
THE HEBERDEN SOCIETY

THE STRUCTURE OF VOLUNTARY MUSCLE
IN RELATION TO ITS FUNCTION

A General Meeting of the Society was
held at 11, Chandos Street, London, W.1,
on Friday, April 18, 1947, with Mr. S. L.
Higgs, F.R.C.S., in the Chair, when an
address was given by Dr. Graham Weddell
on " The Structure of Voluntary Muscle
in Relation to its Function ".

Dr. WEDDELL began by saying that he
was in no sense a specialist in " rheumatic"
-diseases, but he was interested in the ana-
tomy of muscle and the anatomy of pain
which were obviously related to the prob-
lems of chronic " rheumatism ". He
proposed to describe some of the salient
features of the anatomy of normal muscle
in relation to its function, and then to
suggest that there might be a relationship
between the mechanism of muscle action
and the pathology of certain rheumatic
affections.

Muscles could be divided functionally
into two major groups.: (a) muscles with
many short individual fibres giving power-
ful contractions over relatively short dis-
tances; (b) muscles with fewer but, longer
individual fibres for moving joints through
a large range. The sacro-spinalis muscles,
for example, were made up of relatively
short muscle fibres of great aggregate
power, for they were used chiefly to main-
tain the vertebral column in a given posi-
tion. Thus the sacro-spinalis muscles
were to be sharply contrasted with, say, the
brachio-radialis muscle in the upper
extremity, for this muscle was mainly
concerned with movement of the elbow
joint.
From.the histological point of view, two

types ofmuscle could be distinguished; the
so-called " red " and " white " muscles.
" Red " muscles were red in colour because
of the presence of myoglobin, and the

individual fibres had centrally placed
nuclei. They possessed a greater blood
supply than white muscles and there were
more transverse anastomoses between the
longitudinally arranged arterioles. In low-
er mammals " red " muscles were com-
posed of num!rous short fasciculi and were
used for maintaining posture, and " white "
muscles were used for movement. In
man the distinction between "red" and
" white " muscles was not so clear, but
there was reason to suppose that the same
general principles held.
When a limb muscle composed of long

fasciculi contracted maximally it cut off its
own blood supply, and, if contraction
were maintained over a long period, pain
ensued which was indistinguishable from
that which occurred when a limb muscle
was exercised following the application of a
cuff inflated above systolic blood pressure,
so that it cut off the blood supply to the
contracting muscle. It was a matter of
experience that the sacro-spinalis muscles
would remain contracted for longer periods
than many limb muscles, and it was
therefore probable that they contained
many fasciculi composed of " red " muscle
fibres. It thus seemed clear that certain
muscles were designed for specific purposes;
some were capable, by reason of their more
lavish blood supply, of contracting con-
tinuously for long periods, others, with
poorer blood supply, could contract only
for shorter periods. It was therefore
clear that body movements and body
posture must in some measure conform to
this anatomical pattern if pain and perhaps
even pathological changes due to poor
blood supply were to be avoided.
Turning now to another aspect of muscle

action, Dr. Weddell said *there was no
189

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.6.3.189 on 1 January 1947. D

ow
nloaded from

 

http://ard.bmj.com/


ANNALS OF THE RHEUMATIC DISEASES

doubt that irritation of nerve roots could
give rise to local spasm in a muscle and
was undoubtedly one cause of palpable
" rheumatic nodules ". This had been
proved in cases of sciatica by the use of
electromyography. It seemed possible
that the pain which resulted from the
spasm might set up a vicious circle leading
eventually to a " fibrous nodule ". It was
certainly true that in some cases the nodules
disappeared permanently after local injec-
tions of novocain. Dr. Weddell summar-
ized by saying that to his mind good
posture and well integrated muscle move-

ments were important, because if either
were at fault the blood suply to certain
muscle groups might be relatively deficient,
and so lead to pain and even perhaps,
after a time, to pathological changes. Poor
posture by purely mechanical processes

might also lead to irritation of nerve roots
with the formation of spastic and, later,
fibrQus nodules.

Dr. Weddell showed a short film to
illustrate some of the points he had made.
Trials had been carried out to compare the
efficiency of a new type of spade, invented
by Dr. G. H. Bates of the Staffordshire
Education Committee, against. that of an

ordinary spade of similar weight, and with
a blade of similar dimensions. With
the modified spade, for comparable
amounts of work, fatigue was less, especi-

ally in relation to the sacro-spinalis muscles.
The oxygen consumption for a given
amount of work with each spade was

measured and was surprisingly found to be
greater with the modified spade, for sub-
jectively the work seemed to be easier to
accomplish and certainly less fatiguing.
Analysis of the film, however, suggested
that in the case of the modified spade the
motion was rhythmic and many muscles
were being used in an orderly sequence,
whereas with the standard spade most of
the work was being done by the sacro-

spinalis muscles, moving through a rela-
tively short space.

DF. H. D. DARCU9S of the Medical Resarch
Council, said he had become interested in
muscle action as the result of working for the

Navy. It was part of his job to advise on the
way in which the body worked with maximum
efficiency, and it became clear as the result
of this work that a knowledge of normal
muscle action was likely to be of importance in
the understanding of the aetiology of certain
rheumatic diseases. In all phases of man's
activity the normal structure and function of
the body should be respected. By emphasizing
this point, apart from an increase in efficiency
in the performance of the daily task, a great
deal could be accomplished in preventive
medicine. The structure of the body allowed
the normal functions to be performed with the
minimum of effort, but the body was being
constantly misused. The effect of this misuse
was not always immediately apparent, as the
locomotor system, in common with other
systems, had a large reserve. During the war
1939-45 considerable impetus had been given
to personnel research in order to determine the
conditions under which a man was able to give
of his best. This involved a study of the
mechanics of the body and of the action of the
muscles and joints.
The greater part of the work concerning

operational efficiency had resolved itself into
the consideration- of posture-posture being
not only static but dynamic, the body in
motion. Posture was the sum total'of all the
positions and movements which the body took
up in the course of the day. Static postures

- were maintained by the bones, the ligaments
connecting them, and the muscles. In so-
called good posture the various segments of the
body were balanced one upon another, 'the
main weight being taken by the bony frame-
work with the minimum of effort and strain on
the muscles and ligaments. When the seg-
ments of the body were normally aligned only a
small proportion of motor units were contract-
ing to maintain the required degree of tension
in the-muscles. The ligaments were so dis-
posed that they could take charge without
assistance from the muscles, but they were not
designed to sustain prolonged tension. Thus
the object of good posture was not to throw all
the strain on the ligaments in order to relieve
the muscles. In so-called bad posture the
segments of the body were out of alignment, the
rhythmical balance between the muscles was
thrown out, and excessive strain was thrown on
to certain muscles and ligaments while other
muscles and ligaments were relaxed.

Muscular strain so imposed had been blamed
for man.y rheumatic effects. It had also been
stated that in bad posture the circulation was
reduced both locally and generally and thus the
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metabolism of the cells and tissues was dimin-
ished and the effaciency of the body impaired.
It had recently been stressed * that faulty
posture during sleep might cause painful
disabilities which could be traced to rotation of
vertebrae, widening of the costo-vertebral
joints, and stretching of the costo-transverse
and intervettebral ligaments. The stretching
of these ligaments caused stimulation of the
'abundant pain endings which they contained,
or pressure on the issuing intercostal nerves.

It was desirable that operators should sit at
their work whenever practicable, but the seat
must be so designed as to allow the operator to
sit in a good position. In the majority of work
places the seats were of poor design. The
frequent fault was that the operator was caused
to flex the spine in order to reach his work, so
throwing a great strain on the bacic and
shoulder muscles. This was especially the case
with typists, but there were many other
occupational circumstances in which the same
principle applied.
As to dynamic posture, there was always one

position in which the contraction of a muscle
was most effective. Often the work imposed
on the body was such that the muscles could not
work in the best possible -way. They could
only work at a fraction of their greatest
mechanical advantage, with the result that the
amount of work was reduced and the output of
energy to do even that reduced, work was
increased. Dr. Darcus here drew attention to
the reports of Dr. Hugh Jones of the Military
Personnel Research Committee of the Medical
Research Council. /

Dr. Darcus said it was no use considering the
position in which muscles should act without a
knowledge of the normal range and character
of joint movements. The natural movement
of the body usually consisted of co-ordinated
movements of several joints. If one hunted
through anatomical textbooks one could find
certain information concerning movements of
individual joints, but usually this was obtained
from the dead body and was of little value.
Rarely did one find any reference to the
natural combined movements of the body. By
studying the natural muscle action a great deal
of muscular strain might be eliminated.
Mr. H. E. GRIFFITHS said that Dr. Weddell

had propQunded one query: " Could misuse
of muscle lead to pathological changes ?"
The answer was obviously in the affirmative:
he quoted examples of stretching of tendons

resulting in teno-synovitis. As an example of
a purely mechanical stretch he quoted fracture
of the os calcis: in over 75% of these cases the
peroneal tubercle was so displaced as to cause
chronic stretching of the peroneus longus
tendon, with resulting teno-synovitis of the
peroneal sheath. The pain from this condition
was frequently confused with sub-astragaloid
arthritis.
As an example of the misuse of muscle action

producing teno-synovitis he quoted the teno-
synovitis of the long extensor tendons to the
thumb giving rise to a painful swelling on the
back of the forearm. This condition was
often attributed entirely to a neurosis, but it
was interesting to consider how the condition
arose in certain industrial processes. It was
always found in repetition work, and particu-
larly where the thumb and index finger were
used in apposition in picking up small objects.
The tendency was increased if supination of
the wrist was also necessary. Thirty cases of
teno-synovitis of thn forearm had once been
attributed to the fact that a conveyor belt was
4j ins. too high; when the belt was lowered to
bench level the incidence ofteno-synovitis ceased.
Another example of stretching tendons and

producing teno-synovitis was by inhibition of a
conditioned reflex and was shown in hammer
work. It was common in sheet metal workers
starting work after being out of this employ-
ment for some time. Mr. Griffiths explained
that in the ordinary action of using a hammer
the hammer was gripped in the hand with the
thumb opposed. The act of striking was first
to push the hammer upwards and then to pull it
downwards, but in addition to pull down there
was a sudden squeeze of the hand at or immedi-
ately subsequent to the impact. In the inex-
perienced or in those out of training the first
evidence of fatigue occurred in the thumb, and
there was a tendency for the thumb to extend
whilst the fingers remain flexed, that is, rever-
sion to the primitive cylinder grip from the ball
grip; then, in order to maintain hold of the
hammer at the moment of impact, a greater
physical and mental effort was necessary to
make the flexors of the thumb overcome this
tendency to extend, because the flexors were
now pulling against contracting instead of
elongating extensors. The extensors were
thus stretched and teno-synovitis supervened.
The majority of cases of teno-synovitis were

treated by immobilization. In a number of
cases these was no recurrence. The explana-
tion was that after a period of rest the-patient
returned automatically to the normal habit of
the ball grip.

* Howorth, B. (1946). J. Amer. med. Ass., 131, 1938;
and McDonnell, J. (1946). Brit. J. Phys. Med. Industr.
Hyg., 9, 46.
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