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Wheelcn;}r speed regulation

SPEED REGULATION IN HAND RIM WHEELCHAIR PROPULSION

L.H.V.van der Woude, H.E.J.Veeger, R.H.Rozendal

Department of Functional Anatomy, Interfaculty of Physical
Education, Free University Amsterdam

ABSTRACT

Adaptation to different velocities in
hand rim wheelchair ambulation was
studied in terms of timing, work per
cycle and push angle. Speed regulation is
achieved both through adapting cycle
frequency as well as the amount of work
per cycle, Moreover a higher cycle
frequency is mainly attained by adjusting
push time. No systematic changes in push
angle are seen. These findings most
likely imply adaptation in the pattern of
torgque generation. The results hold for a
group of trained wheelchair sportsmen at
a daily-use speed level (.56 - 1.32 m/s)
as well as racing speeds up to 3.33m/s.
The results were confirmed for wheelchair
propulsion in a basketball wheelchair and
a racing wheelchair, the latter with
different hand rim diameters.

INTRODUCTION

Propulsion technique of hand rim
wheelchair ambulation is badly under-
stood. To our knowledge no systematic
research has been conducted into timing
pattern, work per cycle and push angle
with respect to power output, velocity
and overall resistance. This rather
complicates interpretation of parameters
on timing and movement technigue with
respect to other experimental conditions,
such as seat position.

Few studies have incorporated timing
parameters. Only cycle frequency was
determined rather frequently (1,2,3,4,5,
6), Brubaker and McLaurin (2} studied
push angle, cycle time and torque applied
to the hand rims in relation to seat
position at V=2.5km/hr. Walsh et al. (5)
analysed cycle time in wheelchair
sprinting, with respect to seat position.
Sanderson and Sommer {4) studied timing
and movement pattern of the upper limb
and trunk in the sagittal plane.

Moreover in wheelchair racing several
propulsion techniques are used. It is not
feasible to advise a suitable technigue
in wheelchair ambulation for a given
subject or condition, until a detailed
description and analysis of wheelchair
propulsion technigue is available.

Results of twe current projects, in
which propulsion parameters were studied
next to physiclogical parameters, will ke
discussed below,

METHODS

Two hand rim wheelchair experiments
(EXP} were conducted on a motor driven
treadmill {MDT). Parameters of propulsion
technique were determined in relation to
mean wheelchair speed. The mean amount of
work per cycle (A) for both arms was
derived from the external power (P} and
Cycle Time (CT), accerding to:

A=PxCT {=]M.dQ)
P was determined in a drag test on the
MDT (7), according to:

P=F %V
in which F is the mean drag force and V
the mean wheelchair velocity of a subject
wheelchair combination. CT was calculated
from cycle frequency {(CF{Hz)}. From film
data the Push Angle (PA)} of the left hand
with respect to the wheel axis, Push Time
{PT:"time on hand rim") and Recovery Time
(RT = CT - PT) were determined. Relative
values (3CT) for PT and RT were derived
from mean values.

In EXP-1 N=6 male wheelchair sportsmen
(mean ayge:35.6; s.d.:+/-6; mean hody
weight: 78.5 +/-7) conducted four 12
minute exercise tests in their basket-
ball wheelchair, In each test, the belt
speed increased with .28m/s every third
minute, fxrom .56m/s to 1.39 m/s. The slope
of the treadmill was kept constant in
each of the four tests at respectively
0,1,2 and 3 degrees. The tests wore
assigned randomly per subject.

In EXP-2 N=6 male marathon wheelchair
racers {mean age:28.2 +/-6; mean body
weight:70.5 +/-16.5) conducted five
12-minute exercise tests in a "Speedy
Wheely" racing wheelchair., Different hand
rim diameters were mounted to the spokes
in the five tests (.3m,.35,38,.47,.56m).
Speed increased with .83m/s every third
minute, from .83m/s to 3.33 m/s. The slope
of the MDT was constant (.5 degrees).

Data were statistically analysed with
a multi-factor analysgis of variance for
repeated measures (P¥0,05), with the
exception of PT,RT and PA in EXP-1. The
latter was due to incomplete data and the
parameters were analysed gqualitatively.

RESULTS

The results for both experiments show
a similar trend: an increasing speed {and
subsequently P) is generated through a
definite decrease in CT, as is shown for
EXP-2 in Figure 1.
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Wheelchndr speed regulation

Speed adaptation is also evident in A.
Since no speed adaptation in PA is
apparent and a shorter PT is seen, the
increase in A implies a change in the
pattern of force generation. An increase
in torque (M) and instantaneous power is
likely. This will be verified in near
future with a wheelchair simulator with
force registration.

Both absolute and relative values of
PT show its prevailing speed-requlating
characteristic. The declining pattern in
PT(s) seems closely related to the
required acceleration of the hand in the
phase of force generation.

The small but significant diminishing
trend in RT (Figure 1.) stresses the
dominant declining curvature of PT in
relation to CT., Whether this trend in PT
is cause or effect of the CT pattern is
unclear,

The findings in EXP-1 with respect to
velocity and slope, indicate that timing
(CT,A} is relevant in power generation in
general. This can be seen in the slopes
of the lines in EXP-1 in Figure 2. and
may be reflected as well by the
significant statistical interaction
between slope and speed (Table 1.).

For a given slope (EXP-1) and hand rim
diameter (EXP-2) no clear changes are
seen in PA with increasing speed.This
indicates a trajectory of the hand,
independent of wheelchair velocity.
Between different slopes and hand rim
sizes no changes were seen in PA for a
given speed as well. The latter indicates
an increasing hand-trajectory for a
larger hand rim diameter {EXP-2).

Adaptation to different hand rim sizes
is clearly independent of timing.
Movement analysis of arm and trunk might
indicate other speed-regulating
mechanisms in this respect.

100 EXPERIMENT-2 & 01 ()]
-+ 02 {.35)
= D3 {38}

“ + D4 (47)

<+ 05 (56)

TIMING (3CT)
&

0 r y r 1
] 1 2 3 1
VELOCITY (m/s}
Figure 3b, PT and RT in %CT for EXP-2.

The differences in relative PT and RT
between EXP-1 and EXP-2 (Figure 3,) may
be due to the difference in wheelchair
configuration which leads to a
differentiation in the distance between
shoulder and wheel axis.

CONCLUSIONS

For a large velocity-range, two
wheelchair configurations and a group of
wheelchair sportsmen,the speed-regulating
character of several propulsion technique
parameters (CT,PT,RT,A) was clearly
shown. No PA changes were found. A
predominance is scen for PT in adapting
CT to a given vaelocity. This holds for
wheelchair sportsmen, propelling a
basketball and racing wheelchair with
different rim sizos.

Timing parametcrs appear relevant in
adapatation to slope increments as well,
This implies a depence on external power
ocutput in general.

The rasults of EXP-2 show the
independence of timing paramcters in the
adaptation to different rim diamoter. The
impetus of these findings on force
generation and movement technique must be
studied in more detail.
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