdominis can be felt to contract, but
whether the internal oblique of the same side (right) contracts it 1s
difficult to say.

§ 37. While speaking (on page 34) about the movements of
advaneing or abducting the humerus, it was stated that these move-
ments were attended by the contraction of the erector spinge.  This
1s a point to which attention has been directed by Dr. Hughlings
Jackson. ®

When a person stands erect so that there is no contraction of the
erectores spinae, and then advances one upper limb to the horizontal
line, both erectores spine contract, and if the advanced arm be
slowly carried outwards through an angle of about 45° the erector
spinie on the same side as the advanced arm ceases to contract, and
on the arm being carrvied through another 45° the rectus abdomiuis
of the opposite side will be felt to take part in the movement.

The question arises, whether this contraction of the erectores sping
is an essential part of the movement of advancing the shoulder, in
the same way as the abdominal musecles take part in depressing or
adducting the humerus, 7. ¢, whether it is possible to advance the
humerus without bringing the erectores spinge muscles into action.
I think the matter can be proved in the following way :—If when
the arm is advanced and the evectores spinwe are felt contracting the
spine be extended, the erectores will be felt to relax when the
weight of the trunk behind the centre of gravity just balances the
welght of the advanced arm in front, and if now the arm be
dropped and then advanced again no fresh contraction of the eree-
tores will be felt. I think that this shows that the contraction of
the erectores is not an essential part of the movement of advancing
the humerus, as it does not always oceur, but is of the nature of a
postural contraction, and only takes place to prevent the equilibrium
of the trunk beinge disturbed.

§ 38. This point whether the erector spine muscle of say the
left side is an essential component of the movement of abducting
the right arm is interesting in relation to hemiplegia. In right
hemiplegia where a patient has lost the power of abducting the

& ¢ Brit. Med. Journ.,” March 5th, 18892,
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right arm the question arises as to whether he has any paralysis of
the left erector spinge which, as we have seen, acts when the right
arm is abdueted.  If the action of the erector spine were an essen-
tial component. of this movement of abducting the arm, one would
expect that when this movement of the arm was paralysed all the
components of this movement would also be paralysed, including
thiz particular movement of the erector spinae, bhut if the action of
the erector spine were not an essential component, but only acted
to preserve the equilibrinm of the spine, then we should not expect
it to be paralysed. T have not examined a sufficient number of
cages to say from personal experience whether the left erector
spinie 18 paralysed or weakened in right hemiplegia, but Dr,
Hughlings Jackson™® has expressed the opinion that in some cases
of hemiplegia the erector spinge on the side opposite to the paralysis
is weaker than on the other side, i. e. in right hemiplegia the left
erector spine is the weaker, and that the muscle is probably sup-
plied by the direct (ventral) pyramidal tract.

¥ ¢ Brit. Med. Journ.,” March 5th, 15892,
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LECTURE I1I.

Mr. PrESIDENT AND GENTLEMEN—I will now deseribe the
MOVEMENTS OF THE HEAD.,

§ 1. With regard to the muscles which are usually given as flexors
and extensors, adductors and rotators of the head, T would refer
especially to the sterno-mastoids, which are the chief flexors of the
head.  These muscles can be seen strongly acting when a person is
told to raise his head from the pillow while lying on his back, and
when this is done powerfully the recti abdominis also contract to
fix the sternum, an action which was pointed out by Winslow *
These two sets of musecles are associated together in certain
rhythmical spasmodic contractions, as in a case which was under
my care lately, where a man had eclonie spasm of both recti abdo-
minis and also in both sterno-mastoids.  In addition to the sterno-
mastoids, the platysma myoides, the omo-hyoids, and the other
depressors of the hyoid bone act. (I might add in passing, thai
the depressors of the hyoid bone and the muscles between the
hvoid bone and the lower jaw are well brought out when the lower
jaw is opened against resistance.)

§ 2. With reference to exfension of the head, the only muscles
which can be felt to contract are the clavicular part of the
trapezii, the complexi and splenii capitis, and probably the trachelo-
mastoids also take part. The sterno-mastoids have been described
as extensors of the head when the head is in the extreme position
of extension, and this is still taueht in the most recent books on
anatomy.

Duchenne + also stated as the result of electrical stimulation that

¥ Loc. cit., No. 1088, p. 320.
+ Loc. cit., p. T15.
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the sterno-mastoids * produce on the contrary extension of the head
when it happens to be in a certain degree of reversal backwards.”
With this opinion I find that I cannot agree. Some time ago |
made some observations on this point, and I failed to find that the
sterno-mastoids acted i any ]nmitiuu as extensors of the head, To
test this, let the head. be placed as far back in extension as it will
co, and then direct the person to press the head backwards against
resistance. The tendons of the sterno-mastoids will then not be felt
to tighten, but if on the contrary Hexion of the head forwards be made
in that position against resistance, the tendons immediately become
tense. T was thervefore olad to find that Winslow® had made this
statement, of which T was not aware at the time: “The insertions of
these muscles,” hesays, “in the posterior part of themastoidapophyses
has made some anatomists believe that they are more proper to bend
the head backward than forward: their insertions being behind the
condyloud articulation of the os oceipitis,” but in opposition to this
view he adds that © the moveable point [of the insertions | can only
be determined to that part which is neavest the fleshy body, and the
most anterior; and consequently not situated so far back as is
imagined.”  And on the same subject he remarks, ©that experi-
ments made on dead bodies have been apt to mislead,” an opinion
which T should wish to endorse.

§ 3. With regard to rotation of the head, say with the face tirning
to the right, I have nothing much to add to the usually received
teaching, except to remark that the left sterno-mastoid and the
clavicular fibres of the left trapezius act with the right splenius
capitis and the right platysma; the right omo-hyoid also contracts,
and its use is probably to ensure that the hyoid bone moves round
with the ehin.

| Subsequently to delivering this lecture, T have noticed that on
slowly rotating the head without encountering any resistance, the
sterno-mastoid eannot be felt to act throughont the whole movement.,
For instance, if the head be passively put in the extreme position of
rotation with the face to the left, and if it then be voluntarily
rotated slowly to the right, no contraction of the left ;qi__p_:*n.-:.
mastoid will be felt in the passage of the head to the front position.
Further, if the head be slowly rotated from the front position to
the right, no action of the left sterno-mastoid will be felt until the
head has rotated through about 30°, and from this point to that of

® Loc. cit., No. 1075, p. 320.
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extreme rotation to the right the left sterno-mastoid will be felt to
he strongly contracting. It is also to be noted that when the head
15 rotated to the full extent with the face to the right, if it he
desived that the head should be left in that position, the left
sterno-mastoid does not relax, which seems to show that the head
would not remain in that position if it were not kept there by
the action of the sterno-mastoid. In movements of rotation
which are opposed, and in rapid unopposed movements, the left
sterno-masgtoid acts in all positions of the movement from extreme
left to right. |

§ 4. In ltateral movement of the head or adduction, say towards
the left shoulder, the left sterno-mastoid, the left trapezins, the
left splenius capitis, the left omo-hyoid and the left platysma all
act together. It has been observed that in rotation of the head
the sternal fibres of the sterno-mastoid chiefly act, and in adduetion
of the head the clavienlar fibres, but theugh this is generally true
[ have seen hoth parts of the musecle act in both these movements.

The adductors or lateral flexors of the cervieal spine, viz. the
levator anguli scapule and sealenus medius, take part in powerful
lateral movement of the head.,

§ 5. It should be remarked that in all slow movements of the
head in the direction of gravity, as m the movements of the spine
(p. 42), the direct acting muscles are relaxed as soon as the head
comes under the influence of gravity, and the antagonists contract
and let the head fall gradually forwards or backwards or to one
side. 8o that in the erect position in bending the head forward, as
in nodding, if the centre of gravity of the head be behind the
condyles the sterno-mastoids contract to transfer the weight of the
head to the front of the condyles, and when this is accomphshed
tlu-:.‘ bhecome :||lil‘i" inactive, and the extensors of the head contract
and let the head fall gradually forwards,

THE RESPIRATORY MUSCLES.

§ 6. I have no special observation to make on the ordinary
muscles, but as regards the extraordinary museles of respiration [
have observed in several cases of dyspnea that among the firet
muscles to come nto action are the sterno-mastoids, and as these
muscles then take their fixed point from the skull, the head has to
be fixed by the extensors of the head. Of the other muscles I have
never seen any action of the pectoralis major in dyspneea, and 1



LECTURE III. 49

think that the action which is attributed to this muscle is really
performed by the pectoralis minor. This muscle could be seen
acting as an inspiratory muscle in the cases which I have observed,
where the pectoralis major was absent. The origin of the pectoralis
major from the cartilages of the ribs and the direction of its fibres
is also against its having much power as an inspiratory muscle, and
it does not come into action till at the end of a forced inspiration.
Of the other extraordinary muscles the latissimus dorsi, the
serratus magnus, the scaleni—though the actions of these muscles
were doubted by Winslow—the elevator anguli scapule, and the
clavieulo-occipital fibres of the trapezius are the chief ones that can
be observed. The latissimus contracts chiefly in strong inspiration,
such as sniffing.

§ 7. With reference to the expiratory muscles and especially
those nsed in such violent efforts as conghing and sneezing, I would
refer to one of the muscles which is usually deseribed as a muscle of
inspiration only, the latissimus dorsi. I observed a few years back
that it is a powerful expiratory musecle, and this is an action which
anyone can prove for himselt by putting the hand on the posterior
fold of the axilla, and on coughing, a strong contraction of the
latissimus dorsi will be felt. As I have already mentioned, this
muscle acts also as an inspiratory muscle, using the fibres which
take origin from the lower ribs to elevate them, and therefore it is
a muscle which acts in both inspiration and expiration, a circum-
stance which it is rather difficult to explain. In expiration it
doubtless acts by compressing the posterior part of the abdomen, in
which aection it is joined by the external obliques and recti muscles
so that the abdominal cavity is compressed in all directions, and as
the origin of the latissimus dorsi from the lower ribs interdigitates
with the origin of the external oblique muscle, and as this latter
muscle contracts violently in expiration, it seems probable that the
costal origin of the latissimus dorsi may act in expiration to fix the
ribs to allow of the external oblique muscle to act with precision.

Another musecle which contracts in expiratory cough is the lower
part of the trapezius, but whether its action is for the purpose of
fixing the scapula it is difficult to say. The action of all the respira-
tory muscles is bilateral, and the relation between the bilateral and
the unilateral actions of the latissimus dorsiwill be referred to lateron.

The time at my disposal will not permit me to say anvthing
about the movements of the lower limb, or of the ocular or facial
movements.

i:.p!- Ih 4
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Having described the museles which enter into and produce the
movements of some of the different joints I propose now to say a
few words about the manner in which the several muscles which
take part in producing any movement are associated together,

THE MODE OF ASSOCIATION OF MUSCLES.
Tue AcTiION OF THE ANTAGONISTS.

§ 8. In describing the musecles which take part in any movement, I
have not made any mention of the action of the antagonists, and as
they arve considered by some authors to take a very important part in
every movement, it is necessary in any account of the action of
muscles to consider the various views which have been held on the
subject.

Before however considering these views, we must first define
what is meant by the antagonists of a movements. The antagonists
of a movement are those musecles which move the joint in a direction
which is diametrically opposed to this movement. This definition,
or one similar to it, is so obvious that it seems hardly necessary,
but in the movement of closing the fingers and thumb, which, as
we have already seen, is produced by the flexors of the fingers and
thumb acting with the extensors of the wrist, the latter have been
described as the antagonists of the flexors of the fingers and thumb.
Now the movement to be performed is flexion of the fingers and
thumb, and the movement which i1s diametrically opposed to this
1s extension of the fingers and thumb, and this movement cannot
be performed by the extensors of the carpus, but by the extensors
of the fingers and thumb, which are the true antagonists. The
extensors of the carpus are the synergic muscles in this movement.

The question of the part played by the antagonists in a move-
ment has exercised men's minds from the time of Galen to the
present day, and it is still a matter of controversy.

§ 9. According to Galen,* “ Each muscle has only a single move-
ment which is active ; it does not possess the opposite movement ex-
cept accidentally. On the other hand a muscle acts, when it draws
towards itself the part which is in movement, but it does not act
when it is drawn to the opposite side by another muscle. . . . For
each part, put into movement by the muscles as by reins, being

* Galen’s works, ‘De usu partium,’ part vii, book 1, chap. iv, p. 331,
translated by Dr, Daremberg, Paris, 1856,
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obliged to take part in the activity of the two sides, presents in
turn one of the two muscles tense and the other relaxed.”

It is evident from the above guotation that Galen considered
that the antagonists to a movement do not contract when that
particular movement is being executed.

I am unable to find any other reference to the question of the
antagonist till Winslow’s work.

§ 10. Winslow#* defined the antagonists in the following terms:
“T'o move any part or to keep it in a deferminate pozition, all the
muszeles belonging to it wnust co-operate”™ (the italics are mine),
“gome of them drawing the part dirvectly to the situation or
attitude designed, some moderating this first motion by acting in
a contrary direction and others directing it laterally. The first
kind of these muscles T ecall principal movers, the second mode-
rators. and the third directors. The moderators in !_':LM' the
same with those termed antagonists, and the want of their action
is in many cases supplied by the weight of the part to which they are |
fixed, or by the additional weight or resistance of some other body.”

From this extract it 1s evident that Winslow considered that to
move a part, all its muscles including the antagonists co-operate ;
but he makes the important proviso that the want of their action
is supplied by the weight of the part or by external resistance.
This proviso limits very considerably the occasions when according
to Winslow the antagonists act ; for if they do not act when a
movement is being performed against gravity, or when any resist-
ance has to be overcome, the occasions are narrowed down to un-
opposed movements taking place in the horizontal plane, where
cravity does not act. Such a movement would be that of flexion
or extension of the terminal phalanges of the fingers in the hori-
zontal direction, or of the elbow in the same plane, or of the rota-
tion of the head to the right or the left.

§ 11. In his Croonian lecture before the Royal Society, John
Hunter + deseribes the actions of muscles as immediate and
secondary ; the first produces immediate action of the part, the
second produces the assistant supporting regulating actions, as in
walking when the right leg moves, the muscles of=the left side of
the trunk act to support the whole on the left leg. On page 262
he states that “the relaxers which become the sustainers of the
muscles in action never allow themselves to relax to their full extent
while the contractors arve carrying on the motion of a part as it

* Loc. cit., vol. 1, sect. 1ii, p. 159, No. 41. t Loc. cit., p. 249,
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would produce weakness.” The contractors, I conclude, corre-
spond to Winslow’s principal movers and the relaxers to his
moderators or antagonists. If this be so, Hunter evidently con-
sidered that the antagonists are never fully relaxed, but I am
unable to find any expression of opinion as to whether this is
modified when the movement is resisted.

§ 12. Duchenne, to whom we owe so much for his extensive work
on the actions of muscles, has given much attention to the action of
the antagonists,

Duchenne # is very explicit in his opinion about the action of the
antagonists and he savs: * In the main all voluntary movement to be
executed with precision ought to be moderated by its antagonist
muscles.”  He goes on to state that this opinion is contrary to the
theory of Galen—which I have already mentioned-—and has been
propagated to the present time in spite of a kind of resistance made
against it by the illustrious Winslow., Duchenne quotes Winslow
but he omits the proviso of Winslow that the antagonists are
excepted when anyv weight or assistance supplies their action.
Further on in the same chapter ¥+ Duchenne states that he has
“ demonstrated experimentally that all the movements of the limbs
and trunk result from a double nervous exeitation by virtue of
which the two orders of muscles . . . the impelling and the
moderating associations are put simultaneously into action, one to
produce the movements, the other to moderate them. Without
this entfente of the antagonists the movements lose inevitably their
precision and certainty.” I cather from this, that Duchenne’s
opinion is more comprehensive than Winslow’s, and that he con-
siders that in all voluntary movements the antagonists take part.

§ 13. Of other observers Brucke! agrees in the main with
Winslow and states ““ that in drawing, or in plaving the fiddle and
where slow movements with only slight opposition take place with
oreat precision and sharply defined range, the antagonists are put
into activity with the principal muscles.”

§ 14. On this subject of the antagonists interesting papers have
been published by Beaunis § and by Demeny. ||

The latter has made some most important observations by means
of two Marey’s myographs fixed on to the biceps and triceps

[ ]

Loe, cit., p. T59. t+ Loc. cit., p. T66.

¢ Bitzungs berichte der K. Acad. der Wissensch.,” Bd. 75, abt. 3, 15877,
¢ Archiv. de Physiologie,” 5th series, tome 1, 1889,

| ¢ Archiv, de Physiologie,’ 5th series, tome 2, 1890.
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respectively, by which tracings of these muscles under varying con-
ditions were obtained. The conelusions which he arrived at were :—

In energetic static contractions, as in tightening up all the
muscles without producing any movement and without meeting any
external resistance, the antagonists contract synergically, either to
immobilise firmly an osseous segment or to prevent the separation
of the articular surfaces when the two segments are in the prolonga-
tion of one to the other,

If static resistance 1s made against an effort tending to produoce
flexion or extension, the antagonists of this movement relax. The
antagonists are relaxed alzo during the movement every time that
an external resistance acts in the way of their action, whether this
resistance be overcome or not by the muscles contending against
it, and whether these muscles shorten or elongate.

In natural movements (where there is no resistance), where they
are of a slow and uniform rate, there is a simultaneous action of
the antagonists; where the rate is variable, the antagonists act as
moderators of the rate and come into play a little before the move-
ment has ceased or changed its character.

I cannot find that Demeny makes any mention of the action of
ceravity on the contraction of the antagomsts.

Demeny’s observations ave therefore in confirmation of Winslow's
rather than those of Duchenne.

§ 15, On the other hand, experiments have been made by
Sherrington® on the action of the antagonists, by electrical stimula-
tion of the excitable cortex, and he has found that in addition to
contraction of the principal muscles taking part in a movement
there is not only relaxation but inhibition of the tone of the
antagonists of this movement.

§ 16. Sherrington and Heringt have also shown more recently
the same thing by electrical stimulation of the part of the cortex
where movements of flexion of the elbow were represented. They
found that when the biceps contracted there was relaxation of the
triceps. It therefore seems probable that the inhibitory action of
the antagonists starts in the same part of the cortex and takes the
same course in the pyramidal tract as the excitatory action of the
principal movers.

Sherrington’s observations therefore agree with those of Winslow
and of Demeny so far as strong opposed movements are concerned.
* ¢ Proc. Roy. Soc.,” 1893, vol. liii, p. 407.

+ ¢ Proc. Roy. Soc.,’ 1897, vol. lxii.
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With regard to weak movements, Prof. Sherrington has informed
me that even with minimal stimulation of the motor cortex he still
obtains relaxation of the antagonists. There is therefore a difference
between the results obtained by stimulating the excitable cortex in
the monkey and those of making a person perform a slow unopposed
movement, as the antagonists were found to be relaxed even on
stimulation, according to Sherrington, and to contract in the case
of slow voluntary movement according to Demeny,

§ 17. From my own observations I have held that, in strong
movements against resistance the antagonists are always relaxed,
and I expressed that opinion in a paper which I wrote in 1891.%

This power of relaxing a group of muscles by getting the patient
to powerfully contract the antagonists against resistance I have for
some time emploved for elinical examination. The cases i which it
1s most useful are in affections in the region of the shoulder joint,
where a patient is unable to abduct the arm without the inferior
angle of the scapula moving outwards at once. This is a sign that
either the deltoid is paralvsed or that, owing to painful rheumatic
changes, the joint is kept fixed by the muscles about it, or that the
joint 1s ankylosed. If, in the second case, the deltoid be one of
the fixing muscles, it can be relaxed by first passively abduecting the
humerus as near the horizontal line as possible, and then directing
the patient to actively adduct the humerus against resistance, when
the deltoid will be felt by the finger and thumb placed on either
side of it to be relaxed ; on then again directing the patient to try
and keep the arm abducted the deltoid will be felt to contract, thus
showing that the deltoid is not paralysed.

With regard to the question as to whether the antagonists act in
all mmopposad movements, as the experiments of Demeny show, T
should like to point out that in the movement of rotation of the
head we have an exceptional opportunity of examining the sterno-
mastoid muscles, and in addition, the movement of the head being
in the horizontal plane there is no chance of any error from the
action of gravity. Here one of the sterno-mastoid muscles is a
principal mover while its fellow of the opposite side is its an-
tagonist, so that, in rotating the head with the face turned to the
patient’s right, the left sterno-mastoid is a principal mover and
the right sterno-mastoid is its antagonist (see p. 47 on rotation of the
head). On rotating the head slowly or quickly I am unable to find
either on inspection or on palpation that there is any contraction of

® o On Some Points in the Action of Muscles,” ¢ Brain,” vol. xiv, 1891.
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the right sterno-mastoid in any part of the movement ; and further,
if the head be turned very quickly and be suddenly checked there is
still even then no contraction of the right sterno-mastoid. It is
quite possible that some of the other rotator muscles may act as a
check to the movement, but from my observations the right sterno-
mastoid does not do so, and the muscle is so superficially situated
that it would hardly be possible to escape observation. On the other
hand, if the elbow be quickly extended horizontally, and suddenly
stopped, the biceps is felt to contract at the moment of stopping.

To sum up, I should myself agree with Winslow that in all move-
ments where there is resistance to the movement, or where the
weight of the limb has to be moved against gravity, the antagonists
do not act. In unopposed movements, where gravity does not act,
the opinion of Winslow is that the antagonists do contract, and this
is confirmed by the experiments of Demeny, although he makes no
mention as to whether gravity alters the conditions; but in the
unopposed movements of rotating the head to the right where
gravity does not act I cannot find that there is any action of the
right sterno-mastoid, the antagonist to this movement, and
Sherrington also found by cortical stimulation that the antagonists
to the resulting movement were relaxed. There is, therefore, some
difference of opinion as to whether the antagonists take part in
slow unopposed movements where gravity is not acting.

§ 18. Before leaving this question I should like to mention a
clinical case where the antagonist muscles acted in a way which I
have not seen before. _

It was the case of a girl, aged 18, who had incomplete right
hemiplegia and hemianssthesia. She had, however, no signs of
organic disease, and the case was considered to be one of functional
or hysterical paralysis. The great point of interest about the case
was that whenever she was asked to perform a certain movement, the
first actionobserved was that of the antagonistmuscles. Forinstance,
on being told to extend the elbow, the first muscle observed to con-
tract was the supinator longus, one of the antagonists to the
movement of extension. This contraction of the supinator longus
was followed immediately by that of the triceps, and there was
then a confusion with to and fro movements due to the alternate
contraction of the extensors and flexors of the elbow. A similar
thing occurred when she was told to flex the elbow, then the triceps
was felt to contract first, and was followed by a movement of the
Hexors of the elbow, and then the joint moved to and fro with
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much confusion. I 'have observed a similar condition oceur in
dorso-flexing the ankle, a joint in which the typical to and fro
hesitating confused movement 1s so often seen in these cases of
hysterical paralysis. In another case on asking the patient to
extend the knee, the first contraction was felt in the flexors of the
knee. In all these cases, as the patient improved, this symptom
passed off, and the joint was then moved in the normal way.

This condition of the antagonists acting before the principal
movers begin, I have never seen in any other conditions besides
those of so-called hysterical or functional paralysis. I therefore
venture to think that it is a diagnostic symptom of this condition.

In relation to the movements in which a muscle may take part is
the condition of

Pararysis oF A MuscLeE Fror ONE MOVEMENT AND NOT FOR
ANOTHER.

§ 19. A muscle may take part in two different movements, as for
instance the biceps brachii takes part with the supinator brevis in
the group of muscles set apart for the movement of supination, and
also takes part with the brachialis anticus, brachio-radialis and
pronator teres in that for the performance of the movement of
flexion of the forearm. It is therefore possible that if one of these
movements be lost owing to an organie lesion of the central nervous
system and not the other movement, the biceps which takes part
in both movements may be paralysed for the one movement and not
for the other. I have seen cases of hemiplegia where the action of
the biceps for the movement of supination was lost but not for that
of flexion of the elbow. Another movement which is often lost in
hemiplegia, when the arm is paralysed, is that of elevation of the
shoulder.  Now the muscles which take part in the elevation of the
shoulder, can also, taking their fixed point from the shoulder, draw
down the head and neck to that side ; such muscles are the trapezius
(clavicular fibres), and levator anguli scapule. I have observed
cases of hemiplegia where these muscles were paralysed when they
acted as elevators of the shoulder, but not when they acted as
lateral flexors of the neck, a condition which would probably
signify that the movement of elevating the shoulder was represented
in a different part of the excitable cortex to that of adducting the
head to that shoulder. The same thing occurs with the ocular
muscles where each internal rectus can aect with the external rectus
of the opposite eye, when it takes part in conjugate movements, but
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when the two internal recti act together in converging the eves,
they are paralysed.

§ 20. The above cases are instances of paralysis of a muscle for
one form of unilateral movement and not for another; there is,
however, another class of cases where a muscle may be paralysed for
a unilateral movement of the arm but is not paralysed when it
takes part in the bilateral action of respiration.

Dr. Hughlings Jackson was the first to call attention in hemi-
plegia to the paralysis of the clavicular part of the trapezius in
elevating the shoulder while it was still able to act as a bilateral
muscle in deep inspiration. I have already described (p. 49) how
the latissimus dorsi takes part in inspiration and expirvation, and
that it can be readily felt to contract on coughing. The muscles of
both sides here act together, and, as far as I know, it is not possible
for a person to voluntarily inspire or expire as in coughing by using
only the muscles of one side of the chest. Besides this bilateral
movement there is the unilateral action of the muscle as an arm
muscle, where it takes part i the movement of adducting the
humerus. As I pointed out in a paper read before the British
Medical Association in 1898% the latissimus dorsi of bhoth sides
takes part in the violent expiratory movement in the production of
a cough or a sneeze. A cough can be produced veflexlv or
voluntarily, but a sneeze only reflexly, and we have therefore three
conditions under which the latissimus dorsi may act, viz, :

(1) Acting with the muscle of the opposite side chiefly.as an
expiratory muscle :

(a) Reflex conghing or sneezing.
(b) Voluntary coughing,

(2) Acting independently of the other side, as an arm muscle.

The next question is, What will be the action of this muscle in
cases of hemiplegia ¥ I have now examined a great many cases of
hemiplegia in which the arm was paralysed and in which there was
complete loss of the movement of addueting the humerus to the
chest wall, and where consequently the action of the latissimus
dorsi as an adductor was absent. Of the twelve cases which I
deseribed in my original paper, in ten the lesion was presmmably
cerebral and probably in the internal capsule, while in two of the
cases the lesion was ascertained, and was In one case a tumour of
the ascending frontal convolution and in the other a tumour of the

® “0On the Bilateral Action of the Latissimus Dorsi in Hemiplegia,” < Brit.
Med. Journ.,” October 1st, 15895,
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centrum ovale. In all of the cases, with the exception of two, the
following conditions were found :

1. In reflex coughing or sneezing the expiratory action of the
latissimus dorsi was about equal on the two sides.®

2. In voluntary coughing the action of the latissimus dorsi was
obtained on both sides, but it was frequently diminished in action
or occurred later on the paralysed than on the normal side.

3. On attempted voluntary adduction of the humerus there was
no action of the latissimus on the paralysed side.

In two of the cases of hemiplegia where there was an exception
to the general rule given above, it was found that no movement
was obtained on the paralysed side in voluntary coughing, but in
reflex coughing or sneezing, the latissimus dorsi on the paralvsed
side was seen to contract. In both of these cases of hemiplegia it
was noticed that the paralysis of the face was very complete and
that unlike most cases of hemiplegia the face movements were not
only lost to voluntary efforts but also in one case to the emotional
movements of laughing and in the other case the face movements
only oceurred when the motion was intense. Whether the absence
of the movement of the latissimus dorsi in voluntary coughing is
a sign that the lesion affects the pyramidal tract below the basal
ganglia, the optic thalamus of which is considered by some
(Nothnagel) to be the seat of the emotional movements, I have as
vet had no opportunity of verifying,

A lesion therefore of the—let us say left—motor cortex or of the
internal capsule will paralyse the right latissimus dorsi as an
unilateral arm muscle, but will not paralyse it when it acts as a
bilateral musele of respiration reflexly or in most cases when it acts
so voluntarily.

§ 21. Before leaving this subject I should like to mention that
this bilateral action of the latissimus is of great value in diagnos-
ing cerebral lesions from those of the spinal cord and peripheral
nerves in those cases where the arm and leg of one side are involved
without the face. In the case of a lesion, such as a tumour,
pressing on one side of the spinal cord between the respiratory
centre and the brachial enlargement, if there were paralysis of the
latissimus dorsi, all its movements, including the unilateral arm
movement, the bilateral movements of voluntary coughing and
reflex coughing, would be lost; while in lesions above the level of

* 1 have since found that this movement is sometimes greater on the

paralysed side, agreeing with Dr. Jackson’s observations on inspiration.
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the respiratory centre, though the unilateral arm movement would
be lost, the reflex Dbilateral movement of coughing would be
preserved. Om the other hand a case, in which voluntary movement
of this muscle is lost, can be shown not to depend on a lesion of the
brachial cord or plexus, if the musecle contracts on coughing.

§ 22, Another example, but of a different kind, of paralysis of a
muscle for one movement and not for another I desceribed when I
delivered this lecture, and I considered that I had observed it in the
case of the upper or elavienlar fibres of the pectoralis major. This
upper part of the musecle I have already (p. 37) referred to as one
which has two actions: first, it acts with the lower or sternal fibres
of the pectoralis major in adducting the humerus in the horizontal
plane to the middle line ; and secondly, it also acts with the deltoid
in advancing the humerus. In certain cases where the deltoid is
paralysed, although the clavicular fibres of the pectoralis major
appear to act well in conjunetion with the sternal fibres of the muscle
in horizontally adducting the humerus, they make no attempt to
advance the humerus, or when it is passively advanced, they have
no power to contract and keep the humerus in that position. The
first case of this kind which I published® was one of paralysis after
an accident, and was due to a lesion of the brachial plexus or of the
cells of the anterior horns of the spinal cord. I have seen several
other cases where the paralysis was due to lesions of the cord or
brachial plexus.

These cases of paralysis of the pectoralis major (I considered)
differed from the preceding ones of paralysis of the latissimus
dorsi in that we have here apparently paralysis of a muscle for
one movement and not for another, arising not from a cerebral
lesion but from a lesion of the cord or of the brachial plexus.

[ While these lectures were going through the press, I have seen
at the Great Northern Hospital a case of paralysis of the brachial
plexus, in which along with the deltoid, biceps, and brachio-radialis,
the clavicular fibres of the pectoralis major were also paralysed, and
did not contraet in trying to advance the humerus, and on careful
examination I could not make out that they contracted on hori-
zontal adduction.  On electrical testing, the clavieular fibres of the
pectoralis major on the paralysed side required a stronger faradic
current than on the normal side, while the costo-sternal fibres
veacted normally on the twosides. Further, on examining a normal
person I find that, as stated on page 37, § 23, if the humerus be

% ¢ Brain,” vol. xiv, 1801.
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passively advanced or abducted to the horizontal line and then be
actively adducted horizontally, the clavicular fibres do act: but if
the weight of the arm be supported by resting the hand on a flat
surface or by suspending it, then on horizontally adducting the
humerus, the clavicular fibres do wet act, but only the costo-sternal,
I have, therefore, come to the conclusion that normally the action
of the clavicular fibres i horizontal adduction of the humerus is
to support the humerus in the horizontal plane against gravity,
and not to horizontally adduet it, and that consequently in a lesion
of the brachial plexus the clavicular fibres are paralvsed for
advancing the humerus, and take no part in horizontal adduetion,
The elavicular fibres of the pectoralis major must therefore in their
action be considered as part of the deltoid rather than of the pecto-
ralis major, to whose costal fibres their action is chiefly antago-
nistic ; and in connection with this point Dr. Harris* has pointed
out that in monkeys below the gibbon the clavieular fibres of the
pectoralis major are replaced by the anterior fibres of the deltoid.
When I delivered this lecture I stated that I was unable to explain
this apparent selective paralysis of the clavicular pectoralis fibres
from a lesion of the brachial plexus, but I now think from further
examination that the apparent contraction of these fibres in hori-
zontal adduction was due to the elevation of the skin over the
clavicular fibres by the sternal fibres of the pectoralis major, and
that there is no evidence that the clavicular fibres are paralysed for
one movement and not for another, |

Action oF A MUscLE IN DIAMETRICALLY QPPosSITE MOVEMENTS.

§ 23, Another question which has arisen in the examination of
the actions of muscles is whether a muscle ever takes a principal or
direct action in a movement which is diametrically opposed to its
usual action.

In considering this point it is obvious that the query could not be
made in the case of a hinge joint (ginglymus) such as the elbow, as
the triceps could not possibly take a direct part in the action of
flexion of the elbow. It is, however, in joints like the radio-ulnar
(rotatory) articulations, or in ball and socket (enarthrodial) joints
that it would be possible for a muscle to take part in two opposite
movements,

If a list be made of the muscles which arve considered by anato-

# ¢« British Medieal Journal,” October 24th, 1903,
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mists to have this double action it would be found to contain
the following :—The supinator longus, the pectoralis major clavieu-
lar fibres, the deltoid posterior fibres, and both sterno-mastoids
acting together.

§ 24. As T have pointed out in a previous lecture (p. 22) the
supinator longus has been considered by many anatomists to be both
a pronator and a supinator, and in one of the most recent works
on anatomy® it is stated that * the brachio-radialis (or supinator
longus) assists in flexion and pronation on the one hand, and in
extension and supination on the other hand.” This, therefore,
expresses the opinion that the same muscle does take part (as a
principal mover I conclude) in two movements which are dia-
metrically opposed to each other. With this opinion I cannot agree,
as from the examination of the muscle on the living subject, as I
stated in the second lecture, I consider that it certainly does not
talke part in extension, and I cannot find that it contracts in
supination or in pronation.

Again, the clavicular fibres of the pectoralis major were stated by
Duchenne to be both elevators and depressors of the humerus, when
the arm was above the horizontal line. From my observations, to
which I have already referred (p. 54), I consider that these fibres
never act in depressing the humerus—a movement which is per-
formed by the inferior or sternal fibres of the pectoralis major.

The posterior fibres of the deltoid were considered by Duchennet
to be, together with the rest of the deltoid, elevators of the hanging
humerus as far as an angle of 457 to the vertical, bevond which the
posterior fibres became depressors, and antagonists to the rest of the
deltoid ; in other words, after acting as elevators through an angle
of 45% the posterior one-third of the deltoid suddenly changes its
mind—so to say—and takes part in a movement of depression (or
adduction) which is diametrically opposed to the direction of its
previous movement of elevation (or abduction). From my obser-
vations (p. 55) I should say that the posterior one-third of the
deltoid only takes part in adduction and never in abduction, an
opinion which I was glad to find was expressed by Richer.?

The last movement which I have cited is that of the two sterno-
mastoids acting together. Their ordinary action is to flex the head
forwards as in lifting the head from a pillow, but most anatomists

® ‘Text-book of Anatomy,’ edited by D. J. Cunningham, F.R.S,, p. 335,
1902,
t Loc. cit., § 66. 3 ¢ Physiologie Artistique.’



62 THE CROONIAN LECTURES.

deseribe that when the head is put back far enough these muscles
act as extensors of the head. I have already expressed the opinion
that I do not think that this action oceurs, and the following proves
the same thing. In cases of progressive muscular atrophy affecting
the extensor muscles of the head at the back of the neck but not
the sterno-mastoids, the head falls forward till the chin rests on the
chest, due to the inability of the extensors to hold up the head
against gravity. If, now, the patient leans far back in a chair, so
that the head can be allowed to extend backwards as far as it will
go, there will still be a slight contraction of the flexors, viz. the
sterno-mastoids, to counteract gravity. If, while in that position
with the head extended, the patient be told to further extend the
head al,u:ainst resistance he will not be able actively to do so owing
to the paralysis of the extensors at the back of the neck, but the
sterno-mastoids, so far from contracting, will actually relax,
thereby showing that they are flexors of the head and not extensors
in any position.

§ 25, There may be other muscles which might act in two
opposite ways, but of those which I have cited 1 cannot find that any
one of them takes a principal part in a movement which is diametri-
cally opposite to its usual action.

There 1s, however, one muscle which certainly does take part in
two opposite movements, viz. the latissimus dorsi, which contracts in
both inspiration and expiration, though the action is much stronger
in expiration than in mspiration. I have already referred to this
point (p. 49) and I would only again express the opinion that the
part of the muscle arising from the three lower ribs probably has a
different action to the main part arising from the spine and the
iliac erest.  In inspiration this costal origin acts by elevating the
ribs; on the other hand in violent expiration these costal fibres
may fix the ribs and enable the external oblique muscles—whose
orging interdigitate with those of the latissimus dorsi— to vigorously
contract and act with the main part of the latissimus as a principal
mover in compressing the abdominal cavity. I should therefore
look upon the costal fibres as prime movers in imspiration and as
synergic or fixing muscles in expiration. I think, therefore, that
one is justified in making the statement that a muscle does not
take a principal part in a movement which is diametrically opposed
to its usual action, or in other words in two movements which are
opposite in direction. I make this qualification with regard to muscles
taking a principal part in a movement, as in my first paper in
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‘Brain” * I did not make this qualification, but I had not then noted
the various synergic muscles taking part in a movement. For
instance in both supination and promation of the forearm the
triceps acts to counteract the flexor action of the biceps and of the
pronator teres, but as the triceps is not a principal mover in either
of these movements its action would not be against the statement
I have made.

SEQUENCE oF MuscLEs IN SINGLE MOVEMENT.

§ 26. In the first place it is necessary to ascertain whether all
the muscles which can take part in a movement always act whether
the movement 1s a weak one or a strong one.

§ 27. 1 believe that in the case of a single muscle which is stimu-
lated through its nerve, physiologists formerly held that all the
fibres of the muscle contract, and that the minimal amount of work
is produced not by using only some of the muscle fibres, but by
using all the fibres to a slight degree of contraction, while when the
maximum work is required the same fibres contract strongly.
Grotch has, however, recently put forward proofs that the sub-
maximal effects in muscle and nerve are mainly though not entirely
determined by the number of elements which are in a state of
activity. (*Jour. of Phys.,” December 15th, 1902.) The question
arises whether the same principle can be applied to groups of
muscles, and we have to determine in producing the minimal force
whether all the muscles which can take part in the movement
contract or only certain muscles in the group. Or, to take a simile
from marine engineering, whether, when a ship is travelling at half
speed, all the boilers are working at half their full pressure, or
whether only half the boilers are working at full pressure,

§ 28. It 1s not very easy to find a group of muscles the indi-
vidual members of which can be examined, and the order in which
they take part in a movement noted. I think that the movement
of supination, which is effected by the supinator brevis and the
biceps, 1s one 1n which it 1s possible to ascertain how soon the
biceps takes part in the movement. For this purpose if the upper
arm and elbow be rested on a table and the forearm be placed in a
vertical position midway between flexion and extension so as to
obviate the action of gravity, and at right angles to the upper arm,
it will be found that the forearm can be supinated, if there be no
resistance, without any contraction of the biceps, a point which can

* ¢ Brain,’ vol. xiv, p. 57, 1801,
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be ascertained by hooking the forefinger round the tendon of
the biceps at the elbow. If now resistance be made against the
supinating forearm, the biceps will be felt to contract after the
resistance has reached a certain amount. T have measured this
amount and find that it comes to 1 Ib. It therefore appears that
the supinator brevis will do the work of supination when only the
imertia of the bones has to be overcome, but as soon as work of over
1 Ib. is required to be done, the biceps is called into help.

Again, in the first lecture it was pointed out that in extending
the wrist with the fingers straight the extensors of the carpus
would not assist the extensores digitorum until a certain amount of
work had been done by the extensores digitorum.

§ 29, These two examples I think show that there is a definite
order in which the muscles for the performance of a movement
come into action.

Therefore all the muscles which are grouped together for the
performance of a movement do not come into action when only
slight effects are required, but a certain increase of work has to be
encountered before they all act.

§ 30. In connection with this it is interesting to note that
Sherrington® has found a similar condition in reflex actions. On
stimulating electrically the posterior root of the fifth cervical nerve
with a Kronecke secondary coil at 15, good contraction of the
supinator group was obtained in the monkey, but to evoke con-
temporaneous action of the biceps with the supinator a much
stronger current of 90 was required.

Frixarron MuscLEs.

§ 31. Besides the muscles which are directly concerned in taking
part in a movement, other muscles, which aect on joints of the
limb between the joint in question and the trunk, are seen to
contract. For instance, in performing the different movements of
flexing the fingers, of flexing the fingers and thumb as in grasping,
or of flexing or extending the wrist, we put into action only the
muscles which are directly concerned with these movements, if the
force exerted is slight or moderate; but 1f these movements are
performed more powerfully other muscles are seen to join in the
movement. These other musecles which ave brought into the move-
ment are the flexors and extensors of the elbow. The muscles
about the shoulder joint are also brought into action in such move-

# ¢« Phil, Trans.,” series B, vol. exc, 1898, p. 154.
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ments as flexion or extension of the fingers or wrist, but I was not
able to make out any action of the shoulder muscles except in the
strongest movement of grasping, i e flexion of the fingers and
thumb. I have not as vet paid special attention to the character
of the action of the shoulder muscles following movements of the
fingers, but I hope to do so later.

§ 32, I have therefore made some observations to ascertain which
of the movements of the wrist and digits are accompanied by con-
traction of the flexors of the elbow, which by the extensors of the
elbow, and which by both of these sets of muscles. I have also
measured the amount of foree required to be exerted hefore these
muscles, acting on the elbow, join in the movement. In order to
test the influence of position these observations have been made
when the forearm was in the position of pronation as well as when
in that of supination.

Tasre 1.

Sequence of the actions of wuscles in the wpper avm to movenients of
the hand in the positions of supination and of pronation, and
with the arm in a horizontal plane.

| LE e | Amonnt of work done -1 ]
Movement performed, | Fosition of fore- | “5, e o triceps con-  [A0o0unt of work before

| HI. Biceps contracts,

tracts,
. [
 Fingers flex Supinated | No contraction i—11b.
| i | Pronated | 1—1 1b. (225—450  No contraction.
‘ ' grammes)
Fingers extend Supinated | i—% 1b. No eontraction.
i ' [P
| i Pronated | No contraction i—17 1h.
Thumb and fingers| Supinated | 11 lhs. 35—38 1hs.
Hlex (grasping) i (5 kil.) (15—17 kil.).
A Pronated T 9—11 1hs. 45—54 1bs.
{4—5 kil.) (20—24 kil.).
Wrist flex sSupinated No contraction 1—3% 1hb.
+ Pronated i 1h. No contraction. |
Wrist extend Supinated 11 1bh, No contraction.
i Pronated No contraction 1 1b.

C. L.

5]
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§ 33. In these observations the arm and forearm were laid flat on
a raised table in the same horizontal plane, with the latter in the
position of pronation or supination, and with the hand projecting
over the edge of the table. The elbow was placed at a right angle
and relaxed, and the amount of work done was either registered by
a dynamometer, which was grasped in the hand, or traction was
made on the joints at right angles to the line of the forearm by a
band passed over the phalanges or the metacarpal bones; the
band was connected with a spring balance to register the amount of
work which the movement had to resist before the biceps or triceps
contracted, The contraction of the biceps was ascertained by the
finger hooked round its tendon near its insertion, and the con-
traction of the triceps was easily felt by the finger and thumb
placed on either side of it just above the elbow.

[I must here state that some of the ficures mm Table I differ
from those given when the lecture was delivered and subsequently
reported i the medical journals. I had then remarked on the
much greater traction required to bring out contraction of the
biceps when flexion of the fingers was performed in the supinated
position, than that required to bring out contraction of the
triceps when the fingers were flexed in the promated position.
These observations were made with the humerus in the vertical
position and the forearm lying flat on a table. It oceurred to me
that the difference between the action of the triceps and the biceps
might be due to the fixation of the elbow joint by the forearm lyving
on the table and thereby preventing extension of that joint and
thus, as there was no movement of the elbow, there would be no
necessity for the biceps to contract to fix the joint. I have therefore
made fresh observations with the arm and forearm resting on a
horizontal surface, along which the elbow was free to move;
traction was then made in a divection parallel to the horizontal
plane in which the forearm moved on the upper arm. By this
means the action of gravity on the forearm in the one direction and
the opposition of the table in the other direction were avoided. The
result has been a great diminution in all the figures, and especially
in the case of the biceps, so that, whereas in the former observa-
tions, when flexion of the fingers was made in the supine position
acainst the resistance of the traction band acting vertically down-
wards, the elbow was so far fixed by the opposition of the table
against the forearm that the biceps did not aet till 22 Ibs,
traction had been experienced, in the present observations with the
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forearm hovizontal contraction is felt when the resistance is 3 to
L1

§ 34. The following generalisations may be made from Table I:

First, taking the forearm in the position of supination it will be
Seen on lqrnnlciilg at the Table of the sequence of the actions in
the upper arm museles, that in flexion of the fingers, whereas
the biceps contracts when the resistance to the movement of
flexion amounts to so little as } to 1 Ib. (225 to 450 grammes)
the triceps does not contract at all. Also in extension of the
fingers, when the forearm is in the supine position the triceps
contracts when so little resistance as § to § 1b. is experienced, and
no contraction of the biceps oceurs even with a resistance which can
overcome the extension of the fingers. These observations show
that in the supinated position of the forearm, flexion of the fingers,
when opposed, is followed by contraction of the biceps, and
extension of the fingers, when opposed, is accompanied by con-
traction of the triceps.

Secondly, that in grasping with the fingers and thumb, which, as
we have seen in a previous lecture, is performed by the Hexors of
the thumb and fingers and the extensors of the wrist, the con-
traction of the biceps and triceps both occur, but that of the triceps
first. Also, it makes no difference whether the forearm is in the
pronated or supinated position.

In other words the muscles producing flexion or extension of the
elbow are brought into that movement of the fingers or wrist, which
is in the direction of flexion or extension of the elbow respectively,
either to reinforce the movement or to counteract the tendency of
the resistance to move the elbow in the opposite direction. But
in a movement like grasping, which is not in the direction of flexion
or extension of the elbow, both sets of muscles (triceps and biceps)
contract and the elbow is kept fixed. That this sequence to flexion
of the fingers is very much due to the position of the limb is shown
by the opposite results which are obtained according as the forearm
is pronated or supinated. For instance in flexion of the fingers or
of the wrist in the supinated position the biceps contracted at § to
1 Ib. and at § to § Ib. respectively, but not at all in the pronated
position. This is probably because, when the fingers or wrist are
flexed against resistance in the supinated position, the resistance to
the movement tends to cause extension of the elbow and the biceps
contracts so as to prevent the elbow being extended when the
resistance to the wrist or fingers reaches a certain amount. But
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when the forearm is in the pronated position the conditions are
reversed, the resistance to the flexion of the wrist tends to cause
Hexion of the elbow, and to prevent the elbow being flexed, it is
now the triceps which contracts and not the biceps,

§ 35, To still further elucidate this question of fixation I have
made experiments on the movement of grasping with the fingers
and thumb, () with the forearm resting free on a flat surface, ()
with the forearm fixed immovably on a flat surface. The humerus
was vertical or horizontal, and the results were about the same in
either position. It will be seen on looking at Table I, that in the
movement of grasping or eclosing the fist, the contraction of the
triceps occeurs sooner than that of the biceps. As there was
evidently some disturbance of the position of the elbow which
necessitated contraction of the triceps before that of the biceps, the
forearm was fixed to prevent any movement of the elbow. On
looking at Table IT it will be seen that in the position of supination,
whereas with the forearm resting freely the triceps contracted
when the grasp registered 11 Ibs (5 kil.), with the forearm fixed
it did not contract till the grasp was trebled, i. e, 33 lbs. ; while
in the position of pronation also with the forearm free the triceps
contracted when the grasp was 11 lbs., and with the forearm fixed
when 1t was 33 lbs.  Similar conditions were obtained when the
forearm was in the mid-position between supination and pronation.
On the other hand the contraction of the biceps was not influenced
by the condition of the forearm being free or fixed. These obser-
vations show that the contraction of the triceps must be to counter-
act some action of flexion of the elbow by the muscles taking part
in grasping, and on carefully watching the movement of grasping,
when the forearm rested free on a flat surface, a certain degree of
Hlexion of the elbow was seen. I have measured the force of this
flexion of the elbow by a band round the lower end of the forearm,
which was attached to a fixed point with a spring balance interposed,
and I find that the force exerted by the elbow in grasping amounts
to one pound. I have also ascertained that 1t makes no difference
whether the grasp is moderate or the maximum (54 1bs.), as the
amount of force produced by this slight flexion of the elbow is in both
cases, one pound. This would mean that in the supinated position
whatever the strength of the grasp, the triceps is so adapted,
probably by the semsory nerves, that it will not permit flexion of
the elbow of more force than one pound.
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TarrLe II.

Sequence of econtrvaction of triceps and biceps lo the woveinent of
fexion of the fingers and thwmb (grasping) with the forearin free
and fived and with the hwmerus vertical or horizontal,

Position of forenrm. Triceps contracts at, Biceps contiacts at,
Supinated, free 11 1bs. (5 kil.) )
- 33 1bs (15 kil.).
o fixed 33 Ibs. (15 kil.) | )
Midway hatwﬂ*n) free 11 Ibs. (5 kil.) )
supination and - - 33 1bs. (15 kil.).
pronation j' fixed 83 1bs. (15 kil) )
Pronated, free 11 1bs, (5 kil.) 7 45 1bs (20 kil.).

m fixed 33 1hs. (15 kil.) 7 45 1bs. or no contraction.
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LECTURE 1V.

Mg. PRESIDENT AND GENTLEMEN,—Inmy last lecture I deseribed
that in the movements of the wrist and fingers, when thev were
performed normally, there was a contraction of the muscles acting
on the elbow joint, either of the biceps or the triceps, or of both,
And I pointed out that when the forearm was in the position of
supination in flexing the fingers and wrist the biceps contracted,
and in extending the fingers and wrist the triceps contracted, while
in closing the fist the triceps acted first, followed by the biceps.

§ 1. This fixation action of muscles was described by John
Hunter in his Croonian lectures on * Muscular Motion,” delivered
before the Roval Society in 1777,* where he stated that * there is
everv animal, therefore, a fixed point from which the parts of the
body take their principal motions. In the human body this fixed
point seems to be in the joints of the thigh bones, which point
being in the middle of the body must be common to the extremities.

. Besides this there are many fixed points, so that the body
is to be looked upon as a chain of joints whose general centre of
motion is in the joints of the thighs.” Now this centre of motion
of Johm Hunter corresponds to the point of centre of gravity
described by subsequent observers.

§ 2. Tt seems to me that the determination of the position of
this fixed point depends on the attitude of the person, and on the
place where his body comes in contact with the ground, and where
it gets a firm foundation, as, for instance, if a person advances the
upper limb when lving on his back on the ground, the fixed point
will be the cervico-dorsal spine ; if he perform the same movement
gitting on a chair the fixed point will be the pelvis; if, however,
the same movement be performed in the erect posture the fixed

# «The Works of John Hunter, F.R.8., edited by James F. Palmer,
1837, p. 243,
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point will be where the soles of the feet come in contact with the
firm ground. We therefore, it seems to me, have to differentiate in
any movement between the muscles which take part directly in that
movement and the muscles which are used to fix the joints which
lie between the joint which is actively engaged, and the fixed point
or base on which the structure works., Again, these fixine muscles
have to be separated into those which always take part in the
strong movements irrespective of the posture of the person, which
we may ecall essential, and those which depend on the position of
the person and where his fixed point or base is, which we may call
postural.

As an example of the essential muscles, we may take the contrac-
tion of the triceps and biceps which accompany the movements of
grasping of the hand, and which I have already deseribed.  And as
an example of the postural muscles, the contraction of the erector
spinge of, let us say, the left side when the upper limb of the
opposite side, the right, 1s advanced or abducted, and which, as 1
showed in a former lecture, only contract in certain positions of
the spine to prevent the equilibrinm being disturbed.

CLASSIFICATION OF MUSCLES.

§ 3. T should eclassify the various museles taking part in any
movement as:

{a) Prime movers.

(B) Synergic muscles,

(¢) Fixation muscles: (1) Indispensable or essential.

(2) Postural.

{p) Antagonist muscles i occasional movements.

I take first as an example the movement of grasping an object
or closing the fist. Here the prime movers arve the flexores digi-
forum and flexor pollicis, and small thumb muscles. The synergic
muscles are the extensores carpi, and the essential fixation muscles
are the triceps and biceps.

Another example is the movement of advancing the humerus.
Here the prime movers are the deltoid (clavicular fibres), pectoralis
major (clavicular fibres), biceps; the synergic muscle, the triceps
(outer and inner heads), which comes into play to counteract the
flexor action of the biceps; and the fixation muscles (1) essential,
the trapezius, (2) postural, the erectores spinze,

§ 4. The principal or prime movers are the muscles which
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dirvectly produee the action reguired and are called by some authors
the agonists ; the synergics are the musecles which, as T have pre-
viously stated, are brought into the combination when a prime
mover has, by passing over two or more joints, two or more actions
of which only one is required, and the synergics are the muscles
which neutralise these undesired actions; they are represented in
the first example given above by the extensores carpi. The fixation
muscles, as I have already described them, are (1) those which are
essential to the movement in all postures and which are not in-
fluenced by the position of the person, and (2) those which only
act to prevent the equilibrinm of the trunk being disturbed by the
movement, and which I have therefore called postuwral. The anta-
conists produce the movement which is diametrically opposed to
that of the prime movers.

Before proceeding to deseribe the relation of these different
classes of muscles to each other T must refer to the classifications of
previous observers,

§ 5. According to Winslow* the museles may be divided into:

(a) Principal movers,

(B) Moderators or antagonists,

(c) Directors or collateral museles which are wanting in hinge
joints (ginglyvmus).

As an illustration he citest the muscles employed in standing,
where the principal movers are the gastroenemii and soleus: the
moderators are the tibialis anticus and peroneus medius and
minimus ; and the directors are the tibialis posticus and peroneus
maximus.  Winslow does not mention the action of the synergies,
i. e. the action of the extensors of the wrist in the movement of
closing the fist, but he states that the extensor digitorum moderates
the flexion of the fingers in all the determinate degrees of action.

§ 6. Duchenne § divides the muscles into :

(a) Associations musculaires impulsives.

(B) Associations musculaires antagonistes :

() Associations musculaires moderatrices.
(6) Associations musculaires collaterales.

He includes under (a) the synergic muscles as well as the
principal movers, so that in the movement of extending the fingers,
which he gives as an example, he enumerates the extensor
digitorum, the interossel and lumbricales, and the synergic museles,

* Winslow, loc. eif., p. 159, t Loe, cit., p. 332,
i Loe. cit., '5_, 676, I T et seq.
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the flexores earpi, as being included in group (A). As an example
of the action of the antagonists Duchenne takes the movements of
the vertebro-cranial column presiding over the erect position, and
states that we must consider two kinds of principal phenomena :—
1st, the muscular association which produces its extension : Znd,
the harmony of the antagonistic muscles, which moderate and
assure this extension and the normal attitude of the spine. The
erectores sping form the muscular associations producing extension
of the spine, and Duchenne goes on to say that ** On the harmony
of the antagonist muscles, or rather, on the degree of force of the
muscles moderating the extension or flexion of the spine depend
necessarily the different degrees of the lumbo-sacral curves.,” He
alzo cites as collaterals in the same position of standing, the lateral
movers of the vertebral spine, the quadratus lnmborum, to prevent
the trunk inclining to one side or the other.

§ 7. This illustration which Duchenne gives, viz. the muscles of
the vertebro-cranial column during the vertical position, does not to
my mind touch the question of the action of the antagonists and the
collaterals, and the same objection applies to Winslow’s statement
about the tibialis anticus and peronei being antagonists to the calf
muscles in standing.  According to my observations the flexors and
extensors of the ankle, and the flexors and extensors of the spine are
respectively not acting in antagonism to each other, but each in
turn contracts as a prime mover to counteract and rectify the
displacing movements due to gravity. In the spine according as
this displacement is forwards, backwards, or lateral, the erectores
spin, the recti abdominis, or the lateral movers of the spine on the
side opposite to the movement respectively contract. It is of course
possible to throw all the muscles of the leg into a static contrac-
tion so as to convert the leg into a rigid pillar as in skating a large
“ outside edge,” but here no movement of any joint is taking place,
and it would not be possible to say which muscles were the prime
movers and which were the antagonists, as they are all probably
prime movers,
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Tee MAXNER IN WHICH THE IMFFERENT (Crassgs oF MUuscLEs
Taking Part 18 A MovEMENT AcT.

§ 8. John Hunter® stated in his Croonmian lectures that © there 1s
no one known muscle in the body that we can throw into action
separately and independently of the collateral effects of others.™
Duchenne + has expressed the opinion that partial muscular con-
tractions do not exist in Nature, that they are only produced
artificially by means of faradisation, and Dr. Hughlings Jackson
has laid down the dictum that “ nervous centres know nothing of
muscles, they only know of movements.” This in other words
means that the ordinary mdividual has no power to make any one
muscle contract by itself ; he can only order a movement ; he can-
not pick out one musecle from a group and order that to contract;
he can, on requiring to attain a certain object, order a certain
movement, but the mechanism by which that movement is produced
and the muscles which are required to perform that movement, and
the order in which they act, is not known to the brain; the order
for a movement is given and the movement is performed.

Throughont these lectures T have used the word “ movement ” to
denote the change of position in a joint brought about by the
muscles taking part in the movement, while keeping the word
“ getion ” for the individual museles, the resultant of whose actions
l"'ﬁ 1']."_’I movement.

§ 9. Take the following example, to which I have referred in a
previous lecture.  Extending the wrist against resistance by means
of the extensors of the fingers the muscles come into action in a
definite order, which apparently cannot be altered. At first the
prime movers are the extensors of the fingers and the interossei and
lumbricales, and the synergic muscles are the flexors of the carpus;
later on, if the resistance be increased, at a certain point the
extensores carpi come to the assistance of the extensores digitorum,
but apparently the individual has no power to make the extensores
carpi contract before the pressure has reached the required amount.
This, as I have already shown, is well exemplified in lead paralysis
of the extensors of the fingers. Here, although the extensores carpi
are not affected, the individual is unable to put them into action
because apparently it is not their place to extend the wrist with the
fingers straight when this movement is begun by the extensores

® Loec. cit., p. 248, + Loc. cil,, & G676, p. 760,
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digitorum, until the strain to be overcome reaches a certain amount.
(It is quite possible, as was pointed out in Lecture I, p. 15, that
the extensores carpi are to be considered as fixation muscles to the
extensores digitorum, and that this is the reason why they will not
contract until a certain strain is reached. )

Another example of the intimate association between the principal
movers and the synergic muscles is in the extension of the thumb.
Here the extensors of the thumb are the prime movers, and the
extensor and flexor carpi ulnares are the synergic museles, and it is
quite impossible to extend the thumb in the slightest degree and in
any position of the wrist without contracting these unlnar muscles,
and if the extensors of the thumb arve paralvsed by a peripheral
lesion, the wrist is adducted to the ulnar side in tryving to extend
the thumb.

% 10, Now althouch the use of the ulnar museles is doubtless
to counteract the abductor action on the wrist of the extensor ossis
metacarpi, the contraction of the ulnar muscles is not dependent on
the displacement of the wrist, for it takes place even if the thumb
be extended after the wrist has been passively abducted to its full
extent. There is now no chance of the wrist being further abducted
and consequently there is no necessity for the ulnar muscles to
contract.

We can only therefore conclude that the two sets of muscles
are so intimately associated in this movement of extending the
thumb that they act together in all positions of the wrist, and
when one of the group is paralysed by a peripheral lesion the other
set. of muscles woes on acting, as the innervation from the brain
passes down just as if the whole complex could be thrown into
action.  As, however, one group is paralysed, the movement occurs
only in the other group, showing that they are a true synergic
combination,

§ 11. It seems therefore that an individual has no power volun-
tarily to leave a muscle out of a combination to which it belongs.
Whether it would be possible to do so hy long practice I am not in
a position to state. _

§ 12, Another question is, Is it possible to voluntarily add
suddenly to the list of muscles which are told off for a certain
movement, or to supplement by another muscle when one is
paralysed? For instance, it has been said that the anterior portion
of the deltoid can replace part of the functions of the pectoralis
major, but it must be remembered that the only function to which
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this could refer would be the action of advancing or adduecting the
humerns. Now the deltoid is naturally associated with the
clavicular part of the pectoralis major in this movement, and if the
pectoralis were paralysed bv a peripheral lesion, the deltoid would
continue to act exactly as before, the movement being imperfectly
carried out ; one muscle would not replace the other. On the other
hand when the muscles proper to the movement are paralvsed the
difficulty may be overcome by a series of other movements, I
remember seeing a case with paralysis of the flexors of the elbow in
a man who managed to produce flexion of the elbow by advancing
the humerus with the forearm hanging, rotating it out and by this
means letting the forearm be flexed by gravity. The paralysed
muscles were, however, not supplemented by other museles but an
entirely different group was thrown into action by which the
desired change of position was obtained. I think therefore that
although by exercise and traming it may be possible to alter the
arrangement of the muscles taking part in any one simple move-
ment, the inability of a patient with lead paralysis to induce the
extensores carpl to act out of their proper order i1s agamst this
possibility. By mechanical means such as transplantation of
tendons, first recommended by Nicaladoni * in 1882, it 1s possible
to take a muscle out of one group and put it into another, and I
have had the opportunity of seeing the results of some of these
cases under the care of Mr. Muirhead Little ¥ and Mr. Tubby I at
the National Orthopeedic Hospital.

It is also possible to interchange the cut ends of the nerves of a
limb as in the interesting experiments of Kennedyv,§ and change
the localisation in the cortex of the flexor and extensor centres for
a limb.

§ 13. From a consideration of the above statements, I think that
one is justified i saying that for every single voluntary movement
there is a definite number of muscles, usually two or more, which
come into action in a definite order which cannot be altered.
Further, that the individual members of this group can neither be
omitted nor, when paralysed, be supplemented, except by long
tramming and exercise, or by operative procedure,

§ 14. It will thus be seen that in every single voluntary move-

¢ Archiv. fur Klin. Chir.,” Bd. xxvii, Heft 3, p. 660.
Cf. * Pediatries,” vol. xi, No. 3, 1901.

‘ Brit. Med. Journ.,” September 7th, 1901,

¢ Philos. Trans. Roy. Soc.,” vol. 194 B, 1901.
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ment, there must take part a minina! number of mmuscles below
which it is not possible to go. This combination of muscles T would
call the ultimate or the minimal components of a movement. For
instance, such ultimate components of the movement of extending
the metacarpal bone of the thumb are the extensor ossis metacarpi
pollicis, extensor carpi ulnaris, and further on in the movement the
flexor carpi ulnaris; and in the movement of extending the first
phalanges of the fingers the extensores digitorum and Hexores carpil.

§ 15. The next question that we have to answer is, Where in
the central nervous system are these ultimate components linked
together or represented as one movement ?

There are three places where they may be represented : in the
spinal cord corresponding to Dr. Jackson’s lowest level, in the
cerebral excitable cortex, or so-called motor arvea (Dr. Jackson's
middle level), or in the centres postulated to preside over the so-
called motor area (Dr. Jackson's highest level).  With regard to the
last place, I have no evidence to offer at present. The time at my
disposal will not permit me to discuss the part taken by the cere-
bellum in the co-ordination of movements, and I shall have to
confine my remarks to the spinal cord and cerebral cortex.

REPRESENTATION IN THE CENTRAL NERVOUS
SYSTEM.

REPRESENTATION IN THE SpivanL Corp oF A SINGLE MoOVEMENT.

§ 16, Taking first the question of the spinal cord we have to con-
sider the relative share taken by the anterior and posterior cornua
in the representation of the ultimate components of a movement.

Localisation in the spinal cord of the different muscles of the
limbs has been studied both experimentally and clinically, and the
first question that has to be answered is whether the grouping of
the cells of the anterior cornua of the spinal cord is of a morpho-
logical or a physiological type. In other words, whether in the
brachial enlargement the cells, which supply the muscles forming
the ultimate components of any one movement like that of extending
the thumb ( the extensors of the thumb and the ulnar flexor and
extensor of the carpus), are aggregated together so that a lesion in
that particular place would cause paralysis of this movement only.

§ 17. I do not propose, and I have not the time, to describe all
the numerous observations which have been made, but experiment-
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ally the chief ones have been done on the roots entering into the
brachial and lumbo-sacral plexuses by Miiller, Van Deen, Panizza,
on frogs : by Pever, Krause, on the rabbit ; by Risien Russell on the
dog; and by Ferrier and Yeo, Forgues, and Sherrington, on the
monkey.  Anatomically the question has been worked out by
Herringham and by Paterson by dissection, and clinically by Erb,
Thorburn and many others. I also read a paper to the Roval Medical
and Chirurgical Society in 1885 on * Cases Illustrating Localisation
in the Spinal Cord,” where I showed cases of infantile paralysis
with paralysis of the lower half of the pectoralis major, the triceps
and the latissimus dorsi only, and I have also published other papers
on brachial plexus paralyvsis,

& 18. Opinions have differed as to whether the arrangement of
the cells in the anterior cornua is anatomical or physiological.
The arrangement of the cells in the anterior cornu and also of the
anterior roots forming the brachial plexus in a physiological order
would be supported by a condition which I had observed and
which I have already referred to, viz. the paralyvsis of the pectoralis
major (clavieular fibres) for one class of movements but not for
another. In lesions of the anterior cornu or of the brachial
plexus, especially of the fifth cervical root, the deltoid is paralysed,
and when the humerus is passively advanced it is seen that along
with the paralysis of the deltoid, the clavicular fibres of the pectoralis
major do not make any attempt to contract when the patient makes
an effort to keep the humerus advanced.  On the other hand if the
patient be directed to horizontally adduct the humerus, the clavi-
cular fibres of the pectoralis major apparently contract in com-
Innation with the sternal fibres of this muscle.

'Since delivering this lecture I have seen a case (see page 59)
which makes me believe that the pectoralis major clavicular fibres
do not act in horizontal adduction, and therefore do not support
the theory that the anterior cornual cells have the power of grouping
muscles together for a functional purpose, ]

§ 19. Against the view that each root of the plexus—and there-
fore presumably the segment of the cord from which it comes—
when stimulated produces a well co-ordinated movement by groups
of muscles acting synergically is the statement of Herringham #
that although both pronators must act together in one movement
the pronator quadratus is supplied by one root and the pronator
teres by a different root.  Also the cells supplying a single muscle

* < Proc. Roy. Soe.,’ 1886, vol. xli.
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in the limbs extend over two or more secments. Further, no
segmental grouping of any of the cell columns of the spinal cord
has been detected by Kaiser, or by V. Argatinski,® and this con-
clusion stands in harmony with the results of the examination of
the relation of the reflex movements to spinal segments.

§ 20. On the whole the evidence, it seems to me, is against
the cells of the anterior cornua being arranged physiologically for
a functional purpose.

§ 21.  But although the anterior cornual cells may probably not
be arranged for functional purposes it does not follow that there is
no power of co-ordination in the spinal cord. This is proved by the
various complicated reflex actions which are performed when the
spinal cord is cut off from the cerebral influence, reflex actions
which, as in the plantar reflex, are made up of contractions of
several joints in the limb. It has been found by Page May + and by
Sherrington § that electrical stimulation of each posterior root
produces a definite movement which acts reflexly through the
anterior cornual cells. Sherrington also states that the group of
cells discharged by spinal reflex action innervate synergic and not
antagonist muscles. May’s experiments were made on the lnmbar
enlargement of the monkey, and Sherrington’s on the brachial
enlargement. May’s observations were also made by direct excita-
tion of the spinal cord along its postero-external column. He says:
“The movements resulting from excitation of a segment of the
spinal cord in the lnmbo-sacral region, and those from excitation of
the corresponding posterior root are similar, but are never quite
identical. In each case flexion is the predominant effect, but in the
former case (spinal cord) the resulting movements are alwayvs
stronger than in the latter (posterior root), and frequently move-
ments in other parts (tail, perineum, ete. ) are added.” The stimula-
tion of one posterior root causes impulses to pass out along many
anterior roots, and while stimulation of the posterior roots always
produced flexion, that of the anterior roots produced extension.

Sherrington gives a list of the movements obtained by stimulation
of all the posterior roots in the monkey, but as his results in the
lumbo-sacral cord correspond very closely with those of May, I
refer chiefly to his observations on the brachial part of the cord
only. The resulting movements obtained by Sherrington from

* ¢ Schifer’s Text-book of Physiology,” vol. ii, p. 795.
4+ ¢ Phil. Trans. Roy. Soc.,” 1897, vol. 188 B,
I Loc. cit., 1898, vol. 190 B.
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stimulating a posterior root are synergic and not antagonistie,
which, as he remarks, is against the theory of the action of the
antagonists, a matter which we have already discussed.

As an example of the vesults obtained by May we may take the
third lnmbar posterior root, exeitation of which gave the following
movements :—* Flexion of side, flexion and adduction of hip, dorsal
flexion of ankle, flexion of toes and tail,” and, as an example of the
resuilts obtained by Sherrvington, excitation of the eighth cervical
posterior root produced the following movements:—* Adduction
and flexion of thumb, Hexion of other digits, flexion, more often
extension, of wrist, sometimes with drawing to ulnar side ; drawing
in and down of shoulder, retraction of upper arm, with occasional
contraction in part of triceps going from humerus to scapula; at
elbow rarely extension, sometimes flexion.”

§ 22, Besides the movements obtained by stimulating a posterior
spinal root are the results obtained by Sherrington * on the isolated
length of the brachial enlargement on stimulating the skin of the
palm of the hand ; the reflex movements obtained were as follows:

Thunb, Hexion—adduetion.

Shoulder, retraction, later protraction.
Wrist, extension,

Elbow, flexion.

Fingers, flexion.

It 1s therefore evident that even in the hichest animals, as the
monkey, it is possible to evoke such highly co-ordinated movements
as ’r]w above.

23. The mechanism by which this is effected is by the afferent
ﬁ.lll‘t"‘n of the posterior root, which either sends branches forwards
in the grev matter of the spinal cord to the neighbourhood of the
cells of the anterior cornua, or the cells of the posterior cornua are
interposed between the posterior root fibres and the anterior cornual
cells.  Whether for the purposes of producing such co-ordinated
movements as those obtained by stimulating the palmar surface,
the two-cell system is sufficient, it 1s difficult to say, but it has been
suggested + that the two cells are probably connected by the help of
a mediate system of cells, The time at my disposal will not permit
me to go into this question, but there is evidently in the cord itself
a nervous organisation which can produce co-ordinated movements
reflexly on stimulating the skin or the posterior spinal roots, but

* ¢ Behiifer's Text-book of Physiology,” p. 816.
+ ¢ Schifer's Text-book,” vol. ii, p. 804,
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whether the co-ordination is the same as that occurring in voluntary
movements it is difficult to say. I should mention that Prof. Gad*
was the first to aseribe to the posterior cornual ganglion cells in the
frog the function of connecting together the cells for the flexors of
the ankle, knee, and hip.

REPRESENTATION OF SINGLE MovEMENTS IN THE CorTEX CEREBRI.

§ 24. The representation of movements in the excitable area of
the cortex cerebri next claim our attention. Time will not permit
me to enumerate the various observers, from the pioneers Hitzig and
Ferrier to the present day, nor is it my intention to discuss the
much-vexed question whether the so-called motor or, as it is better
to call them, the excitable areas of the cortex, are motor, sensori-
motor, or sensory. But that they depend on sensory impressions
for the power of exciting movements is shown by the remarkable
observations of Mott and Sherrington,t who found that after
dividing all the posterior spinal roots of the brachial enlargement
of the cord, the voluntary movement of grasping by the hand was
permanently lost, while movements of the limb could be elicited
with apparently normal facility by electrical stimulation of the part
of the cortex where the movements of the upper limb are represented.

§ 25. I wish particularly to refer to the results obtained by Sir
Victor Horsley and myself on stimulation of the excitable cortex in
the monkey,+ and the orang.§ In the monkey we examined every
two square millimetres of the excitable cortex, and we found in
certain squares where the upper limb was represented, that the co-
ordinated movements of flexion of the fingers and thumb, extension
of the wrist, and flexion of the elbow was obtained, and though
flexion of the fingers and flexion of the wrist were also obtained in
other parts of the cortex, flexion of the thumb and fingers with
extension of the wrist were much more frequently the rule. Another
co-ordinated movement which was obtained was that of opening
the eyes and simultaneous turning of the head and eyes to the
opposite side, a combination deseribed previously by Dr. Ferrier.

§ 26. The results obtained from stimulating the excitable area of
the cortex were always co-ordinated movements, and never the con-

‘ Festschrift der Med. Facult.,” Wiirzburg, 1852,
‘ Proc. Roy. Soc.,” 1895, vol. 57.

¢ Phil. Trans.,” vol. 178 B, 1857 ; vol. 179 B, 1888,
Loc. cit., vol. 181 B, 15890,
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traction of a single muscle, unless a movement was performed
entirelv. by a single muscle. The frequent association of the
extensors of the wrist with the flexors of the fingers and thumb was
sufficiently frequent to warrant the opinion that a synergie associa-
tion existed between those two sets of muscles.

§ 27. The results which Sir Victor Horsley and myself obtained
from our experiment of stimulating electrically the cortex in the
orang thirteen vears ago have been in the main confirmed by the
more extensive researches of Sherrington and Griinbaum,® who
have added to the number of movements which we had found to
be represented in the excitable cortex. In the one case which we
examined, the representation of movements was found chiefly in the
ascending frontal convolution, but we also obtained movements of
the index finger, of the thumb, of the orbicularis oris, of elevation
of the upper lip, and of pouting of both lips from stimulation of
the ascending parietal convolution. Sherrington and Grimbaum,
however, failed to get any evidence that any movement was repre-
sented in the ascending parietal convolution. In the orang, the
movements that we obtained were nearly always single movements,
such as flexion of the elbow, flexion or extension of thumb, and they
differed from those obtained in the monkey in that the sequence of
movements oceurring  from  stimulating one spot, which Dr,
Hughlings Jackson has termed the * march,” was rarvely obtained.
The best example of this sequence of movements which we obtained
in the orang was the movement of opening the eves, followed by
that of turning the eves to the opposite side, and ending with the
movement of turning the head to that side. Professor Sherrington
has been good enough to inform me that they did obtain in their
experiments sequence of movements including the combination of
flexion of the fingers and thumb with extension of the wrist, and
though they agree with us that the representation of the movements
in the excitable cortex of the anthropoid apes 1z much more
differentiated than in that of the monkey, they did obtain evidence
of the representation there of such co-ordinated movements as that
of grasping.

REPRESENTATION OF SINGLE MOVEMENTS IN THE INTERNAL
CAPSULE.

§ 28. The co-ordinated representation of muscles for a definite
movement which was found to exist in the excitable cortex of the

* < Proc. Roy. Soe.,’ vol. 69.
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monkey is also found in the internal capsule according to the
investigations by Sir Vietor Horsley and myself *

In these experiments the internal capsule was cut across horizon-
tally, and every square millimetre of its fibres was stimulated
electrically. In almost every one of the experiments—which were
forty-five in number—we obtained from one of these squares the
movements of flexion of the thumb and fingers and extension of
the wrist, and frequently flexion of the elbow and adduction of the
shoulder.

The association between the flexion of the thumb and fingers and
the extension of the wrist was most marked and occurred so often
that the association must be for a synergic purpose.

$ 29, The association between the flexors of the fingers and the
extensors of the wrist has been well shown by some interesting
experiments by Hering,¥ who stimulated electrically the cortex
in the monkey about one millimetre above the angle of the precen-
tral suleus, where Ferrier, and Horsley and Schiifer had produced
the movements of closing the hand into a fist, and where Sir Vietor
Horsley and myself { had found flexion of the fingers and extension
of the wrist. Hering first stimulated this part and produced the
characteristic closure of the fist. He then cut through the tendons
of the extensores carpi radialis longus et brevis, and he then obtained
not only flexion of the fingers but also flexion of the wrist owing to
the absence of the synergic action of the extensores carpi radiales.
Also, when in place of dividing the tendons of the extensors of the
wrist, he divided the tendons of the flexors of the fingers, the wrist
was extended but the fingers were not flexed when the same part of
the cortex was stimulated. Hering also performed the same
experiment and got the same results by stimulation on the horizon-
tally cut surface of the internal capsule, the fibres which we had
found to give flexion of the fingers and thumb and extension of the
wrist. These experiments are very strong evidence that co-ordination
of synergic movements takes place in the excitable area of the cortex.

* ¢ Phil. Trans. Roy. Soc.,” 1800.

+ ¢ Archiv fiir Physiologie,” 1898,
T ¢ Phil. Trans. Roy. Soc.,” 1887,
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RELATION BETWEEN THE REPRESENTATION OF A SIiNGLE Move-
MENT IN THE SPINAL (COrRD AND IN THE ExciTasLE (CORTEX.

§ 80, What, then, is the relation between these two parts of the
nervous svstem r  We have seen that there is in the grev matter of
the spinal cord a mechanism by which, on stimulation of the
llUHtl.‘l'i[‘ll‘ 10o0t ﬁll!'t_:"h'u il h't:"l'ii.’-‘!'l Uf F_"_J-{}l'l-lillil.-tl'_'ll movements are
produced, and that it is also possible by excitation of the cerebral
cortex to produce co-ordinated synergic movements.

The guestions before us are

(1) Does the co-ordination of a simple voluntary movement take
place in the spinal cord ¥ Or

(2) Does the co-ordination of a simple voluntary movement take
place only in the excitable cerebral cortex r

From a consideration of these two main questions the following
subsidiary questions arise :

() It this co-ordination take place in the cord is there a
mechanism (by this I mean an arrangement of cells) which is put
into action by an impulse travelling down the pyvramidal tract from
the excitable cortex ¥

(b) It there be a mechanism in the spinal cord for receiving
cortical impulses is it identical with the mechanism for receiving
impulses from the skin for the production of reflex actions »

(e) If all co-ordination take place in the cortex, so that there is
no intermediate co-ordinating station between the cortex and the
muscle, then is the mechanism in the spinal cord used only for
reflex actions r

§ 31. In speaking of the relation between the representation of
simple movements in the cord and in the cortex I would ask: Can
all the reflex movements which are elicited by stimulation of the
posterior roots or of the skin be reproduced voluntarily ¥ It is well
known that certain reflexes, such as coughing, can be performed
voluntarily, and can be inhibited and prevented from taking place.
while others, like sneezing and the sexual reflex, cannot bhe
voluntarily performed and cannot be inhibited, but with regard to
the skin reflexes I do not know that the question has been raised,
and it oceurred to me to try and reproduce them voluntarily. The
plantar reflex can, T think, be reproduced voluntarily, though I am
not sure that the order in which the musecles contract ean be exactly
imitated. The eremasteric certainly cannot be reproduced volun-
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tarilv. The abdominal and epigastric reflexes are those in which the
middle line of the abdomen is drawn to one side reflexly by seratch-
ing with a quill pen along the side of the abdomen. I was rather
surprised to find that it was quite impossible to reproduce volun-
tarily the epigastric or abdominal reflex, and I have not vet met
with a person who could voluntarily draw the nmbilicus to the right
or left of the middle line.

My time is too short to go into the question whether some of
these superficial reflexes are spinal or cerebral * in origin, and to
diseuss why they are frequently lost in hemiplegia, but assuming
that they are spinal, we have co-ordinated movements produced
reflexly by stimulating the skin, but which cannot ordinarily be
reproduced by voluntary effort. The fact, that an ordinary in-
dividual is not able to reproduce voluntarily the particular co-
ordination which can be elicited as a eutaneous reflex, would mean,
either that this particular co-ordination was represented in the cord
but was not represented also i the exeitable cortex, or that, if the
movements obtained by exeiting the cortex were also represented in
the spinal cord, the mechanism by which these movements were
co-ordinated was not the same as that by which the cutaneous
reflexes were brought about.

At present I do not think that we are in the position to decide
whether these reflexes arve of cerebral or of spinal origin, and in
view of the inability to reproduce voluntarily all the cutaneous
reflexes, and on the supposition that the movements obtained by
stimulating the cortex are also co-ordinated in the spinal cord, the
question will have to be worked out whether the mechanism in
the cord used for cortical impulses is identical with that used for
co-ordinating the movements obtained reflexly by irritating the
skin.

§ 32. I will now pass to the relation of the excitable cortex to
the co-ordination of simple movements.

The relation of the excitable cortex to the co-ordination of
simple movements has been discussed by various authors
(Kolliker, Waldeyer, Mann, Firster), but the time at my dis-
posal will not allow me to go into the history of the subject. As
some authors have raised the question whether single muscles
can be put into action by a cortical pyramidal cell, T may say at
once that this is a condition which I believe never occurs, except
there be a movement in which only one muscle takes part. The

* Bchiff, © Archiv fiir Exp. Path. v. Pharm,,” Bd. iii, 1874.
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results obtained by stimulation experiments and also by eclinical
observation of epileptic attacks and of hemiplegia, due to lesions of
the cortex or of the internal capsule, are all in favour of the view
that movements and not single muscles are represented in the
arrangement of the cortical cells and of the fibres forming the
internal capsule. This is the doctrine taught by Dr. Hughlings
Jackson.

§ 33. As I therefore consider that only co-ordinated movements
are represented in the excitable cortex, I will give in illustration
of this view a case which I have lately seen at the Maryvlebone
Infirmary through the kindness of Mr. Lunn. It was that of a
man with recent hemiplegia—and here in passing I would remark
that I do not think much can be learnt with regard to co-ordination
from old cases of hemiplegia who have recovered one or two move-
ments, but in whom there are probably secondary changes in the
spinal cord. In describing this case I would remind you of what I
said in a previous lecture (p. 70), that in strong movements of
closing the fist in grasping, the prime movers arve the flexors
of the thumb and fingers, the synergic muscles are the extensors of
the carpus, and the fixation muscles are the triceps followed by the
biceps.

The case was that of a patient suffering from hemiplegia, in
whom contrary to the usual course the return of power had com-
menced in the hand, and he could perform the movement of
erasping, but he had no power to extend the wrist or to flex or
extend the elbow. On getting this patient to grasp with his full
strength I noted that in addition to the contraction of the flexors
of the thumb and fingers, there was a contraction of the svnergic
muscles of extending the carpus and also of the fixation muscle, the
triceps ; and, further, that the action of the triceps was not felt to
contract till a certain strength of grasp was reached. The im-
portant point is that the patient had not the slightest power to
contract the extensors of the carpus, when he was told to perform
the movement of extending the wrist, or of the triceps when he was
told to extend the elbow. In this case, therefore, where the lesion
was probably in the internal capsule, the only fibres which were
available for impulses emanating from the so-called *‘arm-centre ”
of the cortex were those coming from that part where the move-
ments of grasping were co-ordinated, whereas the fibres conducting
impulses emanating from the part of the cortex where extension of
the wrist and extension of the elbow were represented were unable
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to pass. In other words the patient could put into action the
extensores carpi and the triceps when they acted as synergic and
fixing muscles in the movement of grasping, but he could not make
either of them contract as prime movers in the movements of exten-
sion of the wrist or of the elbow.

§ 34. The next point is: Where 1s the link between these three
sets of museles ; in the cord or in the cortex? Startine from the
muscles and following up the motor nerves, where i1s the first
station where the arrangement of cells i1s to be found by which these
three sets of muscles work together ; is it in the spinal cord or in
the cortex ¥ If it be in the cortex (see Fig. 4) 1t would mean that
there must be three sets of cells which would be co-ordinated to aet
together for this purpose ; it would also mean that there must be
separate cells for the movements of the extensors of the wrist and
the elbow for their action as prime movers, and separate cells for all
the different combinations. Though the cortex micht be large
enough to contain all these cells it would be impossible to find room
in the internal capsule, and much less in the pyramidal tract, for
all the fibres that would be required. If, on the other hand, these
three sets of muscles are joined together under the guidance of cells
in the posterior cornu, the combination would be thrown into action
by one impulse from the cortex. It isconceivable that there might
be two ways in which the impulse might act on the ecells of the
posterior cornu.  The impulse for the movement of grasping, pass-
ing down the pyvramidal fibre, might, when it reached the posterior
cornu, divide mto three branches, each of which would arborise
round the posterior cornual cell, which is in relation with the anterior
cornual cell supplying the muscular fibre of each of the three
different muscles, as in Figure 5 ; or what seems more probable, the
cortical impulse might go to one cell of the posterior cornu, which
would be in relation with the three anterior eornual cells of the
three muscles, and would co-ordinate their actions into a definite
movement, as in Figure 6. The difficulty of this one-cell theory is
to explain how the triceps does not take part in the movement until
a definite amount of work has been performed and a definite strain
has been produced, so that perhaps the triceps is under the control
of a separate posterior cornual cell. In this case the pyramidal
fibre would divide into two branches, one of which would put in action
the posterior cornual cell linking the flexores digitorum et pollicis with
the synergic extensores carpi, which act simultaneously; while the
other would pass to the posterior cornual cell governing the anterior
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Fia. 4.

EXCITABLE CEREBRAL CORTEX.

Fras. 4, 5, and 6 are diagrams to illustrate
the possible stations where the museles acting
in the movement of grasping are linked to-
gether, in the ecase of hemiplegia described on
page 86. Fig. 4 gives the probable arrange-
ment when the lowest station is in the ex-
citable cerebral cortex ;. Figs 5 and 6, when it
is in the spinal cord. In Fig. 5 the link is
formed by the terminal branching of the
pyramidal fibre: in Fig. 6 it is in the posterior
cornual cell. The lesion causing paralysis of
extending the wrist and elbow is shown by
the line across the pyramidal fibres near the
cortex.
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Fia. 5.

EXCITABLE CEREBRAL CORTEX
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cornual cell of the triceps, which muscle would not then come into
action until a certain force had been exerted.

§ 35. I think that the question is best approached by examining
what takes place in the movement of lateral deviation of the eves,
If the part of the cortex in the angle of the precentral suleus of—
let us say—the left side be stimulated in the monkey, both eves
move conjugately to the right, and it the particular fibres of the left
internal capsule be stimulated the same effect is produced. Con-
versely, if the left cortex or the left capsule be paralysed, either as
the result of a gross lesion of this particular part of the cortex or
capsule, or as a temporary result following an epileptic fit, as I
showed o occur,® the eves deviate to the left. These filres passing
through the left internal capsule and the left crus cerebri eross to
the opposite side to the nucleus of the right sixth nerve, from
whenece fibres pass over to the part of the left third nucleus, or third
nerve, which presides over the left rectus internus oculi musele. In
this case the link between the rieght external rectus and the left
internal rectus takes place in the medulla in the sixth nucleus, as
suggested by Foville. The proof of this is that, in lesions of the
right sixth nucleus without involving the third nuclei or the
pyramidal tract, the same conjugate paralyvsis of the eves with
deviation to the left is produced as from a lesion of the left cortex,

Now, although these two musecles, the external and internal reeti,
are on opposite sides of the body, this conjugate movement of the
eves is as much a unilateral movement + as that of closing the fist,
for the reason that on stimulation of the left cortex the two eves
turn always to the right and not to the left. I think, therefore,
that we are justified in inferring that the principle which underlies
the simple movement of turning the eves to the right can also be
applied to the simple movement of closing the fist, and that the
link between the three sets of muscles, the flexors of the fingers and
thumb, the extensors of the carpus, and the triceps, takes place
somewhere below the internal capsule, and by analogy in the spinal
cord.

§ 36. Tt has been shown by von Monakow § and by Schiifer § that
the ending of the fibres of the pyramidal tract is in the neighbour-
hood of the posterior horns and not in the anterior horns, as was

-]

* Brain,” 1882,

t See © Phil, Trans. Roy. Soc.,’ 1800, B, p. T3.

+ © Archiv fiir Psych.,’ 1895, Bd. xxvii.

§ “ Proc. Phys. Soc.,” ‘Journ. of Phys.,” 1899, vol. xxiv.
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formerly thought to be the case. Monakow also thinks that
there are intermediate cells between the anterior cornual cell and
the ending of the pyramidal fibre, and that this cell has the power
to bring out associated movements.

§ o7, It therefore seems probable that the co-ordination or the
link between the muscles entering into a simple movement takes
place in the cells of the posterior cornua, which are put into action
by impulses coming down the pyvramidal tract from the excitable
cortex, where these movements are also represented.  Whether the
same co-ordinating mechamsm in the spinal cord is used alike for
reflex actions as well as for cortical impulses, or whether there is
a separate mechanism for each, I do not think, as I said before,
that we can give a certain answer,

§ 38, Now as the most complicated and intricate muscular per-
formances are only an arrangement of simple movements in some
particular order, it is probable that in learning some new combina-
tion of movements, such as playing the violin, fencing, or golfing,
the simple movements represented in the excitable cortex are in
response to visual or auditory impressions brought into action in
their proper combmation and sequence. Later on the combination
learnt with difficulty becomes by frequent practice antomatic. But
as these learnt combinations, or even such an elementary combina-
tion as walking, become automatie, there does not seem to me to
be sufficient evidence that their seat of co-ordination is transferred
from the brain to the spinal cord, for the reason that if there ensue
a lesion of the cortex or of the internal capsule, all these so-called
antomatic movements are lost.

With regard to the above-mentioned complicated performances, 1
would like to mention that driving at golf differs from most
muscular exercises in that the exact action of striking the ball has
to be accomplished by the co-ordination of the large coarse muscles
of the spine and the shoulders acting at the end of a flexible club
some five or six feet distant from the shoulder. As these large
muscles are not in the habit of being called npon to perform fine
worl, the beginner naturally tends to use the muscles of the wrist
which are accustomed to fine movements, and in so doing he commits
the error of * pressing.”

ReprEsExTATION IN THE CoORTEX 0oF HoMOLATERAL MOVEMENTS.

§ 39. In conclusion, I would like to make some remarks about
the question of representation in the cortex of movements of the
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body on the same side as the cortex stimulated, or in other words if
the—Ilet us say—Ileft cortex is stimulated what movements, it any,
are produced in the left arm and leg. I do not propose to go into the
question of the representation in one hemisphere of such bilateral
movements as pouting of the lips, mastication, and adduction of the
vocal cords.  Sir Vietor Horsley and myself discussed this question
in our paper on the * Internal Capsule,” * and the matter has been
exhaustively dealt with by Sir Vietor Horsley and Professor Goteh
in their Croonian lecture before the Roval Societv.t The question
is rather to find out what single movements, if any, are produced
on the same side as the cortex stimulated and the strength of
current which is required to evoke these movements,

§ 40. The subject has been referred to by various authors.
Hitzig ¥ in his first memoir remarked that if the cmrrents were
feeble, their action was localised on the muscles of the opposite side
of the body, but if stronger, the muscles on the same side of the
body were put into action.

Francois-Franck,§ experimenting on cats and dogs, found that
weak currents produced movements of the opposite anterior limb,
and 1f the ewrrent be stronger, movements of the anterior limb of
the same side were produced, but after those of the opposite side,
He also found that the movements persisted on the two sides in
spite of removal of the opposite cerebral cortex, section of the white
matter of the centrum ovale, division of the corpus callosum, median
section of the bulb, or after section of one half of the cord on the
same side as the cortex stimulated. He therefore considered that
the movements are not caused by impulses conveyed from one
hemisphere to the other, and he came to the conclusion that the
association between the two sides can only take place in the spinal
cord by the transverse commissures,

According to Unverricht || in dogs when the motor cortex of one
side—let us say the left—was stimulated, epilepsy was produced
on the right side and also on the left side. He also obtained con-
vulsions on both sides when wunilateral cortical extirpation or
hemisection of the cord was performed, and this is, he considers, a
proof that the convulsions on the same side only arise by centri-

¥

¢ Phil. Trans. Roy. Soc.,” B, 1800.

* Phil. Trans. Roy. Soc.,” B, 1891.

* Du-Bois Reymond’s Archiv,” 1870.

‘ Lecons sur les Fonetions Motrices du Cervean,” Paris, 1887,
‘Volkmann’s Klin. Vortr-Innere Medicin,” Nr. 55—78, 18097 —1900.
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fugal excitation in the spinal cord itself. But after double-sided
cortical extirpation it is not possible to produce elonie contractions,

§ 41. As I believe that no researches of this nature have been
made on monkeys, I have made some observations with Sir Vietor
Horsley, whom I have to thank for performing the operation of
electrically stimulating under ether the motor cortex in monkevs.
Four experiments have been done, and the general results that we
obtained were as follows :

l. On stimulating the cortical *arm centre™ by faradisation
with the bipolar method when the current was of the strength of
16-2 centimetres between the coils, the first movement was in the
arm of the opposite side,

2. On increasing the current by diminishing the distance between
the coils to about 6 cm., movement was obtained in the arm on the
same side as that stimulated.

3. The character of the movement on the same side was usually
identical with that evoked on the opposite side, but in one case
where the movement began with extension of the fincers, it was
followed on the same side by adduection of the shoulder.

4. When the cortical ** leg centre 7 was stimulated, the movements
on the same side appeared rather sooner than in the case of the
arm and in some cases as weak a current as 12 em. between the
colls produced movements in the leg of the same side.

5. Epilepsy was obtained in all the cases in the arm of the
opposite side, in three cases it was not obtained in the arm of the
same side, even with the coils at 4 em. apart, and in two out of the
three cases that it was looked for in the lower limb, epilepsy
occurred on the same side as that stimulated.

The first movement of the epilepsy on the same side was the
same as that obtained on the opposite side.

t. After excising the excitable cortex from the opposite hemi-
sphere, on stimulating the cortex of the intact hemisphere in two
of the cases no movements were obtained on the same side as that of
the cortex stimulated. In the third case, where movements of inter-
osseal flexion of the fingers, flexion of the wrist and pronation were
obtained on the opposite side, the most frequent movement on the
same side was slow flexion of the fingers under deep narcosis, but
under slichter narcosis the movements were the same as on the
opposite side. In the fourth experiment the only movement obtained
on the same side was slow flexion of the elbow, whether the
stimulation was applied to the ““arm centre ™ or to the * leg centre.”
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In this animal, when the internal capsule was exposed and
stimulated, very slow flexion of the elbow was obtained on the same
side, when extension of the wrist and flexion of the fingers were
obtained on the side opposite to the stimulated capsule: also very
slight extension of the hip and knee were obtained on the same
Hicie, when marked extension of the toes and flexion of the thigh
and Jknee were obtained on the opposite side.

7. No epilepsy was obtained on the same side as the cortex
stimulated, when the opposite cortex was removed.

The above experiments are hardly sufficient in number to prove
for certain whether the movements oceurring on the same side of
the body as the cortex stimulated are evoked from the opposite
cortex by means of the corpus callosum or from the endings of the
pyvramidal tract through the commissural fibres of the spinal cord.

In two of the cases after removing the left motor cortex there
was no movement at all in the right arm on stimulating the right
cortex, although there was marked movement in the whole of the
left side, and even in one case epilepsy. In the third case the same
movement—slow flexion of the elbow—was produced on the same
side irrespective of the place stimulated, and in only one case, the
fourth, was there any correspondence of movement between the two
sides.

§ 42. On the whole the experiments, as far as they go, are in
favour of the theory that in the monkey the movements obtained on
the same side as the cortex stimulated are produced from the
opposite cortex through the corpus ecallosum rather than through
the commissural fibres of the spinal cord, and that epilepsy is not
obtained in the same side of the body as the cortex stimulated if the
opposite cortex be removed,
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Table of Muscles for movements of the upper linibs.

Joints, | Movements,
Fingers :
1st phal. . Flexion
o . Extenszion
2nd & 3rd phal.  Flexion

. Extension
Finger index . Abduction

fourth . Abhduction

Distal phal. Flexion

. Extension

Proximal phal. Flexion |
|

an

» -| Extension

a8

Metacarpal Flexion

. Extension

. Abduetion

.. Adduction

.'Clplmsitiau‘

Thumb & fingers Flexion

Prima movers. Bynergic muscles. |
|

Flex. subl. et prof. dig. | Ext. carpi rad. longior et brev.
Interossei et Inmbricales Ext. carpi ulnaris.

Ext. com. dig. Flex. earpi rad. et ulnaris.

Palmaris longus.

Flex. subl. et prof. dig. Ext. com. dig.

Ext. com. dig.

Interossei et lnmbricales

Abductor indicis Ext. metacarp. pollicis.
Ext. brevis pollicis.
Abduet. min. dig.  Flex. carpi nlnaris.
Ext. metacarpi poll.
Flex. long, pollicis  Ext. brevis poll. et ossis metacarpi.

Ext. long. pollicis

Abd. et add. pollicis
Flex. brevis pollicis

Flex. long. et brev. poll.
Ahbd. et add. poll.

Extens. brev. poll.

Abd. et add. poll.
Opponens poll.
Flex. brevis poll.
Flex. long. pollicis

Extens. brevis pollicis.

Ext. ossis metacarpi poll. Extensor earpi ulnaris.
Ext. brevis poll.  [Flexor carpi ulnaris.

Abul. et oppon. poll.
Flex. brevis poll.
Ext. metacarpi poll.
Ext. brevis poll.

‘Extensor carpi radialis brevior.
‘Extensor carpi ulnaris.

— — ——

? Palmaris longus.

Adduetores poll.
? Flexor carpi ulnaris.

Extens. long. poll.

Abhd. et oppon. poll.
Flex. brevis poll.
Adductores poll.

i
|Extensor earpi radialis.
|Extensor carpi nlnaris.

Flexores pollicis
Flexores digitorum
Inteross. et lnmbrie.
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Table of Muscles for movements of the upper limbs—continued.

| Movements, Prime movers, Synergic muscles,

Flexion Flexor carpi radialis
Palmaris longus
Flexor carpi ulnarvis
Ext. metacarpi poll.
Flex. dig. (sometimes)

. Extension  Extensorescarpiradiales
Extensor carpi nlnaris

Ext. long. pollicis
Ext. digit. (sometimes)

. Abduction Flexor earpi radialis
- Extensores pollicis (3) Thenar muscles.
Ext. carpi radialis

. Adduetion  Flex. carpi ulnaris
I Ext. carpi ulnaris

Fixation muscles

Movements., Prime movers, SEvnergic muscles. (essentinl).
Pronation Pronat. teres | Triceps | Abductors of
Pronat. quadratus | shoulder.
Flexor earpi radialis
(sometimes)
Palmaris longus
(sometimes)
Supination Supinator brevis Adductors of
Biceps \ Triceps (ext. shoulder,

Extensores carpi and int. heads)

radiales (sometimes)
Extensor carpi
ulnaris (sometimes)

Flexion [ Biceps Muscles of shoulder.
Brachialis anticus
Brachio-radialis
(supinator longus)
‘Promator radii teves
Flexores carpi

(sometimes) Extensores
Extension Triceps S Muscles of shoulder.
Anconens
Advancing to  Deltoid (antervior) Trapezius
horizontal line ' (acromial).
Pectoralis major Trapezius (inferior).
(clavicular)
Biceps | Triceps (ext. |
and int. heads)|
Coraco-brachialis(?) Erectores sping

[ positional].
7
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Table of Museles for moveinents of the wpper limbs—continued.

—

[ Joints.

iﬂlmu liler

L]

LE}]

Lh

Movements, Prime movers,

JAdvanecing above Serratus magnus

Trapezius
{acromial)
Trapezins (inferior)

horizontal line

Abduction to  Deltoid (middle)
horizon
Supra-spinatus

Biceps

Serratus magnus
Trapezins
{ acromial)
Trapezius (inferior)

Abduetion above
horizon

Pectoralis major
(sternal)
Latizsimus dorsi
Teretes major et
TR LA
Infra-spinatus
Triceps (long head)

Depression

Subscapularis ()

Latissimns dorsi
MTeretes
Infra-spinatus
Deltoid (posterior
half)

Retraction

Adduetion Pectoralis major
f':l":l
Latissimns dorsi
Teretes major et
minor
Infra-spinatus

Subscapularis (7)

i Deltoid (posterior |

ome-third)

. Hovizontaladdue- Coraco-hrachialis
tion Pectoralis major
| (sternal)
JHorvizontalabdue-  Deltoid (middle)
tion Deltoid (posterior)
Latissimus dorsi

=ynergic mascles,

Fixation muscles
(e==entinl).

Trapezius
{acromial).
Trapezius (inferior).
Triceps (ext.

and int. heads Opposite rectus abd.

[ positional ],
Opposite erector
spine | posifional |,

Trapezius (inferior).
Ehombaoidei,
Pectoralis minor.
( Recti abdominis.

{ Obligui externi.
Biceps and

brachio-radialis

Trapezins (inferior).
Rhomboidei,
Pectoralis minor.

Trapezins (inferior).
Rhomboide,
Pectoralis minor,
{ Becotus ahdominis,

{ Erector spinge,

Reeti abdominis,

Trapezius
(except clavieular).
Erector spinae (of
same side).
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Table of Museles for movements of the wpper limbs—continued.

Joints. Movementsa,
Shoulder Horizontal
| abduction

(continued)

Rotators in

Rotators out

Prime movers, Eynerzic muscles,

Teretes major et
minor
Infra-spinatus
Subscapularis (7)

Pectoralis major
(both parts)
Deltoid (anterior)

Teres major i
Latissimus dorsi
Subscapularis

Teres minor
Infra-spinatus
Deltoid posterio

Fixation miscles
{essentiall,

Rhombaoidenus major

(when humerus
horizontal).

Trapezins (inferior)

Muscles for movements of head.

Joints,

|
|
Head !

(Oeeipito-atloid)

o Extension

Head

Head

Movements,

Flexion

Rotation
(Atlanto-axial) (facetoright)

Adduetion (to
(Atlanto-axial) left shoulder)

Prime movers.

Sterno-mastoids
Platysmata
Omo-hyoids

Sterno-hyoids
Sterno-thyroids
Mylo-hyoids

Reeti capitis antici

Trapezii (elavieular)
Complexi
Splenii capitis

Trachelo-mastoids (7)
Reeti capitis postici
Obligui inferiores (*)

Left sterno-mastoid
Left trapezius (clavienlar)
Right splenius capitis
Right trachelo mastoid (¥)
Right platysma
Right omo-hyoid
Right obliguus inferior (¥)

Left stermo-mastoid
Left trapezius (clavieular)
Left splenins capitis
Left omo-hyoid
Left platysma
Left obliguus superior (%)

Fixation,

Recti
abdominis.
Obligui
externi.

Right rectus eapitis major (#) |

| Left rectus capitis lateralis (¥) !
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Extraordinary muscles of vespivation.

e - — ——

| Movements, Prime movers, Fixation,
Extraovdinary | Inspiration Sterno-mastoids Extensores
Respivatory Pectorales minores capitis.

¥ Latiss. dorsi
| Serrati magni |
Pectoraliz major at end of forced

inspiration :

‘ Sealent

I
| Expiratory Latissimi dorsi I
[ Abdominal muscles
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