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Abstract

The Intelligent Prosthesis may enable lower
limb amputees 1o walk faster than with
conventionally damped prostheses and as a
result the physical burden involved in walking
could be expected to be considerably higher.
The aim of this study was to investigate whether
or not physiological cost index (PCly is
applicable as an indicator for monitoring the
amount of exercise load involved in walking
with an Intelligent Prosthesis. The method used
a treadmill and monitored gas exchange,
ventilation and heart rate (HR) in 6 unilateral
trans-femoral amputees, ages were between 17
and 34 with an average age of 23.1. The exercise
protocol was as follows: for each person speeds
at 0.8 times the subject’s free level walking
speed, 1.0 times, 1.2 times, 1.4 times and for
some 1.6 times were applied. In each case the
index of correlation between PCI and oxygen
uptake in responsc to walking speed was
calculated. A significant correlation was
observed between PCI and oxygen uptake in
each case, which indicated a close relationship
between cardiopulmonary factor and energy
consumption while walking. These results
suggest that PCIL is of use as un indicator for
ascertaining the amount of cxercise load in
walking with an Intelligent Prosthesis.

Introduction

The, so called, Intelligent Prosthesis is
electronically controlled to dynamically regulate
the degree of opening of the needle valve of a
pneumatic damping cylinder at the prosthetic
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knee joint in response to walking speed. A
microcomputer is used for swing phase control.
The Intelligent Prosthesis may allow lower limb
amputces to walk faster than was possible with
conventionally damped prostheses (Zahedi.
1993). The authors’ centre offers an additional
Intelligent  Prosthesis  walking  training
programme to teach amputees the techniques of
walking rapidly. In this circumstance the
exercise load involved in prosthetic walking can
be expected to be considerably higher than
normal. Consequently the exercise load while
walking with the prosthesis must  be
appropriately monitered to muake walking
training safer. In many cases in clinical
situations physical therapists arc responsible for
training and their work would be facilitated by a
simple, convenient and real-time meoenitoring
method.

PCI is one of the cardiopulmonary factors
suggested by MacGregor as an indicator of
energy cost. (MacGregor, 1979; MacGregor,
1981). This indicator is the value of the hean
rate (HR) at rest subtracted from the HR under
load and divided by the walking speed, which is
comparatively simple to measure. The research
reported here aims 1o investigate whether or not
PCI is applicable as an indicator for monitoring
the amount of exercise load involved in walking
with an Intelligent Prosthesis.

Subjects

The subjects were 0 unilateral trans-femoral
amputees (5 male, | female) aged between 17
and 34 with average age of 23.1 who had been
hospitalised in the authors’ centre and completed
the Intelligent Prosthesis walking training
programme. The amputees had been well trained




Case no. 1 20003 | 4 5 6 |
Sex FIM|[M|M[M]|M
Age (yr) 19 | 23 | 20 | 26 | 34 | 17
Mass (kg) 478 66.0 [ 57.0[64.0 [ 70.0] 585
[ Height (cm) 168 | 175 | 172 | 176 | 170 | 176 |
}Imputaiio;f — T T T T =T T T
cause
Ambulatory aid| no | no | no no | no | no
FWS (kmhr) | 40 | 45 [ 40 [ 35 [ 30 ] 4.0 ]
FWS: free level walking speed T: trauma
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case there was a significant correlation between
PCI and oxygen uptake as they varied with
walking speed, which indicates a close
relationship between cardiopulmonary factor
and cnergy consumption factor while walking.
PCI can be measured easily in a clinical
environment while it makes it potentially useful
as an indicator for ascertaining the amount of
exercise load involved in walking with an
Intelligent Prosthesis and monitoring the
cardiopulmonary function under exercise load.

Conclusion

The applicability of PCI measurement as an
indicator for monitoring the amount of exercise
load involved in walking with an fntelligent
Prosthesis has been established. This study
indicated the feasibility of the clinical
application of PCI in Intelligent Prosthesis
walking training for amputees.
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