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INTRODUCTION 
Viscoelastic prosthetic feet have been recently 
introduced that combine adjustable hydraulic dampers 
with a conventional carbon foot.  Ankle function, 
specifically the moment-angle relation, changes at 
different speeds. Hence, the properties of a prosthetic 
foot need to be adapted to the walking speed in order 
to mimic the behavior of ankle for more normal 
walking. Ankle function can be reproduced by passive 
mechanical mechanisms in slow and normal walking 
speeds without any need for power generating 
systems (Hansen et. al 2004, Safaeepour et al. 
2014,).   

Therefore, the aim of the current study was to further 
improve a viscoelastic ankle foot prosthesis prototype 
for different walking speeds. An adjustable storage-
damping mechanism was embedded in the design to 
control the ankle hysteresis at slow and normal 
walking speeds. It was hypothesized that if the 
damping characteristics of the prosthesis are 
controlled based on the walking speed, more human-
like ankle biomechanics would be revealed. 
Moreover, the experimental evaluation of the 
prosthesis on a healthy young male is described. 

METHOD 
A viscoelastic prosthetic ankle-foot was developed 
that incorporated two pneumatic assemblies which 
are engaged in a specific portion of the gait cycle. The 
units provide adaptable stiffness properties during a 
gait cycle (Safaeepour et al 2014). To improve the 
design, a damping control mechanism was added to 
the PF unit which was applied at the instant of heel 
strike and heel off. According to the walking speed, 
damping could be manually regulated in late stance 
by adjusting the opening size of the damping valve 
(Figure 1). The manufactured prototype was 
preliminarily tested on a healthy volunteer using an 
adaptor. The subject was a male, 26 years of age, 70 
kg body mass, and 180 cm height. The participant 
provided written informed consent. Gait analysis was 
performed with five Vicon cameras and two Kistler 
force plates. The participant was asked to walk at 
self-selected slow and normal walking speeds while 
wearing the prosthesis while the damping valve was 
manually adjusted based on walking speed.  

RESULTS 
The general shape of the moment-angle loop at slow 
walking speed was in agreement with the normal 
ankle in which the curve showed a looped hysteresis 
curve. Figure 2 represents the prosthetic joint angle, 
at six walking trials with slow (dashed lines) and 
normal speeds.  

Figure 1. Manufactured Prototype 
 

 

 

 

 

 

 

 
 

Figure 2. Prosthetic Ankle angles 

 
DISCUSSION 
Findings of this study suggest that the viscoelastic 
ankle foot prosthesis prototype could mimic the 
natural ankle biomechanics in slow and normal 
walking speeds.  

CONCLUSION 
The mechanical mechanism is an advantage of this 
approach which excludes the need for electronic 
control while providing a smooth normal-like pattern 
for joint motion. 
CLINICAL APPLICATIONS 
Understanding the potential benefits of a controllable 
damping mechanism based on the gait speed can 
inform the design of new prosthetic feet.  
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