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Fatigue testing of energy storing prosthetic feet
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Abstract

This paper describes a simple approach to the
fatigue testing of prosthetic feer. A fatigue
testing machine for prosthetic feet was designed
as part of the programme to develop an energy
storing prosthetic foot (ESPF). The fatigue
tester docs not simulate the loading pattern on
the foot during normal walking. However.
cvclic vertical 1oads are applied to the heel and
forefoot during heel-strike and toe-off
respectively, fer 500,000 cycles. The maximum
load applied was chosen to be 1.5 times that
applied by the bodyweight of the amputce and
the test frequency was chosen to be 2 Hz to
shorten the test duration. Four prosthetic fect
were tested: tvo Lambda feet (a newly
developed ESPF), a Kingsley SACH foot and a
Proteor SACH foot. It was found that the
Lambda fect have very good fatiguc properties.
The Kingsley SACH foot pcrformed better
than the Protcor model, with no signs of wear at
the heel. The results obtained using the simple
approach was found to be comparable to the
results from more complex fatigue machines
which simulate the load pattern during normal
walking. This suggests that simple load
simulating machines, which arc less costly and
requirc less maintenance. are useful substitutes
in studying the fatigue properties of prosthetic
feet.

Introduction

In the devclopment of prostheses, all
prosthetic assemblies and components are
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subjected to structural acceptance tests which
include static and fatigue tests. Static tests are
required to determine the structural strength of
the foot to ensure performance and safety.
These are carried out on a universal testing
machine. While this is important, fatigue tests
to reveal the fatigue strength of the components
must also be performed. Fatigue tests are
designed to study performance under load for
the equivalent of the expected service life
during normal use.

As part of the programme to develop an
cnergy stering  prosthetic foot, called the
[.ambda [oot, a simple fatiguc tcsting machine
lor prosthetic feet was designed. Fatiguc testing
is essential as the foot is expected to be
subjected to repetitive loading during normal
usage. Marsden and Montgomery (1972)
conducted a survey to measure the number of
steps taken by individuals during their normal
activitics of daily life. It was found that the
number of steps taken is heavily dependent on
the amount of objcctive walking which an
individual does. A wide range in the step
frequency of the individuals (in steps per hour)
was recorded, It ranged from a low of 145 steps
per hour for a schoolboy to a high of 1780 for a
postman. Fatigue testing thus forms an integral
part in the design of the prosthetic foot.

A simple approach to fatiguc testing of
prosthctic fect was adopted. The fatigue tester
does not replicate loads acting on the foot
under normal walking conditions. but a pcak
load equivalent to about 1.5 times that of the
body weight was applied to the foot during
heel-strike and toe-off. Altogether. four
prosthetic feet were tested: a size 5 Lambda
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The forcfoot of the Kingsley SACH foot
performed better than the Proteor model but
also broke down prematurely. However, the
heel of the Kingsley model was very durable
with no wear at all. The results obtained were
also found to be comparablc to the results
obtained using more complex fatigue testers.
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