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There are other objections to a SACH foot.
This foot was designed for amputees walking
on level ground and the rather limited range of
inversion and eversion by compression of the
heel pad has so far been considered adequate
for the Western amputee. It is when SACH feet
are used in rugged terrain for rough outdoor
activities that their structural and design
weaknesses are revealed. Even in the West,
where the material used for SACH feet is far
superior to that used in Indian SACH feet,
complaints of frequent breakdowns have been
voiced by amputees who want to lead a vigorous
outdoor life (Harris, 1973).

The presence of a rigid keel does not permit
any transverse rotation of the foot in relation
to the leg; the importance of this movement is
receiving increasing recognition in recent
descriptions of gait analysis. But more im-
portant than any of the foregoing drawbacks
is the inability of the foot to adapt readily to
uneven surfaces. The ground reactions are
transmitted and magnified by the length of the
shank to the stump, consequently many
amputees felt very uncomfortable when walking
on rough and uneven ground.

Peg legs and rural amputees

The general philosophy of most Indian
surgeons has been to follow a double standard.
For the well-to-do urban amputee who can take
to a Western style of living, that is walking on
level ground, sitting on chairs and using
Western type of toilet seats, a conventional
prosthesis is provided. For the poor rural
amputee a peg leg is prescribed. While it is true
that a peg leg is simple and inexpensive, even
the rural amputee of today would reject it on
cosmetic grounds. In addition, there are
numerous biomechanical drawbacks which are
commonly overlooked. The point of support is
too small; a peg leg sinks in sand or mud. The
impact of heel-strike cannot be cushioned
adequately because of the lack of an ankle and
knee mechanism (Saunders, Inman and Eber-
hart, 1953). The forward transfer of the point
of support from the heel to the metatarsal
heads which is so necessary for knee stabiliza-
tion during take-off is not possible in a peg leg;
an above-knee peg leg prosthesis cannot have a
knee mechanism. The inability to shorten and
lengthen the limb during the gait cycle leads to
a characteristic vaulting gait (Murphy, 1960).

Formulation of objectives
Based on the foregoing observations, the
requirements of the footpiece were roughly
formulated as follows:
1. It should not require a shoe, and con-
sequently, should have a certain degree of
cosmetic acceptance by the amputee.

2. The exterior should be made of a water-
proof, durable material.

3. It should allow enough dorsiflexion to
permit an amputee to squat, at least for
short periods.

4. It should permit a certain amount of
transverse rotation of the foot on the leg
to facilitate the act of walking as well as to
allow cross-legged sitting.

5. It should have a sufficient range of inversion
and eversion to allow the foot to adapt
itself while walking on uneven surfaces.

6. It should be inexpensive.

7. It should be made of materials which are
readily available.

Muller solid rubber foot

Muller, working in Ceylon, was faced with
the problem of providing limbs for amputees
working in paddy fields with legs immersed in
water. His major objective was to render the
prosthesis waterproof. He chose vulcanized
hard rubber for this purpose and used it to
cover the wooden leg piece (Muller, 1957). A
solid L-shaped prolongation simulating a foot
was added to improve the function of the limb.
One can conceive of the Muller limb as a large
skin-tight gum boot in which the shoe portion
was replaced by a solid rubber footpiece (Fig.
2). This was an improvement on the peg leg and
Muller expressed considerable satisfaction with
his design.

Muller’s choice of vulcanized hard rubber as a
material for a footpiece appeared to be very apt.
Natural rubber has a combination of several
properties which, in many ways, is unique. Its
durability, resilience, resistance to abrasion and
to cuts and tears are not present in any of the
available plastics. Moreover, natural hard
rubber is readily available in India because of
an extensive trade in retreading worn out
automobile tyres. Almost every town in India
has retreading shops and local craftsmen know
how to handle this material.
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has a basic simplicity which is attractive. It is
very easy to fabricate: the large size of the
sponge rubber block gives it a very substantial
range of movement. This is enhanced by the
presence of layers in the sponge rubber block
which can slide on each other. The enclosure of
this unit in a shell of hard rubber provides
virtual immunity from breakdowns. Prolonged
and extensive field trials under the most adverse
conditions have proved the basic sturdiness of
this joint.

The forefoot wooden block represents the
rigid section of the foot. This provides a lever
arm for take-off which gives it a greater
mechanical advantage than the relatively short
keel of a SACH foot. Because of the presence of
the large sponge rubber joint and the rubber
toes, it is unnecessary to provide any toe-break
and so the full advantage of this lever arm can
be exploited. The idea of replacing the single
forefoot block with separate metal links which
could simulate metatarsals has been discussed
but this has so far not been tried. The complexity
of such a design and the fear of making the
footpiece heavy has acted as a damper to this
idea. It is possible, however, that in barefoot
walking this device could increase adaptability
of the forefoot.

The external skin made of vulcanized rubber
not only lends strength to the foot but also
serves to modulate the range of mobility. The
final range of movement is thus a resultant of
the intrinsic mobility of the sponge rubber block
and the restraining effect of the external skin.
It will be recalled that earlier attempts were
hampered by the stiffness of the hard rubber
which had to be reduced in thickness. What
appeared originally as a drawback has now been
harnessed to control the mobility and by
increasing or decreasing the thickness of the
hard rubber in front of or behind the ankle, one
can get any desirable degree of suppleness in the
foot. No other existing design is known which
has made use of such a control mechanism.

The value of a large area of support provided
by the plantar surface has not received any
attention by the limb designers so far. This is
surprising because this is also an important
anatomical feature and makes the amputee feel
more secure. This may prove to be particularly
useful for the elderly amputees in the West who
may find balancing much easier. It may be
stressed that a broad flat plantar surface is

directly linked with the provision of mobility
in the foot mechanism; a stiff ankle would
demand a rockered sole to allow a smooth heel
to toe action. The area of support in a rockered
sole is a relatively small one and consequently
the amputee requires some time to learn to
balance himself on it. It is also possible that a
large area of plantar surface may result in a
more effective sensory feedback to the stump.
Although this seems plausible no means were
available of testing this hypothesis.

The gait with these feet is very natural.
Farmers are able to walk on uneven ground
with remarkable ease.

The cosmetic features of the footpiece
naturally assume importance in all countries
where closed shoes are not ordinarily worn.
This is perhaps true of most of the warm
countries in the Asian, African and South
American continents. It is obvious that a very
large proportion of the amputee population of
the world would require this feature. The social
and cultural background also cannot be ignored.
Natrajan (1971), in Madras, recognised this need
and has tried to reshape a SACH foot to make it
resemble a normal foot by carving toes,
modifying the heel contour and painting the
exterior to match the skin colour. Lest the
‘“Natrajan Foot’ be confused with the ‘‘Jaipur
Foot”, it must be made clear that he has not
made any alteration in the basic design of a
SACH foot and the footpiece is made of sponge
rubber. It cannot withstand the rough exposure
during the outdoor activities of an Indian
peasant. It does not match the strength and
durability of the “‘Jaipur Foot” nor does it have
the range of mobility present in the latter.

There is considerable scope for improvement
in the “‘Jaipur Foot™. It should be realized that
this work was carried out with the help of local
craftsmen with primitive facilities, supervised
by orthopaedic surgeons with no formal back-
ground in prosthetics.

It is felt that even the Western amputee would
appreciate a more natural looking artificial foot.
There is no reason why a really life-like foot
which is light and more durable cannot be pro-
duced with the help of the advanced technology
in the West. It is envisaged that the entire range
of foot sizes in different shades of colour could
be produced on an assembly line basis so that
they could be taken ‘‘off the rack™ to suit any
amputee.
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