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Å2050: 1 in 95 Americans
ï Ziegler-Graham et al., Arch PhysMed Rehabil, 2008

Å95% Have Health Problems

ïResidual, Back and Phantom Pain
ÅEphraim et al., Arch PhysMed Rehabil, 2005

ïOsteoarthritis
ÅLemaireand Fisher, Arch PhysMed Rehabil, 1994
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BELOW-KNEEAMPUTEES
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BELOW-KNEEAMPUTEEJOINTMOMENTS

Bateni& Olney, JPO, 2002

ÅHealthy Gait is Symmetric

ÅFully Functioning Hip and 
Knee

ISB XXV Congress
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HYPOTHESIS

Objectives
ÅCompare Asymmetric and Symmetric Gait

ÅPredictive Simulations

ÅCompare Results of Different Simulations

ά.Ŝƭƻǿ-knee amputees are able to walk 
with symmetric joint moments, but at 
ǘƘŜ Ŏƻǎǘ ƻŦ ƛƴŎǊŜŀǎŜŘ ŜŦŦƻǊǘέ

ISB XXV Congress



ÅHuman Model

ÅPassive Prosthesis

ÅDirect Collocation
ï Dynamics in Constraints

ÅFind Open Loop Controls
ï Track Able-Bodied Walking Data

ï Minimize Effort
Å Ackermann & Van den Bogert, J. 

Biomech, 2010

ὼ ὼ ὡ ό

METHODS
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ÅAble Bodied

ÅBelow-Knee Amputee

ïNo Symmetric Moments

ïSymmetric Moments in the Hip and Knee
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SOLVEDSIMULATIONS

Symmetry Constraint:

ὓ ὸ ὓ ὸ
ὔ

ς
π

ISB XXV Congress



ÅJoint Angles are 
Symmetric Already

ÅNo Visible Effect of 
Constraint
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RESULTS: JOINTANGLES
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RESULTS: HIP MOMENT
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ÅAsymmetry Present

ÅSignificant Increase in 
Residual Hip Moment

ÅPossible Health Problems
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RESULTS: KNEEMOMENT
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ÅAsymmetry Present

ÅVery Similar to Literature

ÅDecrease in Knee Moment 
for Both Legs


