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ORIGINAL ARTICLE

The effects of wheelchair mobility skills and exercise training on physical activity,
fitness, skills and confidence in youth using a manual wheelchair

Marleen E. Sola,b, Olaf Verschurenb, Henricus Horemansc, Paul Westersd, Johanna M. A. Visser-Meilyb,e ,
Janke F. De Groota,f and Fit-for-the-Future Consortium
aResearch Group Lifestyle and Health, HU University of Applied Sciences Utrecht, Utrecht, The Netherlands; bCenter of Excellence for
Rehabilitation Medicine, UMC Utrecht Brain Center, University Medical Center Utrecht and De Hoogstraat Rehabilitation, Utrecht, The
Netherlands; cDepartment of Rehabilitation Medicine, Erasmus MC University Medical Centre Rotterdam, Rotterdam, The Netherlands;
dDepartment of Biostatistics and Research Support, Julius Center, University Medical Center Utrecht, Utrecht, The Netherlands; eDepartment of
Rehabilitation, Physical Therapy Science & Sports, UMC Utrecht Brain Center, University Medical Center Utrecht, Utrecht, The Netherlands;
fKnowledge Institute of the Federation of Medical Specialists, Utrecht, The Netherlands

ABSTRACT
Purpose: To evaluate the effects of a combination of wheelchair mobility skills (WMS) training and exer-
cise training on physical activity (PA), WMS, confidence in wheelchair mobility, and physical fitness.
Methods: Youth using a manual wheelchair (n¼ 60) participated in this practice-based intervention, with
a waiting list period (16 weeks), exercise training (8 weeks), WMS training (8 weeks), and follow-up (16
weeks). Repeated measures included: PA (Activ8), WMS (Utrecht Pediatric Wheelchair Mobility Skills Test),
confidence in wheelchair mobility (Wheelchair Mobility Confidence Scale), and physical fitness (cardio-
respiratory fitness, (an)aerobic performance) and were analysed per outcome parameter using a multilevel
model analyses. Differences between the waiting list and training period were determined with an
unpaired sample t-test.
Results: Multilevel model analysis showed significant positive effects for PA (p¼ 0.01), WMS (p< 0.001),
confidence in wheelchair mobility (p< 0.001), aerobic (p< 0.001), and anaerobic performance (p< 0.001).
Unpaired sample t-tests underscored these effects for PA (p< 0.01) and WMS (p< 0.001). There were no
effects on cardiorespiratory fitness. The order of training (exercise before WMS) had a significant effect on
confidence in wheelchair mobility.
Conclusions: A combination of exercise and WMS training appears to have significant positive long-term
effects on PA, WMS, confidence in wheelchair mobility, and (an)aerobic performance in youth using a
manual wheelchair.

� IMPLICATIONS FOR REHABILITATION
� Exercise training and wheelchair mobility skills (WMS) training can lead to a sustained improvement

in physical activity (PA) in youth using a manual wheelchair.
� These combined trainings can also lead to a sustained increase in WMS, confidence in wheelchair

mobility, and (an)aerobic performance.
� More attention is needed in clinical practice and in research towards improving PA in youth using a

manual wheelchair.
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Introduction

Youth with or without a disability benefit physically and mentally
from a physical active lifestyle [1,2]. It has been shown that low
levels of physical activity (PA) are more prevalent among youth
(children and adolescents) with a physical disability compared to
their typically developing peers [3,4]. Youth using a manual
wheelchair are markedly less physically active than their ambula-
tory peers with or without a physical disability [5–8]. Bloemen
et al. [5] found that youth using a manual wheelchair with spina
bifida were 2.5 times less physically active than typically develop-
ing peers. These low levels of PA in youth using a wheelchair are
worrisome and need attention.

Evidence for the effectiveness of interventions aimed at
increasing PA in youth using a manual wheelchair is lacking, as
there has been very limited research undertaken in this popula-
tion [9]. Most intervention studies in youth with a physical disabil-
ity focused on increasing PA in youth with cerebral palsy and
were limited to participants who were able to stand or walk
[8–11]. Recent systematic reviews [10,11] in youth with a physical
disability concluded there was no or conflicting evidence on
effectiveness of interventions aimed at increasing PA.

In this study, we were interested in increasing the wheelchair
propulsion time in youth using a manual wheelchair, as wheel-
chair propulsion is the largest component of PA in wheelchair
users. We aimed to increase wheelchair propulsion time through
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improving three modifiable determinants of PA: wheelchair mobil-
ity skills (WMS), confidence in wheelchair mobility, and physical
fitness [12–14]. Two studies in children with a disability [15,16]
showed high-intensity interval training (HIIT) to have positive
results on physical fitness. High intensity interval training consists
of intermittent bouts of activity and rest, which is similar to the
active behaviour of youth [17]. Current literature in adult wheel-
chair users [18,19] shows that WMS and confidence in wheelchair
mobility and physical fitness are modifiable factors, either through
exercise training (physical fitness) [18] or WMS-training (WMS and
confidence in wheelchair mobility) [19]. These studies have
focused on the effect of one type of training, i.e., WMS training or
exercise training, on respectively WMS and confidence in wheel-
chair mobility or physical fitness. Recently, Kirby et al. [20] sug-
gested to focus on both WMS-training and exercise training
during rehabilitation of people with a spinal cord injury, as there
are significant positive relationships between WMS, confidence in
wheelchair mobility, and physical fitness. Whether the relation-
ships and benefits of these training programs in adults are similar
in youth using a manual wheelchair is unclear as there is barely
any research in this population for WMS-training [21] and exercise
training [9]. Moreover, and to the best of our knowledge, the
effect of a combination of WMS-training and exercise training on
PA is unknown in adults and youth using a manual wheelchair.

Therefore, the aim of this study was to: (1) study both the
short-term and long-term effects of a combined WMS-training
and exercise training on PA and modifiable determinants of PA,
including WMS, confidence in wheelchair mobility, and physical
fitness in youth using a manual wheelchair and (2) explore differ-
ences in outcomes based on the order of training, i.e., WMS-train-
ing before or after exercise training.

Methods

Participants

In this practice based study, a convenience sample of participants
was recruited at six rehabilitation centres/schools for special edu-
cation in the Netherlands. Participants were included if they were:
between 7 and 18 years of age, bimanually propel their wheel-
chair, use wheelchair on a daily basis, able to understand the spo-
ken Dutch language, able to understand simple instructions and
had a problem related to WMS, physical fitness, and/or PA.
Participants were excluded if they had undergone a medical inter-
vention during the previous six months that could have affected
the intervention study outcomes (e.g., botox-injections). Local
physiotherapists (PT), occupational therapists (OT), or physical
education (PE) teachers approached and informed suitable partici-
pants and their parents.

Procedure

This intervention study is part of the Let’s Ride study from the Fit-
for-the-Future consortium and registered at trialregister.nl, regis-
tration number NTR5791. The Institutional Review Board of the
University Medical Center Utrecht approved the study protocol for
the Let’s Ride intervention study (protocol number 15-136).
Participants aged 12 years and over and all parents signed the
informed consent form before enrolment in this study.
Participants were placed in peer groups of 4–7 participants per
rehabilitation centre or school. Groups were allocated to one of
the four programs in this study (Figure 1). Program A and B were
placed on the 16-week waiting list after the first assessment. This
group was created due to limited facilities of running multiple

Figure 1. Study design.
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groups simultaneously in a rehabilitation centre or school.
Program C and D started training after the first assessment. All
participants followed 8-weeks WMS training followed by 8-weeks
exercise training (program A and C) or 8-weeks exercise training
followed by 8-weeks WMS training (program B and D).Training
programs were carried out during the school year and were not
interrupted by school holidays that lasted more than one week.
The group training sessions were given twice per week by two or
three local PT, OT, or PE teachers and each session lasted 30min.
The presence of the participant was documented in every session
and participants were included in the analysis of the training
results if they attended �10 sessions of WMS-training and �10
sessions of exercise training.

All participants had four assessments: pre-training, midway-
training, post-training, and follow-up. Participants in program A
and B had one extra assessment before the waiting list period. All
tests during an assessment period were administered within a
two-week time frame at the participant’s rehabilitation centre/
school for special education in the gymnasium or laboratory
under similar conditions (e.g., optimal tire pressure and floor).

Intervention

WMS training
The WMS-training program was developed by “KJ Projects”, a
WMS school with over 10 years of experience in teaching WMS to
both children and adults [22]. WMS sessions were aimed at learn-
ing to propel efficiently, going up, and down curbs, holding a
wheelie and negotiating the physical environment outdoors.
Before starting the training sessions, the PT, OT, and PE teachers
received a three hour training by the research team and KJ
Projects. In combination with the two weekly training sessions by
local PT, OT, or PE teachers, there were three training sessions at
the start, in the middle and at the end of the WMS-training pro-
gram given by KJ projects. Parents and/or close relatives observed
and participated in these three training sessions to stimulate and
motivate the participants to practice at home. In addition, all par-
ticipants received an individual video instruction on how to prac-
tice their skills at home.

Exercise training
A HIIT protocol was chosen as a form of exercise training, as this
form of training is a time-effective method of improving physical
fitness in youth [23]. This training protocol has recently been used
in a study with children with a disability, including a small sample
of wheelchair users [15]. Results showed a significant improve-
ment in anaerobic performance and aerobic performance after
HIIT training [15]. The used HIIT protocol in our study, number of
series (8–12 series) and active recovery time (90–120 s), is
described by Zwinkels et al. [15] for children with a disability. All
participants performed a HIIT in their own wheelchair, aimed at
improving their physical fitness (aerobic performance, cardio-
respiratory fitness, and anaerobic performance) through series of
30-s all-out exercises. The 30-s all out exercises were easily exe-
cutable sprint exercises such as, go back and forward between
two cones. The group training sessions were given in the school’s
gym by two or three PT, OT, or PE teachers, who had received a
training on the intervention by the research team.

Demographic and morphologic parameters

Parents of the participant completed one general questionnaire at
the first assessment regarding age, diagnosis, functional mobility

level [24], type of wheelchair, and level of education of their child.
They also completed a short questionnaire at the other assess-
ments about possible factors that could influence the participants
performance (e.g., illness or injuries). At each assessment, body
mass and wheelchair mass was determined using a calibrated
(wheelchair) scales (Kern MWS 300K100M) from the local rehabili-
tation centre/school for special education. Height was assessed in
supine position with an non-stretchable tape from head to heel
or with arm span (fingertip to fingertip, with arms abducted
90�and elbow and wrists straight) when participants were unable
to fully extent their hips or knees due to contractures [25].

Outcome measures

Physical activity: active wheelchair use
An objective assessment of time spent in “active wheelchair use”
was measured with a small accelerometer, the Activ8 activity
monitor (2M Engineering BV, Valkenswaard, The Netherlands) [26].
The Activ8 has shown to be valid for distinguishing the classifica-
tion “active wheelchair use” from the classification “non-propul-
sive wheelchair use” [27]. The counts thresholds used to separate
active from non-propulsive wheelchair use were modified for
youth using a manual wheelchair based on earlier pilot data. For
the purpose of this study, active wheelchair use is defined as
independent wheelchair propulsion at normal speed, high speed,
or manoeuvring. Participants were asked to wear an Activ8 in a
stretchable wristband on the dorsal side of the wrist on their
dominant arm for seven consecutive days. A second Activ8 was
securely fastened as close as possible to the axle of the wheel on
the same side as the dominant arm. The use of this combination
of accelerometers makes it possible to distinguish active propul-
sion from assisted driving. The total amount of PA consists of
more than active wheelchair use, including activities such as
swimming and transfers in/out of wheelchair. However, the aim of
this intervention is to increase the active propulsion of the every-
day wheelchair and the Activ8 is a valid device for detecting this
component of PA [27]. Only data of participants with a minimal
wear time of eight hours/day on at least two school-days and one
weekend-day were analysed [6]. The main outcome for PA is the
amount of “active wheelchair use” expressed as a percentage of
wear time per day.

Wheelchair mobility skills
The WMS were assessed using the recently developed Utrecht
Pediatric Wheelchair Mobility Skills Test 2.0 (UP-WMST 2.0) [28,29].
The UP-WMST 2.0 is a performance-based measure of WMS with
good validity and test–retest reliability [28]. It consists of 15 items
measuring different WMS such as propelling forwards/backwards,
turning, ascending a platform, and holding a wheelie. The UP-
WMST 2.0 was administered by a PT, OT, or PE teacher, who had
received a two hour training (theory and practice) on how to
administer the UP-WMST 2.0 in youth using a manual wheelchair.
The main outcome is a total score ranging from 0 to 51, with a
higher score representing more advanced WMS.

Confidence in wheelchair mobility
For confidence in wheelchair mobility, the recently developed and
validated Wheelchair Mobility Confidence Scale (WheelCon-
Mobility) for Dutch Youth was used [30]. In this questionnaire,
participants are asked to rate on a five-point Likert scale how con-
fident they feel about doing different wheelchair mobility activ-
ities independently and safely, such as manoeuvring your
wheelchair in small spaces or going up and down a curb.
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Participants were asked to complete the questionnaire independ-
ently or with the help of a research team member when they
were unable to read the questions themselves. The main outcome
of this 31-item questionnaire is a total score ranging from 31 to
155, with a higher score indicating a higher confidence in wheel-
chair mobility.

Physical fitness
Aerobic fitness. The Shuttle Ride Test (SRiT) is a maximal graded
aerobic exercise field test where participants propel their wheel-
chair back and forth over a distance of 10 m with increasing speed.
This test has shown to be reliable and valid in youth (cerebral
palsy, spina bifida, and osteogenesis imperfecta) using a manual
wheelchair [31–33]. The SRiT was administered by two experienced
researchers following the protocol of Verschuren et al. [32]. The
VO2 (ml/min) during the SRiT was recorded with a calibrated
mobile gas analysis system (Cortex Metamax B3; Cortex Medical
GmbH, Leipzig, Germany). The relative VO2peak (ml/min/kg) was
determined as the highest value of VO2 (ml/min) during the last
30 s of the SRT, divided by the body mass (kg). The researcher
used subjective criteria (lack of motivation, pain, distraction) to
determine if the participant had shown real maximal effort to
achieve the highest number of shuttles. The main outcome of the
SRiT is the number of shuttles (ranging from 0.5 to 23) as a meas-
ure of aerobic performance and the relative VO2peak (ml/min/kg) as
a measure of cardiorespiratory fitness. Data were excluded from
analysis for “number of shuttles” and “relative VO2peak” when max-
imal effort was not achieved.

Anaerobic performance. The Muscle Power Sprint Test (MPST) is
an anaerobic performance test in youth using a manual wheel-
chair, where participants propel their wheelchair six times at max-
imal speed over a distance of 15 m with a break of 10 s between
each sprint to turn around and get ready for the next sprint. This
test has shown to be reliable and valid in youth using a manual
wheelchair [34,35]. The MPST was administered by a member of
the research team who recorded the time per sprint. Afterwards,
the time per sprint was converted to power as a measure of
anaerobic performance.

Power ¼ total mass � distance2ð Þ=time3:

Total mass is calculated as body mass plus wheelchair mass.
Participants with power assisted wheels (Ewheels) were excluded
from analysis. The main outcome of the MPST is the mean and
peak power of the six sprints.

Data analyses

Statistical analysis was performed using SPSS for Windows (ver-
sion 25.0, SPSS Inc., Chicago, IL). Characteristics of the partici-
pants, such as gender, diagnosis, and functional mobility level are
described categorically and the participants age, height, weight,
and years of experience in wheelchair use are presented as a
mean with the standard deviation (SD) for the total group (pro-
gram A–D), waiting list group (program A and B), and split for
order of training (program A, C or program B, D). Data were
checked for normality and characteristics and baseline scores
were compared between the waiting list group (program A and
B) and total group (program A–D) and between the orders of
training (program A, C or program B, D) using chi-square test or
independent sample t-tests.

Aim (1): the short-term and long-term effect of combined
WMS and exercise training per outcome parameter was calculated

using a multilevel model analyses with a random intercept for
participant and time (pre-training, post-training, and follow-up) as
a categorical factor. The pre-waiting list assessment was not
added as a time value in the model, as we did not expect differ-
ent outcomes for participants who were placed on the waiting list
before commencing the combined training program. As a second-
ary analysis, we performed unpaired sample t-tests for all out-
come measures to determine if the change in outcomes after the
training period (post-training minus pre-training of program A
and program D) was significantly different from the normal vari-
ation in outcomes during the waiting list period (pre-training
minus pre-waiting list of program A and B). Due to the hetero-
geneity of this population, analysis in the total sample using an
unpaired sample t-test (program A–D) was the preferred method
over a paired t-test in a half of the sample (program A and B).
Due to the use of multiple testing, we have set the significance
level at p< 0.01 to prevent type-I errors. Cohen’s D effect size was
calculated for the unpaired sample t-tests with effect sizes classi-
fied as small (d¼ 0.2), medium (d¼ 0.5), large (d¼ 0.8), and very
large (d¼ 1.3) [36].

Aim (2): the order of training (WMS training before or after
exercise training) was added to the multilevel model analyses per
outcome parameter to determine if program A and C had a sig-
nificant different effect from program B and D.

Results

A total of 60 youth using a manual wheelchair in daily life partici-
pated in this study. For the effectiveness of the intervention, data
of 12 participants were discarded. They could either not continue
training due to unrelated medical problems (n¼ 3), left school
during the training period (n¼ 1), declined to participate (n¼ 2),
or did not attend �10 trainings sessions per type of training
(n¼ 6). From the remaining group of 48 participants, the mean
adherence for exercise training was 14.2 (SD 1.6) out of the 16
training sessions and the mean adherence for WMS training was
14.3 (SD 1.7) out of the 16 training sessions. The characteristics of
the total group (program A–D) are described in Table 1 and sub-
sequently split for waiting list group (program A and B), WMS
before exercise training (program A and C), and exercise before
WMS training (program B and D). There were no significant differ-
ences in characteristics or baseline scores between the waiting list
group and total group (Table 1, Figure 2). There were no signifi-
cant differences in characteristics or pre-training scores between
the orders of training, except for more years of experience in
wheelchair use in program A and C compared to program B and
D (Table 1).

Effects of combined WMS-training and exercise training on PA

The median amount of days with sufficient wear time of the
Activ8 for pre-training, post-training, and follow-up are respect-
ively: 6 days, 7 days, and 6 days. Missing data per measurement
instrument are reported in Appendix A. No significant differences
were found for baseline characteristics of participants with miss-
ing data of the Activ8 at pre-training, post-training, and follow-up,
except for gender at pre-training (Appendix A).

For the total group, the combined intervention of WMS and
exercise training had a significant positive effect (p¼ 0.01) on PA
as measured with the Activ8 (pre-training 6.5% (standard error
(SE) 2.4), post-training 8.1% (SE 3.2), and follow-up 7.5% (SE 2.5))
(Table 2). Post hoc analysis showed that the short-term effect was
an absolute average increase from 53min/day before training to
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66min/day after the combined training. Looking at the follow up
data, there was a sustained improvement with no significant
(p¼ 0.73, 95% CI [–0.7, 1.1]) differences at follow-up in “active
wheelchair use” per day.

Unpaired sample t-test (see Table 3) showed a large effect
(d¼ 1.2), with an increase in “active wheelchair use” of 1.1% (SD
2.1%) (n¼ 21) after the training period that was significantly dif-
ferent (p< 0.01) from the decline of 1.1 (SD 1.2%) that occurred
during the waiting list period (n¼ 14).

Effects of combined WMS-training and exercise training on
determinants of PA

The WMS, confidence in wheelchair mobility, and physical fitness,
with the exception of relative VO2peak, improved significantly over
time (pre-training, post-training, and follow-up) in the total group
(Table 2, Figure 2). Missing data per assessment and parameter
are reported in Appendix A.

When looking at differences in change with the unpaired sam-
ple t-test during the training period compared to the waiting list
period, there was a significant change of 3.5 (SD 3.6) points in
WMS after the training period compared to a change of 0.3 (SD
3.7) after the waiting list period. We found a non-significant differ-
ence between the waiting list period and training period for con-
fidence in wheelchair mobility (p¼ 0.03), number of shuttles
(p¼ 0.07), relative VO2peak (p¼ 0.03), mean power (p¼ 0.37), and
peak power (p¼ 0.62).

Effect of the order of WMS and exercise training

We found a significant effect of order of training when added to
the multilevel model for confidence in wheelchair mobility
(p¼ 0.01) (Figure 2). We found no significant effect of order of the
training for all the other outcomes.

Discussion

The aim of this intervention in youth using a manual wheelchair
was to evaluate the short-term and long-term effect of a

combined WMS-training and exercise training on PA and three
determinants of PA: WMS, confidence in wheelchair mobility, and
physical fitness. In this study, we found increasing levels of PA
and positive changes in determinants of PA after the combined
training program, which were maintained at follow-up, with the
exception of cardiorespiratory fitness.

Despite the heterogeneity of the participants in this practice
based intervention study, positive results in increased PA over
time are supported by a significant difference, with a large effect
size, in change of PA during the training period compared to the
waiting list period. The increase of 13min per day is a relative
increase of 25% in time spent physically active per day. This is an
important and clinically relevant increase, as any improvement of
PA can lead to numerous health benefits [1]. Moreover, greater
health benefits can be achieved by people who have an inactive
lifestyle [1]. The results of this study also show that youth using a
manual wheelchair are very inactive with 53min/day of active
wheelchair use before commencing the combined train-
ing programs.

For the assessment of PA, we were able to assess the largest
component of PA for wheelchair users, which is the percentage of
time spent actively propelling their manual wheelchair per day.
While it would be preferable to assess the total amount of PA, at
the start of this study in 2015, the Activ8 was the best available
activity monitor for wheelchair users, which did appear to be user
friendly [27]. In this study, we did experience some technological
challenges in the use of the Activ8. Even though the soft stretch-
able armband did appear to be child friendly, participants
reported more and more a dislike to wear the armband due to an
itchy feeling or esthetical reasons. This led to decreased willing-
ness to wear to monitor for multiple days and resulted in more
missing data of the Activ8 in the final assessments, i.e., post-train-
ing and follow-up. Consequently, the results reported for PA are
collected in a smaller sample. Even with this small heterogeneous
sample, significant sustainable changes were seen after the
16 week combined training program.

When looking at the determinants of PA, we aimed to improve
three determinants through a combined WMS-training and exer-
cise training. We found a significant improvement in WMS of

Table 1. Characteristics of participants.

Split per order of training

Total group
Program A–D

(n¼ 48)
Waiting list group

Program A and B (n¼ 24)
WMS before exercise

Program A and C (n¼ 23)
Exercise before WMS

Program B and D (n¼ 25)

Gender(M/F) 28/20 16/8 12/11 16/9
Age (years), mean (SD) 12.8 (3.1) 14.0 (3.3) 12.9 (3.4) 12.9 (3.0)
Diagnosis
Cerebral palsy 21 11 9 12
Spina bifida 8 6 6 2
Neuromuscular 5 1 2 3
Other 14 6 6 8

Height (cm) mean (SD) 149 (16) 153.9 (14.0) 145.9 (18.1) 151.5 (14.1)
Weight (kg) mean (SD) 44.3 (16.3) 50.5 (15.2) 41.1 (17.7) 46.9 (15.0)
Wheelchair massa (kg) 19.4 (3.7) 20 (3.9) 18.6 (3.7) 20.0 (3.8)
Power assisted wheels 7 3 5 2
Experience in wheelchair (years), mean (SD) 8.4 (3.8) 9.3 (4.0) 9.6 (3.8)b 7.2 (3.6)b

Ambulation level
Non ambulatory 28 15 15 13
Partly ambulatory 20 9 8 12

Level of education
Regular 30 15 13 9
Special 18 9 10 16

M: male; F: female; n: number of participants; WMS: wheelchair mobility skills; SD: standard deviation.
aPower assisted wheels not included.
bStatistical difference between program A, C and B, D.
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7.1% (3.5 points) on the UP-WMST 2.0, which was maintained at
follow-up. This improvement in WMS is smaller than the effects of
WMS training in adults (14.0%, 95% CI [7.4, 20.8]) [19]. Subgroup
analysis in the meta-analysis of Keeler et al. [19] showed that
training was more effective in new wheelchair users. Youth using

a manual wheelchair in this study had an average of 8 years of
experience in using a wheelchair, which could explain the smaller
effects on WMS. Nonetheless, small improvements in WMS, such
as being able to go up a curb (þ1 point), could already lead to
more independence outdoors and have a positive effect on PA.

Figure 2. Line graph of the change in mean score over time for the total group, program A and C, and program B and D per outcome parameter. �Significant differ-
ence in outcome for order of training. UP-WMST: Utrecht Pediatric Wheelchair Mobility Skills Test; SRiT: Shuttle Ride Test; MPST: Muscle Power Sprint Test.
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More importantly, there is no significant decline in training effects
between post-training and at 16-weeks of follow-up as is similar
in adult wheelchair users [19], which implies WMS were main-
tained during the follow up period.

For confidence in wheelchair mobility, we found a significant
increase in the WheelCon-Mobility for Dutch Youth [30] after the
combined training. The growth in confidence levels was mainly
gained after WMS training (Figure 2), with a significantly larger
increase in the group that started with exercise training (program
B and D). This could be explained by Bandura et al.’s social cogni-
tive theory [37], were the experience of mastering of a new skill,
i.e., WMS, is the most effective way of improving ones confidence.
Participants in program B and D mastered on average more WMS
skills, possibly leading to a bigger increase in confidence com-
pared to participants in program A and C. These results suggest
that exercise before WMS training might be the preferred order
of training when aiming to improve confidence in wheel-
chair mobility.

The short-term effect of the combined training on anaerobic
performance was a significant increase in mean (þ4.1 W) and
peak power (þ3.0 W). In the longer term, we found a non-signifi-
cant decline between post-training and follow-up, which was
especially prominent in program A and C. This trend for a decline
could be explained by one of the limitations of this study, where
we were unable to assess participants who had graduated from
school (n¼ 4) and left the program between post-training and

follow-up. This led to missing data not at random, but with miss-
ing data of older and heavier participants, leaving younger and
therefore lighter participants at follow-up assessment. For the
power calculations in the MPST, the total weight of the partici-
pant is an important factor for the outcome. The four participants
who had left school all had a mean power at post-training that
was two to four times higher than the average mean power of
the total group. Secondary analyses without these four partici-
pants showed a smaller decline in anaerobic performance at fol-
low-up.

For aerobic fitness, we found similar positive results as
Zwinkels et al. [15], with a significant increase of shuttles on the
SRiT (þ1 shuttle) as a measure of aerobic performance and no
change in relative VO2peak as a measure of cardiorespiratory fit-
ness. Surprisingly, we did find a non-significant positive effect on
relative VO2peak after the waiting list period. It is unclear what
caused these results during the waiting list period. Possibly, there
were seasonal effects (pre-waiting list measurement was assessed
at the start of school year) that might have influenced the cardio-
respiratory fitness during the waiting list period. For the results of
the combined training, we found an increase in shuttles with simi-
lar O2 uptake, which implies more efficient propulsion after the
combined training and at follow-up. These results are in line with
a functional exercise study in ambulatory children with spina
bifida [38]. The increase in efficiency may be explained by the
fact that the training intensity was limited by the propelling

Table 2. Short- and long-term effects per outcome parameter of combined exercise and wheelchair mobility skills training using a multilevel model analyses.

Pre-training Post-training Follow-up Post vs. pre-training Post-training vs. follow-up

Outcome measure N Mean (SE) N Mean (SE) N Mean (SE)
p Value

Overall effect (95% CI) p Value (95% CI) p Value

Physical activity
Active wheelchair use
per day (% wear time)

35 6.5 (2.4) 27 8.1 (3.2) 19 7.5 (2.5) 0.01 (0.4;2.0) <0.01 (–0.7;1.1) 0.73

Wheelchair Mobility Skills
UP-WMST 2.0 48 30.2 (10.7) 48 33.7 (10.1) 37 32.0 (10.0) <0.001 (2.4;4.5) <0.001 (–1.1;1.1) 0.99

Confidence in wheelchair mobility
WheelCon-Mobility Dutch Youth 45 109.5 (23.4) 45 118.8 (22.0) 41 117.4 (24.0) <0.001 (4.5;14.0) <0.001 (–5.4;4.5) 0.85

Physical fitness
Shuttle Ride Test
Number of shuttles 38 12.2 (3.6) 35 13.3 (3.7) 33 13.1 (2.9) <0.001 (0.6;1.6) <0.001 (–0.8;0.2) 0.24
Relative VO2peak (ml/kg/min) 38 26.1 (9.2) 32 27.3 (8.5) 32 26.7 (8.9) 0.71 (–1.4;1.9) 0.77 (–2.1;1.4) 0.67

Muscle Power Sprint Test
Mean power (W) 41 34.4 (27.8) 41 38.5 (28.8) 35 35.1 (21.2) <0.001 (2.1;6.2) <0.001 (–4.3;0.2) 0.07
Peak power (W) 41 40.2 (33.0) 41 43.2 (32.0) 35 39.5 (23.4) <0.001 (0.4;5.4) 0.02 (–5.3;0.1) 0.05

UP-WMST: Utrecht Pediatric Wheelchair Mobility Skills Test; WheelCon-Mobility: Wheelchair Mobility Confidence Scale for Dutch Youth; CI: confidence interval; SE:
standard error; N: number of participants; bold font indicates p < 0.01.

Table 3. Unpaired sample t-test total group and waiting list group.

Waiting list period
Program A and B (n¼ 24)

Training period
Program A–D (n¼ 48)

n
Pre-waiting list
Mean (SD) Mean changea (SD) n

Pre-training
Mean (SD) Mean changea (SD)

Unpaired sample t-test
p Value Cohen’s D

Active wheelchair use (% wear time) 14 6.5 (1.8) –1.1 (1.2) 21 6.3 (2.4) 1.1 (2.1) <0.01 1.2
UP-WMST 2.0 24 32.6 (10.4) 0.3 (3.7) 48 30.2 (10.7) 3.5 (3.6) 0.001 0.88
WheelCon-Mobility Dutch Youth 23 106.7 (23.6) 0.0 (14.8) 45 109.5 (23.4) 9.3 (17.4) 0.03 0.56
Shuttle Ride Test
Number of shuttles 18 12.5 (3.1) 0.4 (1.7) 28 13.0 (2.7) 1.2 (1.2) 0.07 0.57
Relative VO2peak (ml/kg/min) 18 24.6 (6.9) 3.9 (4.0) 28 27.2 (9.0) 0.4 (5.8) 0.03 –0.68

Muscle Power Sprint Test
Mean power (W) 20 33.9 (18.9) 2.6 (4.8) 41 34.4 (27.8) 4.1 (6.5) 0.37 0.25
Peak power (W) 20 38.3 (21.2) 3.9 (5.9) 41 40.2 (32.3) 2.9 (8.7) 0.62 –0.12

UP-WMST: Utrecht Pediatric Wheelchair Mobility Skills Test; WheelCon-Mobility Dutch Youth: Wheelchair Confidence Scale for Dutch Youth; SD: standard deviation;
bold font indicates p < 0.01.
aMean change: post-training or waiting list period minus respectively pre-training or waiting list period. There are no significant differences between pre-waiting list
period and pre-training period scores.
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capacities of the child rather than the cardiorespiratory limitation.
Recently, Zwinkels et al. [15] also concluded that the HIIT training
protocol used is not an effective form of exercise training to
increase cardiorespiratory fitness in youth who use a wheelchair.
It is possible that reaching high intensities in 30 s exercise bouts
is less attainable through wheelchair propulsion due smaller
active muscle mass than running based exercises [39].

One of the limitations of this study was the “one size fits all”
training approach, where all participants received a WMS-training
and exercise training, regardless of the large variation at baseline
in PA and the determinants of PA. In Figure 2, the changes in
scores over time are visually presented per order of training, and
show that the greatest improvement for PA, confidence in wheel-
chair mobility, and aerobic performance are in the groups that
had lower scores at pre-training. It is possible that participants
with a relatively high physical fitness or more advanced WMS did
not benefit from the exercise or WMS-training as much as the
participants with a relatively low physical fitness or more basic
WMS. At the same time, HIIT training did challenge each child to
exercise at his/her own maximal level during the high intensity
intervals. The small training groups with peers seemed motivating
to go as fast as possible during exercise training and encouraging
to learn new WMS from seeing their peers mastering a new skill.

While the obvious strength of this study was the practice-
based approach, with outcomes measures that can be applied in
clinical practise and a heterogeneous sample that is representa-
tive for this population, this type of study does come with meth-
odological imitations. The heterogeneity of the sample makes it
more difficult to show significant results due to the large confi-
dence intervals. Even so, this study showed positive results which
are immediately relevant for daily practice in schools for special
education or rehabilitation centres. The intervention in a school
setting has disadvantages, such as limited time for assessments
and drop-outs due to graduation, which leads to missing data
that potentially could have confounded the results of this study.
Future research towards PA in school settings should also take
into account possible seasonal variations due to the school pro-
gram, e.g., decreased or increased PA over the summer holidays.
A benefit of the practice-based design was the involvement of PT,
OT, and PE teachers in assessments and interventions. This will
help future implementation of study results, which has already
happened in the rehabilitation centres in the Netherlands that
were involved in this study.

Conclusions

A combination of exercise and WMS training appears to have a
clinically relevant and significant increase in PA in youth using a
manual wheelchair. The combined training also had a positive
effect on WMS, confidence in wheelchair mobility, aerobic per-
formance, and anaerobic performance. More insight is needed
towards finding an effective form of exercise training for improv-
ing cardiorespiratory fitness in youth using a manual wheelchair.
Exercise before WMS training is the preferred order of training,
when aiming to improve confidence in wheelchair mobility.
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Appendix A

Pre-training Post-training Follow-up

Activ8 Activity monitor <2 weekdays AND 1 weekend day
(n¼ 7)
Declined to participate (n¼ 1)
Software malfunction (n¼ 5)

<2 weekdays AND 1 weekend day
(n¼ 12)
Declined to participate (n¼ 1)
Software malfunction (n¼ 8)

<2 weekdays AND 1 weekend day
(n¼ 13)
Declined to participate (n¼ 2)
Software malfunction (n¼ 5)
Left school (n¼ 4)
Unrelated comorbidity (n¼ 1)
No measurement due to logistic
reasons (n¼ 4)

UP-WMST 2.0 No missing data No missing data Left school (n¼ 4)
Unrelated comorbidity (n¼ 1)
No measurement due to logistic
reasons (n¼ 5)

WheelCon-Mobility Dutch Youth Unable to complete
questionnaire (n¼ 3)

Unable to complete
questionnaire (n¼ 3)

Unable to complete questionnaire
(n¼ 3)
Left school (n¼ 3)
Unrelated comorbidity (n¼ 1)

Shuttle Ride Test
Number of shuttles
Relative VO2peak

No maximal effort (n¼ 9)
Measurement burden (n¼ 1)

No maximal effort (n¼ 10)
No measurement due to logistic
reasons (n¼ 2)
Declined to participate (n¼ 1)
Measurement burden (n¼2)
Software malfunction (n¼1)

No maximal effort (n¼ 6)
No measurement due to logistic
reasons (n¼ 2)
Left school (n¼ 4)
Unrelated comorbidity (n¼ 1)
Declined to participate (n¼ 1)
Wheelchair malfunction (n¼ 1)
Measurement burden (n¼1)

Muscle Power Sprint Test Power assisted wheels (n¼ 7) Power assisted wheels (n¼ 7) Power assisted wheels (n¼ 7)
Left school (n¼ 4)
No measurement due to logistic
reasons (n¼ 1)
Unrelated comorbidity (n¼ 1)
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