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INTRODUCTION 

Complex gait maneuvers with large transverse plane 
motion such as turning account for a significant portion 
of daily steps (Glaister, 2009; Srisuwan, 2016). 
Transverse rotation adapters have been shown to have 
beneficial effects (Su, 2010; Buckley, 2002; Segal, 
2014), but their stiffness is only adjustable by a 
prosthetist and are unable to adapt to the varying 
activities of daily living. A variable stiffness torsion 
adaptor (VSTA) may be beneficial for individuals 
capable of complex gait (Pew, 2015). 

The aim of this research is to determine if the VSTA 
can reduce residual limb torsional loads without 
impeding mobility. 

METHOD 
Subjects: Five male, unilateral, transtibial amputees 

(mean ± standard deviation; age: 53 ± 14 years, mass: 
87 ± 12 kg, height: 1.82 ± 0.05 m) provided informed 
consent to participate in this institutional review board-
approved study. 

Procedures: A certified prosthetist fit each participant 
with the study prosthesis which included their as-
prescribed socket and suspension, an iPecs load 
sensor (College Park), the VSTA, and a Vari-Flex Low 
Profile (Össur) foot.  

Self-selected walking speed (SSWS) was determined 
while traversing a 20 m hallway. Peak transverse plane 
moments were measured while subjects performed 
five walking tasks at SSWS: straight walking, 90° spin 
turn, 90° step turn, 180° turn, and the L Test of 
Functional Mobility (Deathe, 2005). Subjects were 
blinded to the VSTA stiffness which was block 
randomized to three fixed conditions: compliant (0.30 
Nm/°), intermediate (0.57 Nm/°), and stiff (0.91 Nm/°) 
for five repeated trials of each of the five activities (75 
total trials per subject). 

Data Analysis: A linear mixed effects model with 
random effects for intercept and slope within individual 
subjects (Matlab) was used to determine if differences 
due to stiffness were statistically significant (p<0.05). 

RESULTS 

Significant reductions in peak transverse plane 
moments (Table 1) between the stiff and compliant 
settings occurred for all three turning maneuvers. The 
90° spin turn and the 180° turn had an average 
reduction of 40 Nmm/kg while the 90° step turn had an 
average reduction of 14 Nmm/kg, or 23%, 40%, and 
22% respectively. Smaller reductions, some 
statistically significant, occurred between other 
stiffness settings (Table 1). 

 

 Compliant Intermediate Stiff 

Straight Walkc 82±24 70±18 88±20 

90° Spin Turna,b 132±18 151±22 172±25 

90° Step Turnb,c -51±13 -51±12 -65±13 

180° Turna,b,c, -65±6 -85±9 -109±18 
Table 1. Peak transverse plane moment normalized by body 
mass (Nmm/kg). Internal rotation is positive, external rotation 
is negative. aCompliant v Intermediate p<.05, bCompliant v 
stiff p<.05, cIntermediate v stiff p<.05. 

The mobility metrics (Table 2) exhibited no significant 
differences between stiffness settings for either self-
selected walking speed or the L Test of Functional 
Mobility. 

 Compliant Intermediate Stiff 

SSWS (m/s) 1.3±0.0 1.4±0.0 1.3±0.0 

L Test (s) 22.1±0.5 22.4±0.8 22.3±0.7 
Table 2. Mobility measures. 

DISCUSSION 

These results (n=5) suggest that activities requiring 
high levels of transverse plane motion (90° spin, 90° 
step, and 180° turns) had significantly reduced peak 
transverse plane moments at the socket for the 
compliant stiffness versus the stiff stiffness. 
Additionally, use of the VSTA did not impede mobility 
(SSWS or L Test of Functional Mobility) across the 
three stiffness conditions.  

CONCLUSION 

These pilot study results suggest the development of a 
variable stiffness torsion adapter with a controller that 
can detect transverse plane motion and select the 
appropriate transverse plane stiffness is warranted. 

CLINICAL APPLICATIONS 

A variable stiffness torsion adapter might reduce 
residual limb injuries in persons with lower limb 
amputation who are capable of complex gait 
maneuvers.  
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