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INTRODUCTION 

The physiologic ankle has been shown to adapt to 
changes in footwear to maintain a consistent roll-over 
shape (Wang and Hansen, 2010). Our group used 
this finding to develop a constant radius rocker bottom 
shoe (CR-RBS) that “naturally immobilizes” the ankle 
during single limb support (SLS). This CR-RBS was 
found to reduce chronic ankle pain during walking in a 
person with talar dome lesions (Koehler-McNicholas 
et al., in press). However, the CR-RBS was found to 
be unstable for standing balance. An approach to 
enhancing the stability of patients using RBS may be 
to add flat regions in the rocker. However, addition of 
flat regions may eliminate the “natural immobilization” 
of the ankle and potential for ankle pain relief. Thus 
the purpose of this study was to determine whether or 
not flat regions built into the CR-RBS would have an 
effect on ankle kinematics.   
 

METHOD 
Subjects: Single healthy 42 year old male, height: 178 
cm, weight: 90 kg 

Apparatus: CR-RBS (stiff rocker with 10mm layer of 
crepe) with flat regions of 0 cm, 3 cm, and 7 cm 
centered at 40% shoe length from the heel. A shoe 
without a rocker (flat) was also used for comparison. 

Procedures: Kinematic data of the ankle were 
collected using an 8-camera Oqus 100 motion 
capture system (Qualisys, Gothenburg, Sweden) at a 
frequency of 120 Hz while the subject walked using 
each of the four footwear conditions. 

Data Analysis: Marker data were used to create 
anatomical coordinate systems on the foot and shank. 
Ankle flexion was measured as the sagittal plane 
rotation between these coordinate systems. Average 
ankle ROM during SLS was calculated as the 
difference between the maximum and minimum ankle 
flexion during SLS. To visualize the data, ensemble 
average curves were also generated using a cubic-
spline function in which ankle ROM data were 
normalized to 100 samples over the gait cycle and 
then averaged across all strides for each condition. 

RESULTS 

A reduction in peak-to-peak mean ankle ROM was 
observed across all RBS conditions when compared 
to the flat condition (Fig. 1). The subject’s average 
ankle motion during SLS decreased from 13.4 
degrees in the flat condition to 4.9 degrees in the 0 
cm condition, to 6.7 degrees in the 3 cm condition, 
and to 7.1 degrees in the 7 cm condition. 
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Fig. 1. Sagittal plane kinematic data of the right ankle. Each 
line represents the mean ankle ROM measured in degrees 
versus the percentage of the gait cycle. 

 

DISCUSSION 

Although there was an increase in movement with the 
addition of a flat region to the CR-RBS, there was still 
an appreciable reduction in movement (47%) with the 
largest flat region (7 cm condition) when compared to 
the unmodified shoe. This reduction in movement 
may be significant enough to reduce pain in persons 
with chronic ankle pain while also providing stability 
for standing. Future research and development is 
needed to examine these relationships.  
 

CONCLUSION 

The addition of a flat region to our CR-RBS design 
had minimal effects on sagittal plane ankle ROM 
during SLS of the gait cycle. 

CLINICAL APPLICATIONS 

Ankle pain, ankle immobilization, orthotics, rocker 
bottom shoes. 
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