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Abstract.
OBJECTIVE: The purpose of this study was to determine the effects of seat height, wheelchair mass and grip on mobility
performance among wheelchair basketball players and to investigate whether these effects differ between classification levels.
METHODS: Elite wheelchair basketball players with a low (n = 11, class 1 or 1.5) or high (n = 10, class 4 or 4.5) classifi-
cation performed a field-based wheelchair mobility performance (WMP) test. Athletes performed the test six times in their own
wheelchair, of which five times with different configurations, a higher or lower seat height, with additional distally or centrally
located extra mass, and with gloves. The effects of these configurations on performance times and the interaction with classifica-
tion were determined.
RESULTS: Total performance time on the WMP test was significantly reduced when using a 7.5% lower seat height. Additional
mass (7.5%) and glove use did not lead to changes in performance time. Effects were the same for the two classification levels.
CONCLUSIONS: The methodology can be used in a wheelchair fitting process to search for the optimal individual configu-
ration to enhance mobility performance. Out of all adjustments possible, this study focused on seat height, mass and grip only.
Further research can focus on these possible adjustments to optimize mobility performance in wheelchair basketball.

Keywords: Wheelchair mobility performance, wheelchair configuration, wheelchair basketball, classification, paralympic

1. Introduction

Wheelchair mobility performance, defined as the
ability of a wheelchair athlete to perform athlete-
wheelchair activities such as driving forward, driv-
ing backward or turning with a wheelchair [1], is an
important performance aspect in wheelchair basket-

∗Corresponding author: A.M.H. de Witte, Faculty of Health, Nu-
trition and Sport, The Hague University of Applied Sciences, The
Hague, The Netherlands. Tel.: +31 6 21691636; E-mail: a.m.h.
dewitte@hhs.nl.

ball. Overall (team) performance may be improved by
focussing on mobility performance which is depen-
dent on a combination of ergonomic factors associ-
ated with the athlete, the wheelchair and the inter-
face between them [2]. Athlete characteristics, such
as physical capacity and muscle strength, can influ-
ence mobility performance as well as wheelchair set-
tings such as wheelchair mass and camber. Further-
more, adjustments in the athlete-wheelchair interface,
such as seat height and handrim grip, have been shown
to have an effect on mobility performance [3,4]. In-
sight in the relationship between mobility performance
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and the athlete, wheelchair and interface characteris-
tics could help athletes, coaches and wheelchair tech-
nicians to improve the overall performance of the indi-
vidual athlete and thus also the team performance.

Mobility performance can be influenced by changes
in the wheelchair and interface configuration. Seat
height can have an effect on mobility performance in
wheelchair basketball through its influence on the sta-
bility of the wheelchair-athlete combination and the
propulsion technique or efficiency [5–8]. Most stud-
ies on the effects of seat height in wheelchair handling
focused on physiological and mechanical responses in
laboratory settings, and mainly in the context of daily
life activities or sports such as wheelchair racing [4].
The conclusions of these laboratory studies may, there-
fore, not be directly transferrable to wheelchair bas-
ketball. In wheelchair basketball, for instance, it is of-
ten desirable for centre players to sit as high as pos-
sible for optimal ball handling at the expense of sta-
bility. Whether seat height (when manipulated within
reasonable and allowable ranges) actually has an ef-
fect on mobility performance in wheelchair basketball
is therefore unknown, although a recent study indi-
cated that seat height is a predictor of mobility perfor-
mance [2].

The same is true for wheelchair mass, which has
been studied and discussed before in relation to perfor-
mance, but mainly in forward velocity conditions [3,
9]. In a study with able-bodied participants on a
wheelchair treadmill, additional mass (5 and 10 kg)
did not result in a significant higher physical strain [3].
Sagawa et al. [9] also found no effects of additional
mass (5 kg) on sprint performance, but a decrease
in performance in the Stop-and-Go test for the able-
bodies subgroup. However, Cowan et al. [10] found
that average self-selected velocity decreased when the
mass of the wheelchair was increased with 9.05 kg.
The effect of wheelchair mass is ambiguous in the cur-
rent literature and the effect on mobility performance
in wheelchair basketball is also unknown.

In wheelchair racing and wheelchair rugby, it is
common to use gloves to increase the friction be-
tween hand and rim. Gloves had a beneficial effect on
wheelchair handling skills in rugby players and rac-
ers were able to achieve higher top end velocities by
applying larger peak forces on the handrim [11–13].
Additional grip can, therefore, also be advantageous to
mobility performance in wheelchair basketball.

Considering the limited transfer of knowledge from
results of laboratory studies with able-bodied partici-
pants with respect to activities of daily life, the effects

of seat height, wheelchair mass and glove use on mo-
bility performance in wheelchair basketball might be
studied using a recently developed standardized field-
based test. The wheelchair mobility performance as-
sessed using this test was considered to be represen-
tative for the mobility performance in wheelchair bas-
ketball matches [14].

In exploring the effect of different wheelchair and
interface configurations on mobility performance, the
classification of athletes in wheelchair basketball
should be taken into account [4]. Active trunk stabil-
ity and rotation have been identified as central compo-
nents determining performance [15] and are key fac-
tors in the current wheelchair basketball classification
system [16]. Due to less trunk function it is expected
that low class players are not able to compensate for the
larger distance between shoulder and handrim in the
higher seat height position and, therefore, performed
less. Furthermore, players with a low classification
have less power output than players with a higher clas-
sification [17] and based on this relationship, it is ex-
pected that the extra mass condition should have more
effect on the low classification group. Therefore, the
aim of this study was to determine the potential ef-
fects of seat height, wheelchair mass and additional
grip on wheelchair mobility performance while per-
forming a standardized field-based wheelchair mobil-
ity performance test, and to determine whether these
effects are different for wheelchair basketball athletes
of either low or high classification.

2. Methods

2.1. Participants

Twenty-one elite wheelchair basketball players par-
ticipated (national team member or player first divi-
sion) in this study with fourteen men and seven women
(Table 1). Eleven players had a classification of 1 or 1.5
(low classification group) and ten players had a classi-
fication of 4 or 4.5 (high classification group). Partici-
pants gave written informed consent prior to participat-
ing. This study was approved by the Ethics Commit-
tee of the Faculty of Behavioural and Movement Sci-
ences, Vrije Universiteit Amsterdam, the Netherlands
(2016-091R1).

2.2. Procedure

Participants had to perform the Wheelchair Mobility
Performance (WMP) test, which consists of 15 sport
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Table 1
Player characteristics (n = 21)

Mean (SD) Classification group
Low (1–1.5) (n = 11) High (4–4.5) (n = 10)

Age (y) 30.1 (11.4) 34.6 (9.5) 25.1 (11.7)
Mass (athlete + wheelchair) (kg) 84.1 (14.0) 82.1 (13.1) 86.6 (15.5)
Experience (y) 9.0 (9.3) 8.0 (6.8) 10.1 (11.7)

specific tasks and has been shown to be a valid and re-
liable test to assess mobility performance capacity in
wheelchair basketball [14]. All 15 tasks were carried
out in succession, separated by standardised rest peri-
ods to avoid fatigue (see Appendix). Participants were
familiar with the WMP test because of their participa-
tion in previous experiments.

The participants performed the WMP test six times
in their own wheelchair of which five times with dif-
ferent configurations. Tire pressure was standardized at
seven bar. The first time the WMP test was performed,
no wheelchair configurations were changed (control
condition). After the first test, the wheelchair was
changed to one of five conditions in a randomised order
to eliminate learning or fatigue effects. All adjustments
were made by a highly-experienced wheelchair techni-
cian. The five configurations were: 1) 7.5% lower seat
height; 2) 7.5% higher seat height; 3) 7.5% additional
mass centrally placed at the wheel axis (mass central);
4) 7.5% additional mass distributed evenly at 0.3 m in
front of and behind the wheel axis (mass distal); 5) use
of rubber coated gloves to increase grip on the handrim
without changes to seat height or mass. Although a per-
centage of the seat height was used for adjustment, the
change was measured with a reference point on the top
of the participant’s head. When the wheelchair was ad-
justed, all other wheelchair configurations were kept as
in the original configuration.

Each WMP test took about 6.5 minutes and was fol-
lowed by a rest period of 15–30 minutes to allow re-
covery and to make adjustments to the wheelchair be-
fore the next test. For each participant, the WMP tests
were performed on the same wooden indoor basketball
court on one day.

2.3. Data acquisition and analysis

All WMP tests were video recorded from the side
of the field with two high-definition video cameras
(CASIO EX-FH100, 1280 × 720, 20–240 mm) with
a frame rate of 30 Hz. The outcome of the WMP test
was total performance time (sec) and was manually
determined from video analyses using Kinovea (Ki-
novea 0.8.24, France). Next to total performance time,

the performance times on the 3-3-6 m sprint (task 7)
and the combination task (task 15) were analysed sep-
arately. Previous research indicated that these perfor-
mance time, as well as the total performance time on
the entire WMP test were found to be valid, reliable
and sensitive to change [14,18].

2.4. Statistical analysis

The assumption of normality was checked by vi-
sual inspection of the distribution of the data and a
Shapiro-Wilks test was performed of the data within
the groups. Homogeneity of variance was checked us-
ing Levene’s test. There were no violations of these as-
sumptions. Descriptive statistics for performance mea-
surements were, therefore, presented as mean ± stan-
dard deviation.

Two-way mixed design analyses of variance were
used for seat height (low-control-high), added mass
(control-central-distal) and glove use (control-gloves)
separately to determine whether these wheelchair and
interface configuration have an effect on performance
times of the 3-3-6 m sprint (task 7), combination task
(task 15) and the total WMP test time and to deter-
mine whether the effects of these adjustments were in-
fluenced by classification (interaction effect).

For the independent variable seat height and mass,
Tukey post hoc tests were performed when their main
effect was found to be significant. When a significant
interaction was observed, t-tests with Bonferroni cor-
rection were used to examine the interaction effect. In
addition, Cohen’s d effect sizes (ES) were calculated
for the differences between pairs of conditions [19].
The (absolute) magnitude of the ES was classified as
large (> 0.80), medium (0.50–0.79) small (0.20–0.49)
or trivial (0–0.19) [19]. All statistical analyses were
performed using IBM SPSS statistics version 22 (IBM
Corporation, Armonk, NY, USA) and p-values below
0.05 were considered significant.

3. Results

All 21 athletes performed the control condition. One
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Table 2
Mean and standard deviation (SD) of performance times (s) for the 3-3-6 m sprint, combination task and the total performance time on the
wheelchair mobility performance (WMP) test for the control condition (CC) and the manipulation conditions seat height higher (SHH) and seat
height lower (SHL). The table is complemented with the mean differences (s) between the manipulation conditions and control condition and
Cohen’s d effect sizes

Classification
Control

condition
(CC)

Seat height
higher
(SHH)

Differences
in time (s)
between
CC-SHH

Effect
size

Seat height
lower
(SHL)

Differences
in time (s)
between
CC-SHL

Effect
size

Differences
in time (s)
between

SHH-SHL

Effect
size

Mean (s) SD Mean (s) SD Mean (s) SD
3-3-6 m sprint

Total 7.35 0.75 7.32 0.84 0.03 0.03 7.16 0.99 0.19 0.21 0.16 0.17
Low (n = 10) 7.94 0.50 7.92 0.74 0.02 0.02 7.89 0.90 0.05 0.07 0.04 0.04
High (n = 10) 6.76 0.42 6.72 0.37 0.04 0.10 6.43 0.28 0.32 0.91 0.28 0.88

Combination
Total 14.70 1.38 14.86 1.32 −0.16 −0.12 14.60 1.40 0.10 0.07 0.26∗ 0.19
Low 15.51 1.24 15.64 1.29 −0.13 −0.10 15.51 1.18 −0.01 0.00 0.12 0.11
High 13.90 1.02 14.09 0.82 −0.19 −0.20 13.70 0.95 0.20 0.21 0.39 0.44

Total WMP test
Total 88.90 9.25 88.96 8.88 −0.06 −0.01 87.22 9.45 1.69∗ 0.18 1.75∗ 0.19
Low 95.34 7.74 95.00 7.53 0.34 0.04 94.25 6.85 1.08 0.15 0.74 0.10
High 82.47 5.38 82.93 5.39 −0.46 −0.09 80.18 5.60 2.29 0.42 2.75 0.50

∗Significant difference (p < 0.05).

Table 3
Mean and standard deviation (SD) of performance times (s) for the 3-3-6 m sprint, combination task and the total performance time on the
wheelchair mobility performance test for the control condition (CC) and the manipulation conditions mass central (MC) and mass distal (MD).
The table is complemented with the mean differences (s) between the manipulation conditions and control condition and Cohen’s d effect sizes

Classification
Control

condition
(CC)

Mass
central
(MC)

Differences
in time (s)
between
CC-MC

Effect
size

Mass
distal
(MD)

Differences
in time (s)
between
CC-MD

Effect
size

Differences
in time (s)
between
MC-MD

Effect
size

Mean (s) SD Mean (s) SD Mean (s) SD
3-3-6 m sprint

Total 7.51 0.91 7.33 0.82 0.18 0.21 7.38 0.96 0.13 0.13 −0.05 −0.06
Low (n = 11) 8.11 0.75 7.89 0.64 0.22 0.31 8.06 0.75 0.05 0.07 −0.16 −0.24
High (n = 9) 6.78 0.43 6.64 0.33 0.14 0.37 6.56 0.36 0.22 0.62 0.08 0.23

Combination
Total 14.91 1.42 14.96 1.43 −0.05 −0.03 14.99 1.46 −0.08 −0.05 −0.03 −0.02
Low 15.66 1.28 15.63 1.23 0.03 0.02 15.85 1.30 −0.19 −0.15 −0.22 −0.17
High 14.01 1.03 14.15 1.27 −0.14 −0.13 13.94 0.84 0.07 0.08 0.21 0.20

Total WMP test
Total 90.52 10.11 89.37 9.10 1.15 0.12 90.21 9.65 0.31 0.03 −0.84 −0.09
Low 96.73 8.69 94.71 8.31 2.03 0.24 96.40 8.03 0.33 0.04 −1.69 −0.21
High 82.92 5.50 82.84 4.82 0.08 0.02 82.64 4.85 0.28 0.06 0.20 0.04

low class athlete didn’t perform the lower seat height
position and glove use trials, and one high class ath-
lete didn’t perform the WMP test with additional mass
centrally placed. Due to differences in group size, the
results of the control condition for the different con-
figurations showed small differences as can be seen in
Tables 2–4.

For the performance time on the 3-3-6 m sprint (Ta-
ble 2), no significant differences were found between
the seat heights. On the combination task, performance
times in the lower seat position (M = 14.60 s, SD =
1.40) were 0.26 s (ES = 0.19) faster compared to the
higher seat position (M = 14.86 s, SD = 1.32). Fur-

thermore, there was a significant main effect of seat
height for the total performance time (p = 0.002) (Ta-
ble 2 and Fig. 1). Post-hoc tests showed significant
differences between the lower seat height condition
and the control condition, and between the lower and
higher seat height conditions. The performance with a
lower seat condition resulted in a 1.69 s faster perfor-
mance than the control condition (p = 0.014) and a
1.75 s faster performance than with a higher seat height
(p = 0.002). However, the effect sizes were classified
as trivial, i.e. ES = 0.18 and ES = 0.19 respectively.
The difference in total performance time between the
control conditions and the higher seat height condi-
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Table 4
Mean (± SD) performance times (s) for the 3-3-6 m sprint, combination task and the total performance time
on the wheelchair mobility performance test for the control condition (CC) and the manipulation condition
Gloves. The table is complemented with the mean differences (s) between the manipulation condition and
control condition and Cohen’s d effect sizes

Classification
Control

condition (CC) Gloves (G)
Differences in time (s)

between CC-G Effect size

Mean (s) SD Mean (s) SD
3-3-6 m sprint

Total 7.45 0.93 7.38 0.86 0.07 0.08
Low (n = 10) 8.14 0.78 7.93 0.73 0.21 0.28
High (n = 10) 6.76 0.42 6.83 0.59 −0.07 −0.14

Combination
Total 14.80 1.48 14.80 1.58 −0.01 −0.01
Low 15.69 1.34 15.83 1.55 −0.14 −0.09
High 13.90 1.02 13.78 0.76 0.12 0.13

Total WMP test
Total 89.65 10.37 88.74 10.09 0.91 0.09
Low 96.83 9.15 96.14 8.01 0.70 0.08
High 82.47 5.38 81.34 5.38 1.13 0.21

Fig. 1. Performance times (s) of low and high class players on the
Wheelchair Mobility Performance Test. ∗Significant difference (p <
0.05) between lower seat height and control condition and between
lower seat height and higher seat height position.

tions was not significant. Overall, there were no statis-
tically significant interaction effects observed between
the seat height conditions and classification (for 3-3-6
m sprint, P = 0.394; for combination task, p = 0.546;
for total WMP test, p = 0.158).

There were no significant main effects observed for
wheelchair mass (Table 3). Furthermore, no significant
interaction effects were found between classification
and wheelchair mass (3-3-6 m sprint, p = 0.475; Com-
bination, p = 0.415; Total WMP test, p = 0.215).

The differences in performance times on the WMP
test between the trials with and without the use of
gloves were not found to be significant (Table 4).
Moreover, there were no significant interaction effects
between classification and glove use for all three out-
come variables (3-3-6 m sprint, p = 0.372; Combina-
tion, p = 0.354; Total WMP test, p = 0.721).

4. Discussion

In this study, we determined the effect of seat height,
mass and glove use on mobility performance in a
standardized field-based wheelchair basketball test in
elite wheelchair basketball players and we determined
whether these effects are different for players with a
low or high classification. The key findings of this
study are that (1) a 7.5% lower seat height resulted in
a faster performance on the total wheelchair mobility
performance (WMP) test and on the combination task,
and (2) 7.5% extra mass or the use of gloves did not
lead to a significant change in performance time. Fur-
thermore, high and low classification players showed
similar responses to the interventions.

Performance times on the combination task and on
the total WMP test were significantly influenced by
seat height. Moreover, as can be seen in Table 2, the
differences in all performance outcomes between high
and low seat height have a positive value. This means
that athletes performed the three different test parts
faster with a 7.5% lower seat height than that they were
used to, compared to the condition in which they had to
perform the test with a 7.5% higher seat height. Based
on the results of this study, one can assume that lower-
ing the seat height then they were used to has a positive
effect on mobility performance time in wheelchair bas-
ketball. In practice, the range of possible seat heights
may be larger than the tested ± 7.5% range. The opti-
mal individual seat height is dependent on the athlete
and the requirements of the game. The association be-
tween seat height and performance is by definition not
linear because there is a limit to the seat height at which
the handrims can be used. A trend in seat height can
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be seen, but the optimal seat height cannot be deter-
mined based on the present data, as only three heights
have been tested. Previous studies focused on the ef-
fect of seat height on physiological parameters, propul-
sion technique and mechanical efficiency in wheelchair
propulsion, and their results are in line with the results
of the present study. Van der Woude et al. [20] ob-
served that raising the seat height above the standard-
ized position resulted in a higher oxygen uptake and
reduced mechanical efficiency, which underlines the
results in this study where more complex wheelchair
handling tasks were tested. Lower seat height posi-
tions have been associated with increases in handrim
contact and push-time and a reduction in push fre-
quency [7,8,21]. The increased handrim contact time
and longer push time could explain the increase in mo-
bility performance in the present study because it al-
lows a longer power transfer.

Extra mass (7.5%), distally or centrally attached to
the wheelchair, did not significantly change the out-
come variables and no interaction effect with classifi-
cation was observed. Extra mass was expected to de-
crease mobility performance time, as it is assumed that
extra mass would have a negative effect on forward ac-
celeration and braking. However, no noteworthy dif-
ferences between the conditions were observed in per-
formance times, despite the relatively large extra mass
of 5 to 9 kg. This was somewhat surprising. Within
the project that included this study, Van der Slikke et
al. [22] observed kinematic data of mobility perfor-
mance with inertial sensors. Adding mass showed most
effect on wheelchair mobility performance, with a re-
duced average acceleration across all activities. Once
distributed, additional mass also reduced maximal ro-
tational speed and rotational acceleration. However,
this was only determined for the WMP-test as a whole
and not for the separate tasks of the WMP-test. Future
research using accelerometer data can shed light on the
actual differences in acceleration and braking between
conditions during the different test parts. The results
were quite similar to previous research with daily life
focus, which found no effect of extra mass on wheeling
velocity [3,9]. However, when the sensitivity to change
of the WMP test was studied, the performance times on
the total WMP test decreased significantly 4.40 s when
10 kg extra mass was attached to the wheelchair [18].
In the present study the extra mass varied, but was in
all cases less than 10 kg, which could explain these
differences. The outcomes measure time in the present
study shows no significant difference.

We also evaluated the effect of distributed mass
addition, which not only influenced linear accelera-

tion and braking, but also rotational acceleration as it
changes the system’s moment of inertia. For the com-
bination task and overall performance, which contains
rotations, again to our surprise, no differences were ob-
served. However, inertial sensor data showed reduced
maximal rotational speed and rotational acceleration
during the whole WMP-test when the extra mass was
distributed [22]. With the current knowledge and re-
sults of both studies, there is still no clear answer to
what extent added mass influences mobility perfor-
mance while no differences were observed in perfor-
mance time despite the fact that there were differences
in kinematic outcomes. Synchronization of both sys-
tems, to get an overview of time and kinematic out-
comes for all separate tasks, is recommended. It ap-
pears that changes up to 7.5% extra mass, even when
distally added, does not lead to large decreases in per-
formance time.

In several wheelchair sports, such as wheelchair
rugby and wheelchair racing, the use of gloves is com-
mon and the benefits on performance are scientifically
proven [11–13]. However, this study does not show a
positive or a negative significant effect on mobility per-
formance in wheelchair basketball. Moreover, no sig-
nificant differences were observed in kinematic out-
comes [22]. The time to get used to the use of gloves
was, however, very short and the reported experience
of the athletes was very diverse, from very comfort-
able to very disadvantageous. Players indicated that
ball handling was more difficult due to reduced ball
feeling. As such, the test results indicated that the bene-
fits of glove use are highly linked to both wheelchair
and ball handling. It is an option to place the extra grip
only on a specific part of the hand so ball feeling isn’t
influenced, a solution should be extra grip in the palm
of the hand and not at the fingers. Another option to
measure the effect of grip on propulsion is the use of a
pressure sensor on the gloves to highlight the effect of
grip on muscle fatigue in the hand used for propulsion.
Further research with longer adaptation periods, other
grip material and placing and use of sensor gloves is
therefore recommended.

No interaction effects of classification were ob-
served in this study for the different wheelchair
configurations. It was expected that classification could
cause different performance effects as a result of
changes in the seat height and the mass. Low-class
players have less trunk function and in a higher seat
height position it was expected that they would not
be able to compensate for the larger shoulder-handrim
distance. Furthermore, due to the relationship between
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power output and classification [16], it was expected
that the extra mass condition would have a more sub-
stantial effect on the low classification group. How-
ever, athletes with a low classification did not respond
differently, in terms of performance time needed, to
a wheelchair adjustment compared to athletes with a
high classification. The results have to be interpreted
with care, given the limited datasets (n = 21). How-
ever, in practice, a dataset of eleven elite low-class
players is in itself very exceptional.

4.1. Limitations and recommendations

This study examined the potential effects of er-
gonomic wheelchair settings in a standardized field-
based test with experienced elite wheelchair basketball
players of different classifications. The methodology
used is in line with the recommendations of Mason et
al. [4] to achieve the highest level of internal and exter-
nal validity when studying the effect of wheelchair and
athlete-wheelchair characteristics on mobility perfor-
mance in wheelchair basketball. However, the choice
for this method also imposes some limitations:

All experimental conditions were performed in a
randomised order to eliminate learning or fatigue ef-
fects. The resting periods between the tests allowed
full recovery of the players. However, the experimen-
tal setting was not optimal to acquire total adaptation
to the new seat heights and the use of gloves. We do
not expect that the short adaptation period has biased
our conclusions. It is plausible that a longer adaptation
period would have led to more obvious differences and
it is recommended to use longer adaptation time in fur-
ther research. In the current study, all tests took place
at the same day, so the adaptation time was limited.

Another limitation (and strength) of this study is
the choice to apply adjustments to the subjects’ own
wheelchairs, assuming that their own wheelchair was
optimally tuned. Based on this assumption, the
wheelchair seat height was individually raised and low-
ered with 7.5% and the mass was increased with 7.5%.
These percentages were chosen to simulate realisti-
cally possible seat heights but have been chosen ar-
bitrarily. The same applied to the choice of 7.5% ex-
tra mass and the distance of 0.3 m for the distributed
mass, it had to be realistic and operable for the ath-
letes. However, all manipulation settings were experi-
enced as very small by the players. With this approach
the number of possibilities for wheelchair adjustments
was however limited. A multi-adjustable wheelchair
could be beneficial for research purposes. The multi-

adjustable wheelchair must first be tuned to the settings
of their own wheelchair, and from that point, manipu-
lations should be made with the same methodology as
used in this study. When the influence of various set-
tings on performance is known, it is desirable to work
towards a model in which the various settings can be
combined.

Within the limitations, the results of this study can
be used by athletes, coaches and wheelchair techni-
cians to improve individual and team mobility perfor-
mance. This study provides insight in the performance
effects of key wheelchair configurations. The method-
ology can be used in a wheelchair fitting process to
search for the optimal individual seat height to enhance
mobility performance. Because the choice to only use
time as outcome measure, the processing is usable for
everyone and this gives the possibility to use it in daily
practice of the professional. A lower seat height re-
sulted in a faster performance time. At the same time, it
is known that the highest wheelchair position (accord-
ing to IWBF regulations) is a priority for athletes play-
ing in the center position. A higher seat height posi-
tion enables greater effectiveness in the number of re-
bounds, blocks of shots. Coaches and wheelchair ath-
letes have to look thoroughly at the optimum between
mobility performance and game performance.

The WMP test is easy to use and little material is
required. This study focused only on seat height, mass
and grip while several other adjustments can be made
to the wheelchair, such as changes in camber and wheel
size. Further research can focus on these adjustments
to optimize mobility performance in wheelchair bas-
ketball.
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Appendix

Wheelchair mobility performance test

The measurement outcome of the test is time (s).
The time is recorded for each activity and the sum
of the 15 separate activities is overall performance
time. Time is recorded based on video-analysis and
time started when the wheelchair started to move and
stopped when the wheelchair was stationary. For each
starting and stopping position the wheel axis should
coincided with the pawns. All ball-handling moves
performed during the test had to be in accordance with
the IWBF rules for dribbling.

Activity 1: Tik-tak box
Athlete starts on position 1, between two pawns 1

meter from the tik-tak box. The athlete has to perform 3
short movements. On the start signal, the athlete drives
forward and makes a collision with the tik-tak box at
the left side and drives backward back to the pawns.
The athlete repeats the movement but makes a collision
with the tik-tak box in the middle and the third time
the athlete makes a collision with the right side of the
tik-tak box. The performance time of test 1 is the time
necessary to complete the three movements.

Activity 2: 180◦ turn on the spot (left)
Athlete moves to the start position (position 2) while

facing outwards (Fig. 2). Athlete starts from a station-
ary position with their wheel axis between the pawns).
After the start signal the athlete makes a half turn on
the spot (180 degrees) to the left.

Activity 3: 12 meter sprint
The athlete stays on the same place and is now fac-

ing inwards due to activity 2. The athlete starts from
standstill and sprint as quick as possible 12 meter. The
athlete has to stop the wheelchair on the 12 meter be-
tween the pawns.
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Fig. 2. Set up of the gym for the wheelchair mobility performance test.

Activity 4: 12 meter rotation (right)
The athlete is facing outwards now at position 3. The

athlete starts from standstill and performs a curve of 12
meter to the left (radius 1.9 m) as quickly as possible.
The athlete has to stop the wheelchair on position 3.

Activity 5: 12 meter rotation (left)
The athlete performs the same activity as activity 4,

however, this time to the left direction.

Activity 6: 180◦ turn on the spot (right)
The athlete performs the same activity as activity

2, however, this time to the right direction. In other
words, on position 3 the athlete changes from facing
outwards to inwards.

Activity 7: 3-3-6 m sprint
The athlete performs a 12 meter sprint forward with

full stops at 3, 6 and 12 meters from position 3 back to
position 2. Starting and stopping should be performed
as quickly as possible. The stops are assessed visually
by the trainer/coach. The rotation of the wheels must
come to a complete standstill.

Activity 8: 3-3-6 m rotation (left)
The athlete is back on position 2 and facing out-

wards. The athlete starts from standstill and performs
a curve of 12 meter to the left as quickly as possible
with stops at a quarter circle (3 meter), a half circle (6
meter) and then back to the starting position.

Activity 9: 3-3-6 m rotation (right)
The athlete performs the same activity as activity 6,

however, but this time to the right.

Activity 10: 90◦–90◦ turn on the spot with stop (left)
The athlete performs a half turn on the spot (180

degrees) to the left with a stop at 90◦. On position 2 the
athlete changes facing outwards to inwards.

Activity 11: 12 meter dribble
The athlete performs a 12 meter sprint while drib-

bling the ball and stops at 12 meter. The athlete moves
from position 2 to 3.

Activity 12: 12 meter rotation dribble (right)
The athlete performs a curve of 12 meter to the right

while dribbling the ball. The athlete has to stop at po-
sition 3.

Activity 13: 12 meter rotation dribble (left)
The athlete performs a curve of 12 meter to the left
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while dribbling the ball. The athlete has to stop at po-
sition 3 and is facing outwards.

Activity 14: 90◦–90◦ turn on the spot with stop (right)
The athlete performs the same activity as activity 10

on position 3 (facing outwards to inwards), however,
this time to the right direction.

Activity 15: Combination
The athlete performs a 12 meter sprint (to position

2), a turn right or left, a 12 meter slalom and a turn
back to position 3. All activities are performed in suc-
cession.


