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INTRODUCTION 

Cyclists commonly implement a pedaling system that 
involves clipping a cleat fixed to the bottom of a shoe 
into a notch within a pedal. When accomplished, a 
cyclist can pedal more efficiently (Hull 1982).  
 

Individuals with a transtibial amputation are unable to 
generate force with muscle groups distal to the knee 
and lack important range of motion at the foot and 
ankle. As a result, optimal cleat placement may be 
necessary for maximal performance (Childers, 2011).  
 

The aim of this study was to analyze peak force 
production at three different cleat positions on the 
plantar aspect of a transtibial amputee’s cycling shoe. 
It was hypothesized that manipulation of the 
cleat/pedal connection and alignment would influence 
the subjects’ ability to generate force. 
 

METHODS 
Subjects: An adult transtibial amputee was recruited 
for participation (height: 1.87 m; mass: 85 kg; years 
since amputation: 9; etiology: MVA). There were no 
notable comorbidities and range of motion and 
manual muscle testing values were within normal 
limits. The subject utilized a patellar tendon bearing 
style socket with a gel liner and suction suspension.  

Apparatus: An aluminum footplate test fixture was 
fabricated and a cycling cleat was fixed to the 
forefoot, midfoot, and hindfoot positions. The footplate 
was attached in lieu of the subject’s prosthetic foot to 
the existing prosthesis, and the iPecs System® was 
used to measure forces (Koehler, 2014).  

Procedures: The subject completed steady state and 
maximal exertion trials on a bicycle suspended in a 
trainer in all three cleat positions. Force generation 
data were collected for two minutes during each trial. 

Data Analysis: Force values were analyzed, and peak 
forces were calculated from the maximum push phase 
of 70 maximal exertion revolutions and 40 steady 
state revolutions. Values were averaged for each 
cleat position and standard deviation was calculated. 

RESULTS 

The subject produced the highest average peak force 
for steady state and maximal exertion trials at the 
forefoot position (steady state: 318.0 ± 20.9 N, 
maximal exertion: 476.0 ± 48.2 N; Figure 1).  
 

The subject produced the lowest average peak force 
during steady state and maximal exertion trials at the 
hindfoot position (steady state: 250.0 ± 10.5 N, 
maximal exertion: 349.0 ± 27.7 N; Figure 1).   

 
DISCUSSION 

The rigid, extended lever arm in relation to the pylon 
in the forefoot configuration increased force 
generation potential, in support of our hypothesis.  

Additionally, the subject stated the forefoot position 
felt most natural. Because of this, it was assumed 
overall comfort at the forefoot position may have led 
to increased force generation. It was noted that during 
both trials, tensile force was not generated in the 
pylon during upstroke.  

The subject may have maintained compressive force 
through the prosthesis during cycling to maintain good 
fit and suspension of his prosthetic socket. Further 
research is needed to confirm this assumption.  

CONCLUSION 

The results of this study suggest greatest force can 
be generated at the forefoot position of a clipless 
pedal configuration. This configuration should allow a 
cyclist with a transtibial amputation to pedal more 
efficiently by producing optimal force without 
sacrificing comfort and/or altering the natural 
biomechanics inherent in cycling.    

CLINICAL APPLICATIONS 

Determining whether maximal force production occurs 
at the forefoot, hindfoot, or midfoot is clinically 
relevant because maximal force production may allow 
an amputee to ride faster, longer, and more efficiently, 
leading to a more enjoyable experience. 
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Figure1: Peak forces at Steady State (A) and Maximal 
Exertion (B). 
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