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The efficacy of physiological cost index (PCI) measurement
of a subject walking with an Intelligent Prosthesis
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Abstract

The Intelligent Prosthesis may enable lower
limb amputees to 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 (PCI) 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 response to walking speed was
calculated. A significant correlation was
observed between PCI and oxygen uptake in
cach case, which indicated a close relationship
between cardiopulmonary factor and energy
consumption while walking. These results
suggest that PCI is of usc as an indicator for
ascertaining  the amount of exercise load in
walking with an Intelligent Prosthesis.

Introduction

The, so called, Intelligent Prosthesis is
clectronically controlled to dynamically regulate
the degree of opening of the needle valve of a
pneumatic damping cylinder at the prosthetic

All correspondence to be addressed o Dr T. Chin,
Hyogo Rehabilitation Centre, 1070, Akebono-Cho,
Nishi-Ku, Kobe, 651-2181, Japan.

45

knee joint in response to walking speed. A
microcomputer is used for swing phase control.
The Intelligent Prosthesis may allow lower limb
amputees 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 monitored to make walking
training safer. In many cases in clinical
situations physical therapists are responsible for
training and their work would be facilitated by a
simple, convenient and real-time monitoring
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 heart
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 to 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 6 unilateral trans-femoral
amputees (5 male, 1 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




s use. The fit of prosthesis was
‘viewed by certified prosthetists.
ustment of the Intelligent knee joint
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apists. The physical characteristics
ts are shown in Table 1.
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Fig. |. Experimental subject undergoing respiratory gas

s. Subject is instructed to hold the support bar

y with both hands to aveid the danger of falling
duning measurement,

lightly grip a support bar in bath hands, but they
were directed not to grip strongly 1). The
parameters during the last 2 minutes of the 5
minutes of each exercise stage were averaged.
PCI was cal ed as (HR while walking - HR
at rest) / walking speed. The Pearson Product-
Moment technique was used in all correlation
analysis.  Differences  were  considered
significant at p<0.05.

Results
The relationship between wal
oxygen uptake

In all cases oxygen uptake increased with
increasing walking speed (Fig.2).

g speed and

The relationship between walking speed and
PCI

With the exception of case 5 PCI increased
with increasing walking speed in each case. In
case 5 PCI fell slightly at FWS and 1.2 times that
speed, but there was a rising trend at 1.4 times
and 1.6 times (Fig.3).

The relatio berween PCI and oxygen uptake
In each case the index of correlation between
PCI and oxygen uptake in response 1o walking
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Fig. 2. The relationship between walking and oxygen uptake for cach case
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:le correlation chart for case 4. Examination of relationship between PCl and oxygen uptake in response to
walking speed gives a significant correlation between the two (r=0.997, p<0.01).
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the efficacy of medication on patients
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prosthesis is high (Gonzalez er al,, 1974; Waters
et al., 1976). The characteristics of an Intelligent
Prosthesis may allow a higher walking speed
than with conventionally damped prostheses
(Zahedi, 1993). In this circumstance the energy
consumed in walking would be higher and the
burden on the cardiopulmonary function greater.
It is therefore important to ascertain accurately
the exercise load involved in walking with an
Intelligent Prosthesis to provide safety in its use.
The best means of accurately ascertaining the
exercise load is to directly measure oxygen
uptake. However, it is not easy to measure this
directly due to the complexity and awkwardness
of the equipment and measurement technique.
Furthermore, it is not possible to make direct
measurement during prosthetic walking training
in the ordinary place of rehabilitation. Therefore
in place of oxygen uptake 2 simple objective
indicator which will allow the estimation of
exercise load is required.

In this research the energy consumption of
walking with an intelligent prosthesis was
measured by oxygen uptake at a wide range of
walking speeds and the relationship with PCI
was investigated. In each case it was observed
that an increase in walking speed was
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case there was a significant correlation hr.rwef:n
PCI and oxygen uptake as they varied with
walking speed, which indicates a close
relationship between cardiopulmonary factor
and energy consumption factor while w:lEkJ'ng.
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 monilo_ring the
cardiopulmonary function under exercise load.

Conclusion
The applicability of PCI measurement as an
indicator for itoring the t of exercise

load involved in walking with an Intelligent
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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