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Biomechanics of Pedaling
Simulation Studies on the Relation between Mechanical Power Output and
Kinematical Constraints on Leg Motion
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Abstract - In order to address questions concerning the coordination of pedaling on a bicycle, we
coupled a forward dynamical model of the rider to a reduced model of the bicycle. In the model used,
the leg of the rider, consisting of upper leg, lower leg and foot, has one degree of freedom; crank angle
does not fully specify leg position. In the context of such a model, the timing of the stimulation of each
muscle group can be optimized with respect to the power output (the average mechanical power
delivered to the crank). After showing that the optimal solution adequately describes experimental data,
we consider the effects of kinematical constraints on leg motion. First we consider the question how
power output is affected when the leg is forced to move just like it does in the optimal solution and the
muscle stimulation is re-optimized. Next we consider a clinically relevant question related to pedaling
by paraplegic subjects on the basis of functional electrical stimulation; here the question is how power
output is affected when the external fixation of the ankle joint that is normally present is removed and
ankle muscles are stimulated.
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