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INTRODUCTION 

Prosthetic users experience various challenges when 
ambulating over uneven terrain. Prosthetic foot 
manufactures have attempted to minimize these 
challenges by designing multi-axial prosthetic feet that 
can conform and adapt to uneven terrain. This design 
has been tested in previous research (Curtz, 2010) 
but the effect of ankle stiffness on was not addressed. 
This lack of evidence now poses new challenges for 
practitioners and patients as the landscape of 
American healthcare changes. Third party payers now 
require outcome measures and justification to provide 
reimbursement for prosthetic devices 

Increases in the displacement of whole body center of 
mass (CoM) indicates increases in energy 
expenditure (EE) (Kuo, 2010) while decreases in CoM 
position indicates compensation for gait instability 
(Curtz, 2010).  These methods provide a way to 
evaluate prosthetic foot performance over uneven 
terrains.  

The purpose of this study was to determine the effect 
of multi-axial foot stiffness on COM height and 
displacement and utilize this information in 
strengthening evidence-based clinical practice.  

METHOD 

Subjects: One bi-lateral trans-tibial amputee (92 kg, 
177 cm, 46 yrs) has completed this pilot study 
approved by the Alabama State University Internal 
Review Board. 

Apparatus: Ambulation over the uneven terrain 
occurred on an uneven walkway with blocks 
specifically placed in a sequential pattern. The center 
of each block was spaced 8” apart from each other 
with 4” around the perimeter. A mat was placed over 
the uneven walkway reducing visual feedback and a 
harness system was used to safely ambulate over the 
uneven walkway. An eight camera motion capture 
system (Vicon Motion Systems, Oxford, UK) recorded 
limb kinematics at 100 Hz.   

Procedures: A single subject walked 12 times at a 

fixed cadence on even and uneven terrain. varying 
multi-axial stiffness (Endolite Multi-flex foot set to soft, 
typical, and firm via ankle snubber selection).  

Data Analysis: Vicon Nexus 1.8.4 calculated CoM 

movement. Displacement of the CoM in the sagittal 
plane was defined as the difference in the lowest and 
highest peaks of these waves Mean displacement 
were used to compare conditions.  

 

 

RESULTS 

The uneven walkway decreased gait stability as 
evidenced through lower CoM height yet ankle 
stiffness had no effect (Figure 1). There was greater 
CoM displacement observed with decreasing ankle 
stiffness (Figure 2). 

 

Figure 1: Mean CoM height for each multi-axial 
setting across each walkway 

 

Figure 2: Mean CoM displacement for each multi-
axial setting across each walkway 

DISCUSSION 

The subject was able to adapt to the component 
stiffness to stabilize CoM height but the surface 
change showed a loss in stability. CoM displacement 
data suggests energy expenditure increases with 
decreases in ankle stiffness decreases. 

CONCLUSION 

These pilot results indicate prosthetic feet with multi-
axial properties may not be advantageous for 
prosthetic users but more subjects are needed to 
before conclusions may be drawn. 

CLINICAL APPLICATIONS 

The study results are expected to strengthen the 
evidence for prosthetic/rehabilitation interventions. 
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