
Applications
• Help advancements in the field of neuromuscular 

control, design and therapy
• Improve methods for tuning powered prostheses, which 

is a resource intensive process
• Design using biomimetic stiffness behaviors improve 

natural gait and environmental adaptation.
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Objectives
• Test 10 healthy subjects with no history of ankle injury 

or neurological disorder
• Characterize the modulation of ankle stiffness 

throughout the stance phase of the gait cycle using 
position perturbations

• Test if modulation of stiffness is different in rigid 
compared to compliant environments

• Develop biomimetic model of ankle stiffness (Nm/rad) 
according to results. 

Figure 1: Phases of normal gait cycle

Equations

Results

Conclusion
• Individual subjects adapt differently when walking on rigid 

compared to compliant environments 
• Majority of subjects show no statistical difference between 

environments
• Stiffness can be modelled to increase linearly as a factor of 

CoP independent of the environment
• The accuracy of the model can be improved by referencing 

the value to a subject’s median stiffness
• Model can be used in neuromuscular control, lower extremity 

robotic design, and identification of subject specific 
therapeutic interventions

Research Question
• How is the stiffness (K) of the human ankle modulated 

during walking on rigid and compliant environments?

Methods
• Subjects step on robotic platform controlled by a 

brushless servomotor under conditions (Table I)
• Force plate measures platform torque, weight, and CoP
• Dual-axis goniometer measures ankle angle
• Motion capture records foot-placement on platform
• Electromyography (EMG) sensors record activation of 

muscles used to control the ankle

Peroneus longus

Figure 2: Experimental setup Figure 3: Muscles controlling ankle
Perturbation 
case

No 
perturbation

Case 1 Case 2 Case 3

Timing N/A 150 ms 300 ms 450 ms
% Stance Phase N/A 20% 40% 60%
# of Steps 50 40 40 40

Table 1: Perturbation conditions for rigid and compliant environments
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• Model inputs normalized so mean = 0, std. dev. = 1
• Only inputs with p-values < 0.05 used in model
• Absolute model of stiffness as function of CoP. R2 = 0.703

𝐾 = 276.1 + 102.3 ∗ (𝐶𝑜𝑃)

• Differential model of stiffness as function of CoP, and TA 
activation with reference to median rigid stiffness. R2 = 0.759

𝐾 = −0.71 − 24.1	∗ (TA	Activation	)	+	62.1 ∗ 𝐶𝑜𝑃 − 𝐾(#)
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Compliant controller model:


