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INTRODUCTION 

Lower limb amputees exhibit a higher prevalence of 
falls compared to age-matched non-amputees (Miller, 
2001). One reason may be that both household and 
community environments are replete with uneven 
terrain. In the home, objects left on the floor, uneven 
flooring, and loose cords are common causes of falls 
(CDC, 2011). Many outdoor falls are precipitated by 
uneven surfaces in sidewalks, curbs and streets (Li, 
2006). 

The purpose of this research is to determine if a 
controlled stiffness ankle (CSA), whose coronal plane 
rotational stiffness can be varied independently of 
sagittal plane stiffness, can improve the coronal plane 
balance of lower limb amputees. 

METHOD 

Intervention: A prototype prosthesis whose coronal 
plane stiffness can be varied using a motor-driven 
screw mechanism is shown in Figure 1. The effective 
stiffness is changed by moving a cart contact point 
along two carbon fiber cantilever beam springs. A 
commercial low profile foot is used for the keel. 
Control functions are performed by two Arduino Pro 
Mini microcontrollers. The build height requires 70mm 
between the foot and socket pyramid adapters and 
the ready-to-use weight is 1120g. A 25% change in 
ankle stiffness (from 400Nm/rad to 300Nm/rad) can 
be accomplished in 0.45 sec. 

 

Coronal plane bench tests demonstrated the stiffness 
could be adjusted to envelope four commercial feet 
(VariFlex Evo, Ossur; categories 5, 6, 7, 8).  

Subjects: 3 transtibial amputees provided informed 
consent to participate in this IRB-approved protocol to 
measure the response to a step on uneven terrain 
(56±19 yo, 75±11 kg, 1.8±0.05 m, 8±5 years post-
amputation, n=2 trauma, n=1 secondary to infection). 

Procedures: We built an instrumented walkway with a 
central force plate that could be rotated to fixed 
angles in the coronal plane. We then conducted an 
experiment where each subject walked at their self-
selected speed and stepped on each terrain condition 
(0°, +15°, -15° coronal angle) in random order over 
five repeated trials at two different coronal stiffness 
settings (stiff and compliant). A 12-camera motion 
capture system was used to measure coronal ankle 
angle and step width. 

RESULTS 

 

Amputee coronal ankle angle during a step on 
inverted terrain was greater for the compliant 
condition (see Fig. 2). Amputee step width during a 
step on inverted terrain was greater for the compliant 
condition and continued to be greater through half of 
the first recovery step (see Fig. 2). Results for 
stepping on everting terrain were similar. 

DISCUSSION 

The compliant CSA condition allowed greater ankle 
angle conformance to terrain and greater step width. 
Further development of a control system that 
automatically adapts the stiffness for different terrains 
appears warranted. 

CONCLUSION 

Initial human subject tests suggest the potential for 
this CSA to improve the coronal balance of lower limb 
amputees. 

CLINICAL APPLICATIONS 

This technology may reduce lower limb amputee risk 
of falls and fall-related injuries. 
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Fig. 2. Amputee (n=3) coronal ankle angle during a step 
on inverted terrain and step width during a step on 
inverted terrain and the first recovery step afterwards. 

 
Fig. 1. Schematic of the controlled stiffness ankle. 


