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Abstract

Study design Scoping review of experimental and quasi-experimental studies.

Objective To systematically synthesize research testing the effects of leisure time physical activity (LTPA) interventions on
chronic pain and subjective well-being (SWB) among adults with spinal cord injury (SCI).

Methods Literature searches were conducted using multiple databases (Web of Science, Embase, CINAHL, Medline,
PsychINFO and SPORTDiscus) to identify studies involving persons with SCI that measured and reported the effects of
LTPA interventions on both chronic pain and at least one measure of SWB (e.g., affect, life satisfaction, satisfaction with
various life domains). Relevant data were extracted from the studies and synthesized.

Results A total of 3494 articles were screened. Fifteen published articles, consisting of 12 different studies met the review
inclusion criteria. Four different patterns of findings were observed regarding the effect of LTPA on chronic pain and SWB
outcomes: (1) increased chronic pain, decreased SWB (1 article); (2) decreased chronic pain, improved SWB (12 articles);
(3) increased chronic pain, improved SWB (1 article); and (4) unchanged levels of pain, improved SWB (1 article).
Conclusions Results of most articles included in this scoping review suggest that LTPA interventions can reduce chronic
pain and improve SWB for persons with SCI. Further research is needed to identify the mechanisms by which LTPA affects

pain and SWB, in order to formulate LTPA prescriptions that maximize improvements in these outcomes.

Introduction

Approximately 65% of persons with spinal cord injury
(SCI) experience chronic pain from musculoskeletal or
neuropathic origins, and report pain to be severe,
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debilitating, and worsening over time [1, 2]. Indeed, many
individuals with SCI consider chronic pain to be the most
disabling consequence of SCI [3]. Chronic pain is defined
as any pain that lasts longer than 12 weeks, and can be
categorized into three different tiers: nociceptive, neuro-
pathic, and other [4]. People experience pain in different
ways, as chronic pain exists due to a dynamic interaction of
biological, psychological, and social factors unique to each
person [5].

For persons with SCI who experience chronic pain, this
interplay of factors often compromises subjective well-
being (SWB) (e.g., increases the risk of depression or
anxiety, decreases life satisfaction) [6]. SWB [7] is a mul-
tidimensional construct that encompasses various cognitive
and affective components. The cognitive component
includes an individual’s satisfaction with life and important
life domains, whereas the affective component refers to an
individual’s positive emotions (e.g., joy, pleasure) and
negative emotions (e.g., anxiety, sadness; [7]). Ultimately,
high SWB is characterized by high levels of positive affect
and life satisfaction, and relatively few negative feelings.
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Previous research among people with and without SCI
demonstrates that severe disease or disability often result in
physical and psychological distress that can negatively impact
a person’s SWB [8, 9]. Indeed, pain has been shown to be
directly related to the affective component of SWB for per-
sons with SCI [9, 10] such that those who report lower levels
of chronic pain experience higher levels of positive affect.
Moreover, in studies of people with SCI and other disabilities,
pain has been conceptualized as influencing SWB [11, 12].
Thus, efforts to reduce chronic SCI pain sensations could be
important for improving SWB in this population [13].

Treatments to reduce pain sensations in individuals with
SCI produce inconsistent results [14]. Treatment options are
primarily pharmaceutical; however, in addition to eliciting
debilitating side effects, pharmaceuticals result in just 50%
pain reduction for only 30% of individuals with SCI-related
chronic pain [1]. The refractory nature of SCI pain to extant
treatments, coupled with the putative effects of chronic pain
on SWB, demonstrate the need for further research to
identify effective pain treatment options [15].

Leisure time physical activity (LTPA) may be an option.
LTPA is defined as any physical activity an individual
engages in during their free time such as wheeling in a park,
playing sport, or exercising [16]. Research suggests that
LTPA can reduce pain sensations for persons with SCI. For
example, in a survey study of experiences with various
nonmedication treatment modalities for SCI-chronic pain,
participants reported pain relief to be greatest following
muscle strengthening exercises [17]. Additionally, two
separate exercise-training studies showed exercise to be
effective in reducing shoulder pain for persons with SCI
[18, 19]. Furthermore, general bodily pain was reduced for
persons with SCI who participated in the exercise condition
of a 9-month randomized controlled trial of an aerobic and
resistance exercise-training intervention [20]. Although the
tiers of SCl-related pain evaluated across these studies
varied, the positive results demonstrate the potential for
LTPA as a treatment option for SCl-related pain.

Research has also demonstrated significant relationships
between LTPA and various aspects of SWB (e.g., life
satisfaction, positive affect) for persons with SCI. Indeed,
one meta-analysis showed that LTPA had small but sig-
nificant negative correlations with depressive symptoms and
positive correlations with overall life satisfaction [16].
Additionally, evidence reported in two literature syntheses
suggests that regular participation in LTPA could enhance
the overall SWB of adults with SCI [21, 22]. Collectively,
these results are consistent with findings from a recent meta-
analysis conducted in the general population, which reported
a small but significant positive effect of LTPA on SWB [23].

Taken together, there is evidence that (a) LTPA can reduce
SCl-related pain [17-20], (b) LTPA can improve SWB in
people with SCI [21, 22], and (c) SCI-related pain is related to
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SWB [11, 24]. Additionally, some researchers have suggested
that changes in pain may mediate the effects of LTPA on
aspects of SWB [11, 25, 26] meaning that LTPA interven-
tions that reduce chronic pain should also improve SWB. This
possibility has received little attention in the SCI literature
[11], despite the need for interventions that address these two
interrelated outcomes in the context of SCI rehabilitation [27].
One way to examine the feasibility of developing LTPA
interventions that will have concomitant (or mechanistic)
effects on pain and SWB is to review studies that have tested
the concurrent effects of an LTPA intervention on both
chronic pain and SWB among persons with SCIL.

The primary reason for looking at LTPA interventions that
measure both chronic pain and SWB (rather than interventions
that measure only chronic pain or only SWB) is that LTPA
intervention protocols are notoriously inconsistent (i.e., LTPA
frequency, intensity, time, type) [28] in the SCI literature. This
feature makes it difficult to identify which characteristics of an
LTPA protocol (e.g., what type or frequency of activity) lead to
improvements in different outcomes measured across different
studies. An LTPA intervention protocol that leads to
improvements in one type of physiological or psychosocial
outcome may not lead to changes in another physiological or
psychosocial outcome [22, 28], highlighting the importance of
looking at the concurrent effects of a particular LTPA inter-
vention on outcomes that may be interrelated or have a
mechanistic relationship. Therefore, to advance an under-
standing of (a) whether the effects of a particular LTPA
intervention on SWB may be related to/mediated by changes in
pain, and (b) characteristics of LTPA interventions that may
lead to changes in both chronic pain and SWB, a scoping
review was conducted of studies that tested the effects of LTPA
interventions on both pain and SWB, concurrently.

The overarching purpose of this scoping review was to
systematically catalog and synthesize studies that tested the
effects of an LTPA intervention on both chronic pain and
SWB among persons with SCI. By focusing only on studies
that included both outcome measures, our goal was to shed
light on the nature of the relationship between these two
outcomes in response to LTPA interventions; specifically,
whether LTPA has concomitant effects on pain and SWB.
Cataloging characteristics of LTPA interventions in rela-
tionship to chronic pain and SWB outcomes is critical for
developing LTPA prescriptions to improve these outcomes
in people with SCI and to optimize rehabilitation outcomes.

Methods
Protocol design

Arksey and O’Malley’s 5-stage scoping review methodo-
logical framework [29] guided this scoping review.
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The protocol for this review was published on Open Science
Framework on 2019/05/10 and can be found here: https:/
doi.org/10.17605/0SF.1I0/3H2P6.

Stage 1: identify the research question

The primary research question for this scoping review was:
“What is known from previous literature regarding the
effects of LTPA interventions on both chronic pain and
SWB among individuals with SCI?”

Stage 2: identify relevant studies

The search strategy was developed with input from the
entire authorship team. An experienced Health Sciences
Librarian provided guidance regarding search criteria spe-
cific to each database. Examples of the search terms
included: physical activity, exercise, nociceptive pain,
neuropathic pain, affect, satisfaction. Included terms were
identified and adapted from a previously conducted meta-
analysis of the SCI, SWB and LTPA literature [16]. The
complete search strategy is available online: (https://doi.org/
10.17605/0SF.I0/3H2P6). The first author (KRT) con-
ducted searches within the following databases: MEDLINE,
EMBASE, Cumulative Index to Nursing and Allied Health
Literature (CINAHL), PsycInfo, SportDiscus, and Web of
Science. The search strategy was not limited based on year
of publication, and the initial search was completed on
January 20, 2019. Following completion of each search,
citations were exported to an online management system
(RefWorks™, ProQuest LLC, Michigan, USA) where arti-
cle duplicates were identified and removed. Reference lists
of included studies and related systematic reviews were
hand searched to identify additional, relevant citations.

Stage 3: study selection

The inclusion criteria for this scoping review were: (1)
experimental or quasi-experimental research designs (e.g.,
randomized controlled trials, pre—post test studies) that (2)
evaluated the effects of LTPA participation by human adults
(184) with SCI>1 year. LTPA was defined as physical
activity an individual engages in during their free time [16].
Similar to a previous meta-analysis of studies of LTPA and
SWB in people with SCI [16], we included studies that
evaluated the effects of sport participation, or activities
which aimed to improve or maintain one or more compo-
nents of physical fitness (e.g, aerobic fitness, muscular
strength/endurance, body composition). Third, studies had
to have evaluated, and reported the effects of LTPA on both
chronic pain and SWB. SWB was defined according to
Diener’s definition of the construct, which explains SWB as
including affect, life satisfaction, and satisfaction with

various life domains [7]. This tripartite conceptualization of
SWB can be measured with reliable and valid self-report
scales and has been widely studied within and between
cultures [30]. Individuals may vary in the life domains that
are most important to them, making SWB responsive to
different predictors according to personal values or cultural
factors [31]—yet international surveys also exhibit con-
sistency in people’s views of a good or satisfying life [32].
As such, studies that included measures of positive and
negative affect, life satisfaction, and satisfaction with a
variety of important life domains (e.g., social relationships)
were included.

Articles were excluded if the studies: (1) did not provide
original quantitative data (e.g., systematic reviews), (2)
implemented LTPA in conjunction with another interven-
tion (e.g., LTPA and cognitive behavioral therapy), (3) had
not undergone full peer-review (e.g., conference proceed-
ings, abstracts, theses), (4) were published in languages
other than English. This scoping review incorporated a two-
staged article screening process: (1) a title and abstract
review, and (2) a full text review. Stage 1 involved the
primary and secondary (SVCL) review authors indepen-
dently screening 3494 titles and abstracts yielded by the
search against the inclusion criteria.

As the literature became better understood throughout the
title and abstract screening process, inclusion criteria were
updated for the full text review (i.e., stage 2). These criteria
modifications coincide with the iterative process of scoping
reviews [29]. Stage 2 involved KRT and SVCL both inde-
pendently screening all full text articles against the inclusion
criteria. Throughout stages 1 and 2, KRT and SVCL dis-
agreed on five articles for inclusion, indicating >99% agree-
ment. After short discussion, all articles were agreed upon by
consensus. Although RBS and KMG were allocated as
mediators prior to screening (in case of disagreements), KRT
and SVCL resolved disagreements without needing to involve
RBS or KMG. Figure 1 displays an overview of the scoping
review article inclusion/exclusion process.

Stage 4: charting the data

Using a data abstraction tool that was co-developed by the
research team, KRT charted data from each article
(Table 1). The following information was extracted from
each article: author(s), year of publication, title, study
design, study location (community versus lab), participant
age, participant activity status (physically active versus
inactive at study baseline), years post injury, level of injury,
total number of participants, LTPA intervention character-
istics (i.e., type, duration, frequency, intensity), pain infor-
mation (i.e., type, pain measurement tool) and key
outcomes, and SWB information (i.e., construct, measure-
ment tool) and key outcomes.
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Fig. 1 Flow-chart of the
systematic literature search
for research articles reporting
the effects of LTPA
interventions on chronic pain
and SWB among adults with
SCI. Note: An asterisk indicates
reference lists of included
articles, or related systematic
reviews; double asterisks
indicate reasons for exclusion:
Not SCl-specific (n = 14);
studies that were not
experimental or quasi-
experimental (n = 16); duplicate
(n=2); did not evaluate all three
constructs (n = 8); rehabilitation
intervention, not a LTPA
intervention (n = 2); combined
intervention (n =15).

Records identified through
database searching
(n= 3919)

A4

Records after duplicates removed
(n=3494)

A 4

Records screened
(n= 3494)

Additional records
identified through other
sources*®
(n= 4)

>
>

A 4

Records excluded
(n= 3436)

Full-text articles Full-text articles

RBS reviewed the completed data abstraction spread-
sheet to corroborate that data were extracted accurately. The
senior author (KMG) provided guidance on categorizing the
types of LTPA to be consistent with previous reviews [16].
Of the authorship team members, the fourth author (DW)
possesses the greatest expertise on SWB and consulted with
KRT to assist with SWB data abstraction. This strategy
maximized appropriate classification of SWB constructs.

Stage 5: collating, summarizing, and reporting the
results

Systematic (aggregate) reviews typically aim to combine
similar types of data and prioritize a homogenous set of
studies, whereas scoping (configurative) reviews typically
prioritize the identification of patterns provided by hetero-
geneity across studies [33]. Indeed, scoping reviews are
usually undertaken to provide a descriptive account of all
existing research evidence in an area, and to describe the
breadth of concepts underpinning a research area. Scoping
reviews are often conducted to facilitate formulation of
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assessed for N excluded, with
eligibility reasons
(n= 62) (n= 47)**

l

Studies included in
quantitative
synthesis
(n= 15)

future research priorities rather than to assess the quality of
individual studies [34]. Thus, the authors did not perform a
quality appraisal for the included studies. A scoping review
methodology, rather than a meta-analysis, was employed
given the limited number of intervention studies in the
LTPA-chronic pain-SWB literature among persons with
SCI, coupled with the heterogeneity of methods used in the
interventions. Data were summarized using narrative
synthesis, which relies on the use of words and text to
explain the findings of the synthesis [35]. Ultimately, the
effects of LTPA on chronic pain and SWB among adults
with SCI, documented during the charting process, formed
the results of this scoping review.

Results
Articles retrieved

The search yielded a total of 3494 citations. After screening
for inclusion/exclusion criteria, and hand searching
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included articles and related systematic reviews, 15 pub-
lished articles, consisting of 12 different studies, were
included in this review. Figure 1 outlines the study selection
process, while Table 1 provides details of relevant data
extracted from each article. Specific characteristics of each
article (e.g., measures used, results, statistical significance)
are outlined in Table 1 and Fig. 2. This scoping review
reports the results of included articles, by summarizing the
patterns of change in SCI-chronic pain and SWB following
LTPA participation. A graphical representation of changes
in pain and SWB, reported by each included article, is
presented in Fig. 2.

Article characteristics

Five articles were published prior to 2010 and all other
articles were published between 2011 and 2018. Specifi-
cally, articles were published in 2003 (n = 2) [11, 20], 2004
(n=1) [36], 2006 (n=1) [18], 2007 (n=1) [37], 2011
(n=2)[19, 38],2012 (n=1) [39], 2015 (n =1) [40], 2016
(n=2) [41, 42], 2017 (n=2) [43, 44], and 2018 (n=2)

[45, 46]. There was a total sample of 238 participants with
SCI included within the studies (Mean =19.9 +15.9;
Median = 12.5), consisting of both physically active and
inactive individuals. Regarding injury level, 51 persons
reported tetraplegia, 176 individuals reported paraplegia,
and 11 persons did not report their injury level.

Research was conducted in five countries, with the majority
of the articles written by authors in Canada (n=7)
[11, 20, 36, 37, 40, 43, 46] and the United States (n=15)
[18, 19, 38, 41, 42]. Articles reported on studies that imple-
mented experimental designs (i.e., randomized controlled trials;
n=2_8) [11, 18-20, 36, 38, 43, 45], and quasi-experimental
designs (i.e., pre—post test, n =7) [39-42, 44-46].

A total of four different types of LTPA were described
across the 15 included articles. These included individually
prescribed exercise (n = 11) [11, 18-20, 36-39, 42, 44, 45],
yoga (n=2) [40, 43], community based, self-selected phy-
sical activity (n =1) [46], and seated tai-chi (n =1) [41].
A minimum of one LTPA characteristic was prescribed
to participants in each study. Study duration of LTPA pro-
tocols ranged from an acute study (1 session) [44],
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to a 9-month exercise-training intervention [20]. LTPA
session frequency ranged from 1 to 4 times per week
(Mean = 2), with sessions lasting between 5 and 120 min.

Pain and SWB constructs

Studies evaluated 27 SWB constructs, using 32 different
questionnaires. Three different types of pain were inde-
pendently evaluated using 9 different questionnaires: gen-
eral bodily pain (n =7) [11, 20, 36, 37, 40-42], shoulder
pain (n=4) [18, 19, 38, 42], and neuropathic pain (n =2)
[44, 46]. Specifically, general bodily pain and neuropathic
pain were both evaluated using 4 separate measures, while
shoulder pain was evaluated using 2 measures, and noci-
ceptive pain was evaluated using 1 measure. Multiple types
of pain were evaluated within two studies: (1) neuropathic,
nociceptive, and shoulder pain [39], and (2) shoulder pain
and general bodily pain [45]. Based on the lack of specifi-
city of pain definitions within SCI literature, pain was
categorized as “general bodily pain” if it was not defined as
nociceptive, neuropathic, or visceral [4].

Key findings

Fifteen articles reported on the effects of LTPA on chronic
pain and SWB for persons with SCI. Within these articles,
four different patterns of findings emerged regarding
changes in chronic pain and SWB outcomes in response to a
LTPA intervention. These patterns are discussed separately
in the following sections.

Increased pain, decreased SWB

One article reported increased levels of general bodily pain,
and decreased subjective well-being following participation
in an exercise program. Specifically, increased levels of
general bodily pain and pain catastrophizing, combined
with decreased mindfulness, and more negative affect
were reported following participation in an 8-week yoga
program [40].

Increased pain, improved SWB

One article reported that following a 6-week yoga program,
participants’ average general bodily pain increased, while
their overall anxiety-depression, self-compassion, and levels
of mindfulness improved [43].

Decreased pain, improved SWB

Decreased levels of pain, and improved aspects of SWB
were reported in 12 articles. Specifically, five articles
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reported a decrease in general bodily pain. Decreased gen-
eral bodily pain and depressive symptoms, and an overall
improvement in quality of life were reported by Hicks et al.
[20], following a 9-month progressive aerobic and resis-
tance exercise-training intervention. In a secondary analysis
of the 3-month data from that trial [11], exercise condition
participants reported decreased bodily pain and stress
compared to the control group, coupled with improved
quality of life and satisfaction with physical function. Fur-
ther, pain was shown to mediate exercise-related changes in
depressive symptoms. Another secondary analysis of this 9-
month randomized controlled trial [36] revealed that
although bodily pain and stress decreased for participants in
the exercise group, perceived pain mediated exercise-related
changes in stress levels but did not mediate the effects of
exercise on depression. Reduced general bodily pain, and
improved emotional well-being were also reported follow-
ing a 12-week, seated tai-chi exercise program [41]. Fur-
thermore, in an acute study, following 15-45 min of body-
weight supported treadmill training, participants reported
decreased bodily pain and improved feelings of
pleasure [37].

Shoulder pain was also shown to improve following four
exercise programs. Specifically, participants reported
decreased shoulder pain and improved satisfaction with
their shoulders following an 8-week home-based exercise
program [18]. Further, one primary [19] and one secondary
[38] analysis of data from the same study demonstrated that
a 12-week home-based exercise-training program led to
decreased shoulder pain and improved quality of life. Last,
Wilbanks et al. [42] reported decreased levels of shoulder
pain and improved quality of life following a 6-week
aerobic exercise-training program.

Two studies evaluated acute changes in neuropathic pain
related to LTPA. First, following at least one of two bouts
of self-selected, community-based exercise performed
within a single week, participants reported decreased neu-
ropathic pain and improved feelings of pleasure [46]. Sec-
ond, neuropathic pain, depressive symptoms, and anger
decreased following a single session of exercise that
involved wheelchair propulsion [44].

One study measured changes in multiple tiers [4] of pain
following an aerobic exercise program [39]. Participants
reported decreased musculoskeletal and neuropathic pain,
and improved quality of life following a 10-week aerobic
exercise program [39].

Unchanged levels of pain, improved SWB

One 6-week home-based aerobic exercise program did not
impact shoulder or general bodily pain for participants [45].
However, self-efficacy and quality of life were improved at
the end of this program.
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Discussion

This scoping review aimed to catalog research evidence in
which the effects of LTPA on both chronic pain and SWB
were evaluated among persons with SCI. Through a sys-
tematic process, 15 relevant articles were identified. By
synthesizing this literature, we were able to identify patterns
of change in chronic pain and SWB outcomes in response to
LTPA interventions. Our review has also brought to light
priorities that should be addressed in future studies of the
effects of LTPA on pain and SWB.

The effects of LTPA on chronic pain and SWB

Individuals with SCI often avoid physical activity in fear
of increasing their levels of pain [47]. However, the majority
of articles reviewed (n = 12) [11, 18-20, 36-39, 41, 42, 44, 46]
reported that LTPA actually led to a decrease in partici-
pants’ pain levels. Of these 12 articles, each article also
reported improvements in SWB constructs (e.g., feelings of
pleasure, stress levels). These findings are critical, as they
demonstrate that various forms of LTPA may both reduce
pain sensations and improve multiple aspects of SWB for
adults with SCI.

Given the designs of the reviewed articles, no inferences
can be made regarding the causal directionality of the
relationships between chronic pain and SWB following
LTPA interventions. However, previous research has situ-
ated changes in pain as a mechanism for LTPA-induced
changes in SWB among persons with SCI. For example, in
one study, pain reduction was identified as a statistical
mediator through which exercise improved life satisfaction
and depressive symptoms [11]. Additionally, exercise-
induced reductions in perceived pain statistically mediated
changes in stress levels [36]. Collectively, these articles
provide preliminary evidence of a mechanistic relationship
whereby LTPA participation can lead to a reduction in pain
and, in turn, improvements in SWB.

Three other patterns of changes in pain and SWB
emerged across four reviewed articles (e.g., increased pain,
decreased SWB), in addition to the concurrent beneficial
effects of LTPA on chronic pain and SWB. These varying
patterns highlight the differential impacts that LTPA may
have on pain and SWB for persons with SCI. Given the
variety of LTPA protocols implemented within each article,
it is difficult to explain why these different findings
emerged, and to compare findings between studies. Nota-
bly, however, yoga was the only ‘type’ of LTPA that
consistently led to increased pain sensations [40, 43].
Inconsistencies between LTPA protocols also make it
challenging to deduce which specific characteristics of
LTPA protocols are most effective for improving pain and
SWB. Two standardized exercise guidelines have been

developed to improve overall fitness and cardiometabolic
health for persons with SCI. For cardiorespiratory fitness
and muscle strength benefits, adults with SCI should engage
in: (a) 20min of moderate-to-vigorous intensity aerobic
activity two times per week, and (b) strength training two
times per week, consisting of three sets of 8-10 repetitions
of each exercise for each major muscle group [46]. For
cardiometabolic health benefits, adults with SCI should
engage in at least 30 min of moderate-to-vigorous intensity
aerobic exercise three times per week [48]. However, the
effect of following these exercise guidelines on chronic pain
and SWB is not yet known. Moving forward, it is critical for
researchers to prescribe exercise protocols that adhere to
these standardized, scientific SCI Exercise Guidelines [48]
to allow for comparison of findings between studies, and to
identify whether adhering to these guidelines can also
beneficially impact chronic pain and SWB for persons
with SCIL

In addition to a lack of consistency in LTPA character-
istics, the articles reviewed were also inconsistent in how
pain was categorized and measured. Indeed, reviewed arti-
cles rarely specified the tier(s) of pain [4] being measured
(Table 1). For example, eight articles categorized the type of
pain as ‘general bodily pain’ [11, 20, 36, 37, 40, 41, 43, 46]
rather than musculoskeletal, neuropathic, visceral, or other
[4]. A comprehensive, mechanism-based, SCI pain classi-
fication tool (i.e., International Spinal Cord Injury Pain
Classification) [49] was developed in 2012. This SCI pain
classification tool was developed by consensus of clinicians
and researchers with expertise in SCI-chronic pain, and has
been shown to be applicable for persons with SCI during
study development and participant screening [49]. Although
seven of the reviewed articles were published following the
development of the International SCI Pain Classification
tool (i.e., >2012), only three articles used this tool and
specifically categorized pain according to these tiers.
Despite the inconsistencies in pain measurement tools,
LTPA was effective for reducing all three tiers of pain [4].
Given the different mechanisms responsible for each type of
pain, future studies must prioritize proper classification of
SCI pain in order to identify specific LTPA protocols that
impact each pain tier [4].

SWB constructs were also measured inconsistently using
a variety of questionnaires. Twenty-seven SWB constructs
were evaluated in the reviewed articles, using 32 different
questionnaires. Given the multidimensional nature of SWB,
it is unsurprising that multiple measures have been used to
evaluate SWB constructs. However, many of these mea-
sures lack SCI-specificity. For example, quality of life was
evaluated in eight articles using six different measures,
while only two of these studies [39, 42] incorporated SCI-
specific quality of life measures. Evidence supports the
reliability and validity of quality of life measures for
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persons with SCI [50]. Using these SCl-specific tools
standardizes data collection and allows for: (a) comparing
results across published SCI-studies, and (b) comparing the
effectiveness of exercise with the effectiveness of other
SWB-enhancing interventions. It is crucial that future stu-
dies incorporate SCI-specific SWB measures to ensure that
questionnaire items are relevant and applicable to persons
with SCI. Further, incorporating SCI-specific SWB mea-
sures may help identify LTPA protocols that improve SWB
for persons with SCI. It is important to note, however, that
not one article included within this scoping review eval-
uated SWB in its entirety. Articles included in this review
primarily included measures of life satisfaction (e.g., quality
of life), but not satisfaction with various life domains, nor
affective constructs. To be consistent with the definition of
SWB [7], investigators should include measures of affective
constructs, together with general life- and life-domain
satisfaction.

Strengths and limitations of the scoping review

This scoping review has multiple strengths including the
rigorous, systematic methods used for searching, evaluating
and cataloging the research evidence guided by the exper-
tise of a Health Sciences Librarian; the synthesis of pain and
SWB constructs observed across studies; identification of
important issues and gaps in the literature; and the provision
of critical next steps for improving future LTPA, chronic
pain and SWB research among individuals with SCIL.
However, limitations exist.

First, classifying LTPA protocols as ‘exercise’ or ‘phy-
sical activity’ is helpful for distinguishing between different
‘types’ of LTPA, but does not account for all variations in
LTPA characteristics that could influence pain and SWB
(e.g., intensity, duration, frequency). Second, we categor-
ized the ‘tiers’ of pain, and ‘constructs’ of SWB measured
in each study based on information provided in the articles.
Another review team may have classified some pain and
SWB outcomes differently, particularly when measure
descriptions were vague. Third, the search strategy was
limited to the English language, which may have introduced
a language bias and narrowed our scope of the literature.
Fourth, articles were included in this scoping review if they
evaluated both chronic pain and SWB changes in response
to LTPA. While studies testing the effects of LTPA on
chronic pain and SWB, independently, may shed light on
the independent effects of LTPA on these outcomes, the
reviewed studies shed light on the concurrent effects of
LTPA on these outcomes. Finally, we followed a traditional
scoping review approach [29] which precludes the weight-
ing of higher versus lower quality studies in formulating
conclusions.
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Research recommendations

This review has highlighted important research limitations
including widely varying LTPA protocols, a lack of proper
pain classification within studies, and the need for con-
sistent use of SCI-specific measures of chronic pain and
SWRB. First, future research should use consistent exercise
protocols with SCI-specific chronic pain and SWB mea-
sures in order to accurately compare results across studies
and to identify protocols that have the largest positive
impact on chronic pain and SWB. Second, the results of
reviewed articles suggest that LTPA-induced improvements
in chronic pain and SWB often occur simultaneously.
However, there is a critical need to conduct randomized
controlled trials and investigate the mechanisms responsible
for the effects of LTPA on chronic pain and SWB among
persons with SCI (e.g., increased levels of serotonin).
Rather than investigating individual outcomes, researchers
must use theory- and empirically-driven models to identify
constructs that explain the effects of LTPA on chronic pain
and SWB outcomes [51, 52].

Conclusion

This scoping review systematically synthesized articles that
tested the effects of LTPA interventions on chronic pain and
SWB among adults with SCI. The majority of reviewed
articles demonstrated that LTPA can simultaneously reduce
chronic pain and improve SWB. These results provide
direction for future research, particularly with respect to
developing theory and models that explain the effects of
LTPA on chronic pain and SWB, and developing LTPA
interventions that maximize the positive effects of LTPA on
these outcomes.
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