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Technical note

A pilot study to test the influence of specific
prosthetic features in preventing trans-tibial amputees
from walking like able-bodied subjects
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Abstract

The purpose of this pilot investigation was to
develop a method to test the influence of
specific prosthetic features in preventing trans-
tibial amputees from walking like able-bodied
subjects. An able-bodied subject was fitted with
a patellar-tendon-bearing orthosis incorporating
several features of an amputee’s prosthesis.
Kinetic, kinematic and metabolic data were
collected as features were systematically
removed from the orthosis, While wearing the
orthosis the gait of the able-bodied subject
closely simulated trans-tibial amputee gait
kinematically, Kinetically and metabolically.
Although it was obvious that the vanous
prosthetic features inflvenced the kinetics and
kinematics of gait, they were difficult 10
quantify with oaly a single subject. However,
the two features which appeared to have the
largest influence in preventing trans-tibial
amputecs from  walking like able-bodied
subjects were patellar tendon loading and a
solid ankle.

Introduction

It has been well documented that trans-tibial
amputees (TTAs) do not walk like able-bodied
individuals (Breakey, 1976; Doane and Holt,
1983; Culham er al., 1984; Lewallen et al.,
1986; Winter and Sienko, 1988; Smith, 1990).
Engsberg et al. (1993) stated that TTAs will
now walk like able-bodied (AB) subjects until a
prosthesis is developed that functions like an
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intact leg and foot. If the design of such a
device is to be undertaken it is critical to
understand the relative contribution of each
component of the prosthesis lowards permitting
or preventing TTAs from walking like ABs.

A patellar-lendon-beaning prosthesis with a
Symes fool terminal device includes the
following major components: a) a solid ankle
allowing no dorsiflexion-plantarflexion or
eversion-inversion, b) substantial loading on the
patellar ligament and other soft tissue regions of
the stump, ) passive flexion-extension at the
metatarsal-phalangeal joints, d) slight knee
flexion imposed by the socket and thus
preventing full knee extension, and e) a
cushioned heel to assist the foot in attaining a
foot-flat position. The contribution of each of
these components towards permitting or
preventing TTAs from walking like ABs is
presently unknown. For example, the lack of
dorsiflexion- plantarflexion in the solid ankle of
the foot must prevent normal walking. It would
seem that the extent of this prevention should be
quantifiable.

Two difficulties arise when considering the
use of an amputee as a subject. The first is that
adding and removing components of a
prosthesis 1s impossible since the amputee
requires the prosthesis to function. The second
15 that if components were removed, they could
nol be replaced with able-bodied functions,
thus, it would be impossible to directly
determine the influence of the component in
preventing the TTA from walking like an AB.
However, if an orthosis could be created for an
AB that fenctions like a prosthesis, features of
the prosthesis could be systematically varied to
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Ankle-Foot
Orthosis Features
(AFO)

AFOI solid ankle
patellar-tendon-bearing
passive flexion-extension of the forefoot
slight knee flexion
AFO2 solid ankle
patellar-tendon-bearing
passive flexion-extension of the forefoot
AFO3 solid ankle
patellar-tendon-bearing

AFO4 solid ankle
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ground. The removal of both knee flexion and
passive flexion-extension of the forefoot had
small influcnces on gait according (o the
subject.

From the kinetic data and the supporting
subjective rating it appeared that the patellar-
tendon-bearing and the solid ankle had the
largest negative influence. The flexion-
extension of the forefoot did not appear to have
influenced gait during walking. Also, it
appeared the slight knee flexion was a positive
feature incorporated in the prosthesis to
compensate somewhat for the solid ankle and
patellar-tendon- bearing, These results are
important sincz current research is directed
solely at developing better feet to improve
function of the TTA. This data indicates that the
loading of the stump may be at least as
important. Research directed at alternative
loading scenarios may be necessary if TTAs are
to walk more like ABs.

In future studies it will be important to
include a large number of subjects to see if
similar trends appear and to be able o quantify
the influences of the various prosthetic features.
It will also be importunt to include other
activities in the protocol to determine the
influence of the prosthetic features during
activities other than level walking (i.e. walking
on uneven ground and running.)
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