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The purpose of the paper is to describe wheelchair propulsion biomechanics in tetraplegia
relative to propulsion efficiency and push frequency considering important aspects of
wheelchair configuration.

Four male participants with C6/C7 motor complete tetraplegia propelled their own
wheelchair on a two-drum roller system at a self-selected speed. The rear wheels were
replaced with a pair of 3D force sensing wheels and reflective markers were placed
following International Society of Biomechanics recommendations. Fine wire EMG
electrodes were placed in 13 muscles of the right shoulder. Anthropomorphic measures
and wheelchair configuration were recorded. All data were averaged over ten consecutive
push cycles (PC). 3D angles, forces and moments were calculated at the wrist, elbow and
shoulder. Propulsion efficiency was calculated as the ratio of tangential force to total
force on the pushrim. Push frequency per meter was derived from the average PC time
and velocity. EMG data was normalized to MVC.

Participant self-selected speeds ranged from .57ny/s to 1.20 m/s. Mean push efficiency
ranged from 47% to 52% and push frequency/meter ranged from .71 PC/m to 1.86 PC/m.
Seat plane angle ranged from 5 to 19 degrees. Trunk flexion/extension ranged from 18°
flexion to 13.5° extension, however only one participant’s trunk moved in both flexion
and extension. Cessation of the anterior deltoid and pectoralis (shoulder flexors) activity
ranged 21% to 49% and 24% to 47% of the PC respectively.

The participant with the greatest mean efficiency (52%) also displayed the lowest push
frequency (.71 PC/m). This subject had the greatest seat plane angle (19.2 deg). Seat
plane angle offers increased stability. The increased stability allowed the participants to
exhibit a more optimal range of motion at the trunk putting the arm in a mechanical
advantage. This is reflected in the comparatively lower EMG activity of the shoulder
flexors during early push phase.
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