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INTRODUCTION 
There are ≈ 378,000 Americans with transtibial 
amputation (TTA) and ≈2000 amputees from recent 
war in the middle-East. Military TTAs tend to be high 
functioning (e.g. Medicare K4 level) and use 
prostheses functionally beyond basic ambulation. 
Energy storing prosthetic feet (ES) have been studied 
for preference, bio-mechanical and -energetic 
differences. TTAs prefer ES feet, and 
biomechanically, they increase ankle motion over 
non-ES feet and return energy in terminal stance. ES 
feet increase gait speed suggesting basic walking 
may be insufficient to fully determine ES feet benefits 
in high-functioning patients. Unlike ES feet, multi-
function feet, such as vertical or torsional shock 
absorption combined with ES, are poorly studied.  
Military TTAs currently have increased return to duty 
rates but assessments to substantiate their physical 
capability are elusive. Military equivalent obstacle 
courses (OC) are one means to assist in determining 
eligibility for return to duty and for differentiating 
abilities between prosthetic feet and those with TTA 
and non-amputees. This study’s purpose was to 
determine differences in functional abilities between 
ES feet with and without vertical and torsional shock 
absorption and between TTAs and non-amputees. 
METHOD 
The study was approved by the USF IRB and listed in 
a federal clinical trial registry. A randomized, double 
blind, 3-period cross-over experimental design was 
used. A non-amputee control group was also studied. 
K4 level prosthetic users with unilateral TTA for ≥1y 
were recruited. Additionally, subjects had to be ≤45y 
of age and be medically cleared to participate. TTAs 
had to be either active duty military, first responder, a 
veteran or an accomplished civilian athlete. Non-
amputees were local SWAT team members. TTA 
subjects’ preferred prostheses were fitted with all 
three study feet (Ossur Ceterus and Variflex, Endolite 
Elite Blade) and TTAs were trained by SWAT 
personnel to complete a 17-task, military equivalent 
OC. Subjects accommodated with each foot for 1wk 
(3wks total). Subjects completed the OC and tested 
with each foot (double-blinded) in a randomized order 
over the course of a week with a rest day between 
each of the 3 tests. Total completion time, per-
obstacle completion times and perceptive measures 
were assessed. Laboratory biomechanical and 
energetic measures were assessed for each foot with 
a VICON motion capture system and COSMED 
metabolic system at self-selected walk/run 
speeds(SSWS/SSRS). SWAT controls completed the 
same assessments a single time.   
Data were examined for normalcy and outliers. 
Repeated measures ANOVA was used with normally 

distributed data and non-parametric alternatives were 
used with categorical or abnormally distributed data. 
Analyses were assessed at a 0.05 statistical level.  

 
Training session images of select obstacles: A) 8’ chain link 

fence. B) A-Frame. C) Angle wall. 
RESULTS 
TTA’s(n=14) mean age (31.4y±5.9) was 
significantly(p=0.002) younger than controls(n=14; 
38.5y±5.1). The TTA BMI was 28.4±6.7kg/m2 
compared to controls: 26.3±2.9kg/m2(p=0.28). While 
66.7% of TTAs rated themselves as ‘highly active’, 
only 35.7% of controls rated themselves as ‘highly 
active’(p=0.13). Self-reported activity (years & # 
bouts/week) was not different between TTAs and 
controls however duration/bout was (p=0.02).  
Prosthetic feet were aligned to specification and were 
not significantly different sagittally or coronally 
between conditions (verified via LASAR tool;p>0.05). 
Ceterus made prostheses significantly heavier 
(p<0.05) than the other two feet. Mean OC completion 
times(total) were similar between prosthetic feet: 
Variflex[425s±144], Elite-Blade[419s±130] & 
Ceterus[444s±220]; as were median RPE values; 
p>0.05. Controls’ OC time (287.2s±58) was less than 
TTA as were median RPE values(p<0.05). In 
individual OC tasks, 4/17, with blended functional 
requirements (ie upper limb, slalom step) were not 
uniformly different between groups. Similar trends 
between controls & TTA were found in laboratory 
measures however Elite-Blade decreased O2 uptake 
at SSWS & SSRS(≈2-4%;p≤0.05).  
DISCUSSION & CONCLUSION 
High functioning TTAs can complete a military 
equivalent OC however performance is different (i.e. 
impaired) compared to non-amputees. All 3 prosthetic 
feet tested are suitable to complete these rigorous 
tasks however, Elite Blade may be preferred and offer 
a bioenergetic advantage in sustained, linear activity. 
Further, the heaviest foot with increased functional 
features tended to not be preferred relative to lighter-
weight alternatives.  
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