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QUESTION AND HYPOTHESIS

INTRODUCTION

RESULTS RESULTS

CONCLUSIONS AND FUTURE WORK

Q: How does force-dependent feedback contribute to whole limb 
stiffness and the coordination of multi-joint movement during 
“yield” (weight acceptance)? 

H: Inhibitory intermuscular force-dependent feedback is 
organized to compensate for the non-uniform mass distribution in 
the limb and inertial coupling between the limb segments.

• Force feedback pathways are  widely distributed and can be 
heteronymous and asymmetric. 

• Proportional coordination between the knee and ankle has 
been observed over many behaviors despite the non-uniform 
mass distribution.

• Purpose of this study: To establish a modeling and 
optimization framework to investigate the contributions of 
inhibitory force feedback pathways to whole limb stiffness 
and multi-joint coordination.  

METHODS

Figure 1. A schematic of our cat hindlimb model with muscles 
approximated as rotational springs and dampers at the joints. 
The joint angles are as defined in [1]. The “physiological best 
guess” parameters are on the left. Masses are from [2]. 
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• Blue: uniarticular K and B
• Red: uniform inhibitory force feedback 
• Green: proximal to distal force feedback gradient
• Magenta: distal to proximal force feedback gradient

• Applied vertical force of 60N over 50 ms to simulate yield 
during landing 

• Tested different distributions of inhibitory force feedback: 
uniform, proximal to distal gradient (hip to ankle), distal to 
proximal gradient (ankle to hip)

Endpoint force No endpoint force

• Inhibitory force feedback surprisingly increases limb 
stiffness, thereby reducing yield. 

• Inhibitory force feedback increases proportional coordination 
between the knee and ankle. 

• Use an optimization approach to predict the distribution of 
inhibitory force feedback that would produce proportional 
coordination.

• Explore different limb configurations and endpoint force 
directions.

• Implement explicit mono- and bi-articular muscles. 
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