CHAPTER IV

“Dupuytren’'s Contraction’ of the
Plantar Aponeurosis

Closer investigation of the material reported here, consisting of
patients suffering from Dupuytren’s contraction in the hands, re-
vealed that similar changes were present in the feet in several cases.
Both with regard to 1its localization and to other symptoms, the
nature of this disease when 1t occurs 1n the foot arouses particular
interest in the anatomical structure of the plantar aponeurosis.

1. Anatomy and Embryology of the Plantar Aponeurosis

A. General Survey of the Anatomy

On the basis of comparative anthropological investigations, LoTH
(1908) differentiated between a lateral and a medial part of the plantar
aponeurosis. The lateral part, also termed aponeurosis plantaris fibulares,
1s rudimentary in man. It is, however, of interest since phvlogenetically
1t must be regarded as the primary structure. Its tarsal part occurs con-
sistently and stretches from the os calcis to the tuberosity of the fifth
metatarsal bone, whence the true fibular aponeurosis continues in the
metatarsal region. It i1s lacking in 10 per cent of human beings.

Aponeurosis plantaris tibralts dominates and forms what 1s com-
monly referred to under the name of the plantar aponeurosis. It
arises as a strong fibrous band from the inner tubercle of the os calcis
and consists of two layers; one superficial with extensions to the four
lateral toes, and one deep layer running in a lateral-medial direction
and partly appearing on the medial side as a separate band for the
big toe. In contrast to the conditions in the hand, this extension oc-
curs consistently. It is shorter and broader than the extension to the
other toes.

In the metatarsal region the aponeurosis has become broader and
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thinner and divides 1nto five processes corresponding to the toes.
A superficial insignificant part of these attaches to the skin and merges
into the natatory ligaments and the fasciae of the toes. The main
portion of each process divides into two slips, which embrace the flexor
tendons of the toe, and are inserted 1nto the sides of the metatarsal
bones (GrRAY 1864). These series of arches, through which the tendons
of the long and short flexors pass, correspond to the much thinner
paratendinous septa of the hand. According to Braus (1929) their
total transverse section 1s so large that 1t could support a load of
approximately 150 kg. Kach septum is about two mm thick and ex-
tends from the anterior edge of the transverse portion of the adduc-
tor hallucis muscle up to the level of the metatarsophalangeal joints.
A number of fibres are crossed dorsally of the flexor tendons, and
many of them merge into the accessory plantar ligament but no con-
tinuation onto the toes has been described.

In response to the special task of the sole of the foot, which 1s to
bear the weight of the body and also to act as protection and support
for the tissues in the foot, a subcutaneous tissue of a particular nature
has developed in the supporting points corresponding to the os caleis
and the anterior metatarsal region. In these regions the fatty tissue
1s prevented from being shifted towards the sides by the fact that 1t
1s enclosed In a fibrous network whose vertical fibres issue chiefly
from the plantar aponeurosis and are tightly connected with the cov-
ering skin. In the hollow of the foot, these connexions are loose, so
that the skin can be lifted 1n folds and the aponeurosis can be exposed
by blunt dissection. (A detailled description of the finer structure of
this tissue has been given by BENNINGHOFF 1939.)

Two septa penetrate from the medial and lateral borders of the
plantar aponeurosis deep into the sole of the foot, dividing the sole
into three fibrous compartments. TEsTUT and Jacos (1906) described
how the medial septum 1n the posterior region allows passage to the
long flexor tendons to the foot, and also how the tendon to the flexor
hallucis longis once more penetrates this after its course along the
lateral side of the septum. HENKEL (1913) observed in addition a band
from the central part of the medial region of the aponeurosis, directed
distally and dorsally, and dividing into two slips. The lateral one
partly inserted into the 3rd cuneiform and partly merged with the
tendon of the flexor hallucis brevis muscle. The other slip (not shown
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Fig. 27. Deep attachments of plantar aponeurosis (redrawn after HeExker 1913).

a — tibial portion of plantar aponeurosis; b — lateral branch of deep, vertical
ligament described in text, detached from its origin at inner border of the plantar
aponeurosis; ¢ — flexor hallucis brevis; d — tendon of peroneus longus; e — fibular
portion of plantar aponeurosis; f — sulcus between tibial and fibular portion of the
aponeurosis; g —— long plantar ligament; h — deep attachments of the aponeurosis to
4th metatarsal bone. (Processes to the other metatarsal bones removed.)

in Fig. 27) curved medially and attached itself to the plantar surface

of the 18t cuneiform, forming a septum along the adductor hallucis
brevis muscle.

B. The Writer's Observations

Perusal of the literature shows that the plantar aponeurosis has
been studied somewhat cursorily when compared to the thorough
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studies made by several workers on the palmar aponeurosis. The
present writer has therefore endeavoured to make a closer study of
the structure of the plantar aponeurosis by means of 40 dissections.
The material consisted of post-mortem sections from adults of both
sexes and varying ages.

It was possible, by careful dissection, to follow the continuations
of the aponeurosis to the lateral aspects of the proximal phalanges,
as well as to the dorsal fasciae of the toes in analogy with the con-
ditions in the upper extremities. This was not the case as regards the
big toe, since the aponeurosis there shows no distinct continuation
peripherally of the metatarsophalangeal joint. The digital extensions
were thin and insignificant compared to those going to the fingers.

Since the pathological changes discussed in this chapter appear
particularly to take place at the medial border of the plantar apo-
neurosis in the hollow of the foot, special attention was paid to the
structure of the aponeurosis 1n this region. Even before the writer
had read HENKEL’s above-mentioned paper, it was always possible
in the dissections to i1solate two bands in this region with their origin
in the aponeurosis. They form oblique definite fortifications of the
medial septum, about a centimetre in breadth, at the site where the
tendon to the flexor hallucis longus muscle penetrates it to the medial
aspect (Fig. 28). The medial slip which has its course most proxi-
mally 1s the most pronounced and 1s attached, not only to the 1st
cuneiform, but also to the plantar aspect of the 1st metatarsal bone.
The anatomical structure within this region 1s further complicated
by the fact that, on the medial aspect, a tendinous partition fuses with
the short medial muscles of the foot and gives partial origin to these
muscles. The lateral shp shows, on the whole, the course described
by HENkEL (Fig. 27). It proceeds at right angles from the medial
border of the aponeurosis in a dorsal direction.

The plantar aponeurosis 1s thus very tensely fixed to the skeleton
by means of these bands. This anchorage in the hollow of the foot
certainly has a defimite influence on the statics of the foot and func-
tional significance as well. (This question will be discussed further
on p. 82).

As regards the functions of the plantar aponeurosis in general,
reference 1s made to BENNINGHOFF’s text-book, particularly as re-
gards the complicated coordination between the fibrous and muscu-
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lar supporting systems of the foot. If the aponeurosis is severed trans-
versely, the arch of the foot falls.

C. Embryology

The human embryology of the plantar aponeurosis was studied by
Bruno (1933) from the 11 to 48 cm stages. He was able to follow the
development of a fibular and a tibial portion.

Fig. 29. Longitudinal section of medial part of the foot in a 3.3 em human foetus.
Stained with haematoxylin-eosin. (x 25.)

a — metatarsal bone; b — ecalecaneus; ¢ — plantar aponeurosis.

An account of the development of the palmar aponeurosis based on
an investigation of 20 human embryos and foetuses in various stages
1s given in Chapter I of the present paper. The plantar aponeurosis
was studied in the same material. It was then observed that the de-
velopment of the latter started later than that of the corresponding
structures in the hands. This 1s 1n agreement with the general rule
that morphogenesis occurs later in the caudal segments. Fig. 29 shows
the tibial portion of the aponeurosis at the 3.3 em stage. The
development 1n the upper and lower extremities showed such good
agreement that the description given above of the hand can serve
for analagous features in the foot. Thus the natatory ligaments were
formed from separate primordia.



