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It has been ~uggested that minimisation of energy cost is one of the primary determinants of wheelchair designs. Whed 
camber is one important parameter related to wheelchair design and its angle may affect usability during manual propulsion. 
However. there is little available literature addressing the effect of wheel camber on the mechanical energy or power flow 
involved in manual wheelchair propulsion. Twelve nom1al subjects (mean age, 22.3 years;· SD. J .6 ~:ears) participated in this 
study. A video-tracking system and an instrumented wheel were used to collect 3D kinematic and kinetic data. Wheel 
camber of 0° and 15° was chosen to examine the difference between mechanical power and power flow of the upper 
extremity during manual wheelchair propulsion. The work calculated from power flow and the discrep~mcy between the 
mechanical work and power flow work of upper extremity had significantly greater values with increased camber. The upper 
arm had a larger active muscle power compared with that in the foream1 and hand segments. While propelling the increased 
camber, the magnitude of both the proximal and distal joint power and proximal muscle power was increased in all three 
segments. While the propelling wheel with camber not only needs a greater energy cost but also there is greater energy loss. 
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I. Introduction 

Most active wheelchair users prefer sports wheelchairs 
because they are easy to adjust and control. The most 
critical factor in the design of a wheelchair is the camber: 
camber refers to the angle made by the wheels of a vehicle 
(here, the wheelchair); a negative camber refers to a 
setting at which the rear wheels of a wheelchair are closer 
at the top than at the bottom owing to an off-vertical tilt 
(Tmdel et a!. 1997). The camber affects the manner in 
which the user operates the wheelchair and wheelchair 
performance (Tomlinson 2000; Perdios et al. 2007). 
Therefore, the camber should be suitably adapted for 
different operating conditions and user requirements. 
Because the distance between the points of contact of the 
rear wheels with the ground is larger than in the case of 
vertically aligned wheels, the user's hands are protected 
from injury when two wheelchairs collide laterally 
(Veeger et al. 1989). In addition, the camber pennits the 
user to align his/her upper extremity appropriately for 
gaining easy access to the hand rims so that he/she can 
steer the wheelchair with improved pushing efficiency 
(Vecger et a!. 1989; Perdios et a!. 2007). Finally, the 
camber improves the stability of the wheelchair (Trudel 
et al. 1997; Perdios et al. 2007) and decreases the 
downward turning moment of the wheelchair (Tomlinson 
2000). 
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Several studies have focused on the development of 
physiological methods to quantify the energy cost of 
propelling a wheelchair. Such studies have compared the 
physiological efficiency of different wheel camber angles 
during wheelchair propulsion. However, the results of 

.these studies have been inconclusive. Veeger et al. (1989) 
investigated the effect of a rear-wheel camber on effort 
and found no significant difference in the oxygen uptake of 
young able-bodied participants propelling basketball 
wheelchairs when the rolling resistance imposed by the 
ergometer is modified. Perdios et al. examined the effects 
of 0°. 3° and 6° of the camber among disabled and non
disabled subjects. with and without wheelchair experience. 
They found no significant differences in effort for the 
camber angle or group when the wheelchair was propelled 
by a subject at a self-selected steady-state pace (Perdios 
et a!. 2007). On the other hand, Buckley and Bhambhani 
(1998) indicated that young ami old men experienced more 
physiological stress for a camber of 8° than for 0° and 4°. 
However, the main shortcoming of the methods employed 
in these studies is that they could not explain the 
differences in efficiency in terms of net joint moments and 
powers. In addition, research on physiological effects 
requires complicated cardiopulmonary equipment to 
measure the amount of oxygen consumed by a subject, 
and this could interfere with actual propulsion. 

The rolling resistance of a wheelchair must first be 
overcome in order to make the wheelchair roll easily. 


