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Summary 

This paper presents a semi-active ankle prosthesis that adapts 
its stiffness to accommodate different gym exercises. The 
prosthesis is pneumatically actuated, and features a wireless 
adjustment of air pressure via smartphone app as well as a 
self-replenishing “pumping” mode, allowing operation 
without a pre-charged reservoir. Preliminary validation results 
with one subject suggest improved loading symmetry during 
walking and the back squat, and a sufficient ankle torque 
capacity for weightlifting 45kg (100 lb). 

Introduction 

The availability of accommodating prosthetic devices can play 
an important role in encouraging persons with amputation 
(PWA) to engage in exercise and athletics. Existing sport 
prostheses generally use passive mechanisms and are often 
specialized for only one sport, so the cost of multiple 
prostheses can become prohibitive [1]. In addition, unilateral 
amputees experience asymmetrical temporal and loading 
kinetics, due compensatory mechanisms in the intact limb 
when using these non-adaptive prostheses [2]. Therefore, we 
aimed to develop a prosthesis that could semi-actively adapt to 
both walking and a variety of exercises while retaining modest 
cost, complexity, and battery power.  

Methods 

We implemented a new semi-active prosthesis based on a 
customizable and self-recharging pneumatic system for use in 
high-load, large-range-of-motion exercises such as 
weightlifting. The modular structure of the prosthesis includes 
CNC milled aluminum frames that house a pneumatic piston 
(40mm bore), with standard adapters for connection to the 
socket and prosthetic foot. The reservoir/pump system 
provides autonomous air pressure replenishment via integrated 
electro-pneumatics, which are driven by a Raspberry Pi Zero 
W computer. The user can then change the static pressure 
inside the cylinder with a custom smartphone application.  

One subject with unilateral transtibial amputation tested the 
prosthesis in a 45kg (100 lb) parallel back squat (Fig. 1) and in 
normal walking, with standard inverse dynamics analysis. The 

squat tests with the new 
device and a standard energy 
storage and return (ESR) 
prosthesis consisted of 4 trials 
of 10 squat repetitions each. 
For brevity we report only the 
squat test results evaluating 
ankle torque symmetry. 

Results and Discussion 

The ankle moment vs. angle plots using the ESR prosthesis 
(Fig. 2 Left) and new prototype (Fig. 2 Right) are provided for 
the 4 trials of 10 squat repetitions each. Linear regression lines 
are also drawn, along with their norm of residuals. Using the 
new prosthesis, the greatest ankle torque demand appears at 40 
N*m. With its current geometric configuration, the prosthesis 
is capable of producing up to 95.73 N*m ankle torque, with 
recommended cylinder pressure ranges between 30-100 psi. 

Within the ESR and new prosthesis trials, the kinetic trends 
are highly dependent on squat form. With the ESR prosthesis, 
the subject leaned forward at the bottom of the squat, moving 
the ground force out to the toe, with a long ankle moment arm. 
Conversely, weight was shifted to the heels using the new 
prototype, but additional ankle torque from the intact leg was 
observed when reversing direction to rise from the squat. As a 
measure of variance due to intact limb compensation, the 
norm of residuals from the intact leg decreases from 1668.1 to 
499.3, thus suggesting improved loading patterns.  

Testing for bilateral symmetry in 5 degree increments with the 
new prosthesis revealed a significant difference between ankle 
moment and angle, with alpha=0.05 and a p-value=0.6. While 
inter-limb symmetry is not yet achieved, further training with 
the prototype could improve these results.  

   
 Figure 2: Intact (blue) and prosthetic (red) moment vs angle plot 
with ESR prosthesis (Left) and SWAP prototype (Right). 

Conclusions 

Providing wireless pneumatic adjustment and self-pumping 
capability in this semi-active athletic ankle prosthesis enables 
greater freedom of mobility, at a lower cost. Preliminary 
testing indicates improved loading symmetry as compared to 
an ESR prosthesis, but further training with the prototype is 
required to demonstrate bilateral symmetry.  
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Figure1: Semi-Active Weightlifting Ankle Prosthesis (SWAP)  


