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INTRODUCTION 

Many individuals with lower-limb amputation 
experience reduced balance and balance confidence, 
which can negatively impact participation in social 
activities and quality of life. Previous work suggests 
that in order to restore balance and balance 
confidence, ankle-foot prostheses should be designed 
with a flat effective rocker shape for standing (Hansen 
and Wang, 2010). However, most commercially-
available ankle-foot prostheses are designed with a 
curved effective rocker shape for walking. To address 
the demands of both standing and walking, our group 
has designed a novel bimodal ankle-foot prosthesis 
(Fig. 1 inset; Hansen and Nickel, 2013) that can 
accommodate both functional modes through the use 
of a rigid foot plate and an ankle that can lock 
(resulting in a flat effective rocker shape for standing) 
and unlock (resulting in a curved effective rocker 
shape for walking).  

The primary objective of this study was to determine if 
this design could improve the standing balance of 
lower-limb prosthesis users. We hypothesized that 
subjects would exhibit improved balance during quiet 
standing tasks when the ankle was locked compared 
to when it was unlocked, and that this effect would be 
exaggerated in the absence of visual feedback. 

METHOD 
Subjects: Data were collected on 17 subjects (16 
male) with unilateral, transtibial amputation (age 

5815 years; mass 9327 kg; height 1.80.07 m). 

Apparatus: Upon enrollment, subjects were asked to 
complete the Activity-Specific Balance Confidence 
(ABC) Scale and the Prosthetic Limb Users Survey of 
Mobility (PLUS-M). A NeuroCom Clinical Research 
System (Clackamas, OR) was used to assess static 
postural stability between conditions. 

Procedures: Prior to data collection, subjects 
practiced the first two conditions of the Sensory 
Organization Test (i.e., quiet standing with eyes open 
and closed) with their usual prosthesis. A certified 
prosthetist then fit subjects with the bimodal ankle-
foot prosthesis and either locked or unlocked the 
ankle (testing order was randomized and blinded to 
the subjects and the investigators collecting data). 
Testing was then repeated with the ankle locked and 
unlocked. Following testing, subjects were asked to 
provide feedback about the two ankle modes.  

Data Analysis: Equilibrium scores (a measure 
inversely proportional to body sway) were averaged 
across conditions and compared using a repeated 
measures ANOVA with two within-group factors 
(MODE: locked and unlocked and EYES: open and 

closed). Post-hoc Bonferroni multiple comparisons 
were used given a significant main effect (p<0.05). 

RESULTS 

Subjects scored an average of 8113 points (range: 

56-96) on the ABC Scale and an average of 41 
points (range: 3-5) on the PLUS-M. Statistical 
analysis revealed a significant interaction term 
between MODE and EYES (p=0.03), in which 
subjects exhibited a significant decrease (p=0.01) in 
equilibrium scores when standing on the unlocked 

(883) versus locked ankle (913) with their eyes 
closed (Fig. 1). No statistical differences were noted 
between the locked and unlocked ankle when 
subjects stood with their eyes open (p=0.1). Overall, 8 
subjects said they felt more balanced and 9 subjects 
said they felt equally balanced while standing with the 
locked ankle compared to the unlocked ankle.  In 
addition, 13 subjects expressed interest in trying this 
system for a longer period of time in the future.  

 

FIGURE 1. Mean equilibrium score for subjects standing 
with their eyes closed while using the locked and the 
unlocked bimodal ankle-foot system. 

DISCUSSION 

Preliminary results suggest that in the absence of 
visual feedback, the locked bimodal ankle-foot system 
may improve standing balance in a group of 
experienced, relatively active lower-limb prosthesis 
users. However, given the modest decrease in 
equilibrium scores between the locked and unlocked 
conditions, future testing of this system should focus 
on new amputees and lower mobility users. 

CLINICAL APPLICATIONS 

Commercial implementation of this design could lead 
to improved standing balance and balance confidence 
among lower-limb amputees, improving participation 
in social activities and quality of life. 
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