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Abstract

Obijective: An adequate wheelchair propulsion capacity is required to perform daily life activities. Exercise
training may be effective to gain or improve wheelchair propulsion capacity. This review investigates whether
different types of exercise training programs are effective in improving wheelchair propulsion capacity.
Data sources: PubMed and EMBASE databases were searched from their respective inceptions in
October 201 3.

Review methods: Exercise training studies with at least one outcome measure regarding wheelchair
propulsion capacity were included. In this study wheelchair propulsion capacity includes four parameters
to reflect functional wheelchair propulsion: cardio-respiratory fitness (aerobic capacity), anaerobic
capacity, muscular fitness and mechanical efficiency. Articles were not selected on diagnosis, training type
or mode. Studies were divided into four training types: interval, endurance, strength, and mixed training.
Methodological quality was rated with the PEDro scale, and the level of evidence was determined.
Results: The 21 included studies represented 249 individuals with spinal-cord injury (50%), various
diagnoses like spina bifida (4%), cerebral palsy (2%), traumatic injury, (3%) and able-bodied participants
(38%). All interval training studies found a significant improvement of 18-64% in wheelchair propulsion
capacity. Three out of five endurance training studies reported significant effectiveness. Methodological
quality was generally poor and there were only two randomised controlled trials.

Conclusion: Exercise training programs seem to be effective in improving wheelchair propulsion capacity.
However, there is remarkably little research, particularly for individuals who do not have spinal-cord injury.
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Introduction

Increasing physical activity level is associated with
a lower risk of developing cardiovascular diseases.!
Compared to able-bodied individuals, manual
wheelchair users have reduced physical activity??
and physical fitness levels.* This has a major impact
on their daily life activities, social participation, and
overall quality of life.>7 The intensity of wheel-
chair propulsion in daily life may not put sufficient
stress on the cardiovascular system to induce posi-
tive health effects.® Hence, breaking through the
vicious cycle of deconditioning in manual wheel-
chair users may require exercise training, i.e. a type
of physical activity consisting of standardized,
planned, structured, and repetitive bodily move-
ment intended to improve or maintain one or more
components of physical fitness.?

Improving physical fitness may also result in
reduced relative effort in daily activities. Since
manual wheelchair users’ primary means of mobil-
ity is through hand rim wheelchair propulsion,
exercise training should aim to improve their phys-
ical fitness levels in such a way that hand rim
wheelchair propulsion has the greatest impact in
daily life. The capacity for hand rim wheelchair
propulsion is referred to as wheelchair propulsion
capacity. Since both long and short bouts of activ-
ity are important in daily life,'* wheelchair propul-
sion capacity is divided into endurance and sprint
capacity.

Optimized wheelchair propulsion capacity
requires cardio-respiratory fitness (aerobic capac-
ity), anaerobic capacity and muscular fitness
(Figure 1)."" In addition, these physiological
parameters need to be translated into functional
wheelchair propulsion. Besides physical fitness,
mechanical efficiency is also important for wheel-
chair propulsion capacity. Power output during
hand rim wheelchair propulsion is regarded as the
outcome measure most closely related to wheel-
chair propulsion capacity.!?> Other ‘integrated’
outcome measures for wheelchair propulsion
capacity are the results of wheelchair propulsion
tests in practical situations field tests.

Valent et al (2007)13 reviewed studies on the
effect of upper-body exercise and reported that no
conclusions could be drawn because of the overall

low quality of studies. They focused on persons
with spinal-cord injury only. Training of wheel-
chair propulsion capacity might be beneficial for
more diagnostic groups, and knowledge on training
effects in able-bodied subjects might provide more
insight in the potential effects for persons with dis-
abilities. In addition, exercise training should have
its effect on daily life wheelchair propulsion. The
focus of the present review will therefore be on
integrated wheelchair propulsion outcome meas-
ures instead of specifically types of training or bod-
ily related outcome measures. Moreover, several
years have passed since the last review. Therefore,
the present review aims to systematically review
the literature on the effectiveness of training pro-
grams in improving hand rim wheelchair propul-
sion capacity, including various groups and all
types of training programs.

Methods

The PubMed and EMBASE databases were
searched from their respective inceptions until
October 2013. Search terms included subject head-
ings and text words based on the concepts of ‘exer-
cise’ or ‘physical’ and ‘wheelchair’ with the
following constraints: english language and human.
Inclusion criteria were: standardized and clearly
described exercise training, and at least one out-
come measure regarding endurance or sprint
wheelchair propulsion capacity. Articles were not
selected on type or mode of exercise; training could
be either with or without wheelchair. Titles and
abstracts of the electronic searches were scruti-
nized by one author (MZ). References of included
studies were screened to find articles that might
have been missed. Included articles were read in
full by two independent reviewers (MZ and OV),
both trained in exercise physiology and rehabilita-
tion. They recorded details of the study design, par-
ticipants, intervention program, training type,
outcome measures, results, and conclusions. Where
key information was not reported, efforts were
made to contact the authors to obtain further details.

Exercise training programs were divided into
five predetermined categories: aerobic exercise
training, subdivided into interval and endurance
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Figure |. Schematic relationship of wheelchair propulsion capacity and underlying parameters.'”:5

training; anaerobic exercise training; strength
training; and mixed training. Aerobic exercise
training was defined as training aimed at improv-
ing the function of the cardio-respiratory
system.!4“There are roughly two ways of training
the cardio-respiratory system: interval and endur-
ance training. Interval training involves bursts of
high-intensity work interspersed with periods of
low-intensity exercise.!> Endurance exercise train-
ing was defined as repetitive, aerobic exercise of
large muscles at a constant intensity level for a pro-
longed period of time (>10 min).'%!6 Anaerobic
exercise training refers to exercise that requires
bursts of maximal intensity work over short peri-
ods of time (<30s).'* Strength training was defined
as a structured repetitive exercise, inducing an
overload to increase strength, power, or muscular
endurance.'* Mixed training is a combination of
interval, endurance, anaerobic, and/or strength
training, or a training that does not fit the definition
of a specific training type. All studies used differ-
ent prescribed exercise intensities. Low intensity
was defined as <40% heart rate reserve, <64%
peak heart rate or maximal tolerated power, moder-
ate intensity as 40-60% heart rate reserve, 64-76%
peak heart rate or maximal tolerated power, and
high intensity as >60% heart rate reserve, >76%
peak heart rate or maximal tolerated power. !¢
Outcome measures were divided into endurance
and sprint wheelchair propulsion capacity. Both are

performance measures of wheelchair exercise
including all parameters (Figure 1), recording for
example power output, speed, or velocity.
Endurance wheelchair propulsion capacity refers
to the ability of the body to sustain prolonged
wheelchair exercise, and reflects the cardiorespira-
tory system.!” Sprint wheelchair propulsion capac-
ity refers to the ability of the neuromuscular system
to produce the greatest possible impulse over a
given distance or time period up to 30 seconds.!®

Methodological quality

The methodological quality of the studies was
rated using the PEDro scale, based on the Delphi
list developed by Verhagen et al.,'” which consists
of eight criteria for internal validity and two sta-
tistical criteria. Points were only awarded when a
criterion was clearly satisfied and reported.

Evidence level

The ideal method to determine the efficacy of an
intervention is through a randomised controlled
trial, a design that ensures that any differences in
outcome variables are indeed attributable to the
exercise training. To evaluate how to interpret out-
come variables of different studies, the levels of
evidence were classified by means of a grading
system developed by the Oxford Centre of
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Evidence-Based Medicine.?® This classification
system consists of five levels. Going from the
highest to the lowest level of evidence, these are: 1)
randomised controlled trial(s) (#>100), 2) ran-
domised controlled trial, 3) cohort study, 4) clinical
controlled trials or case series, and 5) case study.

Results

Searching the PubMed and EMBASE databases in
October 2013 initially resulted in 1158 articles. On
the basis of title and abstract, we excluded 1114
studies. Another 23 studies turned out not to meet
the inclusion criteria after the full text had been
read. Reference screening of the included studies
did not result in additional studies. A total of 21
studies were eventually included and divided in
different training types (Figure 2). No studies were
found on anaerobic training. The studies repre-
sented 249 individuals; 50% (n=126) diagnosed
with spinal cord injury, 38% (n=94) were able-bod-
ied participants and 12% (n=29) were patients
diagnosed other than spinal-cord injury. Other
diagnoses included spina bifida (4%), cerebral
palsy (2%), traumatic injury (3%), amputees (1%),
polio (1%), and bilateral tarsal tunnel syndrome
(1%).

Interval training

Table 1 lists eight interval training studies,?!2% of
which three included a control group,?®28 though
none were randomised controlled trials. Four stud-
ies included participants with spinal-cord
injury,?1.222425 and three included healthy ambula-
tory participants.?>28 The number of interval ses-
sions ranged from three to nine sets per training,
high-intensity intervals ranged from high intensity
to maximal and low-intensity intervals from rest to
moderate intensity. All training and test sessions
were implemented on a wheelchair ergometer.

All studies measuring endurance wheelchair
propulsion capacity found a significant improve-
ment in the experimental group, ranging from
18-34% in participants with disabilities 223 and
49-66% in able-bodied participants.?®2% No study
reported sprint wheelchair propulsion capacity. All

studies that measured mechanical efficiency?323-27
or peak oxygen uptake 21-2325-26.28 reported signifi-
cant improvements of 7-15% and 14-36%,
respectively.

Endurance training

Table 2 lists the results of five studies examining
the effects of endurance training.?®-33 Three studies
included a control group,?-32-34 one of them being a
randomised controlled trial.3> Three studies trained
experienced wheelchair users, all diagnosed with
spinal-cord injury,23! and four trained men
only.3933 Training intensity ranged from 30 to 80%
heart rate reserve or 75 to 85% peak heart rate, and
exercise training was executed during arm crank
exercise®® or wheelchair propulsion on either a
wheelchair treadmill,?>33 wheelchair ergometer,?
or indoor track.?!

Three studies, of which two trained able-bodied
participants, reported a significant positive effect on
endurance outcome measures with an improvement
of 30-78%.30-3233 Both studies training able-bodied
participants found significant improvements in
sprint capacity; 15 and 31% in 30-second power
output.3>3 Significant improvements in peak oxy-
gen uptake of 94% and 10% were only found in two
studies.’%32 Mechanical efficiency was measured in
four studies,?®31-33 only one of which, with able-
bodied participants, found a significant increase of
20%.33

Strength training

Two strength training studies were included (Table
3).3336¢ No randomised controlled trial was per-
formed. The studies differed in training duration,
frequency, strength exercises and participants: chil-
dren with cerebral palsy and spina bifida’¢ compared
to male adults with and without spinal-cord injury.

A significant improvement was found in endur-
ance capacity during a field test.3¢ Both studies
reported sprint wheelchair propulsion capacity,
but strength training did not improve sprint perfor-
mance. However, a significant improvement was
found in the strength exercises that were
trained.33-3¢
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Figure 2. Flowchart for selection of eligible articles.

SClI, spinal-cord injury, AB, able-bodied, other, participants having other diseases than spinal-cord injury.

Mixed training

Table 4 lists the characteristics of six mixed training
studies.>”#> Three studies included a control
group,3®#1:42 one of them being an randomised con-
trolled trial.#! Participants had a variety of diagno-
ses: spinal-cord injury, spina bifida, trauma, polio,
and cerebral palsy. With one exception,®® all studies
trained experienced wheelchair users or even
wheelchair athletes.*!#> Three exercise programs
consisted of a combination of strength and endur-
ance training,3’3° one study used wheelchair exer-
cise to exhaustion,* and two studies investigated
respiratory muscle training.*'#? Exercise training
programs lasted between six weeks and 10 months
and involved one to 14 training sessions each week.

Endurance wheelchair propulsion capacity
improved significantly, by 30-53% in terms of
endurance time3%40 and by 15% in terms of maxi-
mal tolerated power.3” A case study reported an
increase of 63% in 10-km time trial.3® One study
reported a significant improvement in sub-maxi-
mal endurance time, but found no increase in
maximal tolerated power.’* No difference was
found in sprint capacity.*?

Methodological quality

Tables 1-4 report the methodological quality as
assessed with the PEDro scale. The median score
was two out of 10, and no study scored more than
six points, indicating generally poor methodologi-
cal quality. Only two out of 21 studies were ran-
domised controlled trials,3%#! but these studies
could not ensure concealed allocation and blinding
of subjects, therapists or assessors. Most studies
had positive scores on criteria eight and 11, indicat-
ing that more than 85% of the subjects completed
the intervention and the effect of treatment was
measured.

Evidence level

Two out of 21 studies obtained their results at the
second highest level of evidence that of small sam-
ple size randomised controlled trial.3>#! Another
five studies were controlled clinical trials.26-28.33:42
The majority of studies (57%, n=12) consisted of
observational studies comparing post-training
results with baseline values, and two articles
reported on case studies.
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Discussion

Although the evidence base is weak, the present
review does support exercise training programs as
being beneficial for improving wheelchair propul-
sion capacity. The vast majority of participants
involved had a spinal-cord injury or were able-bod-
ied individuals. It is surprising that there were only
two proper randomised controlled trials.324!
Furthermore, only five out of 21 studies reported
between-group differences.2032:3341.42 The majority
of studies were case series or even case studies,
indicating changes over time that can be due to any
factor, such as exposure to the test protocol, natural
recovery, season or learning effects.*? Studies with-
out between-group differences do not provide suf-
ficient evidence for the effectiveness of exercise
training.

Arm cranking, an outcome measure used in
many studies, requires a continuous pushing and
pulling movement instead of the intermittent pro-
pelling pattern of wheelchair propulsion. Moreover,
arm cranking exercise has a higher peak power out-
put and mechanical efficiency.***> Considering the
concept of specificity of exercise, wheelchair pro-
pulsion exercise is more appropriate. It improves
the capability in using a manual wheelchair, as
shown in this review by improvements in mechani-
cal efficiency. The focus in the current review was
specifically on wheelchair propulsion, being the
primary means of mobility in wheelchair users. So,
studies that used arm cranking as an outcome
measure were not included. Twenty studies
included in the review by Valent et al.!3 were there-
fore not included in the current review. The other
focus of the current review, including not only indi-
viduals with spinal-cord injury, resulted in 12% of
participants involved having a other diagnosis and
38% able-bodied participants. This does not repre-
sent the wheelchair using population, and therefore
more research is needed.

The intervention programs in the included stud-
ies varied in terms of duration, frequency, and
intensity. The American College of Sports Medicine
(ACSM) guidelines for wheelchair users with para-
plegia recommend 3-5 exercise sessions a week
lasting 20-60 minutes each, at moderate to

vigorous exercise intensities, to increase aerobic
capacity*®, the most important physiological
parameter. This suggests target heart rates between
50 and 80% of peak heart rate.*® Therefore, strength
training programs fall out of the scope in this com-
parison. Except for both respiratory muscle train-
ing programs,*'#? all interventions met the ACSM
guidelines for increasing aerobic capacity. The
ACSM guidelines for wheelchair users only
account for the physical fitness parameters.
Therefore it seems reasonable to assume that res-
piratory muscle training was not effective in
improving wheelchair propulsion capacity, since
physiological parameters or mechanical efficiency
during wheelchair propulsion were not trained.

Inclusion of all types and modes of training pro-
grams as well as all diagnoses provided a nice
overview, but did not result in potential training
guidelines. However, despite our finding that no
randomised controlled trial had been performed for
interval training, this type of training seems to have
the highest potential to improve endurance wheel-
chair propulsion capacity. All participants in seven
intervention studies improved significantly in
terms of endurance capacity and peak oxygen
uptake, whereas the participants in endurance and
mixed training programs showed both endurance
capacity and peak oxygen uptake improvement
only in two out of five and one out of five studies,
respectively. This cautious conclusion supports the
findings of Helgerud et al.” and Gibala et al.*® who
found that high-intensity interval training is sig-
nificantly more effective in improving peak oxy-
gen uptake than performing the same (or more)
total work during continuous aerobic exercise
training. However, more research is needed to find
out whether this also holds for wheelchair
exercise.

Assuming that exercise intensity is the most
important factor in improving aerobic capacity in
healthy subjects, rather than exercise frequency
and duration,!” it is remarkable that studies training
at moderate?® or high?%3! intensity found no signifi-
cant improvements, while a study training at low
intensity®?® did. The positive training effect was
found in able-bodied participants. Despite that this
group had similar peak power outputs compared to
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individuals with paraplegia, this suggest that train-
ing effects are achieved at lower intensities in able-
bodied individuals.*® Able-bodied participants
gained the most effect at the start of the interven-
tion in improving mechanical efficiency.”® In con-
trast, despite of the similar training guidelines,!¢
and baseline measurements* the effect of interval
and endurance training in individuals with disa-
bilities was lower compared to able-bodied par-
ticipants. The limiting factor for improving peak
oxygen uptake in individuals with a disability is
generally a lack of active muscle mass.>! Resistance
training or electrical induced resistance training
can increase muscle mass %3 and might have a
positive effect on peak oxygen uptake.

Only six out of 21 studies investigated sprint
wheelchair  propulsion  capacity.  Significant
improvements in sprint capacity in able-bodied par-
ticipants may again represent an overestimation of
the effects in experienced wheelchair users.3>33 The
improved strength in single- and multiple-joint exer-
cises after strength training was not translated into
an improvement in sprint capacity.’>3¢ Although
there is a correlation between muscle strength and
the force imparted to the hand rim, increased force
does not necessarily lead to more effective hand rim
force or propulsion cadence.* This suggests that
improving not only muscle strength, but also propul-
sion technique is important. Future research should
use exercise programs incorporating both muscle
strength exercises specifically designed to improve
hand-rim propulsion and functional, effective pro-
pulsion technique training.

In wheelchair users with a spinal-cord injury, aer-
obic capacity accounts for 69% of maximal tolerated
power during wheelchair propulsion.®> This makes
peak oxygen uptake an important physical fitness
parameter. All studies in which peak oxygen uptake
improved significantly also found improved endur-
ance capacity. The same pattern holds for mechanical
efficiency; when mechanical efficiency improved
significantly, endurance capacity improved as well.
A highly significant relation between mechanical
efficiency and maximal tolerated power supports this
finding.>® Both peak oxygen uptake and mechanical
efficiency are good predictive physical fitness
parameters for wheelchair propulsion capacity. In the

study by DiCarlo et al. 3° peak oxygen uptake values
improved by no less than 94.2%, from 12.1 to 23.5
mL O,/kg/min. Baseline measurements indicated
very low aerobic capacities, and the very large effect
may be explained by the relative notation of peak
oxygen uptake in combination with increased muscle
mass and weight loss.

Our findings must be interpreted in light of cer-
tain limitations. First, the search might have
missed some studies. We have looked at outcome
measures specifically performed during hand rim
wheelchair propulsion and therefore training stud-
ies with outcome measures on endurance or sprint
capacity during hand cycling have been missed.
Second, there have been no studies on this topic
with a high level of evidence and with good meth-
odological quality. Without between-group analy-
ses, changes over time can be due to any factor.3
Moreover, in view of the low levels of evidence,
low methodological quality and heterogeneity of
both study sample and interventions, it was inap-
propriate to pool the data of the studies included.
Third, a plethora of different not equally divided
diagnoses makes it difficult to interpret the results.
Several studies were even conducted among
healthy ambulatory subjects. Hence, further inves-
tigations are required to assess whether our results
are generalizable to other diagnoses and medical
conditions. Fourth, the studies in our review pre-
dominantly included male participants. It is
unclear whether the same effects would be
observed in women. Fifth, not all training types
were equally represented. We could only include
two studies on strength training, and no studies
investigating the effects of anaerobic training.
This is surprising, since for manual wheelchair
users, most of the motor activities in daily life are
of short duration'® and produce a relatively high
physical strain on the individual. Finally, there
was only one training study that focused on chil-
dren using a wheelchair. Although long-term
effects of training are not known, one can only
assume that an early introduction to wheelchair
training would be beneficial for children’s future
health and function.

There is a need for randomised controlled trials
involving manual wheelchair users, particularly
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including people who do not have spinal-cord
injury. Future research should also focus on the
effects of interval training, since, based on the low-
quality evidence, this seems to be the training type
that has the greatest potential. In addition, there is a
need for studies investigating the effects of exer-
cise training in children using a wheelchair.

Clinical messages

e Exercise training programs seems to be
beneficial for improving wheelchair pro-
pulsion capacity, except for respiratory
muscle training.

e Interval training is the most promising
training type.

e There is an urgent need for research into
the immediate and long-term benefits of
exercise training in wheelchair using
patients, particularly including people
who do not have spinal-cord injury.
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