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ABSTRACT

Introduction: Wheelchair users are at a high
risk of experiencing non-neuropathic pain of
musculoskeletal origin as a result of being
wheelchair-bound. The aim of this systematic

review was to establish the prevalence of mus-
culoskeletal pain in wheelchair users that is
attributable to wheelchair use, and to describe
the different pain syndromes and discuss risk
factors and management options.
Methods: After a systematic MEDLINE search,
we identified 40 papers eligible for inclusion.
Results: The pooled prevalence of muscu-
loskeletal pain at any location was 50% (95% CI
33–67%). The most common pain syndrome
was shoulder pain (pooled prevalence 44%, 95%
CI 36–52%). Wheelchair users were 5.8 times as
likely to suffer from shoulder pain as controls
(95% CI 2.7–12.2, p\0.0001). Other pain syn-
dromes included neck, elbow, wrist, hand and
low back pain.Older age and increased duration
of wheelchair use were the most significant
determinants of pain in wheelchair users.
Conclusions: Musculoskeletal pain as a result of
wheelchair use is very common amongst
wheelchair users. Management of pain should
follow national and international guidelines.
Optimal adjustment of seating position may
prevent pain, and is important to be taken into
consideration.
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Key Summary Points

Musculoskeletal pain as a result of the
wheelchair use is very common amongst
wheelchair users affecting 50% of patients
(95% CI 33–67%).

The most common pain syndrome is
shoulder pain (pooled prevalence 44%,
95% CI 36–52%).

Other pain syndromes include neck,
elbow, wrist, hand and low back pain.

Optimal adjustment of seating position
may prevent pain and is important to be
taken into consideration.

INTRODUCTION

Mobility impairment is amongst the leading
causes of disability [1]. Factors leading to
mobility restriction and, subsequently, wheel-
chair use include chronic neurological disorders
such as multiple sclerosis, stroke and spinal cord
injuries. The underlying disease is often associ-
ated with neuropathic pain, due to the
involvement of the somatosensory tract [2];
however, wheelchair users are at high risk of
experiencing non-neuropathic pain, of muscu-
loskeletal origin. Such musculoskeletal pain
may be associated with the underlying disease
(i.e. presence of spasticity) or may be a direct
consequence of being wheelchair-bound.

Musculoskeletal pain imposes an extra bur-
den on the quality of life for wheelchair users
[3], and therefore it is important to prevent but
also to manage it adequately when present.

The aim of this systematic review of the
current literature was to establish the preva-
lence of musculoskeletal pain in wheelchair
users that is attributable to wheelchair use, and
to describe the different musculoskeletal pain
syndromes and discuss risk factors and the
pharmacological or non-pharmacological man-
agement options.

METHODS

Protocol Registration

This review was registered in PROSPERO, an
international prospective register of systematic
reviews, under registration no.
CRD42020220259.

Literature Search Strategy

A systematic literature search in the PubMed
database was performed on 7 November 2020
using two medical subject heading (MeSH)
terms. Term A was ‘‘pain OR painful’’; term B
was ‘‘bedbound’’ OR ‘‘wheelchair’’ OR ‘‘restricted
mobility’’ OR ‘‘reduced mobility’’ OR ‘‘limited
mobility’’. Human subject and English language
filters were applied. The reference lists of articles
that met the eligibility criteria were further
screened to identify additional studies that may
fall within the scope of this review.

Inclusion and Exclusion Criteria
and Screening Process

Articles eligible for inclusion in this review were
required to meet the following criteria: (1) the
article discussed musculoskeletal pain
attributable to the use of a wheelchair; (2) the
study was conducted using human subjects; (3)
the article was written in English.

The exclusion criteria were as follows: (1)
studies referring to other types of pain (i.e.
neuropathic); (2) subjects were not wheelchair
users; (3) pain was not clearly a result of
wheelchair use (i.e. pain was linked to the
injury leading to the wheelchair use rather than
the wheelchair use per se); (4) assessment or
management of pain was not the primary aim
of the study; (5) the paper was not an original
study (i.e. review articles, letters, medical
hypotheses, etc.); (6) questionnaire/interview-
based surveys with no clinical evaluation of the
patients by a physician; (7) papers referring to
the exact same population; (8) case series/co-
horts with fewer than 10 wheelchair users; (9)
articles where the full text was not available.
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All papers were screened in triplicate. Con-
flicts were settled by a discussion, during which
a consensus was reached.

This study is reported in accordance with the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines
[4]. Details of this process are illustrated in
Fig. 1.

Data Collection Process

Data were extracted from each study in a
structured coding scheme using Excel. Data
collected included population size, demo-
graphics, weight, BMI, prevalence, occupation,
pain location, comorbidities, means of diagno-
sis, duration of dependency, level of injury,
management, prognosis, risk factors.

Fig. 1 PRISMA flow chart
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Synthesis of Results

This study used aggregate data where possible.
Statistical calculation of pooled proportions was
conducted in R language using the default set-
tings of the ‘‘meta’’ package and the ‘‘meta-
prop’’ function with a random effects model [5].
The meta-analysis of odds ratios was conducted
using the RevMan program [6] as suggested by
the Cochrane Collaboration Group. The
heterogeneity between studies was assessed by
the I2 test [7]. Often, data did not lend itself to
meta-analysis and therefore a narrative
approach was taken.

Quality Assessment of Included Studies

We evaluated the methodological quality of
prevalence studies using a checklist adapted
from Hoy et al. [8]. It consists of nine questions
that assess the representativeness of the sample,
the sampling technique, the response rate, the
data collection method, the measurement tools,
the case definitions and the statistical reporting.
Each checked question was scored as either ‘‘0’’
or ‘‘1’’, corresponding respectively to ‘‘low risk
of bias’’ and ‘‘high risk of bias’’. The total score
ranged from 0 to 9, with the overall score cate-
gorized as follows: 7–9: ‘‘high risk of bias’’, 4–6:
‘‘moderate risk’’, and 0–3: ‘‘low risk’’ [2]. For
management studies, we used the Cochrane
Collaboration’s tool for assessing the risk of bias
in randomized trials [9] and the Newcastle–Ot-
tawa scale, which is approved by the Cochrane
Collaboration, for assessing the quality of non-
randomized studies [10]. The evaluation of all
included studies is available as supplementary
material.

Compliance with Ethical Guidelines

The article is based on previously conducted
studies. Thus, there were no ethical concerns
with respect to this study, nor was approval of
the research protocol from an ethics committee
required.

RESULTS

Study Characteristics

Forty studies met the above-mentioned inclu-
sion criteria. Of those studies, 32 were of an
observational nature: 20 case series/cross-sec-
tional studies, seven case–control studies and
five cohort studies. Eight were interventional
studies: four randomized clinical trials (RCT)
and four open-label trials.

Prevalence

Twenty-three studies investigated non-selected
populations of wheelchair users for muscu-
loskeletal pain [11–33]. Of those, only two
provided data for the presence of muscu-
loskeletal pain at any location, whereas the rest
provided data for the presence of specific pain
syndromes, namely shoulder pain (n = 20),
elbow pain (n = 4), wrist pain (n = 4), neck pain
(n = 3), hand pain (n = 3), low back pain (n = 2),
thoracic pain (n = 1) and forearm pain (n = 1).

Figure 2 shows the pooled prevalence of
musculoskeletal pain at any location in wheel-
chair users, following the meta-analysis of two
available studies [11, 12]. The pooled prevalence
was 50% (95% CI 33–67%). However, there was
substantial heterogeneity across the included
studies (I2 = 77%).

Figure 3 shows the pooled prevalence of
shoulder pain in wheelchair users, following the
meta-analysis of 20 available studies [11–30].
The pooled prevalence was 44% (95% CI
36–52%). However, there was substantial
heterogeneity across the included studies
(I2 = 85%). The meta-analysis of five case–con-
trol studies is summarized in Fig. 4; the odds of
experiencing shoulder pain were significantly
higher in wheelchair user groups than in con-
trols (OR 5.8, 95% CI 2.7–12.2, p\0.0001).

Figure 5 shows the pooled prevalence of
elbow pain in wheelchair users, following the
meta-analysis of four available studies
[11, 12, 25, 29]. The pooled prevalence was 21%
(95% CI 10–38%). However, there was substan-
tial heterogeneity across the included studies
(I2 = 74%).
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Fig. 3 Forest plot of the prevalence of shoulder musculoskeletal pain amongst wheelchair users

Fig. 2 Forest plot of the prevalence of musculoskeletal pain at any location amongst wheelchair users

Fig. 4 Meta-analysis results as illustrated in the forest plot regarding the odds of having shoulder pain in wheelchair users
compared to controls
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Fig. 5 Forest plot of the prevalence of elbow musculoskeletal pain amongst wheelchair users

Fig. 6 Forest plot of the prevalence of wrist musculoskeletal pain amongst wheelchair users

Fig. 7 Forest plot of the prevalence of neck musculoskeletal pain amongst wheelchair users

Fig. 8 Forest plot of the prevalence of hand musculoskeletal pain amongst wheelchair users
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Figure 6 shows the pooled prevalence of
wrist pain in wheelchair users, following the
meta-analysis of four available studies
[11, 25, 29, 31]. The pooled prevalence was 23%
(95% CI 10–47%). However, there was substan-
tial heterogeneity across the included studies
(I2 = 71%).

Figure 7 shows the pooled prevalence of neck
pain in wheelchair users, following the meta-
analysis of three available studies [25, 32, 33].
The pooled prevalence was 30% (95% CI
14–54%). However, there was substantial
heterogeneity across the included studies
(I2 = 69%).

Figure 8 shows the pooled prevalence of
hand pain in wheelchair users, following the
meta-analysis of three available studies
[11, 25, 29]. The pooled prevalence was 18%
(95% CI 5–47%). However, there was substantial
heterogeneity across the included studies
(I2 = 77%).

Figure 9 shows the pooled prevalence of low
back pain in wheelchair users, following the
meta-analysis of two available studies [31, 33].
The pooled prevalence was 23% (95% CI
6–58%). However, there was substantial
heterogeneity across the included studies
(I2 = 63%).

Single studies reported that the prevalence of
thoracic [33] and forearm [25] musculoskeletal
pain was 20% and 15%, respectively.

Types of Musculoskeletal Pain

Shoulder pain: the most frequently reported type
of musculoskeletal pain in wheelchair users is
mainly related to rotator cuff disorders [34].
Possible pathogenetic mechanisms include

joint inflammation [35], rotator cuff tears and
subsequent instability of the glenohumeral
joint [15, 19, 28, 30, 36] and tendinopathies
[22, 26, 37, 38]. Shoulder impingement syn-
drome [11, 26, 30] mostly occurs due to upper-
extremity propulsion forces [18] and weight-
bearing tasks [16, 17, 30, 38]. Furthermore,
instability of the joint [37], adductor muscle
weakness [39], chronic overuse [11, 19] and
repetitive traumas have all been implicated in
the pathogenesis of shoulder pain [15, 40, 41].
Shoulder pain has a significant effect on the
range of motion (ROM), leading to functional
limitations [27, 42, 43].

Elbow [11, 12, 25, 29], forearm [25], wrist
[11, 25, 29, 31] and hand pain [11, 25, 29]
occurs as a result of overuse during propulsion.

Neck, thoracic and back pain occurs as a
result of poor posture [33, 44, 45]. Boninger
et al. suggested that neck pain could be of
mechanical or myofascial origin [32].

Risk Factors

Risk factors are widely commented upon in the
literature, largely on the basis of epidemiologi-
cal studies.

Age
A few studies showed that increasing age is a
risk factor for shoulder pain [22, 28] in wheel-
chair users. Tsunoda et al. highlighted that
older age is mainly associated with greater
shoulder pain in men [35]. Akbar et al. sug-
gested that a possible explanation for this
finding is that rotator cuff tears occur more
frequently in older wheelchair users [19].

Fig. 9 Forest plot of the prevalence of low back musculoskeletal pain amongst wheelchair users
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Duration of Wheelchair Use
Increased duration since injury and, subse-
quently, increased duration of wheelchair use is
a risk factor for upper extremity pain in wheel-
chair users [12, 22, 27, 28, 37]. Akbar et al.
suggested that a longer period of wheelchair
dependency increases the risk of rotator cuff
tears [19].

Sex
Current evidence seems to be inconsistent
regarding sex as a risk factor. Two studies sup-
port an increased risk of upper extremity pain in
females, as the greater ROM in female subjects
could predispose them to injury [29, 42].
Tsunoda et al., however, suggested the opposite,
that male wheelchair users are more likely to
experience shoulder pain than females due to
lower shoulder flexibility [35].

Body Mass Index
In an ultrasound examination-based study of
the non-dominant shoulder in manual wheel-
chair users, Collinger et al. found that increased
body mass index (BMI) is associated with ten-
don degeneration and represents a risk factor of
shoulder pain [22]. Increased body weight can
lead to rotator cuff enthesis, acromioclavicular
joint degeneration, distal clavicular osteolysis
and glenohumeral joint loading, which in turn
may increase the risk for shoulder injury
[17, 46]. However, although most studies found
a link between increased BMI and muscu-
loskeletal pain, in their case–control study,
Akbar et al. failed to show such a link in a large
group of paraplegic patients [47].

Level of Spinal Cord Injury (SCI)
In a cross-sectional study, Sinnott et al. argued
that patients with SCI at a higher level are more
likely to suffer from rotator cuff disorders [34];
however, this was not confirmed in a more
recent and larger case–control study conducted
by Akbar et al. [47].

The Role of Activity
There is conflicting evidence with regard to the
relationship between activity and the risk of
musculoskeletal pain in wheelchair users.

Ortega-Santiago et al. found a positive rela-
tionship between activity and musculoskeletal
pain [13]. The authors argued that the main
cause is the overuse of the upper extremities.
Akbar et al. suggested that recurrent over-the-
head shoulder movement from a wheelchair
position predisposes to the development of
shoulder pathology in paraplegics [47]. Activity,
however, correlates with age, as younger indi-
viduals tend to be more active. In their study,
Collinger et al. suggested that younger people
experienced shoulder pain during propulsion
more frequently because of the increased activ-
ity [17]. On the contrary, some studies did not
find that daily physical activity [20] or
involvement in sports [37] was associated with
the development of shoulder pain.

Management

Management of musculoskeletal pain in
wheelchair users follows the national and
international guidelines for the management of
pain [48]. However, a few studies have tried
specific interventions, pharmacological or non-
pharmacological, in wheelchair users with
musculoskeletal pain and are discussed below.

Pharmacological
Giner-Pascual et al. conducted a 6-month dou-
ble-blind, placebo-controlled RCT and found
that the transdermal nitroglycerine patch (1.25
mg) as monotherapy was safe and effective in
alleviating pain and improved the function and
range of the articular shoulder [49].

Exercise
In their RCT, Curtis et al. showed that a com-
bination of adjuvant stretching and strength-
ening exercises decreased pain intensity in
subjects with shoulder pain, but the benefit was
not statistically significant [41]. Nawoczenski
et al. conducted a controlled selective 8-week
interventional study in wheelchair users with
SCI and shoulder impingement symptoms and
showed that exercise was effective in alleviating
pain and improving function and satisfaction in
these subjects [16]. In a 12-week single-blind
RCT, Mulroy et al. demonstrated that a home-
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based movement optimization intervention
provided pain relief and improvement in mus-
cle strength and overall quality of life, an effect
which persisted for at least 4 weeks post-inter-
vention [50].

Functional Electrical Stimulation
In a 6-week open-label study, Wilbanks et al.
studied the efficacy of functional electrical
stimulation-assisted rowing in subjects with SCI
and found that it was effective in improving
aerobic fitness and pain [51].

Seating Position Adjustment
Uncomfortable seating and bad posture have
been linked to musculoskeletal pain in wheel-
chair users. Samuelsson et al. suggest that the
exchange of the wheelchair into a more
adjustable one with better ergonomic settings
can improve low back pain [44].

Regarding neck pain, neck flexion and rota-
tion [45] increase neck discomfort in wheelchair
users and seem to contribute to the develop-
ment of neck pain. Kirby et al. suggested that
the most comfortable position for most wheel-
chair users is straight ahead with the neck
slightly flexed [45]. Furthermore, the thickness
of the wheelchair seat cushion has been pro-
posed as a modifiable risk factor for the devel-
opment of neck pain [33].

Regarding shoulder pain, Giner-Pascual et al.
found that a straight position of the seat rather
than an angled position may be a risk factor for
shoulder injury and subsequent pain [15].

CONCLUSIONS

Using a meta-analytic approach, we established
the prevalence of musculoskeletal pain as a
result of wheelchair use and showed that one in
two wheelchair users will experience such pain.
Shoulder pain is the most frequent type of
musculoskeletal pain syndrome.

Amongst the predictors of musculoskeletal
pain, older age and increased duration of
wheelchair use seem to play a significant role.
Evidence of other risk factors such as sex, BMI
and degree of activity remains conflicting, and

thus larger studies which will allow for multi-
variate analyses are needed.

Management of musculoskeletal pain should
follow national and international guidelines.
However, it is evident that optimal adjustment
of seating position may prevent pain and is
important to be taken into consideration.

Our results should be interpreted with some
caution given the limitations of our design.
Firstly, there was a great deal of heterogeneity
between studies used in the meta-analysis. Sec-
ondly, we only searched for publications in
PubMed and, therefore, might have missed a
few more papers that are indexed only in other
databases. Thirdly, there were no restrictions in
date of publication applied in this review. This
was a deliberate decision made in order to
review the full range of literature pertinent to
the topic in question. However, a consequence
of inclusion of older literature is heterogeneity,
as the clinical outcomes changed over time.
Finally, we excluded papers reporting upper
limb pain in patients with tetraplegia, as we
wanted to be sure that the pain was not a result
of the underlying injury. Therefore, our preva-
lence figures do not necessarily depict the
prevalence of musculoskeletal pain in tetra-
plegic wheelchair users.
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