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INTRODUCTION 
 In the field of prosthetics it is fundamentally 
understood that there is asymmetry in gait among 
those with unilateral lower-limb amputation. This 
asymmetry has been associated with increased 
energy costs as well as long-term complications such 
as increased joint loading, joint pain and resulting 
osteoarthritis (OA) in the intact limb. There remains 
an uncertainty among prosthetists regarding whether 
or not this asymmetry is disadvantageous or 
functional for the amputee. Restoration of 
independence and reducing the likelihood of 
comorbidities remains a primary goal for the clinical 
prosthetist. The goal of this study is to better 
understand the relationship between kinematics and 
kinetics of gait. We hypothesize that with controlled 
kinematics, kinetic aspects of gait required by each 
limb will be asymmetric. 

METHOD 
Subjects:1 unilateral trans-tibial amputee 

Grail Protocol: 12 infrared cameras (Vicon Motion 
Capture) 100 Hz;  6 DoF force platforms underneath 
split-belt treadmill (ForceLink) 1000 Hz; EMG- 14 
channel wireless EMG (Delsys Trigno) operating at 
2500 Hz 

Data Collection: kinetic and kinematic data collection 
will begin with symmetrical belt speeds at 1.2 m/s; 
belt speed will then be adjusted in .05 m/s increments 
until symmetrical stride length is attained and data will 
be collected. 

Analysis: Gait Offline Analysis Tool (GOAT) will be 
used to analyze the kinematic and kinetic data.  With 
further progression of data collection, a paired 
two-tailed t test will be used to compare the 
percentages of asymmetry.  

% asymmetry = (sound limb data - amputated limb 
data)/(average of sound and amputated limbs)X100 

RESULTS 

In figure 1, the subject reached the maximum knee 
abduction moment at 1.3 m/s.  Asymmetry of peak 
ground reaction force (GRF) increased as belt speed 

increased. Increasing asymmetry indicates increasing 
loading on sound side. Step length asymmetry of 
amputated side increases as belt speed increases. 

 
FIGURE 1; A positive percentage indicates the sound limb measured a greater 
magnitude for the variable in question.  
 

DISCUSSION 
Knee moments and GRFs are used in this study 
because of their role in the mechanical joint loading 
associated with OA for lower limb amputees.  The 
data shows that there is a positive correlation 
between knee abduction moment and peak GRF 
when the belt speeds increase; therefore, 
it may not be advantageous for the amputee to 
ambulate at increased speeds.  

CONCLUSION 
Preliminary data shows that, as the belt speed 
increases the amputee’s sound leg experiences an 
increase in peak vertical GRF. We can therefore 
postulate that in an attempt to create symmetry gait in 
amputees, the resulting outcome could lead to 
increased joint loading and long term OA. 

CLINICAL APPLICATIONS 
In the prosthetic profession, the main goal is to 
restore functional independence and reduce the 
likelihood of developing comorbidities such as 
osteoarthritis. In trying to achieve this goal, a 
prosthetist will align a person with a lower limb 
amputation so that they walk with a symmetrical gait 
pattern. Therefore, this study is to explore the validity 
of assuming symmetrical kinematics lead to 
symmetrical limb loading in a laboratory environment.  
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