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INTRODUCTION Functional studies of the ≈350,000 
Americans with transfemoral amputation (TFA) are 
limited. Obstacle courses simulating home and 
community barriers and ad-hoc measures are the extent 
to which functional benefits of microprocessor knees 
(MPKs) have been evaluated. Home barriers have 
included traversing over rugs and around trash cans. 
Simulated community barriers have included uneven 
terrain, ramps and stairs. In these simulations, C-Leg use 
tended to improve function compared to polycentric 
knees and to some extent, single axis and hydraulic 
knees. The aforementioned studies had numerous 
methodologic issues including small samples, high group 
variance, lack of control of components, lack of 
randomization and use of outcome measures lacking 
psychometric rigor. Improved methodologic quality and 
selection of outcome measures are clearly indicated. 
Presently, the Genium knee system has been 
commercialized and preliminary data show gait 
improvements, however there is no data on advantages 
from a functional evaluation perspective available at 
present. Therefore, this study sought to improve 
methodologic quality over prior MPK functional studies 
and to determine if Genium provides advantages in 
functional abilities compared to the C-Leg. 
METHOD The study was approved by the USF IRB and 
listed in a federal clinical trial registry. A randomized, 2-
period cross-over experimental design was used. A non-
amputee control group was also studied. Unilateral TFAs 
(≥K3), who used C-Leg currently for ≥1y were recruited. 
Subjects were 18-85y and free of medical comorbidities. 
Non-amputees were also healthy, independent 
community ambulators of a similar age range. TFAs’ 
preferred sockets either retained C-Leg or were fitted 
with a Genium (randomization dependent) and all TFAs 
were fitted with the same study foot. Component 
alignment was set to specification (LASAR verified). 
Subjects were provided training for each component and 
accommodation tested prior to data collection. After data 
collection, knee mechanisms were crossed-over and the 
process repeated.  
CS-PFP10 was administered via standardized procedure 
(i.e. certified test site, script dialogue, trained rater; all 
reported elsewhere). CS-PFP10 scores 10 ADLs in time, 
distance, and mass. Raw data reflects physiologic 
functional domains. Testing requires ≈30min. Raw data 
(time, distance, mass) are converted to summary scores 
with a validated algorithm in licensed software. Scaled 
from 0-100, summary scores include CS-PFP total score 
(CS-PFP TOT) and 5 physiologic domain scores: upper 
body strength (UBS) & flexibility (UBF), balance & 
coordination (BAL), lower body strength (LBS) & 
endurance (END).  
Data were examined for normality. Paired t-tests were 
used for between-knee comparisons. Independent 
samples t-tests to compare TFA and controls when data 
(interval & ratio level) were normally distributed. 
Otherwise, Wilcoxon’s Signed-Rank test for median 

differences was used (SPSS). Effect size(ES) was 
calculated using accepted methods and interpretations 
for Cohen’s d. The a priori significance level was p≤0.05.  

 
Values = mean±SD. * = p≤0.05 between C-Leg vs controls.  

‡ = p≤0.05 Genium vs C-Leg. † = p≤0.05 Genium vs controls. 
RESULTS 20 TFAs (age: 46.5y±14.2; BMI: 
26.4±4.2kg/m2) and 5 controls (age: 57.2y±15.7; BMI: 
23.0±3.0kg/m2) completed the study. Body mass was 
greater in TFAs(p=0.01). Most TFAs lost their leg to 
trauma. Alignment was consistent between knees.   
UBF score improved (7.0%, p=0.01, ES=0.45) when 
subjects used Genium compared with C-Leg. BAL and 
END scores also improved with Genium use [(7.6%; 
p=0.03, ES=0.28) & (8.4%; p=0.02, ES=0.32) 
respectively]. Finally, CS-PFP total score also improved 
7.4% (p=0.03, ES=0.28) with Genium use.  
Controls scored higher than TFAs in all domains. No 
statistically significant difference was found between 
controls and TFAs when using Genium except in END 
(22.4%; p=0.05). Controls scored higher in 4/5 domains 
(except UBS), compared to TFAs when using C-Leg. The 
smallest difference in this comparison was UBF (13.4%; 
p=0.01) whereas the largest was END (28.9%; p=0.01). 
DISCUSSION & CONCLUSION There were no 
significant differences in UBS between controls and 
TFAs. Genium use improved total CS-PFP scores likely 
due to improved confidence, willingness to lift and carry 
greater mass and move faster in activities from UBF, 
BAL and END domains. In LBS, UBF, and BAL domains, 
C-Leg use resulted in scores lower than controls. END 
was the only domain where Genium use significantly 
improved function compared to C-Leg, while both 
conditions were still lower than controls. In total CS-PFP, 
controls had significantly higher scores than TFAs using 
C-Leg. Regardless of knee condition, TFAs did not equal 
or surpass controls in any functional domain, suggesting 
room for improved TFA functional performance.    
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