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Abstract
Study design Case series
Objectives The temporal relationships between exercise, neuropathic pain and affect are not well understood. The purpose
of this study was to utilize ecological momentary assessment to measure intra-individual diurnal variations in neuropathic
pain and affect on exercise and non-exercise days. This study aimed to provide a deeper understanding of how neuropathic
pain and affect change from pre- to post-exercise, and over time.
Setting Community.
Methods Six physically active men with SCI participated in a 6-day protocol (Mage= 39.33 ± 8.24; 83.3% tetraplegics; years
post injury= 6–17 years). Using their Smartphones, participants completed the Feeling Scale, Felt Arousal Scale, and
Neuropathic Pain Scale in response to six daily prompts, and before and after exercise. Paired samples t-tests were conducted
on changes in neuropathic pain and affect from pre to post-exercise. Bivariate Pearson’s correlational analyses were
computed between time of day, neuropathic pain and affect.
Results Participants experienced a significant decrease in neuropathic pain (t(5)= 3.93; p= 0.01) following completion of
at least one bout of exercise. A large, but non-significant increase (Hgav= 0.76) in Feeling Scale scores occurred following
one bout of exercise. Time of day, neuropathic pain and affect were significantly correlated for two participants.
Conclusions Overall, results suggest exercise can reduce neuropathic pain, and may also increase feelings of pleasure. Given
the inconsistent pattern of results across participants, further research is needed to look at both individual characteristics, and
characteristics of exercise that may moderate changes in neuropathic pain and affect for adults with SCI.

Introduction

Approximately 50% of individuals with a spinal cord injury
(SCI) experience neuropathic pain [1, 2]. Neuropathic pain
is defined as pain caused by a lesion or disease of the
somatosensory nervous system [3] and is considered one of
the most debilitating forms of pain [4, 5]. It commonly

manifests as allodynia [6] (pain resulting from a non-
noxious stimulus) and hyperalgesia (heightened response
from a noxious stimulus) [7]. Further, neuropathic pain is
often refractory to pharmacotherapy, which is the most
frequently prescribed management option [2, 8].

Exercise has been proposed as a potential treatment for
SCI-related neuropathic pain, with preliminary data sup-
porting its effectiveness [8, 9]. In a survey study of 471
adults with SCI, 78% of those who used exercise for pain
management, rated it to be 'extremely helpful' [10]. Addi-
tionally, a 7-week treadmill exercise training program was
shown to lead to a full elimination of allodynia in rats [11].
Although some studies have examined the effects of exer-
cise on musculoskeletal pain [12–15], to the best of our
knowledge, only one study has tested the effects of exercise
on neuropathic pain in humans with SCI [16]. This 10-week
exercise training study consisted of 3 workouts per week
using a seated, double-poling arm ergometer. Study parti-
cipants experienced a 2-point median reduction in pain
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intensity, with 6 of 10 bodily pain locations decreasing by
1.8 clinically significant units. These results are similar to
the magnitude of reduction in neuropathic pain from phar-
maceuticals [8]. Importantly, no participants reported an
increase in their neuropathic pain resulting from exercise
participation.

In addition to the limited research on how neuropathic
pain responds to exercise, knowledge is also limited
regarding how neuropathic pain fluctuates over the course
of a day, and within a real-world context. Neuropathic pain
reported in an experimental setting may not accurately
represent an individual’s typical pain response to exercise
and other daily activities [17]. Thus, it is important to
measure neuropathic pain in real-world settings. Although
one previous SCI research study suggests that pain may
exhibit temporal patterns [18], this study did not specifically
measure neuropathic pain. One way to address these lim-
itations is to conduct research using ecological momentary
assessment (EMA).

EMA involves repeated sampling of participants’ beha-
viours and experiences in real time and within their natural
environments [19]. EMA methodology can overcome ret-
rospective recall biases by capturing present pain experi-
ences, increasing the ecological validity of assessments by
capturing sensations in a participant’s natural social context
[19, 20]. EMA has been used previously in SCI research to
observe the momentary associations between chronic pain,
pain interference, and physical activity [18], but it has not
yet been used to examine neuropathic pain. EMA was used
in the present study to examine individual differences in
neuropathic pain both in response to exercise, and over the
course of a day in adults with SCI. EMA also allowed us to
examine study participants’ affect in relation to pain and
exercise. In both adults with and without SCI, those who
experience greater pain have been shown to report more
negative affect (i.e., instantaneous displeasure that lacks
cognitive appraisal) [21] and mood states (e.g., depression,
anxiety) [22–26]. Importantly, individual bouts of exercise
have been shown to improve affect in adults with SCI [26].

In summary, the primary purpose of this study was to
measure study participants’ neuropathic pain over a 6-day
observational period and in response to naturalistic exercise.
Based on the results of Norrbrink and colleagues’ exercise
intervention study, it was hypothesized that study partici-
pants would report an acute reduction in neuropathic pain
immediately following a bout of exercise [16]. A secondary
purpose was to examine the relationship between neuro-
pathic pain, affect and exercise. It was hypothesized that
overall, fluctuations in affect would mirror fluctuations in
pain, and affect would become more positive following
exercise [26]. Given the absence of research regarding
diurnal variations in neuropathic pain and affect in indivi-
duals with SCI, we tested the null hypothesis that there

would be no relationship between time of day, neuropathic
pain and affect.

Methods

Participants

Published case series of individuals with SCI typically
include 5–10 cases [27–31]. For this case series, we aimed
to recruit individuals with SCI who: were greater than 1
year post injury; experienced below-level neuropathic pain;
were meeting the SCI physical activity guidelines (PAG)
[32]; were able to read and write English; and had access to
a Smartphone. Participants were recruited through adver-
tisements emailed from community organizations from
across British Columbia. 9 individuals expressed interest in
this study. After screening, six men (aged 27–50 years, M
= 39.33 ± 8.24) with SCI of greater than 1 year duration
(6–17 years; M= 12.33 years), and experiencing below-
level neuropathic pain were eligible for study participation
and were included in this study. Some people with SCI may
experience more than one type of pain (e.g., person with
SCI < C7 who has musculoskeletal shoulder pain, and at-
level neuropathic pain). We deliberately recruited partici-
pants who self-identified as experiencing below-level
(compared to at-level) neuropathic pain to minimize the
risk of pain misidentification and measurement error. UBC
Behavioural Research Ethics Board approved this study
protocol, and participants provided written informed con-
sent prior to enrolling in the study.

Study design

This descriptive, observational study employed a case series
design.

Equipment mEMA

mEMA by ilumivu [33] is a Smartphone application
designed for use on both Android and i-OS compatible
devices. This application was used to deliver prompts to
participants to complete the study measures and to collect
the study data.

Fitbit surge heart-rate monitors

Fitbit Surge wrist-worn heart rate (HR) monitors were worn
by participants to collect HR data in order to corroborate the
timing of self-reported bouts of exercise. These monitors
have been tested on persons with SCI against a validated,
ActiHeart HR monitor and showed a strong correlation of
heart rates between both devices (r= 0.64; p < 0.001) [34].
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However, the HR variations between the two monitors were
larger when HR was >100 bpm (i.e., during moderate to
vigorous physical activity). Exact HR values recorded by
FitBit Surges may not necessarily be accurate, therefore
beat-by-beat HR data was not recorded. Rather, FitBit
Surges were used strictly for identifying large fluctuations
in heart rates that would signify exercise participation.

Measures

Neuropathic pain

Participants’ neuropathic pain was measured using a mod-
ified version of the Neuropathic Pain Scale (NPS) [35]. This
10-item scale measures pain qualities typical of neuropathic
pain (e.g., ‘sharp’, ‘sensitive’, ‘hot’), in addition to two
general qualities describing pain ‘intensity’ and overall pain
‘unpleasantness’ (0= nothing at all, 10=most intense
sensation imaginable). One question from the NPS was
excluded (i.e., 'which of the following best describes the
time quality of your pain') because it was not meaningful
given the repeated administration of the item over the
course of a day. Scores for NPS items were averaged to
form a composite pain score for each individual mEMA
prompt. The NPS has been validated among people with
various neuropathic pain syndromes (including SCI) and
has been shown to have sensitivity to detect effects of
treatment [35].

Affect

Hardy and Rejeski’s 11-point, single item Feeling Scale
(FS) and Svebak and Murgatroyd’s Felt Arousal Scale
(FAS) were used to measure participants’ affect and arousal
in response to exercise and throughout the day [36, 37]. The
11-point, single item FS measured participants’ overall
feeling of pleasure-displeasure (−5= very bad, +5= very
good), whereas the FAS measured participants’ perceived
activation (1= low arousal, 6= high arousal). Using the FS
alongside the FAS enhances construct validity by assessing
activation in addition to affective valence (i.e., pleasure-
displeasure) [38]. The FS and FAS have not been validated
in the SCI population, however previous research suggests
the FS is responsive to exercise participation of individuals
with SCI [26].

Protocol

While participating in the study, participants were instructed
to maintain their usual activities. At the time of study
enrolment, participants were asked which days and times
they expected to exercise throughout the 6-day protocol. As

per the SCI PAG [32], participants were required to exercise
at least 2 times; exercise bout #1 refers to the first day of
exercise within the study, and exercise bout #2 refers to the
second day of exercise within the study. This information
allowed the researcher to program mEMA to send prompts
both pre and post-exercise, and 4 other times per day. Each
participant was contacted the evening prior to the antici-
pated exercise day to confirm their exercise time. This
strategy ensured that the exercise-related mEMA prompts
were accurately timed. All other mEMA prompts were
randomized within pre-determined intervals. A total of 6
prompts per day, over the course of 6 days were sent to
participants. The interval schedule was designed based on
previous research involving adults with a physical disability
[18, 39].

For exercise-related prompts, participants completed the
questionnaires immediately before exercise and within 1 h
after exercise. For all other prompts, questionnaires were to
be completed within a maximum of 15 min following the
receipt of the mEMA prompt, otherwise, data for that
prompt was marked as missing. The order of administration
of the neuropathic pain and affect questionnaires was sys-
tematically rotated to control for any order of presentation
biases.

Statistical analyses

Data were analyzed at both the group level, and the indi-
vidual level. At the group level, a paired samples t-test was
conducted to test whether neuropathic pain and positive
affect changed from before to after exercise participation.
Independent t-tests were conducted for both bouts of exer-
cise, with significance set at p < .05.

Following each t-test, effect sizes were calculated using
Laken’s effect size calculator [40]. Cohen’s dav was calcu-
lated; however, it is based on sample estimates and is
positively biased, therefore Hedge’s gav correction was
applied [40]. Effect sizes were interpreted according to
Cohen’s conventions (small= 0.20, medium= 0.50, large
= 0.80) [41]. Additionally, percentage of change in neuro-
pathic pain from pre-exercise to post-exercise was calcu-
lated for each bout, with a 30% reduction in pain intensity
considered to be clinically significant [42].

At the individual level, data were plotted for each par-
ticipant to examine changes from pre to post-exercise and
over the course of each day (Fig. 1a-2b). Bivariate Pear-
son’s correlation coefficients were computed between time
of day, neuropathic pain and affect. These analyses were
conducted within-participants because calculating correla-
tions across all participants would violate the assumption of
independence of observations [43] (i.e., time of day data
points are nested within participants).
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Results

Participant compliance

Across the 6-day study protocol, participant compliance
rates for EMA surveys ranged from 80.6–113.9% (M=
94.9%). This range was due to technological difficulties
associated with mEMA (i.e., failure to send a prompt, or
sending multiple prompts within an interval leading to
>100% compliance), or participants not completing the
surveys within the required 15-min time frame.

Neuropathic pain

Descriptive statistics and t-tests for neuropathic pain are
presented in Table 1. For exercise bout #1, there was a non-
significant small decrease in NPS scores from pre- to post-
exercise (Hgav= 0.18; −7.8%). For exercise bout #2, a
significant medium-sized decrease in NPS scores occurred
from pre to post-exercise (Hgav= 0.52; −19.9%; p=
0.011).

Affect

Descriptive statistics and t-tests for FS and FA scores are
presented in Table 1. A small, non-significant increase in FS
scores was reported between pre- and post-exercise bout #1
(Hgav= 0.22). However, a non-significant medium to large
increase was reported for FS scores from pre- to post-
exercise bout #2 (Hgav= 0.76). For FA scores, there was no
significant difference between pre and post-exercise for
bout #1 or #2. The effect sizes were very small for both
exercise bout #1 (Hgav= 0.10) and bout #2 (Hgav= 0.11).

Intra-individual results

Participant 1: Following exercise bout #1, Participant #1
reported increased neuropathic pain and displeasure, but
lower arousal. After exercise bout #2, he reported decreased
neuropathic pain, greater feelings of pleasure, but no change
in arousal. Significant positive correlations between NPS
and FS scores (r= 0.480, p= 0.007), and NPS and FA
scores (r= 0.610, p < 0.001) were observed. Time of day

Fig. 1 a Diurnal variations in NP, FS, FA: Participant 1. b Diurnal variations in NP, FS, FA: Participant 2. c Diurnal variations in NP, FS, FA:
Participant 3. d Diurnal variations in NP, FS, FA: Participant 4
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was significantly positively correlated with NPS (r= 0.623,
p < 0.001), and FA scores (r= 0.449, p= 0.013), but not FS
scores (r= 0.354, p= 0.055). These results suggest that as

neuropathic pain increased, so did arousal. As time of day
progressed, so did sensations of neuropathic pain and
arousal (Fig. 1a).
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Participant 2: Following both exercise bouts #1 and #2,
participant #2 experienced a decrease in neuropathic pain
and increased feelings of pleasure but no changes in arousal.
NPS was significantly, negatively correlated with FS scores
(r=−0.580, p < 0.001), but not FA scores (r= 0.121, p=
0.495). Time of day was not significantly correlated with
NPS (r= 0.019, p= 0.915), FS scores (r=−0.047, p=
0.793), or FA scores (r= 0.180, p= 0.309). These results
suggest that as neuropathic pain increased, the participant’s
feelings of displeasure increased but arousal did not. Fur-
thermore, time of day was not related to neuropathic pain,
feelings of pleasure/displeasure, or arousal for this partici-
pant (Fig. 1b).

Participant 3: Participant #3 reported a slight decrease in
neuropathic pain and a large increase in overall affect fol-
lowing exercise bout #1. He experienced a slight decrease in
neuropathic pain, and increased feelings of pleasure and
arousal following exercise bout #2. NPS was not sig-
nificantly correlated with FS scores (r= 0.255, p= 0.139)
or FA scores (r= 0.241, p= 0.163). Time of day, however,
was significantly positively correlated with NPS (r= 0.352,
p= 0.038), FS scores (r= 0.507, p= 0.002), and FA scores
(r= 0.463, p= 0.005). These results suggest that neuro-
pathic pain, feelings of pleasure, and arousal of participant
#3 increased as time of day progressed (Fig. 1c).

Participant 4: Following exercise bout #1, participant #4
experienced decreased neuropathic pain and increased
feelings of pleasure and arousal. Exercise bout #2 led to
decreased neuropathic pain and arousal, with no change in
feelings of pleasure/displeasure. NPS was not significantly
correlated with FS scores (r=−0.009, p= 0.955) or FA
scores (r=−0.251, p= 0.114). Furthermore, time of day

was not significantly correlated with NPS (r=−0.242, p=
0.127), FS scores (r=−0.008, p= 0.959), or FA scores (r
= 0.072, p= 0.653). These results suggest that neuropathic
pain, affect, and time of day were not related for participant
#4 (Fig. 1d).

Participant 5: Following exercise bout #1, participant #5
reported an increase in neuropathic pain, decreased arousal
but no changes in feelings of pleasure/displeasure. He
reported decreased neuropathic pain, greater displeasure and
decreased arousal following exercise bout #2. NPS was not
significantly correlated with FS scores (r=−0.097, p=
0.572), or FA scores (r= 0.216, p= 0.206). No significant
correlations were found between time of day and NPS (r=
−0.094, p= 0.596), FS scores (r=−0.129, p= 0.453), or
FA scores (r=−0.220, p= 0.197) (Fig. 2a).

Participant 6: Participant #6 experienced a decrease in
neuropathic pain following both exercise bouts. Following
exercise bout #1, he experienced a slight increase in dis-
pleasure and a slightly decreased state of arousal. He
experienced increased feelings of pleasure with no changes
in arousal following exercise bout #2. NPS was not sig-
nificantly correlated with FS scores (r=−0.107, p= 0.581)
or FA scores (r= 0.177, p= 0.358). Time of day was not
significantly correlated with NPS (r=−0.244, p= 0.202),
FS scores (r= 0.188, p= 0.329), or FA scores (r=−0.332,
p= 0.079) (Fig. 2b).

Discussion

To the best of our knowledge, this is the first SCI study to
evaluate the acute effects of exercise on both neuropathic

Table 1 Paired samples t-tests
comparing NPS, FS and FA
from pre to post-exercise
(Exercise Bout #1 and Bout #2)

Pair N Mean Standard deviation t Sig. 95% Confidence
interval

Lower Upper

Neuropathic pain

Pre exercise Bout #1 NP 6 2.95 1.22 0.882 0.418 −0.437 0.894

Post exercise Bout #1 NP 2.72 1.24

Pre exercise Bout #2 NP 6 3.02 1.18 3.93 0.011 0.212 1.01

Post exercise Bout #2 NP 2.41 1.00

Feeling scale −1.60 0.938

Pre exercise Bout #1 FS 6 2.833 1.17 −0.674 0.530

Post exercise Bout #1 FS 3.17 1.72

Pre exercise Bout #2 FS 6 2.17 1.72 −1.87 0.121 −3.17 0.504

Post exercise Bout #2 FS 3.50 1.52

Felt arousal −2.77 2.44

Pre exercise Bout #1 FA 6 3.33 1.51 −0.164 0.876

Post exercise Bout #1 FA 3.50 1.64

Pre exercise Bout #2 FA 6 3.00 1.10 −0.237 0.822 −1.97 1.64

Post exercise Bout #2 FA 3.17 1.83
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pain and affective states within a real-world setting, and to
report on diurnal variations in neuropathic pain and affect.
Consistent with our hypotheses, following at least one bout
of exercise, all study participants experienced a neuropathic
pain reduction, and 5 out of 6 participants experienced an
increase in affect. These results align with research on
general body pain in adults with SCI [12–15, 26] and
support exercise as a potential method to reduce neuropathic
pain and improve affect. Furthermore, our study showed
that some participants (2 out of 6) experienced an increase
in their neuropathic pain and arousal as the day progressed.

Although all six participants experienced a decrease in
neuropathic pain following at least one exercise bout, two
participants experienced an increase in pain after one
exercise bout. These idiosyncrasies might be attributable to
the participants’ choice of exercise intensity. In the exercise
training study conducted by Norrbrink and colleagues [16],
participants exercised at 70–100% of their maximum HR
(above the previously suggested HR max of 50–80%) [32]
which supports the idea that exercise may need to be of a
higher intensity to induce improvements in pain. Norrbrink
et al.’s finding aligns with research showing that in order to
derive some physiological benefits of exercise (e.g.,
improvements in HR variability), adults with SCI need to
have an average exercising HR of greater than 100 beats per
minute [44–46]. It is possible that 2 participants did not
experience a decrease in their neuropathic pain following
one bout of exercise because they were not exercising at a
sufficient intensity. Determining how the intensity of exer-
cise participation may influence individual neuropathic pain
responses to exercise training is an important area of
research to target.

Results at the group level showed that feelings of plea-
sure increased from pre-exercise to post-exercise bout #2,
however this increase was not statistically significant.
Although research is very limited regarding the inter-
relationships between exercise, feeling states, and pain
experienced by individuals with SCI, one study found that
acute exercise-related changes in pain were significantly,
negatively correlated with changes in feeling states [26].
Results from the current study support these findings insofar
as the exercise bout with the largest increase in affect was
also the bout with significant decreases in pain. Therefore, it
may have been the decrease in neuropathic pain reported by
study participants that led to the improvement in their
feeling states. As with neuropathic pain, the intensity of
exercise required to stimulate optimal affective responses
remains highly debated [47].

Although some significant relationships were observed
between time of day, neuropathic pain, and affect, hetero-
geneous results were observed across participants. To the
best of our knowledge, only one other study has examined
momentary aspects of pain in the SCI population [18].

Results showed that chronic pain steadily increased from
wake until 7 PM, and then slightly decreased before bed-
time. One reason for neuropathic pain worsening (for some
participants) as the time of day progresses may be due to the
reduction of mental stimulation at nighttime. More dis-
tractions are present during the day for the majority of
individuals, which may inhibit neuropathic pain from being
the most prominent thought in the minds of those who
experience it. Although two participants in our study
reported a similar pattern to that reported by Kratz and
colleagues [18], our results better align with a case series
which showed that some individuals exhibited a temporal
pattern in their pain intensities, but others did not [48].
Overall, results from this study support general findings that
diurnal patterns exist between time of day, neuropathic pain
and affect, but these relationships are inconsistent across
individuals.

Study strengths and limitations

This study has several strengths. First, there was very little
missing data and no participant dropout. We attribute this
strength to pilot-testing the study protocol, as it indicated
that this measurement schedule was not cumbersome, and
therefore minimized the probability of reduced data quality
and quantity [49]. Second, the utility of using a mobile
EMA platform to observe diurnal variations in pain and
affect was demonstrated. Therefore, this study provides a
methodology for future EMA studies in the SCI population.
Repeated, electronic assessments may be useful for obser-
ving temporal changes between psychosocial, nutritional,
and pain-related constructs. Third, the ecological nature of
this case series allowed for a deeper understanding of
intraindividual differences in neuropathic pain and affect,
both in response to exercise and over the course of each
day. Relationships observed between these constructs pro-
vide rationale to further examine potential variables that
may explain these patterns, such as the intensity of exercise
participation.

Despite these strengths, some limitations must be noted.
First, participants’ neuropathic pain may have been exa-
cerbated due to repeatedly asking them to think about their
pain levels. However, it was anticipated that heightened
neuropathic pain due to increased awareness would remain
consistent across the measurement period. This limitation
was noted in the study consent form sent to participants,
however only 2 participants mentioned an increase in their
pain resulting from repeated assessments. Second, given the
naturalistic nature of this study, exercise frequency, inten-
sity, and type were not experimentally controlled. However,
the observed reductions in neuropathic pain and increase in
positive affect following such varied exercise bouts sup-
ports the notion that exercise may be a robust potential
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neuropathic pain management option for some adults with
SCI. Third, the International Data Sets have been introduced
to measure neuropathic pain in adults with SCI [50].
However, this study used the NPS due to its’ brevity, and
ability to assess responses to treatment [35].

Conclusion

Taken together, the results of this study suggest that for
some people with SCI, exercise may be used to reduce
neuropathic pain, and to simultaneously enhance feelings of
pleasure. Moreover, for some individuals, neuropathic pain
and affect may vary as a function of time of day. Using a
momentary assessment tool may help identify individual
diurnal pain patterns and responses to exercise. Future
research should be directed towards understanding the
conditions under which exercise may be used as either an
alternative to, or in conjunction with, pharmacotherapy to
acutely reduce neuropathic pain in adults with SCI.
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