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Abstract

tion in musculoskeletal conditions.

ods and a qualitative analysis was conducted.

including reduced disability and greater quality of life.

Background: Pain sensitisation plays a major role in musculoskeletal pain. However, effective treatments are limited,
and although there is growing evidence that exercise may improve pain sensitisation, the amount and type of exer-
cise remains unclear. This systematic review examines the evidence for an effect of aerobic exercise on pain sensitisa-

Methods: Systematic searches of six electronic databases were conducted. Studies were included if they examined
the relationship between aerobic physical activity and pain sensitisation in individuals with chronic musculoskeletal
pain, but excluding specific patient subgroups such as fioromyalgia. Risk of bias was assessed using Cochrane meth-

Results: Eleven studies (seven repeated measures studies and four clinical trials) of 590 participants were included.
Eight studies had low to moderate risk of bias. All 11 studies found that aerobic exercise increased pressure pain
thresholds or decreased pain ratings in those with musculoskeletal pain [median (minimum, maximum) improvement
in pain sensitisation: 10.6% (2.2%, 24.1%)]. In these studies, the aerobic exercise involved walking or cycling, performed
at a submaximal intensity but with incremental increases, for a 4-60 min duration. Improvement in pain sensitisation
occurred after one session in the observational studies and after 2-12 weeks in the clinical trials.

Conclusions: These findings provide evidence that aerobic exercise reduces pain sensitisation in individuals with
musculoskeletal pain. Further work is needed to determine whether this translates to improved patient outcomes,
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Background

Musculoskeletal pain is a leading global health prob-
lem. One in three people worldwide live with a muscu-
loskeletal condition, which is characterised by pain and
disability, leads to reduced quality of life, and results

*Correspondence: Donna.Urquhart@monash.edu

! Department of Epidemiology and Preventive Medicine, School of Public
Health and Preventive Medicine, Monash University, 553 St Kilda Rd,
Melbourne, Victoria 3004, Australia

Full list of author information is available at the end of the article

B BMC

in a huge economic burden [1-3]. While chronic mus-
culoskeletal pain includes a heterogeneous group of
conditions, which are characterised by pain in differ-
ent regions/joints and with varying pathogeneses [4],
pain sensitisation has been identified as a significant
component of these conditions [5]. Pain sensitisa-
tion, according to the International Association for the
Study of Pain, is defined as “an increased responsive-
ness of nociceptive neurons to their normal input, and/
or recruitment of a response to normally subthreshold
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inputs” [6]. Pain sensitisation is common in musculo-
skeletal pain cohorts, with reports of 30% of individuals
with osteoarthritis (OA) [7], and 66% of low back pain
patients exhibiting high pain sensitivity [8]. Moreover,
there is growing evidence highlighting the association
between pain sensitisation and significant disability
and poor quality of life in musculoskeletal conditions
[9, 10]. Currently therapies targeting pain sensitisation
are limited [11, 12], with unclear evidence for the effi-
cacy of commonly used interventions, such as off label
(unapproved indications) tricyclic antidepressants, as
well as the major issue of significant side effects associ-
ated with opioid use, including addiction, fatality and
hyperalgesia [13-17].

Exercise is recommended for the management of mus-
culoskeletal pain in national and international treatment
guidelines [18—21]. While there are many types of exer-
cise, including aerobic, strengthening, and stretching,
there are limited data available to indicate which type of
exercise and dosage is effective for reducing pain sensi-
tisation. Aerobic exercise, which typically includes walk-
ing, stationary cycling, or stepping, involves physical
exercise of low to high intensity that depends primarily
on the aerobic energy-generating process, i.e. the use of
oxygen to meet energy demands [22, 23]. It has been pro-
posed that aerobic exercise may reduce pain sensitisation
by activating descending pain inhibitory mechanisms
and/or endogenous opioid and cannabinoid systems in
individuals with musculoskeletal pain [24-26].

Narrative reviews and a meta-analysis have been con-
ducted to determine whether aerobic exercise effects
pain sensitivity in both healthy individuals and those
with chronic pain [22, 27-30]. A meta-analysis by Nau-
gle et al. (2012) found that in healthy individuals a bout
of aerobic exercise resulted in a reduction in sensitivity
to painful stimuli, termed as ‘exercise-induced hypoal-
gesia. However, the review also included studies exam-
ining chronic pain and found conflicting findings, with
aerobic exercise producing both a hyper and hypoalgesic
response [27]. While these contrasting responses may be
explained by half of the included studies examining the
response of individuals with fibromyalgia [31, 32] and
chronic fatigue syndrome [33] and finding a hyperalge-
sic effect, the role of aerobic exercise in chronic muscu-
loskeletal conditions, such as low back and knee pain, is
still unclear. Thus, the research questions to be examined
in this systematic review were:

1. Does aerobic exercise effect pain sensitisation in indi-
viduals with musculoskeletal pain? If so, what effect
does it have?

2. What type and dosage of aerobic exercise is associ-
ated with a change in pain sensitisation?
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Methods
This systematic review was conducted according to the
2020 PRISMA guidelines [34].

Search strategy

We performed electronic searches of six databases,
including OVID MEDLINE, OVID Embase, OVID EBM
Reviews Cochrane Central Register of Controlled Tri-
als, OVID PsycINFO, CINAHL and SPORTDiscus, from
database inception to 26th March 2021. An initial search
for studies was conducted in OVID Medline, and an
analysis of text words and subject terms was then used
to develop the search strategy, with subject classification
systems investigated for each database. The final searches
of all six databases, covering the key concepts of aerobic
physical activity, pain sensitisation and musculoskeletal
pain, were performed using the appropriate specifica-
tions for each database. The comprehensive search strat-
egy for OVID Medline is shown in the Supplementary
File 1. The searches were limited to studies of adults (>18
years of age) and those published in the English language.
We also searched the reference lists of systematic and
narrative reviews and meta-analyses in the field, as well
as the studies included in this review.

Study identification

Titles and abstracts were assessed by two authors (LT,
DU) for relevance using Covidence and the full texts
were retrieved for relevant studies. We included stud-
ies that examined the role of aerobic exercise on pain
sensitisation in musculoskeletal pain cohorts (Table 1).
Aerobic exercise was defined as physical activity, such
as walking, cycling and stepping, which involves large
muscle groups and the consumption of oxygen to

Table 1 Inclusion criteria

Design

- Observational studies

- Randomised or quasi-randomised trials
- English language studies

Participants

- Individuals with musculoskeletal pain, but not specific subgroups, such
as fibromyalgia, chronic fatigue syndrome, and whiplash, that have been
shown to differ in their response to pain.

Intervention

- Aerobic physical activity

Comparisons

- Aerobic physical activity versus control

- Aerobic physical activity and intervention A versus intervention A
Outcome measures

- Pain sensitisation, including pressure or thermal pain thresholds or pain
ratings
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generate energy [22, 23]. Pain sensitisation was meas-
ured using validated, quantitative measures, such as
pressure and thermal pain thresholds (PPT/TPT),
where the minimum mechanical force or heat applied
that induces pain is determined, and pressure and ther-
mal pain ratings, where perceived pain is recorded on a
pain rating instrument (e.g. visual analogue scale) dur-
ing the pressure or thermal stimulus respectively [35—
37]. Musculoskeletal pain was defined as pain caused
by varying pathogeneses in muscles, bones, joints and
associated tissues such as tendons and ligaments [38].
We excluded studies that examined the following exer-
cise types; eccentric, strengthening, resistance, weight
training, stabilization, postural correction, stretch-
ing and/or mobility, and neuromobilisation. Studies
that examined Yoga, Tai Chi, Jyoti, Qigong, Pilates,
and Zumba and did not specify an aerobic nature were
also excluded, as were studies that assessed the effect
of aerobic exercise on pain intensity, rather than pain
sensitivity.

While we included clinical trials that examined aero-
bic exercise combined with another intervention com-
pared to that intervention alone, we excluded trials that
examined the effectiveness of a combination of treat-
ments or compared aerobic exercise with another inter-
vention. Specifically, we excluded studies that examined
the following conditions; complex regional pain syn-
drome, fibromyalgia, rheumatoid arthritis, chronic
fatigue syndrome, headache, migraine, temporoman-
dibular joint disorders, myofascial pain, whiplash and
inflammatory arthritis.

Data extraction

Two authors (LT and DU) extracted and tabulated
information on the characteristics of the included
studies, including; demographics of the cohort, type
of musculoskeletal pain, study inclusion and exclusion
criteria, measurement of pain sensitisation, types and
dosage of the aerobic exercise, and the results and con-
clusions of the studies. PPT was defined as the mini-
mum force applied which induces pain and thermal
pain threshold was defined as the minimal heat which
produces pain, signifying a quantitative value related
to the mechanical sensitivity to pain of deep structures
[35, 36]. These validated measures have widespread use
in evaluating muscular and joint tenderness associated
with musculoskeletal conditions, and for the diagnosis
and efficacy analysis of management strategies [39, 40].
An increase in pressure or thermal pain thresholds or
decrease in pressure or thermal pain ratings is consid-
ered to signify hypoalgesia and a reduction in pain sen-
sitisation [37, 41].
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Risk of bias

Risk of bias was assessed using methods adapted from
the Cochrane Collaboration for observational studies
and randomised controlled trials [42, 43]. The assessment
was performed by two reviewers (JF, LT) independently
and where consensus could not be achieved, a judgement
was made by DU and SMH. We assessed the internal
and external validity of the observational studies based
on seven items. Each item was assessed as “yes’, “no’
“unclear” or “not applicable” and these contributed to an
overall assessment of the risk of bias for each study. The
overall assessment for the study was ‘low’ if the answer
was “yes” to all items, ‘moderate’ if the answer was “no”
or “unclear” to one or two items, or ‘high’ if the answer
was “no” or “unclear” to more than two items. To assess
the risk of bias of the randomised controlled trials, eight
criteria were used to assess the internal validity of the tri-
als. The criterion were scored as “yes’, “no’, or “unclear”.
Low risk of bias was defined as fulfilling six or more of
the eight quality criteria (i.e. obtaining a ’yes’ score to at
least six criteria).

Clinical heterogeneity

We assessed the clinical heterogeneity of the trials in
this review using the Clinical Diversity In Meta-analy-
ses (CDIM), a new tool for assessing clinical diversity
between trials in systematic reviews and meta-analyses
of interventions [44]. Two authors (LT, DMU) assessed
clinical diversity across the four domains of setting, pop-
ulation, intervention and outcome, and a total consensus
score from O to 22 was calculated, with 0 indicating no
clinical heterogeneity and 22 high levels of heterogeneity.
While there is no validated tool for assessing clinical het-
erogeneity between observational studies, we used and
adapted the same 4 domains from the CDIM to examine
whether the clinical data from observational studies were
homogeneous.

Best evidence synthesis

A best evidence synthesis was used to summarise the
data, as it was not possible to perform a meta-analysis
due to the clinical heterogeneity between the studies. The
studies were ranked according to their design, with clini-
cal trials considered to be a higher level of evidence than
observational studies. Both the study design and risk of
bias scores were considered when determining the evi-
dence available.

Results

Flow of the studies through the review

Electronic searches identified 13,190 studies, 2,548
from OVID MEDLINE, 4,542 from OVID Embase,
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2,280 from CINAHL, 2,128 from OVID EBM Reviews
Cochrane Central Register of Controlled Trials, 441 from
PsychINFO and 1,251 from SPORTDiscus from incep-
tion to 26th March 2021 (Fig. 1). After the screening of
titles and abstracts, 115 full text papers were retrieved.
On examining the full text, a further 104 studies were
excluded as they either: (i) investigated a healthy cohort
or a cohort without musculoskeletal pain (n= 55), (ii)
did not have aerobic exercise as the only intervention or
included several interventions without providing the data
for aerobic exercise separately (n=9), (iii) did not meas-
ure pain sensitisation as the outcome (n=27), or (iv) had
an inappropriate study type (e.g. systematic review or
narrative) (n=13). No additional studies were identified
from reference checking of key narrative reviews, system-
atic reviews, and meta-analyses, resulting in a total of 11
studies being included in the review.

Characteristics of included studies
The characteristics of the included studies are reported
in Table 2. Of the 11 included studies, seven studies
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had an experimental, repeated measures design [33, 37,
41, 45-48] and four were randomised controlled trials
[49-52]. Five studies recruited individuals with chronic
low back pain [33, 37, 47, 48, 52], three studies examined
those with chronic musculoskeletal pain [33, 37, 45, 46,
51], two investigated individuals with neck pain [49, 50],
and one included individuals with knee pain due to OA
[41]. Four studies were conducted in Denmark [45-47,
50], two studies were undertaken in the United States of
America [37, 52], and the remaining studies were con-
ducted in Belgium [33], Ireland [41], Turkey [51], Spain
[48] and Poland [49]. Three studies were published before
2010 (in 2005 [37], 2009 [50] and 2010 [33]), 5 studies
were published between 2016-2018 [41, 45, 46, 49, 51],
and the remaining 3 studies were published in 2020 and
2021 [47, 48, 52].

Characteristics of participants

The studies ranged from having 8-96 participants. Par-
ticipants had a mean age ranging from 34 to 56 years,
except for the study on knee OA which did not specify

)
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Fig. 1 PRISMA diagram showing the flow of studies through phases of the review. Note: colour print is not required
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the mean age of the cohort [41]. Overall 38-100% of the
participants were female. However, one study did not
report the number of males and females [41].

Definitions of musculoskeletal pain

A variety of definitions of musculoskeletal pain were used
in the 11 studies. Of the 5 low back studies, two studies
defined low back pain as non-specific pain lasting longer
than three months [33, 52], and the other studies used
definitions such as clinically stable, non-neurological
pain lasting longer than one year [37], pain in the lower
back with or without pain in the lower limbs [47], and
pain lasting > 6 weeks or at least 3 episodes (>1 week) in
the last year [48]. In the 2 studies of chronic musculoskel-
etal pain, more than half of the cohort experienced low
back pain, and the remainder reported neck, shoulder
and elbow pain, with the duration of pain not specified
[45, 46]. Ote Karaca et al. recruited individuals who had
regional musculoskeletal pain exceeding three months in
duration [51]. Neilsen et al. recruited participants who
had neck or shoulder pain lasting for more than 30 days
[50], while Kocur et al. recruited participants who had
cervical pain with the exclusion of “acute pain in the cer-
vical area and shoulders” [49]. In the study by Fingelton
et al. which examined individuals with knee OA, OA was
diagnosed based on the American College of Rheumatol-
ogy classification, and needed to be the main source of
pain, and exceed 3 on an 11 point numerical rating scale
[41].

Four of the included studies classified participants into
subgroups based on pain sensitivity, kinesiophobia, self-
reported pain intensity during activity, and conditioned
pain modulation [41, 45-47]. Vaegter et al. (2016) exam-
ined high and low pain sensitivity subgroupsbased on a
median split of the average PPTs for men and women
[45], while their later study in 2018 examined high and
low kinesiophobia subgroups, where the subgroups were
created based on the recommended threshold for a high
degree of kinesiophobia using the Tampa Scale of Kine-
siophobia (score>38) [46]. In addition, the most recent
study by Vaegter et al. examined change in pain sensitisa-
tion in individuals that reported an increase (>2/10) in
their back pain during walking compared to those that
reported no or limited increase (<2/10) [47]. The study of
OA classified participants as “abnormal conditioned pain
modulation (CPM)” where there was a decrease in PPTs
or absence of change, or “normal CPM” where there was
an increase in PPTs [41].

Aerobic exercise prescription

Five experimental, repeated measures studies and one
of the randomised controlled trials used cycle ergom-
etry as the prescribed aerobic exercise [33, 37, 41, 45, 46,
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50], while one repeated measures study and randomised
controlled trial used treadmill walking [48, 51] and the
remaining 3 studies used Nordic walking [49], a 6 min
walk test [47], and selection from a range of aerobic
activities, including walking, stepping, elliptical exercise
and cycling, as per the participant’s preference [49, 52].

The degree of exertion was standardised in two ways.
The first involved calculating target VO, maximums
through maximal or submaximal exercise tests prior to
the prescribed aerobic exercise, while the second was
based on target age-related heart rates [37, 41, 45, 46, 48—
52]. Two studies did not standardise the degree of exer-
tion [33, 47].

In the 7 repeated measures studies, the exercise pro-
tocols were submaximal, incremental and completed in
a single setting over 4 to 30 min, ranging from: (i) com-
mencing at 50% maximal VO, for 5 min and increasing
to 70% maximal VO, for 20 min as a single bout [37],
(ii) starting at 20 W after a short warm-up period and
increasing by 10 W per minute for 2 min per exercise
bout followed by a 30 s cooling down period for 6 exer-
cise bouts [33], (iii) starting at a heart rate correspond-
ing to 50% maximal VO, for 2 min, increasing to 75%
over 3 min and continuation at that heart rate for a fur-
ther 10 min in a single bout [45, 46], (iv) starting at 25 W
and increasing by 25 W per minute to 75% age-predicted
maximal heart rate for a duration of 4-10 min [41] and (v)
increasing intensity to a low-moderate intensity of 70% of
maximum heart rate [48]. One study did not have a spe-
cific exercise protocol but instructed participants to walk
as far as possible within the 6 min time frame [47].

The randomised controlled trials described a more
prolonged submaximal aerobic exercise protocol. Ote
Karaca et al. described treadmill-based aerobic exercise
at an intensity of 70-85% age-related target heart rate
for 30 min five days a week for two weeks [51]. Neilsen
et al. described a stationary, ergometer-based aerobic
exercise at 50% initial load based on heart rate, gradually
increasing to 70% during the 10 weeks [50]. Kocur et al.
described Nordic walking between 40 and 70% heart rate
reserve for 1 h, 3 times a week for 12 weeks with each
session preceded by a warm up and followed by a cool
down phase [49]. Bruehl et al. started participants with
10-15 min of exercise at 40-55% heart rate reserve during
the first week, followed by 20-30 min at a 55-70% heart
rate reserve during the second week, and then 30 min at
a 70-85% heart rate reserve for the remainder of the study
[52].

Assessment of pain sensitisation

The outcome we assessed was pain sensitisation, which
was measured with pressure pain testing in 10 stud-
ies and thermal pain testing in one study. Pressure pain
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testing involved producing pressure over a small surface
area, participants identifying when a pressure sensation
was first perceived as pain and the corresponding pres-
sure or the pain level being recorded. Sites of pressure
pain testing were variable [33, 37], with the quadriceps
femoris [41, 45, 46], and [45, 46, 51]trapezius [45, 46,
49, 50], most commonly used [49]. In most of the stud-
ies, pressure applied was incremented either at a rate of
1 kg/s or 30 kPa/s over 1cm? or 2cm? [33, 37, 41, 45, 46,
49-51]. In contrast, the trial by Bruehl performed ther-
mal pain testing which involved applying a thermode to
the skin of the forearm starting at 40 °C and increasing
at a ramp rate of 0.5 °C per second until tolerance was
reached, at which the temperature was recorded and the
participant rated their pain intensity [52].

Risk of bias

The studies in this review were largely of low to moderate
risk of bias, with two studies having low risk of bias [45,
46], six studies having moderate bias [33, 37, 41, 47-49],
and three studies having high risk of bias [50-52]. All
seven observational studies adequately assessed both the
exposures and outcomes and ensured that the co-inter-
ventions were similar between both cohorts. However,
four studies did not match exposed and unexposed for all
variables that are associated with the outcome of interest
or adjust for these prognostic variables [33, 37, 47, 48],
and 3 of the studies did not draw cohorts from the same
population [33, 37, 41]. One of the 4 randomised con-
trolled trials reflected a moderate risk of bias [49], while
the other three reflected a high risk of bias as they had no
allocation concealment and did not mention blinding of
participants or personnel [50-52].

Clinical heterogeneity

Based on the Clinical Diversity In Meta-analyses (CDIM)
tool[44], we calculated a score of 17 (of a total score of
22) for the clinical trials included in this review, indicat-
ing high clinical heterogeneity. In particular, scores of 2
were evident in 3 of the 4 domains, including the popu-
lation, intervention and outcome domains, reflecting
significant heterogeneity. Similarly, when examining the
observational studies we found significant clinical heter-
ogeneity, which was evident across all domains.

Effect of aerobic exercise on pain sensitisation

Question 1: Does aerobic exercise effect pain sensitisation? If
so, what effect does it have?

All 11 studies reported a hypoalgesic effect of aerobic
exercise on pain sensitisation in participants with chronic
musculoskeletal pain. A summary of these results is
presented in Tables 2 and 3. Moreover, when we exam-
ined the risk of bias of the included studies and only
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considered the 8 studies that had low to moderate risk
of bias, our findings of a reduction in pain sensitisation
following aerobic exercise, remained unchanged. How-
ever, there was evidence from two studies that exam-
ined specific musculoskeletal pain subgroups, including
those with abnormal conditioned pain modulation or an
increase in low back or leg pain while walking, that not all
subgroups experienced a reduction in pain sensitisation.

The five studies investigating low back pain reported
an improvement in pain sensitisation after performing
aerobic exercise. The study by Hoffman et al. reported a
statistically significant decrease in pressure pain at two
minutes and 32 min after aerobic exercise on a cycle
ergometer [37]. Meeus et al. reported a similar result
with an increase in mean PPTs immediately follow-
ing aerobic exercise [33], as did the study by Sitges et al.
which reported lower pain sensitivity and pressure pain—
intensity ratings following 20 min of treadmill walk-
ing [48]. The study by Vaegter et al. reported an increase
in PPTs after walking in individuals who reported no or
little increase in pain while walking [47], while the clini-
cal trial by Bruehl et al. reported larger reductions in
evoked pain responsiveness in those who undertook a 6
week program involving their preferred aerobic exercise
compared to controls [52].

The three studies of chronic musculoskeletal pain,
including the randomised controlled trial and the two
repeated measures studies, reported a statistically signifi-
cant increase in pain tolerance after aerobic exercise [45,
46, 51].

The two studies examining chronic cervical pain
reported increased PPTs at specific sites, although they
did not report an overall mean or summation score [49,
50]. Neilsen et al. reported increased PPTs at the tibialis
anterior site without significant increase in the descend-
ing trapezius, the other site measured [50]. Kocur et al.
reported significant increases in PPTs in 4 of 7 of the
sites measured [49]. In the control groups of both of
these studies, no increases in PPTs at any of the sites was
observed [49, 50].

In the study by Fingleton et al., mean PPTs were signifi-
cantly increased post exercise among participants with
knee OA with a normal conditioned pain modulation,
but not among participants with abnormal conditioned
pain modulation [41]. Vaegter et al. found increased
widespread PPTs in both high and low pain sensitivity
groups with effect sizes of 0.77 and 0.52 respectively, but
concluded that exercise-induced hypoalgesia was slightly
impaired in patients with high pain sensitivity compared
with patients with low sensitivity [45].

Of the 11 included studies, 7 studies reported mean
PPTs and 2 studies reported mean pain ratings pre and
post exercise allowing the percentage improvement in
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pain sensitisation following aerobic exercise to be deter-
mined (Table 3) [33, 41, 45, 46, 48, 50, 51]. Two studies
did not report mean pre and post PPTs or pain ratings.
Based on the mean change in PPTs, we calculated a
median (minimum, maximum) percentage improvement
in pain sensitisation of 10.6% (2.2%, 24.1%).

Question 2: What type and dosage of exercise,

including duration, intensity and frequency of exercise,

was required to achieve an effect?

All of the 11 included studies reported a hypoalgesic
effect when they examined aerobic exercise that involved:

1) Walking, cycling or the participants’ preferred aero-
bic exercise (6 studies examined cycling [33, 37, 41,
45, 46, 50], 4 examined walking [47-49, 51] and one
study investigated treadmill walking/running, step-
ping, elliptical, or cycling [52]).

2) Submaximal exercise (9 of the 11 studies were objec-
tively submaximal based on percentage VO, or tar-
get HR (50-75% VO,, [37, 45, 46], 40-85% heart rate
reserve [49, 52], or 66-85% maximal heart rate [33,
41,47-52].

3) exercise of 4-60 min in duration (with 2 studies hav-
ing varying exercise times depending on participants’
tolerance [33, 41]),

4) a single bout (7 of the 11 studies) [33, 37, 41, 45—-48],
with 4 studies examining interventions up to 5 times
a week and up to 12 weeks [49-52].

5) mostly incremental (at least 7 of the 11 studies) [33,
37,41, 45, 46, 50, 52].

It would therefore seem that a single session of sub-
maximal, incremental exercise involving walking or
cycling of at least 4 min duration based on 50-75% VO,,
40-85% heart rate reserve [49, 52], or 66-85% maximal
heart rate [41, 48, 50, 51] may achieve a hypoalgesic effect
immediately post exercise.

Was there an improvement in PPTs over both shorter

and longer time periods?

While the majority of the repeated measures studies
examined pain sensitisation before and immediately
after aerobic exercise, two studies measured pain sensi-
tisation a period of time after exercise [37, 45]. Hoffman
et al. reported pressure pain ratings that continued to be
lower compared with pre-exercise at 32 min post-exer-
cise [37], while Vaegter et al. reported PPTs that were no
different with pre-exercise at 15 min post-exercise [45,
46] The study by Hoffman et al. that had a hypoalgesic
effect at 32 min post exercise prescribed aerobic exercise
for a 25 min period, while the study by Vaegter et al. that
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lost the hypoalgesic effect at 15 min post exercise had a
15 min aerobic exercise prescription [37, 45]

In contrast to the repeated measures studies, the four
randomised controlled trials assessed pain sensitisation
after 2, 6, 10 and 12 weeks of an aerobic exercise pro-
gram. Ote Karaca et al. reported a statistically significant
increase in sum of PPTs after a 2 week intervention (with
5 of 7 components of the sum having individually statis-
tically significant increases) [51]. Neilsen et al. reported
increased PPTs at one of two tested sites (tibialis ante-
rior site but not the trapezius) after 10 weeks of aerobic
exercise, and Kocur et al. reported increased PPTs in
four of the seven sites after 12 weeks of aerobic exer-
cise. However, these 2 studies did not report a mean or
comparison of the widespread or collective PPTs across
the sites tested [49, 50]. Moreover, Bruehl et al. reported
an decrease in pain sensitivity based on the MPQ-total
pain measure in response to a thermal pain stimulus at 6
weeks following an aerobic exercise program (33, 37, 41,
45-52].

Discussion

This systematic review provides evidence to suggest that
aerobic exercise reduces pain sensitisation in individu-
als with musculoskeletal pain. All 11 studies concluded
that aerobic exercise produced a hypoalgesic effect in
their musculoskeletal pain cohort, with median (mini-
mum, maximum) improvement in pain sensitisation of
10.6% (2.2%, 24.1%) post exercise. Moreover, the stud-
ies showed that aerobic exercise, involving walking or
cycling, at a submaximal intensity of 50-75% maximal
VO, or 40-85% maximal heart rate/heart rate reserve and
with incremental increases, for a 4-60 min duration, and
for a single session or 1-5 sessions per week for up to 12
weeks resulted in a hypoalgesic effect. However, there
was evidence from studies of specific patient subgroups,
including individuals with abnormal conditioned pain
modulation or an increase in low back or leg pain while
walking, that performing aerobic exercise may not reduce
pain sensitization in all individuals with musculoskeletal
pain. Given the lack of effective treatments for pain sen-
sitisation [11, 12], the escalating use of off-label antide-
pressants [53, 54], and the alarming use and side-effects
associated with opioids [13-17], these findings highlight
the need for further investigation to determine whether
aerobic exercise may be a safe and effective, non-pharma-
cological “pill” for the treatment of pain sensitisation in
individuals with musculoskeletal pain.

Of the 11 studies included in this review, all reported
that aerobic exercise resulted in hypoalgesia in indi-
viduals with musculoskeletal pain. This has not pre-
viously been shown. A 2012 meta-analysis by Naugle
et al [27] investigated the effects of aerobic exercise on
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pain sensitisation in both healthy adults and those with
chronic pain. They concluded that there was a trend for
a beneficial effect for individuals with chronic pain, but
the results were highly variable, particularly with regards
to the magnitude and direction of the effect sizes [27].
It was proposed that this may be explained by 3 of the 5
studies included in the meta-analysis investigating indi-
viduals with fibromyalgia or chronic fatigue syndrome,
which differed in their response to aerobic exercise and
demonstrated a hyperalgesic response.

This systematic review provides preliminary data to
suggest the type and dosage of aerobic exercise which
might be required to achieve a reduction in pain sensi-
tisation. Among the studies in this review, there were a
range of exercise parameters utilised in relation to fre-
quency, intensity and duration. Overall, the studies
found submaximal, incremental exercise that involved
walking or cycling for at least 4 min duration based on
50-75% maximal VO,, 40-85% heart rate reserve, or
66-85% maximal heart rate on one or multiple occasions
is needed to achieve a reduction in pain sensitisation.
While the repeated measures studies prescribed a sin-
gle bout of exercise, the clinical trials examined effects
of 2-12 weeks of aerobic exercise and showed that there
was an improvement in pain sensitisation both immedi-
ately and over periods of 2, 6, 10 and 12 weeks. Figure 2
provides a schematic representation of the effect of aero-
bic exercise on pain sensitisation, summarising the key
features of aerobic exercise that were found to produce a
hypoalgesic effect. These data are important as they have
the potential to guide the selection of exercise parame-
ters for future clinical trials examining the effectiveness
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of aerobic exercise to improve pain sensitivity. How-
ever, a broader approach examining other key outcomes,
such as disability and health-related quality of life, will
also be important. The randomised controlled trial by
Ote Karaca et al. was the only trial to perform testing
of PPTs and patient surveys for health-related quality of
life measures before and after the intervention, with the
SE-36 revealing that the aerobic exercise group benefited
with improved general health perceptions and reduced
role limitations because of physical problems compared
with the control group [51].

Three observational studies examined whether sub-
groups of individuals with musculoskeletal pain differ in
their pain sensitivity response to aerobic exercise. Vae-
gter et al. 2016 found that although individuals with high
pain sensitivity experienced increased PPTs post exercise,
there was a slight impairment of their exercise-induced
hypoalgesia compared to those with low pain sensitivity
[45]. In contrast, Fingleton et al. found that individuals
with knee OA and abnormal conditioned pain modula-
tion demonstrated increased pain sensitivity compared
to those with normal conditioned pain modulation and
healthy controls, and Vaegter et al. 2021 found that indi-
viduals who reported an increase in lower back or leg
pain with walking had impaired exercise induced hypoal-
gesia compared those individuals with no increased pain
with walking [45]. It is worth noting that while these sub-
groups have been designed as surrogates for an altered
pain response at baseline, these studies defined them
differently. These findings demonstrate that not all indi-
viduals with chronic pain have the same response to the
prescribed aerobic exercise. We postulate that individuals

(50-75% max VO2 max
40-85% HRR, or 66-85% MHR)

Frequency:
Single sessionto

Y

Type: ‘
Walking or cycling i
Intensity:
Submaximal

3-5 x pw for 2-12 weeks

Duration:
4-60mins

—

Fig. 2 Schematic diagram showing the effect of aerobic exercise on pain sensitisation for musculoskeletal pain. Note: colour print is not required

J’ pain sensitisation

Median % improvement: 10.6% (2.2%-24.1%)
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with a higher pain sensitivity or abnormal conditioned
pain modulation at baseline might be an inherently dif-
ferent subgroup of patients with chronic pain, and may
exhibit similar responses to aerobic exercise as patients
with fibromyalgia [55, 56]. Thus, specific patient sub-
groups among those with chronic musculoskeletal pain
need to be considered, and potentially each assessed and
prescribed exercise in a specific way to ensure benefit
from such an approach.

Several mechanisms have been proposed to explain
how aerobic exercise may reduce pain sensitivity. While
it has been suggested that aerobic exercise may release
endogenous opioids and beta-endorphins that result in
hypoalgesia, it has also been proposed that it may acti-
vate descending nociceptive inhibitory mechanisms that
reduce pain sensitivity [24-26, 57, 58]. Moreover, the
conditioned pain modulation theory hypothesizes that
descending pain inhibitory responses are challenged dur-
ing a painful conditioning stimulus via opioid and non-
opioid pathways [58]. For instance, lower pain scores
during exercise might be reported in the presence of plac-
ing a hand in ice water (the conditioning stimulus) [58].
The evidence from this review, which indicates that aero-
bic exercise reduces pain sensitisation in musculoskeletal
pain, has the potential to have clinical implications. This
is because, current clinical guidelines recommend the
use of physical activity for musculoskeletal pain, but do
not suggest a particular type of exercise, nor specifically
recommend aerobic exercise. For instance, the NICE
guidelines for non-specific low back pain recommend
the provision of a group exercise program, but state an
inability to recommend aerobic exercise alone due to the
uncertainty around the effect size, clinical importance of
the comparisons supporting aerobic exercise, as well as
lack of an economic evaluation for an individual versus
group intervention [59]. Thus, clinical trials examining
the efficacy of aerobic exercise for specific patient sub-
groups, in particular those with pain sensitisation, and
that involve large sample sizes and an economic evalua-
tion, are urgently needed. These trials have the potential
to inform clinical practice and treatment guidelines sur-
rounding exercise recommendations for the future man-
agement of musculoskeletal pain, in particular, low back
pain.

This review has several strengths and limitations.
The key strengths included performing systematic
searches of 6 electronic databases and reference lists
of key systematic reviews, summarising and tabulat-
ing data from the included studies, performing a risk of
bias assessment based on Cochrane methodology, and
conducting a qualitative analysis, based on study design
and quality. This review was limited by the modest
number of heterogeneous studies, which prevented
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a meta-analysis being performed. However, we were
able to report a decrease in pain sensitisation across
all studies irrespective of study quality and a median
improvement of 10% or more in pain sensitivity in stud-
ies which provided the appropriate data. While there is
no established minimal clinically important difference
(MCID) for pain sensitisation, there is evidence from
a recent meta-analysis that patients who experience
chronic pain have a significantly lower pressure pain
threshold than healthy controls [60]. The pooled pres-
sure pain threshold mean difference was reported as
1.17 (95% confidence interval = -1.45 to -0.90) kg/cm?,
representing a 10% difference in PPTs between healthy
individuals and those with chronic pain, and may indi-
cate that a similar change of 10.6% in PPTs in individu-
als with chronic musculoskeletal pain following aerobic
exercise is of clinical significance. We excluded non-
English studies, which may have introduced bias into
the review. Although unlikely, it may be that the effect
of aerobic exercise on pain sensitisation differs across
populations. Moreover, while our risk of bias assess-
ment based on Cochrane methodology reported that
the studies were mainly of modest quality, this review
will inform future research, in particular the need for
high quality clinical trials, longer follow up periods,
and a greater focus on global outcomes, including dis-
ability and quality of life.

Conclusions

This systematic review provides evidence to suggest that
aerobic exercise reduces pain sensitisation in individuals
with musculoskeletal pain. The findings suggest that aer-
obic exercise involving walking or cycling, performed at a
submaximal intensity but with incremental increases, for
a 4-60 min duration and for up to 12 weeks can produce
a median (minimum, maximum) percentage improve-
ment of 10.6%(2.2%, 24.1%) in pain sensitisation. These
findings support the need for further work to determine
whether the effect of aerobic exercise on pain sensitisa-
tion in individuals with musculoskeletal pain also trans-
lates to improved clinical outcomes.
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