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Treatment of shoulder pain in people with spinal cord
injury who use manual wheelchairs: a systematic review
and meta-analysis
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STUDY DESIGN: Systematic review and meta-analysis
OBJECTIVES: The objective was to summarise prior research regarding the efficacy of active physiotherapy interventions and
prevention strategies on shoulder pain, decreased physical function and quality of life in people with a spinal cord injury (SCI).
METHODS: A systematic literature search was conducted in CENTRAL, EMBASE (via Ovid), CINAHL and MEDLINE (via Ovid).
Randomised controlled trials investigating effects of active physiotherapy interventions on shoulder pain, physical function and
quality of life were included. Further, prospective cohort studies investigating effects of active physiotherapy interventions in
prevention of shoulder pain and reduced physical function were included. Mean difference (MD) for pain (15 items on a 0–10 scale)
and standardised mean difference (SMD) for physical function were summarised in a random effects meta-analysis.
RESULTS: Four studies on treatment (totalling 167 participants), and no studies on prevention were included. Significant and
clinically meaningful improvements on shoulder pain (MD 19.06, 95% CI 5.72–32.40; I2= 65%) (scale 0–150) and physical function
(SMD 0.61, 95% CI 0.27–0.94; I2= 0%) were found for active physiotherapy interventions. Only one study included quality of life,
making meta-analysis inappropriate.
CONCLUSIONS: Evidence from a sparse number of studies supports active physiotherapy interventions to decrease shoulder pain
and increase physical function in people with SCI who use a manual wheelchair. No studies met the criteria for prevention,
highlighting a lack of research investigating prevention of shoulder pain and decreased physical function and quality of life.

Spinal Cord (2022) 60:107–114; https://doi.org/10.1038/s41393-021-00673-x

INTRODUCTION
The incidence of traumatic spinal cord injuries globally in 2007
was estimated to be 23 cases per million people, with an
estimated prevalence between 236 and 1298 per million [1, 2]. In
Australia alone, spinal cord injury (SCI) has an estimated cost of 2
billion dollars annually and people with less physical function
require increased assistance and consequently incur greater
associated costs [3, 4]. The shoulder is one of the common sites
of chronic musculoskeletal pain in people with SCI [5]. The
prevalence of shoulder pain in people with SCI has been reported
to range from 36 to 76% [6–8], and a recent large study reported a
3-month prevalence of 63% [9]. Shoulder pain in people with SCI is
a pervasive condition with wide reaching implications reducing
independent function and quality of life (QoL) [10, 11].
People with SCI using manual wheelchairs have a greater

reliance on their upper limbs to maintain their level of
independence through daily activities, such as wheelchair
propulsion and transfers. Although shoulder pain has a multi-
factorial aetiology in this group, shoulder pain may be a result of
the increased biomechanical load imposed on their upper limbs
[12], especially during wheelchair transfers [13, 14] and propulsion

[15]. Those experiencing greater mechanical loads are more likely
to have shoulder pain [16]. However, the evidence regarding
associations between physical activity and the risk of shoulder
pain is equivocal. Previous studies have shown conflicting results
reporting that wheelchair athletes have lower prevalence of
shoulder pain than non-athlete wheelchair users [17], that there is
no group difference [18], and that overhead sport is a risk factor
for shoulder pathology in people with SCI [8].
Physiotherapy interventions such as therapeutic exercise and

movement optimisation focus on increasing capacity and function
and reducing biomechanical load. Therapeutically administered
exercise including resistance exercises can decrease shoulder pain,
improve function and QoL in people with SCI using manual
wheelchairs [19, 20]. In addition, optimisation of wheelchair
propulsion and transfers have resulted in reduced biomechanical
loading of the shoulder [21, 22]. Previous systematic reviews
investigating active physiotherapy interventions on people with
SCI have found encouraging results regarding the effect of
resistance training on shoulder function [23], and resistance
combined with stretching exercises on shoulder pain [24].
However, no systematic review has examined the effects of the
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entire range of active physiotherapy interventions on shoulder
pain, decreased physical function and QoL. In addition, since the
publication of previous reviews, new findings have been
presented, and prior to this study no systematic review has
succeeded with meta-analysis. Finally, there is no consensus of the
most effective prevention strategy for shoulder pain in this group.
Therefore, the aim was to provide an updated systematic review

of the available evidence regarding the efficacy of active
physiotherapy interventions in the (1) treatment and (2) preven-
tion of shoulder pain, decreased physical function and QoL in
people with SCI using manual wheelchairs.

METHODS
Protocol and registration
This systematic review was conducted in accordance with the
Cochrane Handbook for Systematic Reviews of Interventions
Version 6.1 [25] and reports according to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) guide-
lines [26]. The proposal was registered in PROSPERO
(CRD42019136693), an international database of systematic review
protocols on health-related topics via their website; https://www.
crd.york.ac.uk/prospero.

Eligibility criteria
Types of studies. For objective one, we included randomised
controlled trials (RCTs) investigating the effect of active phy-
siotherapy interventions on shoulder pain, decreased physical
function or QoL. For objective two, we included prospective
cohort studies that investigated the effect of active physiotherapy
interventions on primary prevention of shoulder pain or decrease
in physical function in people with SCI using manual wheelchairs.
Included studies had to be published in English and available in
full text.

Types of participants. For objective one and two, we included
studies with participants who had complete or incomplete SCI at
any level, of an age between 18 and 70 years, who had at least 1
year since their SCI and whose primary means of mobility was a
manual wheelchair. For objective one, we included studies whose
participants had musculoskeletal pain localised to the shoulder for
at least 3 months. For objective two, we included studies with
participants who had no shoulder pain at the commencement of
the study.

Types of interventions. For objective one, we included studies
that had administered an active physiotherapy intervention aimed
at reducing shoulder pain, improving physical function or QoL in
people with SCI using manual wheelchairs. For objective two, we
included studies that had administered an active physiotherapy
intervention aimed at primary prevention of shoulder pain or
decreased physical function. Active interventions include any
active strategy that aims to increase the capacity or function of a
shoulder or that reduce biomechanical loading. Examples include
exercise prescription, muscle re-education and optimisation of
wheelchair transfer and propulsion.

Types of comparison. For both objectives, we included studies
that compared active physiotherapy interventions to control
treatment (no treatment or passive interventions). Passive inter-
ventions include surgery, corticosteroid injections and medications
such as nonsteroidal anti-inflammatory drugs (NSAIDs).

Types of outcome measures. The primary outcome for both
objectives was pain; secondary outcomes include physical function
and QoL. We accepted a variety of methods for measuring these
outcomes, including both specific to the population of interest and
those generalisable to the wider population.

Information sources and search
Initially, the PROSPERO database and the Cochrane database
were searched for registered protocols on this topic. Databases
were searched for studies published from inception until
November 2020 in CENTRAL, EMBASE (via Ovid), CINAHL and
MEDLINE (via Ovid) [27]. We used a search strategy with the
domains of ‘shoulder pain’ and ‘SCI’. The combined search
strategy for both objective one and two is outlined in the
PROSPERO registry platform (https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42019136693) and was modified as
required for each database. We searched reference lists of eligible
studies, systematic reviews from the past 10 years, grey literature
and conference proceedings for the past 2 years of the Australian
& New Zealand Spinal Cord Society and the European Spinal Cord
Federation. We downloaded the results of each search to Endnote
(X9.1, Clarivate Analytics) and deleted any duplicates found in the
combined search results. The remaining studies were exported to
Covidence (Covidence systematic review software, Veritas Health
Innovation) where remaining duplicates were identified and
removed prior to screening.

Study selection
Firstly, two authors independently screened the title and abstract
of the identified studies for eligibility. Following consensus on
initial screening, the full text of the remaining studies were
independently screened for inclusion. Disagreement at either
stage of screening was resolved through discussion, or—if
required—with the assistance of the group of authors.

Data extraction and management
Data were independently extracted by two authors from the
included studies using a standardised form in Covidence.
Disagreement was resolved through discussion or—if required—
with the assistance of the group of authors. Study authors were
contacted to request additional data if study data were missing or
unclear. Data extraction included study design, participants
(sample size, participant characteristics), interventions (type,
prescription, adherence), outcome measures and results (baseline
and follow-ups). Data extraction forms were stored securely in
Covidence and are available upon request from the authors.

Summary measures
For objective one, we extracted the number of participants
allocated to intervention and control treatment, mean and
standard deviation (SD) for relevant outcome measures from
each group immediately after cessation of treatment. If between-
group-differences were evident at baseline, change scores from
baseline to post-intervention were used [28]. Where change scores
were used and a change SD was not provided by the authors,
baseline SDs were used for meta-analysis. For comparison to the
use of baseline SDs, sensitivity analysis was performed using an
imputed change-from-baseline SD applying a correlation coeffi-
cient of 0.6,

SDchange ¼ SD2
baseline þ SD2

final � ð2 ´Corr ´ SDbaseline þ SDfinalÞ
[29]. Continuous outcome measures using the same scale were

entered into the meta-analysis using mean differences (MD) with
95% confidence intervals (95% CIs) [28]. Where studies reported
the outcome using different scales, standardised mean differences
(SMD) with 95% CIs were used to measure the effect size [28].
Studies using outcome measures of differing directions were
standardised to a common direction [29]. SMD’s were measured as
Cohens d and were adjusted to Hedges’ g [30]. The clinical
relevance of SMD values were interpreted as: 0.2 represents a
small effect, 0.5 a moderate effect and 0.8 a large effect [31].
Where outcome measures had no established minimal clinical
important difference (MCID) for comparison to the pooled MD
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between groups, clinical relevance of results were interpreted
recalculating the outcome to SMD and using the above-
mentioned interpretation of SMD.

Assessment of heterogeneity
Heterogeneity was evaluated by calculating the I² statistics to
quantify the percentage of variability attributable to heterogene-
ity. I² values between 0 and 40% may not be important; 30–60%
may represent moderate heterogeneity; 50–90% may represent
substantial heterogeneity; 75–100% may represent considerable
heterogeneity [28].

Data synthesis
As heterogeneity was expected due to differences in participants,
intervention and outcomes, a random-effect model was used as
default. We used RevMan (Review Manager version 5.2, The
Cochrane Collaboration) to perform the statistical analysis.

Risk of bias across studies
Two authors independently assessed the risk of bias of each RCT
using the Cochrane Risk of bias 2.0 tool [32]. Risk of bias was
assessed in the domains of bias arising from the randomisation
process, deviations from intended intervention, missing outcome
data, measurement of the outcome and selection of the reported
result, answering a number of signaling questions as described in
the Revised Cochrane risk-of-bias tool for randomised trials (RoB 2)
guide [32]. Overall risk of bias judgement was categorised as
either ‘low risk of bias’ if all categories were judged to be low risk
of bias; ‘some concerns’ if at least one domain was judged as
some concern but no domain is judged high risk of bias; or ‘high
risk of bias’ if one domain is judged as high risk of bias or multiple
domains are judged as some concern [32].

RESULTS
Study selection
After removing studies through screening and eligibility assess-
ment, four studies met the inclusion criteria for objective one—
treatment and were included in the quantitative analysis (see
Fig. 1). No studies met the inclusion criteria for objective two—
prevention. Reasons for exclusion at each stage of the study
selection process are summarised in Fig. 1, with full details
available in Appendix 1. Attempts to contact authors for
clarification on data regarding three studies [19, 33, 34] resulted
in all three studies being excluded: in two studies addressing
objective one, one study used duplicate data from another already
included study [19], and one study’s author was contacted without
success [33]; one study addressing objective two was embargoed
prior to publication [34].

Study characteristics
In total, 167 participants were recruited (Table 1). The Wheelchair
User’s Shoulder Pain Index (WUSPI) (15 items on a 0–10 scale) was
used in all four studies to measure pain. Three studies assessed
physical function using different outcome measures, including the
Constant–Murley Shoulder Outcome Score [35], SF-36 physical
function component [36] and Disabilities of the Arm, Shoulder, and
Hand (DASH) questionnaire [37]. One study assessed QoL using the
Social Interaction Index and the Subjective QoL Scale [36].
According to the FITT (frequency, intensity, type and time)

principles, the resistance programs were prescribed at a frequency
of one to two times daily or three times weekly (Table 1). The
intensity was dosed at 8 or 15 repetition maximum for three sets.
Types of exercise included resistance and stretching exercises,
consisting of some or all of the following exercise types: shoulder
abduction, shoulder external rotation and scapular retraction and
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Fig. 1 PRISMA flow diagram of the study search and selection process, including reasons for exclusion.
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Fig. 3 Forest plot for physical function outcome. Standardised mean difference in physical function at cessation of intervention between
active physiotherapy interventions and controls.

Fig. 2 Forest plot for shoulder pain outcome. Mean difference in Wheelchair User’s Shoulder Pain Index (WUSPI) at cessation of intervention
between active physiotherapy interventions and controls (X-axis shows 100 of 0–150 scale).

Table 1. Descriptive characteristics and quality assessment of studies included in the meta-analysis of differences between active physiotherapy
interventions and controls.

stluseRlortnoCnoitnevretnItnemssessAstnapicitraPydutS  (Final mean (SD)) Risk of bias assessment 
Cardenas et 
al. [36] 

32 wheelchair users with 
shoulder pain (NRS ≥ 4, 
duration > 3 months), 
SCI of duration ≥ 1 year, 
manual or powered 
wheelchair use ≥ 50% of 
time and ability to 
independently transfer, 
age > 20 years 

Administered 
pre and post 
intervention at 
12 week follow 
up: 
WUSPI (pain) 
DASH 
(physical 
function) 

12 weeks, 3x per week shoulder exercise program: 
stretches of anterior and posterior shoulder joint + upper 
trapezius, warm up including 4 non-resistive active 
movements and 4 resistance exercises using resistive 
bands and hand weights including shoulder abduction 
and external rotation (3x8 repetition maximum) + 
scapular plane elevation and scapular retraction (3x15 
repetition maximum)
Initial exercise instruction and 4 week review of 
technique and resistance level 

One hour educational 
video and handout on 
shoulder anatomy, 
mechanisms of injury 
and pain management, 
generalised with no 
recommendations for 
specific exercises 

WUSPI:  
Intervention = 53.60 (30.49) 
Control = 39.23 (28.62) 

DASH: 
Intervention = 37.85 (17.46) 
Control = 31.99 (14.94) 

P values for mean differences unavailable. 

Randomisation process =  

Deviations from intended interventions =  

Missing outcome data =  

Measurement of the outcome =  

Selection of the reported result =  

Overall Risk of bias judgement =  

Curtis et al. 
[37] 

25 manual wheelchair 
users with shoulder pain, 
SCI C6 or below, SCI of 
duration ≥ 1 year, used 
manual wheelchair for > 
3 hours per week 

Administered 
pre and post 
intervention at 2 
month intervals 
till 6 months: 
WUSPI (pain) 

Initial 60 minute instructional session, including 
education on functional shoulder anatomy and   exercise 
purpose, exercise demonstration and individual 
instruction of 5 seated home exercises. 
6 months home exercise program: 2 static stretches (5 
repetitions 20-30s hold, 2x per day) for anterior 
shoulder musculature (pec and biceps) and 3 resistance 
exercises (3x 15 repetitions, 1x per day) for posterior 
shoulder musculature (scapular retraction, shoulder 
external rotation and abduction) using stretchable 
exercise bands, biweekly phone call review + in person 
review at 2 and 4 months 

Continue daily 
activities as usual 

WUSPI:  
Intervention = 17.16 (20.35) 
Control = 19.74 (20.85) 

P value for mean differences unavailable. 

Randomization process =  

Deviations from intended interventions =  

Missing outcome data =  

Measurement of the outcome =  

Selection of the reported result =  

Overall Risk of bias judgement =  

Dondal et 
al. [34] 

30 manual wheelchair 
users with shoulder pain, 
complete or incomplete 
SCI below T1 and 
manual wheelchair used 
as primary source of 
mobility for > 1 year 

Administered 
pre and post 
intervention at 4 
week follow up: 
WUSPI (pain) 
CMS (physical 
function) 

4 weeks, 45 minutes 3x per week shoulder 
strengthening and stretching exercises 

No intervention WUSPI:  
Intervention = 57.7 (13.68) 
Control = 69.9 (19.82) 

CMS: 
Intervention = 76.60 (11.53) 
Control = 67.53 (9.32) 

P values for mean differences unavailable. 

Randomization process =  

Deviations from intended interventions =  

Missing outcome data =  

Measurement of the outcome =  

Selection of the reported result =  

Overall Risk of bias judgement =  

Mulroy et 
al. [35] 

80 manual wheelchair 
users with unilateral or 
bilateral shoulder pain, 
SCI below T2 of duration 
≥ 5 years and manual 
wheelchair used for 
mobility ≥ 50% 

Administered 
pre and post 
intervention at 
12 week follow 
up: 
WUSPI (pain) 
SF-36-FC 
(physical 
function) 
SII and SQLS 
(QOL) 

12 weeks, 3x per week shoulder exercise program: 
stretches of anterior and posterior shoulder joint + upper 
traps, warm up including 4 non-resistive active 
movements and 4 resistance exercises using resistive 
bands and hand weights including shoulder abduction 
and external rotation (3x8 repetition maximum) + 
scapular plane elevation and scapular retraction (3x15 
repetition maximum) 
Initial educational handout, exercise instruction and on 
movement optimisation strategies regarding transfers, 
depression raises, and wheelchair propulsion, 4 week 
review of technique and resistance level 

One hour educational 
video and handout on 
shoulder anatomy, 
mechanisms of injury 
and pain management, 
generalised with no 
specific 
recommendations to 
change behaviour 

WUSPI:  
Intervention = 14.90 (14.00) 
Control = 45.60 (35.20) 
P value (mean difference) = P < .001 

SF-36-FC 
Intervention = 39.90 (6.50) 
Control = 35.70 (7.30) 
P value (mean difference) = P < .05 

SII 
Intervention = 53.30 (30.60) 
Control = 40.80 (16.60) 
P value (mean difference) = P = .14 

SQLS 
Intervention = 5.3 (0.90) 
Control = 5.0 (1.40) 
P value (mean difference) = P < .05 

Randomization process =  

Deviations from intended interventions =  

Missing outcome data =  

Measurement of the outcome =  

Selection of the reported result =  

Overall Risk of bias judgement =  

 = low risk of bias,  = some concerns,  = high risk of bias, Abbreviations: WUSPI, Wheelchair User's Shoulder Pain Index; DASH, Disabilities of the Arm, Shoulder, and Hand questionnaire; CMS, Constant-Murley Shoulder 
Outcome Score; SII, Social Interaction Inventory; SQLS, Subjective Quality of Life Scale; SF-36-FC, SF-36 Function component 
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scapular plane elevation. One study [36] also included education
in movement optimisation. Time or duration of the exercise
interventions were prescribed within a range from 4 weeks to
6 months. Comparison groups included either no intervention
[35], usual care [38] or a non-specific educational video on
shoulder pain and management designed as a ‘sham’ intervention
[36, 37].
One study included participants using a manual or powered

wheelchair, but the participants were required to transfer
independently [37]. Further data on the number of participants
that used a powered wheelchair in this study, and data specific to
those that only used a manual wheelchair, were sought from the
study authors, but was not provided.

Risk of bias
Three studies [36–38] were judged as raising ‘some concerns’ and
the fourth study [35] was judged to include a ‘high risk of bias’
(Table 1). The raising of ‘some concerns’ from the three studies
[36–38] resulted from the domain ‘measurement of the outcome’
being judged as having ‘some concerns’, because participant self-
reported outcome measures were used and there was an inability
to blind participants to group allocation. The judgement of ‘high
risk of bias’ in one study [35] showed a lack of clarity regarding
randomisation, allocation and blinding of assessors with only
three of five domains considered ‘low risk of bias’.

Primary outcome
Meta-analysis of active physiotherapy interventions in the
treatment of shoulder pain in people with SCI who use manual
wheelchairs showed a superior outcome compared with control
interventions on the WUSPI scale (MD= 19.06 (95% CI 5.72–32.40,
I²= 65%)) (Fig. 2). No MCID value is currently available for the
WUSPI scale to allow comparison of the pooled MD. Thus, a SMD
was also generated in Revman for the pooled difference in WUSPI
between intervention and control groups (SMD= 0.72 (95% CI
0.23–1.21, I²= 0%)), indicating a moderate effect size that is likely
to be clinically relevant [31].
For physical function, active physiotherapy intervention pro-

vided significantly greater improvement compared with controls
(SMD= 0.61 (95% CI 0.27–0.94, I²= 0%)) (Fig. 3), interpreted as
moderate effect size that is likely to be clinically relevant [31].
Meta-analysis was unable to be performed for QoL as only one

study [36] measured QoL. Mulroy et al. [36] found a greater
improvement in Subjective QoL Scale mean score following active
physiotherapy intervention involving exercise and movement
optimisation compared with controls (intervention 5.3 (0.9) vs.
control 5.0 (1.4), P < .05), but no significant difference in post-test
scores between intervention and controls when measured by the
Social Interaction Index (intervention 53.3 (30.6) vs. control 40.8
(16.6), (P= .14)).

Additional analysis
Only two studies [36, 37] recorded adverse events for a total of six
events related to the active physiotherapy interventions. All
recorded adverse events related to the intervention were non-
serious and involved either onset of neck or elbow pain or
increased shoulder pain.

Sensitivity analysis
Sensitivity analysis was performed to determine the effect of
imputed SD, different timepoints for outcome measures, inclusion
criteria differences and a significant difference in drop-out rate
within one study (Table 2). Sensitivity analysis was performed
using an imputed SD as a comparator to using baseline SD in
change score in the meta-analysis. For both pain and physical
function, using the imputed SD had minimal impact on the result.
Curtis et al. [38] collected WUSPI data at 2-months interval during
the intervention period, up until 6 months, therefore, sensitivity
analysis was performed using 2-months data from this study in
comparison with the 6-months post-intervention measure. Using
2-months data reduced the MD for shoulder pain.
As a result of the difference in inclusion criteria, that is, the

inclusion of powered wheelchair users able to independently
transfer, sensitivity analysis was performed on the exclusion of
Cardenas et al. [37]. Exclusion of Cardenas et al. [37] had little
influence on the results for both shoulder pain and physical
function. Sensitivity analysis for the exclusion of Mulroy et al. [36]
due to higher drop-out rate resulted in reduced heterogeneity for
shoulder pain from substantial to may-not-be-important and
reduce the MD slightly.

DISCUSSION
This systematic review and meta-analysis supports the use of
active physiotherapy interventions in the treatment of shoulder
pain and decreased physical function in people with SCI using
manual wheelchairs. The meta-analysis found significant and
clinically meaningful improvements in both shoulder pain and
function resulting from active physiotherapy interventions com-
pared with controls. An insufficient number of studies including
QoL outcomes resulted in the inability to pool data for meta-
analysis. However, the only study [36] including QoL found an
improvement as a result of active physiotherapy intervention. No
studies on prevention met the inclusion criteria for the
current study.

Objective one—Treatment
An important finding of the current review was the significant and
clinically relevant reduction in shoulder pain as measured by
WUSPI from active physiotherapy interventions compared with
controls. Active physiotherapy interventions included movement

Table 2. Sensitivity analysis of shoulder pain and physical function outcome measures in the meta-analysis of differences between active
physiotherapy interventions and controls.

Outcome Sensitivity analysis MD 95% CI I²

Shoulder pain Using baseline standard deviation 19.06 [5.72–34.40] 65%

Imputed SD correlation coefficient 0.6 19.00 [5.20–32.81] 73%

Curtis 2-month scores 15.11 [−2.32–32.53] 80%

Excluding Cardenas et al. 23.15 [9.45–36.85] 64%

Excluding Mulroy et al. 14.29 [5.27–23.32] 6%

Outcome Sensitivity analysis SMD 95% CI I²

Physical function Using baseline standard deviation 0.61 [0.27–0.94] 0%

Imputed SD correlation coefficient 0.6 0.70 [0.36–1.04] 0%

Excluding Cardenas et al. 0.67 [0.18–1.16] 29%

Excluding Mulroy et al. 0.75 [0.23–1.27] 0%
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optimisation strategies and stretching and resistance exercises
using resistance bands or weights, prescribed either daily or three
times weekly for between 4 weeks and 6 months. However, the
result is limited to short- to medium-term effects of active
physiotherapy interventions with none of the included studies
performing long-term follow up assessment. Our review shows an
MD of 19.0 points between groups in the WUSPI and supports
results from a previous systematic review by Cratsenberg et al.
[24], that narratively synthesised seven studies (both RCT and
observational), finding a decrease in WUSPI scores between 8.3
and 37.0 points.
Furthermore, our review shows an SMD of 0.61 for a positive

effect on physical function between intervention and control
groups, which was also a clinically meaningful improvement due
to active physiotherapy intervention. This is consistent with a
previous systematic review of Kloosterman et al. [39], that in a
narrative synthesis of eight studies concluded that therapeutic
exercise has a positive effect on upper limb motor control and
function. That prior review differs from our review, as it only
included participants with tetraplegia and manual wheelchair use,
and shoulder pain was not a specified inclusion criterion.
Our review aimed to conduct a meta-analysis of QoL. However,

only one study [36] included QoL measures and therefore data
were not pooled. As reported, Mulroy et al. [36] found significant
improvements on a self-reported QoL outcome (P < .05) after
12 weeks active physiotherapy intervention compared with
controls. This is consistent with the findings of Hicks et al. [40]
in a previous RCT investigating the effects of exercise in people
with SCI; however the inclusion criteria did not contain manual
wheelchair use or having shoulder pain. Hicks et al. [40] concluded
that 9 months twice weekly of supervised progressive resistance
exercises (90–120min, two sets 50% RM, increasing to 70–80% RM
at week 4) and endurance exercises (arm ergo at 70% maximum
HR, Borg 3–4, two bouts 5–10min increasing to 15–20min)
resulted in significantly increased self-reported QoL.
Only four treatment studies met the inclusion criteria for our

study, demonstrating a large research gap in knowledge on active
physiotherapy interventions in this population. Similarly, Mason
et al. [41] in their recent scoping review summarising the
knowledge on conservative treatment of shoulder pain in manual
wheelchair users (not only those with SCI), found only 21 studies
meeting their criteria that included any study with conservative
treatment either longitudinal or within subject measure design;
with 12 of those studies including active physiotherapy interven-
tions. They concluded that the evidence investigating conserva-
tive treatment of shoulder pain in this population is low and
recommended further research on a multidisciplinary approach
with active physiotherapy interventions underpinning treatment.
Their study did not provide meta-analysis on outcome measures.

Objective two—Prevention
Surprisingly, no prospective cohort studies met our review’s
inclusion criteria addressing the prevention of shoulder pain and
reduced function and QoL in people with SCI using manual
wheelchairs. Of note is, that there were four studies investigating
the prevention of shoulder pain or the maintenance of function,
but they were excluded from this review, due to either study
design (a prospective non-randomised controlled trial or a non-
controlled trial) [42, 43], inclusion of participants with pain at
commencement of the trial [44] or the unavailability of the full text
article [34].
Nevertheless, results from these excluded prevention studies

have shown encouraging results in both preventing shoulder pain
and decreased physical function. In one of the studies, people
with paraplegia had significantly reduced shoulder pain onset
compared with controls at both 18 months and 3 years, following
a home exercise program combined with education in movement
optimisation [34]. In another study, people with incomplete

tetraplegia participating in a once-weekly 2-year progressive
wheelchair rugby training program starting with a strength and
endurance training phase, through a skill acquisition phase, and
finally to a 140–150 min wheelchair rugby training phase, showed
improved shoulder function compared with controls at 2-year
follow-up [42]. In the third and fourth studies, wheelchair
basketball athletes improved shoulder range of motion after
resistance and stretching exercises prescribed three times per
week for either 6 or 10 weeks [43, 44]. Despite all these studies not
being generalisable to the wider population with SCI, as they
focused on either people with paraplegia [34], or tetraplegia [42]
or included participants without SCI [43, 44], the results may
inspire further investigation into the efficacy of active physiother-
apy interventions in preventing shoulder pain and maintaining
shoulder function in people with SCI using manual wheelchairs.

Strengths, limitations and generalisability
There were several limitations to this study. Firstly, only a small
number of studies were included, giving a small total number of
participants. Clear descriptions regarding exercise intensity, and
when and how to progress exercises, were not given in all the
included studies. Another limitation of our study was the
substantial heterogeneity (I²= 65%) detected in the meta-
analysis of change in pain scores for objective one—treatment.
In addition, only 16 (10%) of the included participants were
classified as having tetraplegia, and therefore our review’s results
are less generalisable to populations with cervical injuries. Finally,
none of the included studies considered the potential differences
in the level of SCI. Level of SCI has been demonstrated to
significantly impact shoulder muscle recruitment during manual
wheelchair propulsion [45], and also impact the prevalence of
rotator cuff disorders [46].
Strengths of our review include the comprehensive and

rigorous methodology used, and included studies investigating
interventions over relatively large time periods, with selection
criteria that preferentially targeted active physiotherapy interven-
tions with outcomes meaningful to people with SCI. In addition,
only RCTs were considered for objective one and prospective
cohort studies for objective two [47].

Direction of future research
This systematic review highlighted a large knowledge gap, with
only four RCTs meeting the selection criteria for treatment of
shoulder pain, reduced physical function and QoL, and no cohort
studies meeting the inclusion criteria for investigating prevention.
Given the high prevalence of shoulder pain in this population, and
that QoL is highly related to functional independence, treatment
and prevention of pain and reduced function require further
research [7, 10]. Furthermore, high-quality studies considering
level of SCI, complete vs. incomplete SCI and other individual
participant characteristics such as baseline pain and level of
physical function, could guide individualised intervention pre-
scription with improved outcomes. Furthermore, we recommend
that future studies include a detailed description of the
intervention using the FITT principles [48] according to a
recommended guideline [49], which will better enable future
replication of the therapeutic exercise interventions.

CONCLUSION
Despite a sparse number of studies, the results of this review
provide evidence to support the clinical use of active physiother-
apy intervention in the treatment of shoulder pain and reduced
physical function and QoL in people with SCI using manual
wheelchairs. Unfortunately, only one study included QoL but
reported a significant improvement in QoL as a result of active
physiotherapy intervention. There were no prospective cohort
studies identified addressing prevention of shoulder pain and
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reduced physical function. Given the potential implications of
shoulder pain in this group, more high-quality studies are needed
on the effects of active treatment and preventing intervention
strategies on shoulder pain, reduced physical function and QoL.
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