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Abstract

Exercise-induced hypoalgesia (EIH) is a reduction in pain that occurs
during or following exercise. Randomised controlled studies published
from 1980 to January 2020 that examined experimentally induced pain
before and during/following a single bout of exercise in healthy
individuals or people with chronic musculoskeletal pain were
systematically reviewed. Data were analysed using random-effects
meta-analyses and studies were appraised using the Cochrane Risk of
Bias tool and GRADE. 5829 records were screened, with 13 studies
ultimately included. In healthy individuals, aerobic exercise caused large
EIH (7 studies, 236 participants; g =-0.85 [-1.58, -0.13]), dynamic
resistance exercise caused small EIH (2 studies, 23 participants; g = -
0.45 [-0.69, -0.22]), and isometric exercise did not cause EIH (3 studies,
177 participants; g =-0.16 [-0.36, 0.05]). In chronic musculoskeletal
pain, isometric exercise did not cause EIH (3 studies, 114 participants; g
=-0.41 [-1.08, 0.25]); aerobic (0 studies) and dynamic resistance (1
study) exercise were not analysed. We conclude that, based on small
studies with unclear risk of bias, aerobic and dynamic resistance
exercise reduce experimental pain in healthy individuals. Further
research is needed to determine whether EIH exists for experimental
and clinical pain in people with chronic musculoskeletal pain.

Registration: PROSPERO ID: CRD42018085886.
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Perspective

Based on low-quality data from small samples, a single bout of aerobic
exercise reduces experimental pain in healthy individuals. The evidence
Is unclear in people with chronic musculoskeletal pain but warrants
further investigation due to the limited number of studies in these

populations.

Keywords: exercise-induced hypoalgesia; chronic musculoskeletal pain;

pain threshold

Highlights:

e The effect of a single bout of exercise on experimental pain was
meta-analysed

e Exercise had varying effects on reducing pain in healthy
individuals

e Exercise did not reduce pain in people with chronic pain
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Introduction

Exercise-induced hypoalgesia (EIH) is a reduction in pain that occurs
during or following a single bout of exercise. This phenomenon has been
studied for almost 40 years with diverse methodology>'®. The magnitude
of EIH appears to vary according to the modality, dose, and intensity of

exercise performed®****, the type of noxious stimulus used to evoke
pain®, the method used to quantify pain (e.g. threshold, tolerance,

rating)*®, the site of pain assessment (e.g. over an exercised or non-

exercised area and over bone or muscle)*®*"*

, and the timing of pain
assessment (e.g. during or following exercise)®***°. That is, EIH is
usually greater after higher intensity exercise, when pain is assessed
over an exercised site during or immediately following exercise, and
when noxious pressure is used to induce pain. Other factors intrinsic to
the participant such as their age*’, sex"?, and the presence and severity

39,54,58

of chronic pain can also influence EIH, whereby EIH is typically

smaller or-absent in those with pain.

Early narrative reviews>"**

of EIH in humans concluded that a single
bout of exercise causes a reduction in experimental pain in healthy
individuals. In people with chronic pain however, where the effects of

exercise training on pain are better established'**®, the effect of a single
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bout of exercise on reducing pain is more variable and is frequently
impaired®***. To date, only one meta-analysis has investigated the effect
of a single bout of exercise on pain in healthy individuals and people
with chronic pain®. In healthy individuals, the hypoalgesic effects of
aerobic exercise were small to moderate (Cohen’s d = -0.41 to -0.59)
and the hypoalgesic effects of isometric exercise (d =-0.72 to -1.02) and
dynamic resistance exercise (d = -0.75 to -0.83) were moderate to
large®. In people with chronic pain, effect sizes were highly variable
within and across exercise modes (d =-0.43 to 1.92), ranging from
hypoalgesia to hyperalgesia (more pain). A limitation to this previous
meta-analysis is that uncontrolled, single arm studies were included.
This study design (e.g. single arm, within-group, pre-post design) is
typical of the majority of the EIH literature, whereby experimentally
induced pain is measured before and after a single bout of exercise
without comparison to a control condition. This study design does not
account for well-documented phenomena like regression to the mean,
participant expectation, or habituation to the painful stimulus and is
prone to bias®. Randomised trials are the preferred study design to
establish the causal effect of an intervention because they attempt to
remove systematic differences and confounding, which allows the
investigator to attribute any difference in effect solely due to the

intervention®’.
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Therefore, our aim was to investigate whether exercise causes a
reduction in experimentally induced pain in healthy individuals and
people with chronic musculoskeletal pain by comparing the effect of

exercise to a non-exercise control condition.

Methods

Protocol, registration, and data availability

A systematic review and meta-analysis of randomised controlled trials of
EIH was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement®®. The
review was registered on PROSPERO on 6" February 2018 (ID:
CRD42018085886). The data and analysis codes used in the meta-

analyses are available on the Open Science Framework (osf.io/73b6t).

Deviations from protocol

This review originally included all studies of EIH that examined
experimentally induced pain. However, on the advice of peers that the
causal nature of EIH is best inferred from randomised controlled studies
(crossover or parallel), we limited our review to these study designs. This
necessitated a change in the risk of bias tool used, which was swapped
from the Effective Practice Public Health Project quality assessment tool

for quantitative studies to the Cochrane Risk of Bias tool for parallel
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studies and an adapted version for crossover designs. The Grades of
Recommendation, Assessment, Development and Evaluations (GRADE)
approach was then used to grade the quality of the evidence™. We also
updated our database search to include MEDLINE. We initially planned
to pool data across exercise modes (e.g. calculate the aggregate effect
of aerobic and resistance exercise) but again, on the advice of peers,
analysis was instead only conducted within exercise modes. Each of
these decisions restricted the a priori planned sub-analyses that were to
be performed (e.g. the influence of age, sex, type and timing of pain
assessment, and the effect of exercise type and intensity on EIH), none

of which were subsequently done.

Eligibility criteria

Population: 1) apparently healthy individuals of any age or ethnicity free
from current pain or chronic disease; or 2) individuals of any age or
ethnicity with local or widespread chronic musculoskeletal pain. Studies
that examined individuals with acute or sub-acute pain, or pain attributed
to non-musculoskeletal pathologies (e.g. neuropathic pain or cancer-
related pain), were excluded.

Intervention: A standardised single bout of exercise. Studies that did not
adequately quantify the duration and intensity of exercise or used

exercise in conjunction with another intervention (e.g. drugs, education,
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electrical stimulation) were excluded. Studies where exercise was used
to induce delayed-onset muscle soreness were also excluded.
Comparator: A control condition (e.g. quiet rest or sham exercise).
Appropriate control conditions were determined by consensus by the
authors during study screening.

Outcomes: Sensitivity to experimentally induced pain measured using a
guantitative sensory test (e.g. pressure pain threshold, cold pressor pain
tolerance, heat pain intensity etc). Studies that quantified pain sensitivity
using other methods (e.g. clinical pain or muscle pain during exercise)
were excluded.

Study design: Crossover or parallel randomised controlled trials with
pain assessed within 60 minutes prior to the start of exercise/control and

again during exercise or within 60 minutes following exercise.

Information sources

The literature search was initially conducted on February 6", 2018 and
was updated on 28™ January, 2020. Six electronic databases (Scopus,
EMBASE, PsycINFO, CINAHL, SPORTDiscus, and MEDLINE) were
searched from 1980 to the abovementioned dates using terms related to
EIH. The full search strategy for Scopus is available in Supplementary
Table 1. Searches were restricted to human studies published in

English. Additional articles were identified through examining the
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reference sections of published studies that met the inclusion criteria.
Results of the literature searches were uploaded into Endnote (EndNote

X8, Thomson Reuters, NY, USA).

Study selection

Authors M.J. & M.W. independently screened each article via title and
abstract for potential eligibility. The remaining studies were collated and
the full text of each was independently screened by M.J. & M.W. for
adherence to the eligibility criteria. Discrepancies were resolved via

discussion.

Data extraction and collation

Data was extracted in duplicate by authors M.J. and M.W., with
discrepancies resolved via discussion. Participant characteristics
(healthy cohort: sample size, age, sex, number of dropouts; chronic pain
cohort: sample size, age, sex, pain condition, duration and severity of
symptoms, number of dropouts), exercise modality and dose (duration
and intensity), control condition, and the method, site and, timing of pain
assessment(s) for each included study were extracted into an electronic

spreadsheet.
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The primary outcome was the change in experimental pain following
exercise compared to control, indicated by the pre- to during/post- mean
difference and standard deviation (SD) of difference (SDgi). When
available, these measures were extracted. The direction of the mean
difference was adjusted, when necessary, so that a reduction in pain
after exercise or control was signified by a negative effect. If the mean
difference and SDg were not reported, the mean and SD at pre- and
during/post- exercise or control were used to calculate them using
formulae for paired-samples outlined by the Cochrane Handbook for
Interventions® and Borenstein et al.*. We used a conservative paired-
samples correlation of 0.85 for both exercise and control conditions,
which was based on data from six published studies (range = 0.87 to

0.95 for exercise and 0.87.to 0.96 for rest)!326:27:4552.56

To calculate Hedges’ g for crossover designs, the mean difference and
SDyjis for exercise and control, as well as the sample size and a
correlation between related values for repeated measures, were
entered®. Crossover correlation (r) values were not reported in any
included studies so they were estimated from previous studies from our
group that utilised a similar design®**’. Both these studies observed

strong correlations between post-rest and post-exercise values (r = 0.92

10
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and 0.97, respectively), while correlations between change scores were
low (r = 0.24 and 0.33, respectively). Therefore, we conducted analyses
with a range of r values (0.9, 0.5, 0). No correlation was required for

parallel-group designs.

If no data were available, the study’s corresponding author was emailed
to request the data, with a second email sent two weeks later if no reply
had been received. In the instances where authors did not respond, or
when a response was received but the authors were unable to provide
the data (e.g. due to the age of the data), the mean and SD were
estimated from the study’s figures using the data extraction software
GRABIT (MATLAB version R2016b, MA, USA). This software enables
the user to select specific points on a figure (e.g., the mean and error
bars) and export them as numerical values based on their X and Y
coordinates. Data extracted from GRABIT as mean (standard error),
mean (95% confidence interval) and/or median (interquartile range) were

converted to mean (SD) using standard equations®*°.

Statistical analysis
Meta-analyses were performed in R using the “metafor” package®®°’. We

conducted all analyses using a random-effects model and “restricted

11
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maximum-likelihood estimator” method to calculate summary effect sizes

(Hedges’ g) with 95% confidence intervals.

To ensure independence of observations, only one measure of EIH was
taken from each mode of exercise per study to contribute to the primary
meta-analysis. The measure to be taken was specified a priori, as
follows:

e exercise dose — the highest dose of exercise was used,;

e exercise intensity — the highest intensity of exercise was used;

e site of pain assessment — the most exercised site was used,
determined by the authors as the site most likely to have performed
the most work during exercise;

e noxious stimulus — pressure was the preferred method of pain
induction. If pressure was not used, then other noxious stimuli were
preferred in the following order: thermal heat, thermal cold, electrical,
ischemic, chemical;

e method of pain assessment — pain threshold was the preferred
method of pain assessment. If pain threshold was not measured, then
other measures of pain were preferred in the following order:
intensity, unpleasantness, tolerance, temporal summation,

conditioned pain modulation, offset analgesia, evoked potentials;

12



Journal Pre-proof

e timing of pain assessment — the first post-exercise assessment of
pain was used. If pain was assessed during but not following
exercise, the pain assessment made closest to the end of exercise

was used.

Effects from the meta-analysis were deemed negligible (< 0.2), small
(0.2-0.49), moderate (0.5-0.79) or large (= 0.8). Heterogeneity was
quantified using the I? statistic and was deemed small (< 25%) moderate
(25%-74%) or large (= 75%). The threshold ior statistical significance
was set at p < 0.05. Publication bias was assessed using contour-
enhanced funnel plots and Egger’s regression test.'® The threshold for

statistically significant asymmetry was set at p < 0.2.*°

Risk of bias

Risk of bias was assessed independently by authors M.J. and M.W.,
with discrepancies resolved via discussion. We used the Cochrane Risk
of Bias tool for parallel studies and an adapted version for crossover
designs to assess internal study validity and risk of bias.**° Seven
domains from the original tool for parallel designs were applied to all
studies: random sequence generation; allocation concealment; blinding
of participants/researchers; blinding of outcome assessment; incomplete

outcome data; selective reporting; and other potential biases. In addition,

13
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crossover designs were assessed for three other domains: appropriate
crossover design (which considered (1) the condition of the participants,
(2) the temporary effect of the intervention, and (3) the potential for carry
over effect); evaluation of the carry over effect; and unbiased data
presentation. The overall quality of evidence was assessed using the

GRADE approach®.

Results

Description of included studies

The PRISMA flow diagram for the literature search is illustrated in Figure
1. Thirteen studies were included; ten studies of healthy individuals (423
adults in 15 groups [55% males]) and three studies of people with
chronic pain (114 adults in 4 groups [40% males]). No studies examined
both population groups. GRABIT was used to extract some or all data

from four studies of healthy individuals.™*>**** Table 1 outlines the

characteristics of the included studies. In chronic musculoskeletal pain,
only one study examined dynamic resistance exercise® and no studies
examined aerobic exercise. Only two studies (both in chronic
musculoskeletal pain) reported on the presence/absence of adverse

events™*'; no adverse events were reported in these studies.

14
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Risk of bias and quality of included studies

Egger’s regression test indicated significant asymmetry in healthy
individuals for all correlations (r =0.9: z=-2.44, p =0.0146;r=0.5:z = -
4.29, p<0.0001; r=0.0: z=-3.62, p = 0.0003). We did not conduct this
statistical test in people with chronic musculoskeletal pain due to the
limited number of included studies. The contour-enhanced funnel plots
for healthy individuals indicated skewness towards significant findings in
favour of EIH in healthy individuals, particularly a lack of smaller studies
with null findings (Supplementary Figure 1)*°. We refrain from comment
about skewness in people with chronic musculoskeletal pain due to the

limited number of studies (Supplementary Figure 2).

The risk of bias summary is presented in Figure 2 and the individual
scores are available in Supplementary Table 2. In the categories unique
to crossover designs, we considered all nine crossover studies (100%)
to be of low risk of bias for “Appropriate crossover design” as they all
examined a stable condition, examined a temporary effect, and allowed
sufficient time for washout (all randomised sessions were separated by
at least 24-48 hours). We considered 100% of crossover studies to be at
low risk of bias for “Unbiased data” as they presented data for all
experimental periods in their respective studies. We judged one

crossover study (11%) to be at low risk of bias for “Carry over effect” as

15



Journal Pre-proof

it conducted a statistical assessment of intervention washout; 89% were

at unclear risk of bias.

Considering the risk of bias categories applicable to both parallel and
crossover designs, we deemed four studies (31%) to be of low risk of
bias in “Random sequence generation” for thoroughly describing the
randomisation method; we considered 69% unclear. Allocation
concealment was thoroughly described and therefore at low risk of bias
in two studies (15%), and unclear in 85%. We considered two studies
(15%) to be at low risk of performance bias for blinding assessors, with
the rest considered unclear (although we do acknowledge that one study
attempted to blind participants to the hypothesis of the study). All studies
were unclear for outcome blinding as no studies described attempts to
implement it. Six studies (46%) were considered at low risk of bias for
incomplete outcome data for fully describing patient flow through the
trial. One study (8%) was considered at low risk of reporting bias
because it was prospectively registered with a clinical trial registry and
outcomes were also fully reported in the publication. We considered all

studies (100%) to be at low risk of other potential biases.

The overall quality of evidence for the effect of a single bout of exercise

on pain was rated as very low (Supplementary Table 3). The evidence

16
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was downgraded due to limitations in study design (unclear risk of bias),

inconsistency of results (considerable heterogeneity — I?

greater than
75% for almost all outcomes), imprecision (small sample sizes limiting
precision of measurement) and high probability of publication bias

(especially in studies of healthy individuals).

Healthy individuals

Figure 3 illustrates the summary effects of EIH with correlation set at 0.9.
Aerobic exercise caused large EIH with high heterogeneity (7
studies®3436:40474855 ‘936 participants; g = -0.85 [-1.58, -0.13], I° =
99%), dynamic resistance exercise caused small EIH with no
heterogeneity (2 studies®***, 23 participants; g = -0.45 [-0.69, -0.22], I =
0%), and isometric exercise did not cause EIH with high heterogeneity (3
studies™**°, 207 participants; g = -0.16 [-0.36, 0.05], I* = 98%). When
the correlation was reduced to 0.5 (Supplementary Figure 3), aerobic
exercise caused large EIH with high heterogeneity (g =-0.82 [-1.47, -
0.16], 1> = 94%), dynamic resistance exercise did not cause EIH with no
heterogeneity (g = -0.46 [-0.94, 0.03], I* = 0%), and isometric did not
cause EIH with no heterogeneity (g = -0.18 [-0.36, 0.01], I = 0%).
Similar effects were observed when the correlation was reduced to O for
aerobic exercise (g = -0.75 [-1.33, -0.17], I* = 85%), dynamic resistance

exercise (g = -0.46 [-1.09, 0.18], I* = 0%) and isometric exercise (g = -

17
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0.17 [-0.40, 0.06], I* = 0%; Supplementary Figure 4). All these findings

are based on very low quality evidence with an unclear risk of bias.

Chronic musculoskeletal pain

Figure 4 illustrates the summary effects of EIH with correlation set at 0.9.
Isometric exercise did not cause EIH with high heterogeneity (3
studies®>****, 114 participants; g = -0.41 [-1.08, 0.25], I* = 95%). This
remained true when the correlation was reduced to 0.5 (g =-0.44 [-1.13,
0.24], I* = 87%; Supplementary Figure 5) or 0 (g = -0.47 [-1.18, 0.24], I?
= 80%; Supplementary Figure 6). The effect of aerobic and dynamic
resistance exercise on EIH in people with chronic musculoskeletal pain
could not be meta-analysed due to an insufficient number of studies.
The one study of dynamic resistance exercise found no effect (g =-0.12
[-1.31, 0.07], 1> = 0%: Figure 4). All these findings are based on very low

guality evidence with an unclear risk of bias.

Discussion

This systematic review and meta-analysis found varied effects of a
single bout of exercise on experimental pain in healthy individuals and
no effect in people with chronic musculoskeletal pain. Only randomised

controlled trials were included, however the limited number of small

18
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studies that were mostly of an unclear risk of bias and of very low quality

means the results must be interpreted with caution.

In healthy individuals, aerobic exercise caused large EIH, which was
robust to different correlations used in sensitivity analyses. The inclusion
of randomised controlled trials provides a more accurate estimate of the
causal nature of EIH which contrasts the previous review and meta-
analysis®®, and vast majority of published EIH literature, where single
group pre-post designs were used. These study designs are more prone
to bias and do not account for other factors such as habituation to the
noxious stimulus or statistical phenomena such as regression to the
mean. However, our finding is limited by the small number of included
studies, many of which had small numbers of participants. As smaller

trials usually find larger effect sizes’, the effects found in our review are

probably an overestimate of the true magnitude of EIH.

We identified minimal or no effects for isometric exercise and dynamic
resistance exercise in healthy individuals, both of which displayed the
largest effects in the previous meta-analysis®. This discrepancy is likely
due to methodological differences. Our decision to only include

randomised controlled studies greatly limited the number of studies

19
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included in this review but provides a more accurate representation of
the causal nature of EIH, which we infer is smaller than previously
observed. Many studies (n>100) were excluded from this review
because they did not use a randomised controlled trial design, and
several studies were excluded because they did not randomise the order

1113515256 \which can introduce bias in the estimate of

of exercise and rest
EIH. We recommend that future studies of EIH utilise control conditions
as part of parallel-group or crossover designs. Random allocation to, or

order of, exercise and control are essential. Quiet rest, sham exercise

and/or light activity may all be appropriate controls'****°. Future studies

using these designs would give a clearer indication of the causal effect

of a single bout of exercise on experimental pain.

Three studies of people with chronic musculoskeletal pain were included
in this review. The meta-analysis of the isometric exercise studies
demonstrated no hypoalgesic effect, and the one study of dynamic
resistance exercise (which could not be meta-analysed) found no effect.
As resistance exercise is a guideline recommendation for many chronic
musculoskeletal pain states (e.g. osteoarthritis, chronic low back pain,

2,18,42

fibromyalgia) , investigations of EIH after resistance exercise are of
clinical importance. Aerobic exercise is similarly recommended by many

guidelines®*®*. However, despite being the most investigated exercise

20
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mode in healthy individuals, no aerobic EIH studies in people with
chronic musculoskeletal pain were included in this review. Admittedly,
the abovementioned guidelines refer to the effect of exercise training
whereas our review was limited to the effect of a single bout of exercise.
Nonetheless, it may be important to determine how a single bout of
exercise affects clinical pain in people with chronic pain as this may
influence their adherence to exercise training. Therefore, there is a need
for larger, higher quality studies of EIH on clinical pain in people with
chronic pain following aerobic and resistance exercise which are

commonly used in the clinical setting.

Quiality of evidence and risk of bias

The overall quality of the evidence according to GRADE was rated as
very low due to issues with inconsistency, imprecision, publication bias
and risk of bias. Although we judged some categories to be at low risk of
bias, most categories were generally considered unclear, which casts
doubt about the strength of evidentiary support for the findings in this
review. Some key elements for reducing risk of bias in these trials
include more thorough descriptions of randomisation and allocation
concealment, attempting researcher blinding (particularly because it is
difficult to blind participants), and accurately reporting all data in a

manuscript. Lee et al.*® recently suggested preregistration, registered

21
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reports, data sharing, and greater adherence to reporting guidelines as
areas for improvement in clinical pain research®. Studies of EIH would

benefit from adopting these recommendations.

Limitations

Several limitations impact the strength of our findings. First, pre-post
correlations were rarely reported, so they were estimated based on
limited available data. Although the correlations used did not have
substantial impact on aerobic exercise in healthy individuals, reducing
correlations did render the effect of dynamic exercise non-significant. As
we cannot be sure that the correlation used was truly reflective of all
included studies, the effect sizes must be interpreted with caution.
Second, most of the meta-analyses showed moderate-high
heterogeneity, which presents difficulty determining the true effect. Third,
small studies may have influenced the effect size, whereby smaller trials
(as included in this review) find larger effects’. Fourth, all but one study
used noxious pressure to induce pain, so the findings may not be
generalisable to other types of experimental pain (e.g. thermal or
electrical). Related to this, as we only included studies investigating EIH
for experimental pain, the findings are not generalizable to clinical pain”.
Finally, Egger’s regression test indicated significant asymmetry for

healthy individuals. This does not confirm publication bias per se,

22
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however the possibility of positive publication bias cannot be ruled out,
particularly seeing as our systematic literature search did not include
grey literature. For these reasons, the results of this systematic review
and meta-analysis, although a better estimate of the causal nature of

EIH, must be interpreted with caution.

To conclude, based on a limited number of small, very low quality
studies with an unclear risk of bias, a single bout of aerobic exercise
causes large EIH in healthy individuals and dynamic resistance exercise
may have a small hypoalgesic effect on experimental pain. However,
these are likely overestimates due to the small studies on which they
were based. There is insufficient evidence to support any mode of
exercise causing EIH to experimental pain in people with chronic
musculoskeletal pain and again, this conclusion is based mostly on
small, very low quality studies with an unclear risk of bias. Future studies
of EIH should employ more rigorous methodology to determine causal
effects of a single bout of exercise in populations with chronic
musculoskeletal pain, particularly for clinical pain as opposed to

experimental pain.

23
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Figure Legends

Figure 1. PRISMA flow diagram.

Figure 2. Risk of bias summary for crossover and parallel studies.

Figure 3. Forest plot of exercise-induced hypoalgesia for healthy

individuals (correlation = 0.9).

Figure 4. Forest plot of exercise-induced hypoalgesia for patients with

chronic musculoskeletal pain (correlatiorni = 0.9).

Table Legends

Table 1. Characteristics of included studies.
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Fig 1

PRISMA 2009 Flow Diagram
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Fig 3

Exercise Control

Author, Year, Exercise Change SD Number Change SD Number Hedges' g [95% CI]
Aerobic
Hviid 2019 Aerobic 24 88 35 -19 79.43 35 .- 7.80% -0.06 [-0.20, 0.09]
Koltyn 1996 Aerobic -25 11.27 16 9 11.66 16 —— 3 7.13% -2.81[-3.29,-2.32]
Lee 2014 Aerobic 1.2 3.84 5 7.7 2.79 5 E 3.83% -2.40 [-3.93, -0.86]
Naugle - older 2016 Aerobic 04 0.64 18 0.18 0.65 18 e 7.74% 0.12[-0.08, 0.32]
Naugle - younger 2016 Aerobic -0.38 061 25 0.01 0.62 25 .- 7.75% -0.61[-0.80, -0.43]
Samuelly-Leichtag 2018 Aerobic 842 136.85 25 55.3 86.41 20 ——y : 6.70% -1.17 [-1.79, -0.54]
Schmitt 2019 Aerobic 08 13 31 0.1 0.7 31 - 7.78% -0.41[-0.57,-0.25]
Vaegter 2015 Aerobic -25 9.07 56 -0.9 8.43 56 H 7.83% -0.18[-0.29, -0.06]
RE Model for Subgroup (Q = 163.29, df = 7, p = 0.00; I = 99.0% 5
Eh 4 ) ———— -0.85 [-1.58, -0.13]
Dynamic >
Koltyn 1998 Dynamic -20 33.89 13 -4 31.01 13 - 7.67% -0.45[-0.69,-0.21]
Lee 2014 Dynamic 6.3 293 5 7.7 2.79 5 L —_——— ] 4.98% -0.44[-1.58, 0.69]
RE Model for Subgroup (Q = 0.00, df = 1, p = 0.99; I* = 0.0% e
group ( p ) - -0.45 [-0.69, -0.22]
Isometric :
Alsouhibani 2019 Isometric 7895  269.22 30 -12.67  245.95 30 - 7.79% -0.25[-0.40, -0.09]
Foxen-Craft 2017 Isometric 5.74 10.16 68 7.4 10.53 66 »—-—a 7.49% -0.16 [-0.50, 0.18]
Naugle - older 2016 Isometric -0.09 073 18 -0.18 0.65 18 . 7.74% 0.12[-0.08, 0.32]
Naugle - younger 2016 Isometric -0.23 073 25 0.01 0.62 25 -— 7.77% -0.33[-0.50, -0.15]
RE Model for Subgroup (Q = 12.30, df = 3, p = 0.01; I* = 75.3% :
oo B ) - -0.16 [-0.36, 0.05]
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Fig. 4

Author, Year, Exercise ChangeExglglseNumberchange COSnlt)roI Number Hedges' g [95% CI]
Dynamic

Riel 2018 Dynamic 09 1459 20 226 891 20 a4 26.35% -0.12[-0.31, 0.07]
RE Model for Subgroup (Q = 0.00, df = 0, p = 1.00; I* = 0.0%) 0 -0.12[-0.31, 0.07]
Isometric

Coombes 2016 Isometric -89 4794 24 -86 4989 24 o—o—c 26.53% -0.01[-0.18, 0.17]
Neelapala 2018 Isometric 36 296 34 01 332 36 —— 20.80% -1.16 [-1.66, -0.66]
Riel 2018 Isometric 09 1116 20 226 881 20 »—-—1 26.32% -0.19[-0.38, 0.00]
RE Model for Subgroup (Q = 18.41, df = 2, p = 0.00; I* = 95.7%) -——-—- -0.41 [-1.08, 0.25]

-2 -1 0 1
Hedges' g
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Table 1: Characteristics of included studies.

First Population #
author Exercis (mean age Study particip Exercise Control ) )
) ) ) . ) Pain stimulus
(year) e mode [years]) design ants (% intervention intervention
males)
Hviid 2019 Aerobic Healthy (26) Crossov 35 (49) 6-minute walk test 6 min seated Pressure pain
er threshold
(quadriceps)
Koltyn Aerobic Healthy (29) Crossov 16 (88) Cycle ergometer, 30 min seated Pressure pain
(1996) er 30 min, 65-75% threshold (index
VO,peak finger)
Lee (2014) Aerobic Healthy (25) Parallel 10 (NA) Treadmill, 40 min, 40 min seated Pressure pain
6.5 km/h threshold
(right trapezius)
Naugle Aerobic Healthy (22) Crossov 25 (48) Cycle ergometer, 25 min seated Pressure pain
(2016) - er 20 min, 70% HRR threshold (forearm)
younger
Naugle Aerobic Healthy (64) Crossov 18 (50) Cycle ergometer, 25 min seated Pressure pain
(2016) - er 20 min, 70% HRR threshold (forearm)
older
Samuelly- Aerobic Healthy (25) Parallel 50 (25) Cycle ergometer, Rest in a seated Pressure pain
Leichtag 30 s sprint position on the threshold
(2018) bike for 30 s (quadriceps)
Schmitt Aerobic Healthy (26) Crossov 31 (100) Cycle ergometer, 20 min seated Heat pain threshold
2019 er 20 min, 20% (forearm)
above lactate
threshold
Vaegter Aerobic Healthy (22) Crossov 56 (28) Cycle ergometer, Relax in a Pressure pain
(2015) er 15 min, 75% supine position threshold
VO peak for 15 min (quadriceps)
Koltyn Dynamic Healthy (23) Crossov 13 (54) 4 exercises, 3 X 45 min seated Pressure pain
(1998) er 10, 75% 1RM, 45 threshold (middle
min finger)
Lee (2014) Dynamic Healthy (26) Parallel 10 (NA) 5 upper body 40 min seated Pressure pain
exercises, based threshold (right
on perceived trapezius)
exertion, 40 min
Riel (2018) Dynamic Plantar Crossov 20 (10) Heel raise, 8RM, 8 4 min walking at Pressure pain
fasciopathy er reps x 4 sets with pace usually threshold (heel)
(49) 2 mins between used at home
sets, total time
256 s
Alsouhibani  Isometric Healthy (19) Crossov 30 (50) Knee extension, 3 min seated Pressure pain
(2019) er 30% MVC, 3 min threshold
(quadriceps)
Foxen-Craft  Isometric Healthy (22) Parallel 134 (39) Handgrip, 25% Hold Cold pressor pain
(2017) MVC, 2 min dynamometer intensity
without handgrip
contraction for 2
min
Naugle Isometric Healthy (22) Crossov 25 (48) Handgrip, 25% 25 min seated Pressure pain
(2016) - er MVC, 3 min threshold (forearm)
younger
Naugle Isometric Healthy (64) Crossov 18 (50) Handgrip, 25% 25 min seated Pressure pain
(2016) - er MVC, 3 min threshold (forearm)
older
Coombes Isometric Lateral Crossov 24 (54) Wrist extension, Seated with Pressure pain
(2016) epicondylalgia er 10 x 15 s at 120% affected arm threshold (lateral
for2to 5 "pain-free resting in epicondyle)
months (52) threshold”, 15 s apparatus for 4
between reps min
Neelapala Isometric Knee Parallel 70 (44) Knee extension, 5 min seated Pressure pain
(2018) osteoarthritis 10reps x6s, 5 threshold (knee)
(62) min
Riel (2018) Isometric Plantar Crossov 20 (10) Heel raise, as 4 min walking at Pressure pain
fasciopathy er heavy as possible, pace usually threshold (heel)
(49) 1 rep x 5 sets with used at home

2 mins rest, total
time 225 s

# = number; HRR = heart rate reserve; MVC = maximal voluntary contraction; RM = repetition maximum; VO peak = peak oxygen

consumption.
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