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Abstract

The purpose of this investigation was two-fold:
1) to compare the metabolic cost (VO:), heart
rate (HR), and self-selected speed of ambulation
of trans-tibial amputees (TTAs) with those of
non-amputee subjects; and 2) to determine
whether a correlation exists between either
stump length or prosthesis mass and the energy
cost of ambulation at the self-selected
ambulation pace of TTAs. Subjects were thirty-
nine healthy male non-vascular TTAs between
the ages of 22 and 75 years (mean + sd = 47 +
16). All had regularly used their prosthesis for
longer than six months and were independent of
assistive ambulation devices. Twenty-one
healthy non-amputee males aged 27-47 years
(31 £ 6) served as controls. Subjects ambulated
at a self-selected pace over an indoor course,
with steady-state VO., HR, and ambulation
speed averaged across minutes seven, eight and
nine of walking. Results showed that HR and
VO: for TTAs were 16% greater, and the
ambulation pace 11% slower than the non-
amputee controls. Significant correlations were
not observed between stump length or
prosthesis mass and the energy cost of
ambulation. However, when the TTA subject
pool was stratified on the basis of long and
short stump length, the former sustained
significantly lower steady-state VO:. and HR
than the latter while walking at comparable
pace. These data indicate that stump length may
influence the metabolic cost of ambulation in TTAs.
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Introduction

The surgical, rehabilitative, and prosthetic
management of  individuals  sustaining
amputation from all causes represents a
significant challenge for contemporary health
care professionals. In the United States alone,
the National Centre for Health Statistics
estimates that 105,000 to 115,000 amputations
are performed annually, of which 25,000 to
30,000 involve loss of limb below the knee.
Moreover, the National Health Interview
Survey (1983-1985) reported that 268,000
survivors of amputation presently live in the
United States. Based upon population growth,
the total amputee population would now
number nearly 311,000, of whom 77,750 will
have undergone trans-tibial amputation (TTA).

The energy cost of ambulation following
amputation has long been a topic of concern
among physicians, prosthetists, and physical
therapists. Related to this concern is the
question of an optimal stump length following
amputatiorn, an aspect of surgical management
which is highly influential in determining the
success of  post-amputation ambulation.
Historically, opinions concerning the effect of
stump on efficient prosthetic use date to Yale
Medical Institute Professor Nathan Smith,
whose lecture notes of 1825 contained the
admonition that “as a general rule, you should
save all the stump you can” (Sanders, 1986).
More recently, investigations have directed their
attention toward identifying a stump length for
TTA which will optimize prosthetic fit,
biomechanical conditions, and limb circulation
(Levy, 1983) (Fig. 1).

The majority of studies examining metabolic
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Characteristic mean

Amputee

Control
mean

p-value?

Walking speed

Prosthetic mass (kg)
Stump length (cm)

Amputee Control
Characteristic mean mean p-value?
Age (years) 47.05 31.19 0.0001
Baseline VO:
(ml/kg.min) 49 45 0.2093
Baseline HR (bpm)  82.9 726 0.0008

2.45 (5.371b)
16.41 (6.46in)

2 Student’s t-test
Amputee group N=39
Control group N=21

(m/min) 69.7 (2.6mph) 75.0 (2.8mph) 0.1674
Final VO:
(ml/kg.min) 12.9 10.9 0.0051
Final HR (bpm) 102.5 86.5 <0.0001
4 Student’s t-test
Amputee group N=39
Control group N=21
Group Baseline VO:  Final VO:
Amputee (ml/kg.min) 492 12.87
Control (ml/kg.min) 447 10.88
Source of variance F4 p-value
Group effect 6.50 0.0100
Time effect 886.98 0.0001
Time* Group effect 8.66 0.0047 J

3 Two group repeated measures ANOVA







