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INTRODUCTION 

In current practice, amputee rehabilitation focuses 
primarily on restoring functional capacity 
postamputation. There is a heavy emphasis placed on 
the ability to stand and walk with a prosthesis (Velzen 
et al., 2006), but little focus is placed on physical 
fitness beyond that needed to perform activities of 
daily living. 

Aerobic endurance is one of the five components of 
physical fitness, and is commonly used to improve 
functional outcomes in a variety of pathologies such 
as cardiovascular disease.   Aerobic endurance is 
primarily improved through lower-intensity endurance 
training, with intensity levels determined by ACSM 
guidelines (ACSM, 2013).  

A common gauge of aerobic intensity is metabolic 
rate, which is measured by oxygen consumption, or 
VO2. With endurance training, individuals will see a 
decrease in VO2 values at the same work rate. The 
literature indicates that decreased exercise VO2 
values correlate with improved functional status 
(Waters & Mulroy, 1999). However, since amputees 
have a higher energy cost of ambulation (Goktepe et 
al, 2010), established guidelines may be inadequate. 

The purpose of this study was to evaluate the 
applicability of current exercise prescription (ExRx) 
guidelines designed for the general population to 
healthy transfemoral (TF) amputees. 

METHOD 
Subjects: 3 established (>15 years with prosthesis) 
nondysvascular transfemoral amputees (K3/K4) ages 
30-41 with no comorbidities. All wore their usual 
ischial containment sockets and microprocessor-
controlled knees. None used assistive devices. 

Apparatus: Physical Activity Readiness Questionnaire 
(PAR-Q), treadmill, Polar heart rate monitor, PARVO 
Medics TrueOne 2400 metabolic cart. 

Procedures: The PAR-Q was used to determine risk 
level for clinical exercise testing. Subjects’ heart rates, 
respiratory rates, and rates of oxygen consumption 
were measured using the PARVO during 
administration of the Ebbeling treadmill protocol, a 
two-stage clinical submaximal VO2 test (Table 1). 
Resting and recovery HR and BP were taken 
manually, while exercise HR was recorded using the 
Polar monitor. 

Data Analysis: Calculation of mean of steady-state 
relative VO2 data during warm-up and exercise 
stages. Estimated relative VO2 data was calculated 
using ACSM metabolic equations for treadmill use.  

 

 

RESULTS 

Relative VO2 values for the amputee subjects were 3-
4 mL/kg/min greater than what was expected based 
on normative data from nonpathologic populations. 
However, VO2 response from 0% incline to 5% incline 
(ΔVO2) increased 1.46 mL/kg/min, approximately 30% 
less than the estimated ΔVO2. 

 

DISCUSSION 
The subjects tested all showed higher metabolic demands 
than would be expected of non-amputees. This is likely due 
to the decreased gait efficiency caused by compensatory 
mechanisms such as vaulting or hip-hiking (Villa et al, 2015). 
However, ΔVO2 values from the warmup to the exercise 
stage were mitigated. This could be due to several factors, 
including supplemental support from using handrails or 
excessive toe clearance with no incline. It should be noted 
that a small sample size could skew the results. Further 
research is necessary to validate these results. 

CONCLUSION 
These data indicate that transfemoral amputees have altered 
metabolic responses to elevation changes during ambulation 
when compared to predicted values for non-disabled non-
amputees. The mitigated ΔVO2 response indicates that the 
alteration might not simply be a baseline shift. Current 
ACSM exercise prescription guideline equations for 
metabolic cost estimation may be inaccurate for this 
population. 

CLINICAL APPLICATIONS 
Exercise prescription is commonly used as a rehabilitation 
technique for many disabilities. The creation of appropriate 
guidelines of exercise prescription for amputees has the 
potential to improve clinical care with a population-specific 
formula. 
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Warmup 
VO2 
(mL/kg/min 

Exercise 
VO2 
(mL/kg/min) 

 
Δ VO2 
(mL/kg/min) 

Estimated 8.9 13.7 4.8 

Measured 13.27 16.62 3.34  

Table 1. Estimated and measured (mean value) oxygen 
consumption at warm-up (2.0mph and 0.0% grade) and 
exercise (2.0mph and 5.0% grade) workloads 

 


