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Objective: The majority of individuals with spinal cord injury (SCI) experience chronic pain. Chronic pain can be
difficult to manage because of variability in the underlying pain mechanisms. More insight regarding the
relationship between pain and physical activity (PA) is necessary to understand pain responses during PA.
The objective of this study is to explore possible relationships between PA levels and secondary conditions
including pain and fatigue.
Design: Prospective cohort analysis of a pilot study.
Setting: Community.
Participants: Twenty individuals with SCI took part in the study, and sixteen completed the study.
Interventions: Mobile-health (mHealth) based PA intervention for two-months during the three-month study.
Outcome measures: Chronic Pain Grade Scale (CPGS) questionnaire, The Wheelchair User’s Shoulder Pain
Index (WUSPI), Fatigue Severity Scale (FSS), and PA levels measured by the mHealth system.
Results: A positive linear relationship was found between light-intensity PA and task-specific pain. However, the
relationship between moderate-intensity PA and pain interference was best represented by a curvilinear
relationship (polynomial regression of second order). Light-intensity PA showed positive, linear correlation
with fatigue at baseline. Moderate-intensity PA was not associated with fatigue during any phase of the study.
Conclusion: Our results indicated that PA was associated with chronic pain, and the relationship differed based
on intensity and amount of PA performed. Further research is necessary to refine PA recommendations for
individuals with SCI who experience chronic pain.
Trial registration: ClinicalTrials.gov identifier: NCT03773692.
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Introduction
Chronic pain affects up to 96% of individuals with
spinal cord injury (SCI) and can be difficult to
manage due to the variability in types of pain.1

Chronic pain is typically considered to be pain that

persists for 12 or more weeks.2 Chronic pain after an
injury arises from improper healing that results in
increased nociceptor sensitivity and subsequent altera-
tion of pain perception in the absence of sensory
input.3,4 Individuals with chronic pain experience be-
havioral changes as well as changes in perception of
the magnitude and impact of pain.5 Pain tends to inter-
fere with lower intensities of physical activity (PA) and
activities of daily living (ADLs) in individuals with
SCI more than in other populations.6 Increased use of
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the upper extremities for ADLs, transfers, and wheel-
chair propulsion following SCI heightens the physical
demand on an untrained musculoskeletal system,
which can lead to pain. While pain prevalence, pain
intensity, and pain interference are not associated with
level of SCI, upper extremity pain is experienced most
frequently by individuals with higher-level injuries
because of the combination of increased physical
demand and strength deficits associated with SCI.7

Therefore, the manifestation of chronic pain may be
related to levels of PA for individuals with SCI.
Prior research has concluded that exercise is an

effective intervention for chronic pain in other popu-
lations,8–10 and some research has shown that exercise
decreases chronic pain in adults with SCI.11–15 Other
studies, however, have found no significant relationship
between PA and pain in individuals with SCI.16–18 The
amount of PA performed by participants may be a
crucial factor in pain response. Some individuals with
SCI experienced immediate modification in pain levels
after one to two hours of exercise,14 while others
reported changes after six months of a daily exercise
program.15 The duration of vigorous-intensity PA per-
formed was inversely related to levels of pain;
however, light-intensity PA showed no correlation to
pain levels,19 suggesting that intensity of PA may be
an important consideration as well.20 The relationship
between PA and pain may not be unidirectional.
Psychosocial aspects, such as negative mood and lack
of acceptance of health condition, are associated with
higher pain levels and decreased overall leisure time
PA levels.21

Fatigue has been identified as another secondary con-
dition associated with SCI.22–24 While previous research
has shown a correlation between depression and
fatigue,25,26 the relationship between PA and fatigue
has not been thoroughly investigated. Tawashy et al.20

found that fatigue levels were inversely proportional to
vigorous-intensity PA, and depressive symptoms were
inversely proportional to light-intensity PA. These find-
ings suggest that different intensities of PA demonstrate
different relationships with fatigue in individuals
with SCI. Overall, much remains unknown regarding
the association between PA and fatigue in individuals
with SCI.
Our primary objective for this study was to establish a

relationship between PA levels and chronic pain inten-
sity. By evaluating pain interference separately from
task-specific upper extremity pain, this study aimed to
determine whether PA impacts generalized disruptive
pain differently than upper extremity pain during daily
activities in individuals with SCI. We hypothesized

that PA levels negatively correlate with chronic pain
intensity measured throughout the study using the
Chronic Pain Grade Scale (CPGS)27–30 and the
Wheelchair User’s Shoulder Pain Index (WUSPI).31–33

A secondary objective was to examine the relationship
between PA levels and fatigue. Although fatigue has
been less studied than pain in SCI research, Tawashy
et al.20 suggested a relationship with PA levels may
exist. Knowledge of the relationships between PA
levels and secondary conditions, including chronic
pain and fatigue, may motivate larger efforts to
develop targeted PA recommendations for individuals
with SCI. Improved PA recommendations have the
potential to advance evidence-based practice and assist
with the management of chronic pain and fatigue associ-
ated with SCI.

Methods
Participants
Twenty individuals with SCI participated in the study,
and sixteen participants completed the study. The
research team worked with a physical therapist and a
physical medicine and rehabilitation physician from
two large, urban rehabilitation hospitals to recruit par-
ticipants for the study. Individuals included in the
study met the following criteria: (1) were 18–65 years
old, (2) had a diagnosis of traumatic or non-traumatic
SCI, (3) were at least six months post-injury, (4) used
a manual wheelchair as their primary means of mobility,
(5) self-propelled their wheelchair, (6) were medically
stable, and (7) had experience using a smartphone.
Individuals were excluded if they: (1) had active pelvic
or thigh wounds (pressure injuries), (2) had a history
of cardiovascular disease, or (3) were pregnant (based
on self-report). This study was approved by our univer-
sity’s Institutional Review Board (IRB) and the recruit-
ment site rehabilitation hospitals. All participants
provided written informed consent prior to participating
in this study.

Instrumentation
This study was part of a greater research effort that
aimed to deploy a prototype mobile health (mHealth)
PA motivation system intended to improve PA levels
using a behavior-sensitive, just-in-time-adaptive inter-
vention (JITAI).34 The mHealth-based JITAI system
used off-the-shelf hardware components, including an
Android-based smartphone (Nexus 5 or 5X, LG
Corp., Englewood Cliffs, NJ, USA), a wrist-worn smart-
watch (LG Urbane, LG Corp., Englewood Cliffs, NJ,
USA), and a Bluetooth-based wheel rotation monitor
(PanoBike, Topeak Inc., Taichung, Taiwan) to detect
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and classify wheelchair-based PA. The mHealth system
differentiates between light-intensity and moderate- to
vigorous-intensity PA while collecting data. Activity
that is less than or equal to 3 METs is classified as
light-intensity PA, and activity that is greater than 3
METs is classified as moderate-intensity PA. The
wheel rotation monitor and smartwatch streamed data
to the smartphone. Self-report assessments of pain and
fatigue were collected using ecological momentary
assessments (EMAs) on the smartphone along with
weekly questionnaires.

Protocol
The study was conducted in three phases, each with a
one-month duration. The first phase focused on collect-
ing baseline PA level data (baseline). The second phase
provided near-real-time feedback on PA level (PA feed-
back). The third phase provided PA feedback with a
JITAI to the participants. During each phase, PA
levels of the participants were collected through the
mHealth-based JITAI system. Participants wore the
smartwatch for 12 hours per day, and data from the
devices automatically synchronized each minute.
Software processed the incoming motion data from the
devices to infer PA patterns of individuals with SCI as
they moved about their homes and the community. In
the baseline phase, after completing initial surveys of
demographics, wheelchair information, and SCI and
health history, participants completed the CPGS,27–30

WUSPI,31–33 and Fatigue Severity Scale (FSS)
questionnaires.35

For the seven-item CPGS, characteristic pain inten-
sity was calculated by averaging ratings (on a 0–10
scale) of current pain, worst pain in the past six
months, and average pain in the past six months; the
average was then multiplied by 10.27 Pain-related dis-
ability scores were derived by averaging ratings (on a
0–10 scale) of interference with daily, social, and work
activities; then multiplying the average by 10, and
finally sorting the multiplied averages into a six-point
categorical scale.27 Our analyses did not include the
pain disability measure, which did not change by more
than one point for any participant throughout the
study, and the median pain disability across all partici-
pants was zero for each phase of the study.
The WUSPI has been validated for wheelchair users.

For the WUSPI, pain was calculated by a 15-item self-
report survey that specifically measures upper extremity
pain during daily functional activities with a 10-point
visual analog scale. The WUSPI score range is 0–150
with an adjusted performance score calculated based
on the total number of items completed. The minimal

clinical difference and minimal detectable change is
5.1 points.31,32 The nine-item FSS measured the severity
of fatigue on a seven-point ordinal scale ranging from
one (strongly disagree) to seven (strongly agree); an
average of the items higher than four indicates signifi-
cant fatigue.35 After the initial completion of each ques-
tionnaire, participants responded to the CPGS, WUSPI,
and FSS every week during the first, second, and third
phases of the study.

Statistical analysis
A Kolmogorov–Smirnov normality test determined that
the data were not normally distributed; therefore, non-
parametric analyses were implemented. Spearman’s
rank-order correlation analysis was performed to
analyze the relationships between PA levels (light-inten-
sity and moderate-intensity) and secondary conditions
(pain: CPGS and WUSPI, and fatigue: FSS) for each
of the three phases of the study. In addition, regression
analyses were performed to examine the trends
between PA levels and pain, as well as between PA
levels and fatigue. We conducted linear regression analy-
sis as stated by our hypothesis, as well as curvilinear
regression analysis for all data. Based off the coefficient
of determination (r2) values, we selected a second-order
polynomial regression model to describe the association
between moderate-intensity PA and pain. All data ana-
lyses were performed using MATLAB (MathWorks Inc,
ver. R2017b, Natick, MA) and IBM SPSS Statistics
software (ver. 25.0, Armonk, NY), with a statistical sig-
nificance at an alpha level of 0.05.

Results
Table 1 presents the demographics, pain and fatigue
scores, and minutes of PA performed per day for partici-
pants who completed the study. Table 2 shows the corre-
lation between PA and secondary conditions including
pain and fatigue. Pain interference, measured by the
CPGS, was weakly associated with light-intensity PA
during the PA feedback phase. Task-specific pain,
measured by the WUSPI, had moderate association
with light-intensity PA during baseline phase, and
strong association with light-intensity PA during PA
feedback phase. Fatigue was strongly correlated with
light-intensity PA during the baseline phase. No signifi-
cant correlations were found between pain interference,
task-specific pain, or fatigue and moderate-intensity PA.
The variance in PA explained by pain and fatigue are

displayed in Table 3. While pain interference signifi-
cantly predicted moderate-intensity PA during the base-
line phase, task-specific pain significantly predicted
light-intensity PA during the baseline phase and PA
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feedback with JITAI phase. Fatigue significantly pre-
dicted light-intensity PA during the baseline phase.
Regression analysis indicated that a significant linear
relationship existed between light-intensity PA and
task-specific pain (Fig. 1), and light-intensity PA and
fatigue (Fig. 2). The relationship between moderate-
intensity PA and pain interference was represented by
a second-order polynomial (Fig. 3). During baseline,
pain interference was significantly associated with mod-
erate-intensity PA levels. The relationship between mod-
erate-intensity PA and pain forms a U-shaped curve,
where the highest durations of moderate-intensity PA
are observed with both minimal and maximal pain
levels. The lowest levels of moderate-intensity PA
occurred with a moderate level of pain interference.
Additional analysis (Table 4) indicated that pain

interference and task-specific pain were moderately cor-
related with each other during the baseline phase, and
strongly correlated during both the PA feedback and
PA feedback with JITAI phases. Pain interference and
fatigue were moderately correlated during all three of
the baseline, PA feedback, and PA feedback with
JITAI phases. Task-specific pain and fatigue were
strongly correlated during the baseline phase,

moderately correlated during PA feedback phase, and
strongly correlated during the PA feedback with JITAI
phase.

Discussion
To our knowledge, this is the first study to analyze the
relationships between PA and the secondary conditions
chronic pain and fatigue using PA patterns of individ-
uals with SCI measured in the community. We used mul-
tiple measures to differentiate between the effects of PA
levels on chronic pain and fatigue in individuals with
SCI.

PA levels and pain
Pain interference was significantly correlated with light-
intensity PA during the PA feedback phase, and task-
specific pain was significantly correlated with light-
intensity PA during the baseline phase and PA feedback
with JITAI phase. Unlike light-intensity PA, chronic
pain was not correlated with moderate-intensity PA.
This may potentially indicate that engaging in moder-
ate-intensity PA facilitates development of adequate
activity tolerance. Both pain interference and task-
specific pain demonstrated a curvilinear relationship to

Table 1 Participant demographics, pain and fatigue scores, and minutes of PA performed per day presented as median
(interquartile range) or frequency (%).

Participant demographics

Age 39.0 (32.5–54.3) years
Time since injury 11.0 (6.8–17.3) years
Sex 12 (75%) male; 4 (25%) female
Level of injury 4 (25%) C5–C8; 8 (50%) T1–T6; 4 (25%) T7–T12
Severity of injury 10 (62.5%) complete; 6 (37.5%) incomplete

Pain, Fatigue, and PA

Phase Baseline PA feedback PA feedback with JITAI

Pain interference (CPGS) 55.1 (28.1–68.1) 49.2 (23.3–71.1) 51.6 (28.3–66.2)
Task-specific pain (WUSPI) 21.7 (16.4–28.5) 26.5 (18.0–43.3) 26.48 (18.0–38.7)
Fatigue (FSS) 26.2 (21.8–38.7) 23.1 (18.3–31.5) 25.72 (17.8–32.2)
Light-intensity PA 1083.2 (1002.0–1170.5) 1178.0 (1044.6–1225.8) 1143.1 (1121.0–1186.3)
Moderate-intensity PA 57.8 (41.95–9.6) 61.5 (42.4–75.6) 54.0 (42.8–75.1)

Table 2 Correlation between PA and secondary conditions (pain interference: Chronic Pain Grade Scale (CPGS), task-specific pain:
Wheelchair User’s Shoulder Pain Index (WUSPI), and fatigue: Fatigue Severity Scale (FSS)) throughout each phase of the study.

Light-intensity PA (n = 16) Moderate-intensity PA (n = 16)

Phase
Baseline PA feedback

PA feedback
with JITAI Baseline PA feedback

PA feedback
with JITAI

r P r P r P r P r P r P

CPGS 0.38 0.14 0.14* 0.02 0.92 0.33 0.21 0.45 0.12 0.68 −0.04 0.87
WUSPI 0.59* 0.02 0.26 0.35 0.74* <0.01 0.04 0.88 0.13 0.66 0.13 0.65
FSS 0.88* <0.01 0.32 0.25 0.31 0.26 0.07 0.80 0.02 0.93 −0.32 0.24

Note: Significant findings are indicated by an asterisk (*).
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moderate-intensity PA. Therefore, higher amounts of
moderate-intensity PA were associated with minimal
and maximal pain levels. This suggests that pain levels
may either be optimized or worsened with higher dur-
ation of PA. This novel finding reveals the complexity
of the relationship between pain and PA, which is criti-
cal to the development of targeted PA interventions. In a
qualitative study, patients with SCI conveyed that there
is an ideal balance between PA and rest in order to
control pain.36 A similar trend has been observed in
individuals with low back pain: inactivity and
maximal amounts of activity corresponded to more
low back pain, whereas moderate amounts of activity
corresponded to the least low back pain.37

Perception of pain
Perception of pain is subjective and variable. For
example, acute pain thresholds in response to a heat
stimulus were elevated in individuals with complete
SCI who suffer from chronic pain,38 yet individuals
with complete SCI were more likely to experience
chronic pain than individuals with incomplete SCI
according to a survey.39 Task-specific pain was corre-
lated with pain interference throughout our study, indi-
cating that experiencing task-specific pain overlaps with
experiencing pain interference for individuals with
chronic pain. Though similar, each type of pain may
impact overall pain levels differently across individuals.

PA and fatigue
Light-intensity PA was positively correlated with
fatigue, and moderate-intensity PA levels were not
associated with fatigue. These results are inconsistent
with previous findings by Tawashy et al. that higher-
intensity activity was associated with lower levels of
fatigue.20 There may be variations in fatigue levels that
occurred with PA that were not fully captured by our
results due to a relatively small size of change and the
limited sample of our participants. Additionally, our
study accumulated moderate-intensity PA that was
three minutes or longer in duration, which may have dis-
tributed fatigue levels throughout the day. Another
study found that fatigue levels significantly decreased
throughout the course of SCI rehabilitation, however
this change was attributed primarily to demographic
and psychological factors, and therefore it was suggested
that psychological intervention may impact fatigue
levels.24 In contrast, other research has found fatigue
levels remained constant from rehabilitation admission
to discharge.23Ta
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Implications for future research
The results of this study should be interpreted with
caution, but since exercise has been a promising pro-
spect for pain management in other studies, future ran-
domized control trials could investigate if there is a
therapeutic amount of PA ideal for pain management,

and delineate type of pain (i.e. neuropathic vs. muscu-
loskeletal) and level of injury (i.e. paraplegia vs. tetraple-
gia) in order to develop targeted PA interventions.
Additional studies could also explore the relationship
between fatigue and PA, as it remains unclear. This
insight would assist in the advancement of chronic

Figure 2 Association between fatigue (Fatigue Severity Scale (FSS)) and light-intensity PA across the study.

Figure 1 Association between task-specific pain (Wheelchair User’s Shoulder Pain Index (WUSPI)) and light-intensity PA across the
study.

Figure 3 Association between pain interference (Chronic Pain Grade Scale (CPGS)) and moderate-intensity PA across the study.
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pain and fatigue management interventions for individ-
uals with SCI, which ultimately might improve their
quality of life.

Limitations
The primary limitation of this study was the sample size,
which is not representative of all individuals with SCI
who use a manual wheelchair and does not address indi-
viduals with SCI whowalk or use other assistive technol-
ogies, such as a power wheelchair or cane, for mobility.
Because of the limited sample size, we were also unable
to delineate between individuals with tetraplegia and
individuals with paraplegia. Individuals with tetraplegia
are more susceptible to shoulder dysfunction, which can
contribute to pain. Although previous studies have
found no association between fatigue and level of
injury,23,40 we did not account for medications that par-
ticipants may have been taking, which could have poten-
tially contributed to fatigue levels. Another limitation of
this study is the constraints of the assessment tools we
used. The CPGS and WUSPI may each encompass an
overlapping combination of both pain interference and
task-specific pain in some individuals, and they are
unable to delineate between types of pain (i.e. neuro-
pathic and musculoskeletal). Furthermore, the CPGS
does not indicate location of pain on the body, so
location of pain causing pain interference is not speci-
fied. Lastly, items on the CPGS regarding pain in the
past six months may not have fully captured changes
from the PA intervention, as the reported pain could
have potentially occurred outside of the enrollment
time. Nonetheless, the CPGS datawe collected exhibited
changes in pain levels that we were able to analyze.

Conclusions
The results of this pilot study indicated that PA is related
to chronic pain, and the relationship differs based on the
amount and intensity of PA. Appropriate duration and
intensity of PA may modulate pain, whereas improper

amounts of PA may worsen pain. Therefore, under-
standing the relationship between pain and PA may
guide PA recommendations for management of
chronic pain. Further research is necessary in order to
refine PA recommendations for chronic pain manage-
ment in individuals with SCI.
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