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INTRODUCTION 

The Proflex foot from Össur represents an interesting 
design that shows promise to deliver more push-off 
than traditional energy storage and return prosthetic 
feet (Heitzmann et al., 2015).  However, traditional 
evaluation of prosthetic foot push off power has been 
done using inverse dynamics in which a critical 
assumption is that the ankle joint center of rotation 
does not move. The design of the Pro-Flex foot itself 
includes a linkage system in combination with 
deformable carbon fiber sections and the instant 
center of rotation between the shank and foot 
segments is not constant and likely not consistent 
with the assumptions made for inverse dynamics 
calculations.  This is a problem with any prosthetic 
foot that relies on the deformation of the foot to 
provide movements (Sawers & Hafner, 2011). 

The unified deformable (UD) segment model 
overcomes the problem of calculating prosthetic foot 
push-off power by calculating total power generated 
below the knee joint and is not dependant on ankle 
joint center movement (Takahashi et al., 2012). 

The purpose of this study was to 1) define if the fixed 
ankle joint center assumption inherit with traditional 
calculation of ankle joint power was acceptable when 
evaluating the Össur Proflex which uses a deformable 
carbon fiber heel and forefoot sections in conjunction 
with a linkage system, and 2) evaluate the 
performance of the Össur Proflex foot to generate 
more push-off power than a variflex foot.     

METHOD 

When providing your methods, you should use the 
standard presentation adopted in scientific papers. 

Subjects: A person with a uni-lateral transtibial 

amputation (82 kg, 1.65 m, 55 y/o, K3) provided 
informed consent for this IRB approved study.  

Apparatus and procedures: The participant walked at 
on an instrumented dual belt treadmill for four 
different conditions (0.7, 1.1, and 1.3 m/s at 0 pitch 
angle and 1.1 m/s at 7.5 degree incline) while first 
wearing the Össur Variflex foot that he currently uses 
and then a Össur Proflex foot.  The order of 
conditions were randomized.  The Human Body 
Model markerset was modified to include three 
additional markers on the both shanks to allow 
simultaneous calculation of ankle power with 
traditional inverse dynamics and the UD model.  
Kinematic data (100 Hz) and ground reaction force 
data (1000 Hz) was collected in Vicon Nexus 2.2. 

Data Analysis: Data was processed in Visual3D.   

 

RESULTS 

Traditional methods of assuming a fixed ankle joint 
center and using inverse dynamics tended to 
overestimate push-off power compared to the UD 
model (Figure 1).  The Proflex foot delivered more 
push-off power than the variflex foot but not as much 
as the sound limb ankle joint (Figure 1). 

 

DISCUSSION & CONCLUSION 

The use of traditional inverse dynamics to calculate 
ankle joint power can show similar peak power output 
to a normal/intact foot/ankle system and this may lead 
to inaccurate interpretation of prosthetic foot 
performance. 

Therefore the evaluation of any deformable prosthetic 
foot should use the UD model that does not depend 
on assuming a fixed ankle joint center.  The true 
effect on knee osteoarthritis risk was unclear and 
more data will be necessary before any definitive 
statements can be made on how the additional push-
off provided by the Proflex foot could reduce 
secondary health complications. 

CLINICAL APPLICATIONS 

Improving the methods to evaluate prosthetic feet will 
better demonstrate the biomechanical advantages of 
energy storage and return feet. 
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Figure 1. The Proflex foot consistently delivered more 
push off power than the variflex foot.  The proflex foot 
was able to deliver similar power output to the sound 
limb at slow speeds but not faster (normal walking 
speeds) and uphill. Vertical axis is in Watts/kg sec. 

 


