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MAXIMUM PERFORMANCE OF WHEELCHAIR TRACK ATHLETES

L.H.V, van der Woude, H.E.J. Veeger, T. Gwinn!, C.V.C. Bouten
Fac. Human Movement Sciences, Vrije Universiteit, The Netherlands
'Rehabilitation Research Centre, Lidcombe, Australia

INTRODUCTION

Maximum performance capacity of wheelchair athletes has been determined mainly for
physiological parameters (1,2). Limited data are available however, regarding biomechanical
indices of performance. The study of biomechanics may help clarify the low, gross mechanical
efficiency in wheelchair arm work, whereas analysis of elite wheelchair athletes renders insight in
both the summit which may be attained in sports training and rehabilitation and in the propulsion
technique employed.

METHODOLOGY

Performance of wheelchair track athletes in @ maximum aerobic wheelchair exercise test
was determined on a special purpose wheelchair simulator (3) during the 1990 World Games and
Championships for the Disabled (Assen, The Netherlands). Preliminary results of the maximum
performance of 23 male athletes (ISMGF/ISOD class T-4; mean+SD:age= 27yrs+5.4 and body
weight=59.8kg+11.8) are presented. The athletes conducted a progressive maximum exercise
test (+10W.min-1; V=1.39m.s-1; rim radius:0.26m ) to exhaustion. Mean and peak values of
the forces applied to the hand rims were determined for the right hand side. Net torque and power

continuously and maximum performance values were evaluated, Special attention was given to
inter-individual variation and left to right differences (Students T-test; Pearson correlation;
P<0.05).

RESULTS

A selection of data is given in Table 1. Values for mean external power output (Po(W),
peak power output (Pp(W)), peak torque (Mp(Nm)) and peak forces (Fx,Fy,Fz(N)) within the push
phase are presented in conjunction with maximum heart rate (HF(b.min-1)) and oxygen uptake
(Vo(l.min-1)) during the final minute of the test. Po varied between 1,19 and 2.83 W.kg-1
(mean=1.82+0.41),

Table 1. Peak Values Maximum Exercise Test (N=23)
HF Vo Po Pol  Por Mp Pp \' Fx Fy Fz FEF

Mean 183 2.25 105.7 517 540 86.5 384.4 131 1236 17.5 188.5 69
SD 12 0.39 155 88 8.2 9.5 617 0.12 246 119 314 7
min 163 1.58 824 364 377 669 2688 1.10 745 -1.9 1357 56
max 208 3.18 141.3  68.7 725 107.5 500.6 [.55 172.6 39.1 2626 80

The efficiency of torque production, defined as the mean value over the push phase of the
ratio between the total force vector and the effective force (torque/rim radius), is indicated by
FEF. A similar ratio for peak values within the push phase varied between 65 and 90%.

No clear relations were found with the test parameters presented here and the performance
times in the track events. Mean values for left and right side (Pol,Por(W)) did show small

DISCUSSION
Performance values (Vo, Po) were, as far as comparison was possible, in line with
previous data of wheelchair athletes (1,4,5). Implicit variability in functionality and unspecificity
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strokes showing the highest peak power output within the 30 s. sampling period; effective force
Fm, calculated as M.r,"; Force vector Ftot; and FEF being the ratio between both force
parameters averaged over the push. From video stroke parameters begin angle BA and end angle
EA were determined (Figure 1). Moreover trunk angle TA at the end of the push phase was
calculated as the angle of vector C7 - wheel axle with the vertical.

Determination of group differences comprised Analysis of Variance (p < 0.05).

RESULTS

Table 1 lists anthropometric data diagram of wheelchair and results for the three groups.
The WA group was able to produce a considerably higher power output P5, mainly because they
attained a higher propulsion velocity Vp (Table 1). Examples for the total and effective force
curves are illustrated in Figure 2. Despite a higher propulsion velocity WA’s showed a higher FEF
than AB’s. Stroke parameters BA and EA and trunk angle TA did not differ between both groups.
The NWA group had a lower P5 than the WA group. However NWA subjects showed a
considerable variation in PS and in FEF values while stroke parameters EA and TA were different
from those for WA and AB.

Acromion

WA

Figure 1: Stick diagram of wheelchair push.

250 Total and effective force on the handrim ser Total and cffective force on the handrim
Applied foroe AB WA
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Figure 2: Typical examples of forces applied on the handrim.

DISCUSSION

For all three groups effectiveness of forces in terms of the optimal force vector direction
was lower (+60%) than for submaximal values in a previous study (+70%, 1). Wheelchair
athletes had a higher mean power output than both non-wheelchair athletes and able-bodied
subjects. However peak power output and torque (Pp and Mp) did not differ (Table ). FEF values
for WA and AB seem to suggest that WA directed their propulsive force more effective than AB.
This despite the higher propulsion velocity which is assumed to be detrimental to co-ordination. It
is expected that under equal velocity conditions FEF values will differ significantly. Results for the
NWA group showed a deviating stroke pattern from both AB’s and WA’s. The large inter-group
differences in P5 and FEF may have been caused by within-group differences in training
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