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Evaluation of Wheelchair Propulsion using a Three-Dimensional Musculoskeletal Model
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Abstract: This study was conducted to quantify the joint force, muscular tension, and energy consumption using a
three-dimensional musculoskeletal model of human body. For the tests, we used a special wheelchair simulator that can
imitate different road conditions by adding different resistance forces to the driving wheels. Five healthy male subjects
were enrolled. Subjects were asked to perform 3-min wheelchair propulsion sessions on the wheelchair simulator and to try
to maintain the driving speed by observing a computer screen showing the target speed (2.5 rad/s) and the actual driving
speed. Tests were conducted for three levels of surface inclination (flat surface, climbing a slope with 3-deg inclination,
and climbing a slope with 6-deg inclination). The joint force, muscular tension and energy consumption were calculated
using a three-dimensional musculoskeletal model as the evaluation indexes of physical load. Results show that the physical
loads increased as the surface inclination increased from 0 deg to 6 deg. Our method is anticipated for use in evaluating the

adaptability of the user to the wheelchair.
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Fig.2 Peak muscle tension of upper limb
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Fig.3 Peak joint force of shoulder joint
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Fig.4 Relation between the energy consumption calculated using
musculoskeletal model and the energy consumption calculated
from the oxygen uptake
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