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INTRODUCTION 

The sophistication of human gait shows in the 
easiness of moving when the natural movement 
system is working. Especially transfemoral 
amputation is a major intrusion into the natural system 
with difficulties to regain adequately energy efficient 
and smooth gait.  

The integrated microprocessor controlled (MPC) limb 
consisting of (MPC) knee joint and a MPC self-
aligning foot under a single control structure provides 
further insight into the inter-joint dependencies as an 
interaction and fine-tuning of relevant parameters is 
possible. In order to understand more about the 
underlying biomechanics of an integrated limb system 
gait study was undertaken varying different 
parameters and establishing their effects on the 
overall system. 

 

METHOD 

Subjects: A gait study with 4 unilateral amputees of 
activity level 3– transfemoral and knee disarticulated 
– was undertaken.   

Apparatus: Gait kinetics and kinematics such as 

bending moment and foot angle in different gait 
situations were measured using internal sensors of 
the integrated limb and external sensor signals from a 
force plate, video vector system. Three different feet 
including the MPC foot and instrumented versions of 
the non-MPC feet were evaluated to understand their 
impact on the limb system. 

Procedures: The experimental measurements were 

conducted both indoors in the gait lab and outdoors 
on level ground, a 5° incline and uneven ground. 
Variations of surface, speed and joint parameters and 
their effects on gait were investigated.  

Data analysis: The data was post-processed, filtered 
and statistically analysed using Matlab. 

 

RESULTS 

 
The biomechanical analysis showed changes made in 
the ankle-foot joint influence the knee joint and vice 
versa. Especially the ankle bending moment shows a 
large dependency on parameters such as surface, 
speed and different resistances. 

The choice of foot, its adaptability to the ground and 
its effect on the bending moment can be seen in 
Figure 1 for walking down a 5° incline.  
Similar effect could were achieved for walking up an 
incline and walking on level ground. Especially the 
timing of the zero-crossing of the bending moment 
and its overall shape and this impact on the overall 
gait seem to be reflected in the subjective feedback.  
 

 

 

DISCUSSION & CONCLUSION  

The gait study revealed the importance of a controlled 
interaction between knee and foot joint as they 
directly influence each other and the overall 
biomechanical dynamics. Also the surface and speed 
play a major role in regard of transfemoral gait. 
 
The integrated MPC limb allows investigating and 
optimising those relationships under a single 
controller making the complete limb more compliant to 
different surfaces and situations. The global inter-joint 
coordination using advanced control algorithms can 
provide more support than local single-joint 
movement optimisation. This opens new opportunities 
of research to understand the underlying 
biomechanics of transfemoral amputees and inter-
joint action. 

 
Figure1. Difference of walking down a 5° incline using an 
composite foot (ESP) , an instrumented  composite foot 
with hydraulic damping (IECH) and MPC foot (BRAKE) 
for a representative subject. 
 


