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SPECIAL ARTICLES

THE FEET OF THE INDUSTRIAL
WORKER

AT a meeting of the Association of Industrial
Medical Officers, held on Oct. 28th at the London
School of Hygiene, the feet of the industrial worker
were considered from various aspects-viz., Physio-
logical, Functional, Clinical, Remedial, and Industrial.
The speakers were Dr. E. P. Cathcart, F.R.S., regius
professor of physiology, University of Glasgow, and
chairman of the Industrial Health Research Board ;
Mr. C. Lambrinudi, orthopaedic surgeon to Guy’s
Hospital, London; Mr. W. Sayle Creer, orthop2edic
registrar, Salford Royal Hospital; Dr. William
Blood, medical officer, J. Lyons and Co., Ltd. ;
and Mr. H. Bradley, director of research, British Shoe
and Allied Trades Research Association. Their remarks
are here reproduced in slightly abridged form.

Physiological Aspect : Nature of Foot
Incapacity

(E. P. CATHCART, M.D., F.R.S.)
SINCE sufferers from definite defects of the feet,

such as talipes, either congenital or secondary,
are unlikely to be recruited for most industries,
and although other lesions, from simple corns to
hallux valgus with its commonly associated bunion
or hammer-toe or painful osteo-arthritic lesions,
can cause pain, probably the defects which most
commonly affect the feet of industrial workers are
lesions associated with, or believed to be associated
with, distortion of the arches and usually called
flat-foot.

There is no definite normal arch. A relatively low
longitudinal arch may exist without any associated
pain, and a relatively high arch may develop pain on
standing. The foot consists of an arch of bones
knitted together by ligaments and held in position
by strong muscular chords. Obviously, then, the
arch may give way for two alternative reasons : (1)
the ligaments have lengthened and the muscles,
unable to bear the increased strain, give way; or (2)
the muscle power has diminished, the tension fails,
and the arch gives way. Possibly it is when the
ligaments and the muscles reach a stage of unstable
equilibrium, long before flat-foot is manifest, that
there develops a common and often painful condition
characterised by stiffness or loss of flexibility of the
foot.

FOOTWEAR AS A CAUSE OF FOOT TROUBLE

It is customary to blame the footwear for a great
deal of this foot incapacity. Such blame is at times
fully justified, but it cannot wholly be laid at the door
of faulty footwear. Even if the desire to conform
with fashion were entirely got rid of, and if people
were fully persuaded to accept some so-called
anatomically and physiologically correct form of
shoe, foot incapacity would not disappear. If foot-
wear were alone to blame, why is it that the feet of
peoples who are in the habit of going barefoot are
often so far removed from what is looked upon as the
correct or ideal foot ?

Personally, I incline to the belief that many of
the incapacities of the feet are in the first place due
not to inherent weakness in the articulations of the
foot, but to muscular weakness, atrophic or atonic
conditions arising either from the lack of proper

exercise or to a sluggish circulation. As much
attention should be devoted to the musculature,
not only of the feet and lower limbs but of the body
generally, as to the footwear. The atrophic or atonic
state of the muscles may arise from the fact that little
or no exercise is taken; that the diet is inadequate
which in turn may be due to inability to purchase
the necessary foodstuffs ; to the improper distribution
of the expenditure-dress taking precedence over

food ; or to the fact that the food intake is deliberately
restricted for the purpose of slimming.

Ill-fitting, ill-shaped, and ill-ventilated shoes do,
of course, play a part in the development of foot
incapacity, especially of the toes. High heels are

a direct cause of defect. The whole posture is wrong,
the disturbance of the centre of gravity, the pushing
forwards and downwards of the toes into a narrow
pointed cavity, the loss of flexibility of the foot, and
the stilted gait, all are wrong. But after the body
and feet are adapted to the abnormal position and
movement, there seems to be little complaint by the
wearers, so long as the abnormal type of footwear
is adhered to. Trouble arises apparently when there
is alternation between high and low heels, when the
musculature has to adapt itself to different degrees
of tension. Beyond the fact that such shoes tend to
fix the muscles and thus hinder circulation, it is
difficult to imagine what worse results follow their
adoption as compared with the use of shoes of the
same form, but with low heels. Is it not rather the
tightness of the fore part than the height of the heel
which is primarily at fault ? It must not be forgotten,
however, that there may be much distortion of the
toes without excessive complaint either of pain or
discomfort.

OCCUPATIONAL FACTORS

It is unavoidable that in certain forms of occupa-
tion, especially among those in whom the musculature
is least developed and who are not in receipt of the
highest incomes, long periods of standing are part
of the daily routine. The real attack should be directed
towards prevention. Unless any specially designed
footwear, even if it conform with all scientific require-
ments, to be worn on duty is going to be suitable for
outdoor use and will conform with what is regarded
as fashionable, the position will not be materially
improved. Fashion and vanity are the enemies to be
conquered.
Improvement in footwear will be of particular value

among thoughtful and older people who think more
of comfort than of fashion, but it will not even here
wholly solve the problem. The general state of
health will still be a factor. More attention should
be directed to physical exercises devised to strengthen
the musculature not only of the feet, but also of the
lower limb in particular and of the body in general.

Functional Aspect: Action of the Foot Muscles

(C. LAMBRINUDI, F.R.C.S.)
I WILL attempt to describe the physiological

anatomy of the foot, emphasising particularly the
function of the toes. The more one studies the
problem, the more one is convinced of the key position
held by the toes. As regards function the foot can
be divided into three parts : outer, inner (Fig. 1)
and forepart. The outer part lies flat on the ground,
gives a bigger weight-bearing surface, and gives
stability and balance with the aid of the fourth and
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fifth toes. It is essentially a balancing organ, whereas
the inner portion is essentially a lever (Fig. 2). I
therefore deprecate indiscriminate amputation of
the fifth toe. Given freedom the little toe is a very
valuable organ and should never be removed without
very adequate reason.

If the inner part of the foot were only a lever,
we would be as well off if it consisted of only one
bone, and if this were strong enough it need not even
be arched. But the inner part is designed to be not
only a lever, but also a spring to absorb shock. For
this reason it consists of several bones, and some
form of arch is essential because the only way in
which a lever consisting of several segments can be
made rigid is for these segments to arrange them
selves into an arch with a bow-string base (Fig. 3).
The way the arch is formed is interesting. When

standing the inner part of the foot is flattened. On

FiG. 1-Diagram showing longitudinal division of foot
into inner part acting as lever and outer part acting
purely as a balancing organ.

FIG. 2-Diagram showing mechanism of foot as lever of
second order-i.e., with weight between fulcrum and
power.

taking a step forwards the tibialis anticus first con-
tracts and lifts up the inner part of the foot. Simul-
taneously the tibialis posticus on the inner and the
peronei muscles on the outer side contract and by their
action lock the astragalus, os calcis, scaphoid, and
cuboid bones firmly, so that viewed from the side
the arch appears to consist of two bones: those

already mentioned, locked together as one, and the
metatarsal bones. These two elements of the lever

together by
the cuneiform
bone, which
has no sepa-
rate muscles
attached to it.
The joints
between the
scaphoid and

cuneiform and between the cuneiform and meta-
tarsals are therefore weak links. Support, how-
ever, is given to these by the bowstring action
of the flexor longus digitorum and all the small
muscles arising from the os calcis and inserted
into the toes. Thus we see the important part
played by the toes in preserving the rigidity of
the lever during propulsion. The best way to appre-
ciate the invaluable action of the toes in relation to
the foot is to regard them as the fixed point for the
action of the flexor muscles (Fig. 4).

FIG. 5--Showing A, prehensile action,
and B, ambulatory action.

FiG. 3-Showing A, B, how a lever consisting of several
segments can be made rigid if segments are arranged
as an arch with a bow-string base; c, D, what
happens if there is no arch.

PREHENSILE AND AMBULATORY ACTIONS

The toes are just as indispensable in relation to the
fulcrum and are so complicated-i.e., consist of several
phalanges and are controlled by a highly specialised
neuromuscular mechanism-because primitive man
had to walk on all kinds of surfaces: hard, soft, smooth,

FiG. 4-Diagrams showing: A, division of arch into
two segments when tibialis posticus is in action ; poten.
tially weak points at cuneiform joints; and bow-
string action of flexor tendon of toes ; and B, breaking
strain at cuneiform joint when bow-string action of
flexor tendon is removed.

FiG. 6-Diagram showing sling-like action of flexor
tendons on metatarsal heads and how intrinsic muscles
keep phalanges straight when flexor muscles contract.

and irregular. Leverage cannot come into play
unless the fulcrum is stable ; so in walking bare-foot
on soft or irregular ground the toes flex and grip the
ground. This is the prehensile action (Fig. 5A).
But in walking on hard smooth surface, to which
civilised man is accustomed, there is no need to
stabilise the fulcrum, for it is already stable. It is,
however, necessary to prevent the fulcrum from
wear and tear-i.e., to prevent too much pressure from
falling on the metatarsal heads. We all know the
inevitable metatarsalgia associated with claw toes.
To prevent this the toes are kept straight and firm
on the ground, so that the pressure is distributed not
only on the metatarsals but also on the whole area
of the toes. This fulcrum-preserving action is called
the ambulatory action of the toes as opposed to
prehensile,,and in civilised society, because of smooth
roads and pavements and our habit of wearing shoes,
it is the more important of the two (Fig. 5B). When
the toes are straight and firm on the ground, the
flexor tendons, lying under the metatarsal heads,
act as a sling and thus help to distribute weight.
But, unless there were some very special provision
made, every time the flexor tendons contracted the
terminal phalanges would flex. For this reason the
toes are provided with intrinsic muscles-i.e., inter-
ossei and lumbricales-which in the ambulatory
action contract synergically with the flexor tendons
of the toes and keep the phalanges straight and firm
when the flexor muscles contract (Fig. 6). On the
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other hand, when the toes act in a prehensile manner
the action of the interossei muscles is inhibited ;
otherwise the toes could not flex and grip the object.
One thus sees how complicated is the reflex action
controlling the toes ; presumably the afferent impulse
arises from sensations in the sole of the foot. The
stimulus of a hard or irregular object is a deep sensa-

tion and causes
inhibition of
the interossei
muscles, where-
as the stimulus
of a smooth sur-
face is a super-
ficial sensation
which causes

the interossei
to contract

’synergically
with the flexor
muscles of the
toes. I believe

this possibly explains why women suffer so much
more than men from metatarsalgia. I do not think
it is due to high heels so much as thin soles. If the
sole of the shoe is thin enough for the foot to
be able to perceive the irregularities of the ground,
it would stimulate them to flex when walking instead
of being straight (Fig. 7).

PRACTICAL APPLICATIONS

Our appreciation of the importance of paying
more attention to the afferent side of the reflex
arc led us, at Guy’s Hospital, to be the first teaching
hospital in London to appoint a chiropodist to work
in our orthopaedic clinic. In the presence of a painful
focus, whatever it may be, it is impossible to
re-educate the muscles of the feet and toes. The
chiropodist is the eradicator of nociceptive impulses,
and he is, in my opinion, an essential member of an
orthopaedic team.
The practical application of all these considerations

has led me to develop a method of treating metatar-
salgia due to claw toes, whether congenital or due
to inadequacy of the intrinsic muscles, by arthrodesing
all the interphalangeal joints of all the toes-in other
words, to convert the toes into one phalanx instead
of three. The only reason why we have interossei
muscles is because our toes have several phalanges ;
so, if these muscles are paralysed, we can dispense with
the need for them by converting the toes into one
bone. The only function that is lost is the pre-
hensile action, but this is a comparatively small price
to pay for the preservation of the three other functions
-namely, balancing, enlarging the area of the fulcrum,
and the bow-string action on the arch of the flexor
muscles of the toes.

Clinical Aspect: Relation to Footwear

(W. SAYLE GREER, M.Ch.Orth., F.R.C.S.)
THE problem as regards feet to-day is not one of

pes planus or flat-foot-i.e., one involving the support-
ing muscles-but of forefoot deformities. My
experience has been a dual one. At two hospitals
I see very many fractures (about 2000 a year) as
well as orthopaedic cases. In this group I see the
effects of industry on feet in the form of accidents.
At two foot hospitals I hold orthopaedic clinics at
which I gain an experience of foot deformities. These
are factors which affect industry and the efficiency
of the workers.

FIG. 7-Showing : A, effect of thin
soles in stimulating toes to contract
when stepping on an irregularity,
thus allowing all the weight to come
on to the metatarsal heads ; and B,
effect of thick sole-i.e., surface is
always smooth for foot, however
irregular the ground.

FRACTURES

At Salford Royal Hospital we see between four
hundred and five hundred fractures of the toes and
metatarsals each year. Besides these there are the
more severe foot injuries, of which a crush fracture
of the os calcis must be mentioned as a typical
industrial fracture. As regards these small fractures,
the following facts emerge :-

(a) Nearly all the affected individuals are males
(whereas deformities affect mostly females).

(b) Very few have deformities of the feet; in fact
most male workers have very good feet.

(c) Most of the accidents are caused by dropping
weights on the feet.

(d) Colliery workers wear boots with protected
toe-caps, and we see very few cases from the pits.

(e) One firm in Manchester has introduced
strengthened toe-caps and has found that the number
of fractures has been reduced almost to nil. The
cost of these boots is 6s. 11<., 8s. 11<7., and 10s. old.
only-a cheap form of insurance.

(f) Industry loses by the workers’ period of dis-
ability. ’

(g) There is little permanent disablement.
(h) Nearly all this is preventable at the cost of a

little thought only.
The more severe fractures are no more numerous

than in non-industrial accidents. They may have
permanent disabling effects, but they are " inevitable,"
and the responsibility for rapid and good cure is in
the hands of the orthopaedic surgeon only.

DEFORMITIES

Some months ago I analysed the first 1000 cases
seen at the orthopaedic clinics of the two foot hospitals.
The patients were seen in less than two years and had
been referred by the chiropodists to my clinics for
surgical advice, being considered too complex for

straightforward chiropody. The following brief facts
are important.

(a) There
were fifteen
females to
each one
male.

(b) 33 per
cent. had
abnormalities
of the fore-
foot, of the
hallux valgus
and meta-
tarsal arch
defect type ;
20 per cent.
acquired flat-
foot, 10 per
cent. hallux
rigidus, and
4 per cent.
hammer-toes.
The remain-
ing third had
severe corns,
ingrowing
toe-nails, ,
onychogry-
phosis, ar-

thritis, or

other condi-
tions.

(c) Although
the " forefoot
group " were

mainly of

FIG. I-Forefoot deformities. i, spreading
and fanning of metatarsals ; m, valgus
deformity and rotation of hallux;
iv, exostosis and bunion; v, over-

riding or underlying or hammer second
toe ; vi, underlying toes from shoe
pressure-with corns; and vn, dis-
located metatarso-phalangeal joint-
one or more are dislocated in 8 per cent.
of these cases.


