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INTRODUCTION 

The energy cost (or metabolic cost) of walking is a 
concern in people with trans-tibial amputation (TTA). 
Individuals with TTA on an average spend 
approximately 33% more energy than healthy 
individuals while walking at the same speed

1-3
. 

Amongst other factors, energy cost in this population 
could be affected by the mass and mass distribution 
(mass configuration; MC) of the user’s prosthesis

1,2
. 

While it is known that mass symmetry between both 
limbs, prosthetic and non-prosthetic, is detrimental to 
the energy cost of walking for the user with TTA

1,2
, it 

remains unknown whether any prosthesis MC exist 
which can reduce the energy cost of the individual. 
Hence, the purpose of this pilot study is to investigate 
the effects of altered prosthesis MC on the energy 
cost of people with TTA. 
 

METHOD 

Subjects: 1 male with TTA. Age: 29yrs; Height: 
1.80m; Weight: 75.8kgs; Prosthesis weight: 2kgs. 
 

Procedures: 5 visits, ~1 week apart, during which, the 
participant completed a 6 minute walk test (6MWT) 
while metabolic activity was collected (K4b

2
COSMED, 

USA). Following the test, the participant’s prosthesis 
MC was randomly altered by placing mass either 
proximal (P) (~20% length) or distal (D) (socket/pylon 
interface) on the prosthesis and adding either 30% 
:10.5oz (Light; L) or 50%: 16oz (Heavy; H) of the 
mass difference between limbs. After each alteration 
the participant was sent home and given ~ 1 week to 
acclimate before the next session. Following testing 
on the 5

th
 session, the prosthesis was returned to its 

original MC. 
 

Data Analysis: Descriptive statistics were used to 
investigate distance covered during 6MWT, velocity 
(vel), mean VO2 uptake, peak VO2 and VO2/meter, for 
each MC. Additionally, VO2 uptake was averaged 
during the first 10secs (resting) and 60sec intervals 
between 1 and 2min, 3 and 4min and 5 and 6min of 
the 6MWT.  
 

RESULTS 

MC: Mass configurations; BL: Baseline; LP: Light proximal; LD: Light 
distal; HP: Heavy proximal; HD: Heavy distal  

 

During the 6MWT the participant walked farthest and 
fastest with LP, 705m, while consuming least VO2 per 
meter, 5.37 (Table 1). Compared to baseline 
prosthesis MC, the participant had a lower peak VO2 
(Table 1) and VO2 uptake during the last min (Fig 1), 
while using LP and HD. Peak VO2 (Table 1) and VO2 
uptake during the last min was highest (Fig1) with LD.  

 
 

DISCUSSION 

The results of this pilot study suggest that the 
prosthesis MC might alter the energy cost of the user. 
Two of the 4 selected MC, LP and HD, reduced the 
participant’s energy cost while allowing them to walk 
further and faster, as compared to baseline. Amongst 
the 2 (LP and HD), the participant had a better 
performance with LP (Table1), which was also the 
participant’s reported most liked configuration. The 
participant’s better performance with HD (compared 
to HP), as seen by the more distance covered, lower 
peak VO2 (Table 1) and lower VO2 uptake during the 
last min (Fig 1), is in contrast to previous evidence

1,2
 

and is possibly due to the heavier distal portion of 
prosthesis assisting in swing of the limb, similar to a 
pendulum. Interestingly, HD was the least favorite 
configuration of the participant. Similar results 
however, were not seen for LD. An investigation with 
a larger sample size is needed to better highlight 
prosthesis MCs that are most appropriate for the user. 
 

CONCLUSION 

The user’s energy cost of walking may be affected by 
certain prosthesis MCs.  
 

CLINICAL APPLICATIONS 

During design and fabrication clinicians should be 
mindful of the mass distribution of the prosthesis as it 
may alter energy cost of the user. 
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Table 1. Distance and VO2 parameters 
MC 6MWT 

(m) 
Peak 
VO2 

VO2/m 
(mL/kg/min) 

Vel 
(m/s) 

%  Δ Dist 
to BL 

%  Δ  Peak 
VO2  to BL 

BL 643 33.9 5.49 1.78   

LP 705 28.7 5.37 1.95 9.4% -15.3% 

LD 675 43.5 7.70 1.87 5.0%  28.3% 

HP 650 28.0 6.44 1.80 1.1% -17.4% 

HD 668 26.3 6.12 1.85 3.9% -22.4% 


