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Abstract

Objectives: Exercise-induced hypoalgesia (EIH) is charac-
terized by an increase in pain threshold following acute
exercise. EIH is reduced in some individuals with chronic
musculoskeletal pain, although the mechanisms are
unknown. It has been hypothesized that this may relate to
whether exercises are performed in painful or non-painful
body regions. The primary aim of this randomized exper-
imental crossover study was to investigate whether the
presence of pain per se in the exercising muscles reduced
the local EIH response. The secondary aim was to investi-
gate if EIH responses were also reduced in non-exercising
remote muscles.
Methods: Pain-free women (n=34) participated in three
separate sessions. In session 1, the maximal voluntary

contraction (MVC) for a single legged isometric knee exten-
sion exercise was determined. In sessions 2 and 3, pressure
pain thresholds (PPT) were assessed at the thigh and
shoulder muscles before and after a 3-min exercise at 30 %
of MVC. Exercises were performed with or without thigh
muscle pain, whichwas induced by either a painful injection
(hypertonic saline, 5.8 %) or a non-painful injection (isotonic
saline, 0.9 %) into the thigh muscle. Muscle pain intensity
was assessedwith an 11-point numerical rating scale (NRS) at
baseline, after injections, during and after exercises.
Results: PPTs increased at thigh and shoulder muscles
after exercise with painful (14.0–24.9 %) and non-painful
(14.3–19.5 %) injections and no significant between-injection
EIH differences were observed (p>0.30). Muscle pain
intensity was significantly higher following the painful
injection compared to the non-painful injection (p<0.001).
Conclusions: Exercising painful muscles did not reduce the
local or remote hypoalgesic responses, suggesting that the
pain-relieving effects of isometric exercises are not reduced
by exercising painful body regions.
Ethical committee number: S-20210184.
Trial registration number: NCT05299268.

Keywords: EIH; experimental pain; hypertonic; isometric
contraction; pain modulation; pain threshold; saline
solution.

Introduction

Musculoskeletal pain is a global problem on the rise,
affecting up to 47 % of the general population [1, 2]. Unfor-
tunately, women are disproportionately affected with both
a higher prevalence of musculoskeletal pain conditions
and experiencingmore widespread pain [3, 4] although the
underlying reason is poorly understood. Exercise is rec-
ommended as an essential part of a multimodal approach
to manage musculoskeletal pain [5–8], and there is evi-
dence to support a positive effect of exercise on pain for 1
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in 2 individuals with musculoskeletal pain conditions
[9–11].

In those without pain there is evidence to suggest that
the pain experience and pain sensitivity may differ in
response to experimental pain between the sexes [12] but
while there are contrasting findings in the literature, there is
no clear evidence of sex influencing EIH responses [7, 8]. In
pain-free populations an immediate hypoalgesic effect to
noxious stimuli, including mechanical pressure, is a com-
mon finding following exercise and is termed exercise
induced hypoalgesia (EIH) [7, 8, 13, 14]. The characteristic EIH
response last up to 30 min, with a local and remote increase
in pain thresholds following exercise when compared to a
pre-exercise assessment [7, 8, 14]. The underlying mecha-
nisms of EIH is not fully understood, but the response could
reflect the sum of several local and systemic pain inhibitory
mechanisms [7, 8, 13, 15].

Interestingly, EIH is often reduced in musculoskeletal
painful conditions, although the magnitude of the EIH
response vary between studies [7]. The mechanisms behind
the lack of hypoalgesia are unknown but could be related to
whether the exercise is performed with the painful body
region or not [7, 13]. Several studies across different painful
conditions have observed reduced EIH responses immedi-
ately after exercises performed with the painful body
region [16–18]. Recently, Hansen and colleagues [19]
investigated the effect of experimental muscle pain in the
exercising muscle on the EIH response compared to exer-
cise in a non-painful muscle in pain free individuals. The
local and remote EIH responses were comparable between
exercises at painful and non-painful muscles; however, the
interpretation of the results was limited by the fact the
participants exercised both the painful and non-painful
thigh simultaneously using a wall-squat. Exercising a non-
painful body region could have counteracted a potential
reduced local EIH response when exercising the painful
region. Whether exercises limited to the painful region
result in reduced EIH is still unclear. Thus, the primary aim
of this randomized crossover study was to investigate
whether a local exercise in a painful body region would
produce a smaller EIH response compared to the same local
exercise in a non-painful body region. Secondary aimswere
to explore whether the EIH responses in the non-exercising
thigh and shoulder were reduced after exercise in a painful
body region.

Methods

This study is reported in accordance with the CONSORT NPT recom-
mendations [20]. The study was approved by the ethical committee

(S-20210184) and pre-registered at ClinicalTrials.gov (NCT05299268).
Participants were enrolled after providing verbal and written informed
consent and data was collected in a laboratory setting at Aalborg Uni-
versity between March 8th and April 12th, 2022.

Participants

Pain-free women between 18 and 50 years who were proficient in
Danish were recruited from a university setting, through social media
and word of mouth.

A verbal screening of exclusion criteria was conducted: Pain
during the past 3 months; any pain on test days; any rheumatic,
neurological-and/or psychological disorders; surgery in the lower
extremities within the last 12 months; pregnancy; addictive behaviour
to any kind of euphoric or analgesic substances; alcohol intake on test
days. Furthermore, participants were excluded if they experienced
any significant side effect during the study such as feeling ill after
injections or exercise.

The study was powered to detect a moderate difference in the local
EIH re sponse (i.e., effect size of 0.50) between sessions with painful and
non-painful muscle exercises. Using G*Power (version 3.1.9.2., Dussel-
dorf, Germany), it was estimated that 34 participants were required in
this cross-over study to be able to detect this difference with a power of
80 % and a two-sided α of 0.05.

Protocol

The participants attended three 40-min sessions separated by approxi-
mately one week (Figure 1) to avoid crossover effects such as delayed
onset muscle soreness [21].

Session 1: First, demographic data (age and gender) and leg
dominance were recorded. Next, as participants were naïve to the study
protocol, they were familiarized with the procedure of the session,
including assessment of pressure pain threshold (PPT) above the lateral
epicondyle of the elbow (common extensor tendon). Following famil-
iarization, PPTs were assessed at both thigh muscles and the non-
dominant shoulder before and after assessment of maximal voluntary
contraction (MVC). MVC was measured for the dominant leg using a
seated isometric knee extension (SIKE) exercise and 100 % MVC was
defined as themeanof threemaximal contractions of 3–5 s, separated by
a 1-min rest period. MVCs were conducted with the participants seated
on a table with their hands in their lap, the thigh fully supported and
with the lower leg hanging over the side and the knees flexed to
approximately 90° [22]. The dominant leg was fixated to the table leg
using a belt placed above the ankle joint. Between the belt and the
participant’s lower leg a force dynamometer (Commander Muscle
Tester, Powertrack II; JTECH Medical, Salt Lake City, Utah, USA) was
placed. In the end of session 1, participants were randomized into one of
two groups (balanced): (a) Non-painful/Painful group receiving injection
with isotonic saline (control) in session 2 and injection with hypertonic
saline in session 3, or (b) Painful/Non-painful group receiving injection
with hypertonic saline in session 2 and injection with isotonic saline
(control) in session 3. The randomization was done by having the par-
ticipants choose an opaque envelope containing the session order. Only
the researcher (the same in all sessions, AM) responsible for the
injections were aware of the allocation while the other researchers and
participantswere blinded. Similarly, the researchers responsible for the
statistical analysis (HL, SZR) were blinded to the group allocation.
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Session 2 and 3: PPTs were assessed at both thighs and the non-
dominant shoulder followed by an injection (either painful or non-
painful) in the dominant thigh. Immediately after the injection, PPTs
were assessed and followed by a 3-min SIKE exercise at 30 % of MVC
(visible in real time on the dynamometer’s display) in the same position
as MVC was recorded. Verbal motivation was provided for the partici-
pants to complete the exercise. Ratings of perceived exertion (RPE) was
assessed using the Borg scale (Borg RPE: 6=rest, 20=maximal exertion)
[23] at baseline, and at min 1, 2 and 3 during SIKE. After the SIKE, PPTs
were reassessed.

Induction of experimental thigh muscle pain

Experimental thigh muscle pain was induced by an intramuscular
injection of 1 mL sterile hypertonic saline (5.8 %). The injection was
administered in the participant’s dominantmedial vastusmuscle, 20 cm
proximally on a line from the centre of the basis of patella towards the
umbilicus [19] using a 1 mL syringewith a disposable needle (27G× 1 1/2″,
0.4 mm × 40mm). Isotonic saline (1 mL, 0.9 %) was used as a non-painful
control injection [19]. Injections (painful or non-painful depending on
the randomization order) were administered by the same researcher
(AM), who was not blinded to group allocation. Saline has previously
been used in several studies as a safeway to induce an intense and short-
lasting experimental pain [24]. Prior to the injections, the location and
depth of the medial vastus muscle on the dominant leg was confirmed
using an ultrasound scanner (Nextgen Logiq e R8, General Electric
Company, Boston, Massachusetts, USA) mounted with a 12 MHz linear
G4-12T-RS probe [25, 26].

Muscle pain intensity in the dominant thigh was determined using
a 11-point numerical rating scale (NRS; 0=no pain, 10=worst imaginable
pain) which has previously shown to be valid and reliable [27, 28].

Muscle pain intensity scores were obtained at baseline, immediately
after the injection, at min 1, 2 and 3 during exercise and 30 s after
exercise.

Outcomes

The primary outcome was the absolute change in pressure pain
threshold (PPT) at the dominant thigh (i.e., the local EIH response).
Secondary outcomes were the absolute change in PPTs of the non-
dominant thigh and non-dominant shoulder (i.e., the remote EIH
responses) as well as muscle pain intensity scores in the injected thigh.
Other pre-specified outcomemeasureswere change in PPTs before and
after determining MVC in session 1.

Pressure pain threshold

Pressure pain threshold (PPT) was assessed using a handheld digital
pressure algometer (Somedic Production AB, Hörby, Sweden) wired
with a stop button and mounted with a 1 cm2 probe covered by a thin
disposable plastic sleeve. For the assessment, participants were seated
upright on a chair with a back rest and the probe was placed perpen-
dicular to the skin over the assessment site and the pressure was
increased at 30 kPa/s. PPTwas defined as thefirst time the pressurewent
from being a pressure to first becoming painful [29], at which point the
participants pushed the wired button and PPT was recorded. PPT was
assessed over three pre-defined locations based [19]: (1) The dominant
medial vastus muscle, 15 cm proximal to the basis of patella in a line
aiming at the umbilicus (5 cm distally from the injection site); (2) The
non-dominant medial vastus muscle as described for the dominant leg;
(3) The non-dominant upper trapezius muscle, 10 cm from the acromion

Figure 1: Overview of experimental procedures. Pressure pain thresholds (PPT) were assessed repeatedly during all sessions over the bilateral vastus
medialis muscles and the non-dominant upper trapezius muscle. Session 1: Themaximal voluntary contraction (MVC) in seated isometric knee extension
(SIKE) was assessed. Session 2 and 3: SIKE exercise (30 % of MVC) for 3 min or until exhaustion. Muscle pain intensity was assessed by 0–10 numerical
rating scale (NRS) at baseline, after the injections and after 1, 2, and 3 min. of the SIKE and immediately after SIKE. The rate of perceived exertion (Borg
RPE: 6–20) was assessed along NRS at baseline and after 1, 2 and 3 min of SIKE. Sessions were separated by approximately one week.
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on a horizontal line towards the spinous process of the 7th cervical
vertebra. Three rounds of PPT recordings were conducted over
approximately 3–5 min depending on the individual threshold, sepa-
rating assessment of the same site by at least 20 s, and the average of
each locationwas used for analysis [19, 30, 31]. All PPT assessments were
conducted by the same assessor (HL) who was blinded to the group
allocation.

Statistical analysis

Data distribution was explored using Shapiro-Wilks test after which
the appropriate statistical approach was chosen. For the primary aim,
a Wilcoxon Signed-Rank test was used to compare between session
difference in PPT at the dominant thigh following exercise + painful/
non-painful injections. Similarly, the secondary aim was explored
using a Wilcoxon Signed-Rank test to compare between session dif-
ference in PPTs at the non-dominant thigh and shoulder following
exercise + painful/non-painful injections. Effect sizes were expressed
as Eta squared (η2). Difference in muscle pain intensity scores between
the two sessions (painful/non-painful injections) were compared at
each time point (baseline, after injection, after 1-, 2-and 3 min of

exercise, and 30 s after exercise) using a Wilcoxon Signed-Rank tests
with a Bonferroni corrected α (0.05/6). Similarly, differences in
RPE during exercise between the two sessions (painful/non-painful
injections) were compared at each time point (baseline and after 1-,
2-and 3 min of exercise) using a Bonferroni corrected paired sample
t-tests (α 0.05/4). Finally, an exploratory analysis using Wilcoxon
Signed-Rank testswas conducted to investigate changes in PPTs after the
MVC assessment in session 1 by comparing PPTs from immediately
before and after theMVC. All analysis were conducted using Stata/MP 17
(StataCorp, College Station, Texas, USA). The results in text and tables are
presented as either median and interquartile range (25th – 75th
percentile) or mean ± standard deviation (SD) and 95 % confidence
intervals (CI) depending where relevant.

Results

Forty-eight women showed interest in the study and 38
pain-free women were enrolled. Four dropped out or were
excluded after inclusion (Figure 2). Two participants felt

Figure 2: FlowDiagram showing numbers assessed and allocated to group in this cross-over study alongwith number of dropouts and exclusions aswell
as the reason for each of these.
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unwell for approximately 5 min following one of the
injections and wished to withdraw from the study. One
withdrew due to personal reasons while another sustained
a painful injury prior to the final test-session. In total, 34
participants completed all three sessions (age: 26.5 [24–30]
years, BMI: 23.4 ± 2.9 kg/m2, 32 right-legged). The full 3 min
of the SIKE exercise was completed by 33 participants in
both sessions 2 and 3 while one participant stopped due to
exhaustion after 2:03 min in session 2.

For the primary outcome, PPT at the dominant thigh
increased after exercises with painful (24.9 %) and non-
painful injections (19.5 %) with no significant between-
injection difference (Figure 3; Table 1). Similarly, for the
secondary outcomes, PPTs increased at the non-dominant
thigh and shoulder following exercise with painful (thigh:
14.0 %, shoulder: 19.0 %) and non-painful (thigh: 14.6 %,
shoulder: 14.3 %) injections with no between-injection dif-
ferences (Figure 3). Following the painful injection, muscle
pain intensity scores were significantly higher compared to
the non-painful injection while no significant differences
were observed for ratings of perceived exercise exertion
between sessions (Table 2).

PPTs were not significantly different after MVC testing
compared with before (Table 3). Mean, SD and 95 % CI for
changes in PPTs after MVC and exercises are also repre-
sented in the respective tables for ease of interpretation.

Discussion

This randomized experimental crossover study investi-
gated whether the presence of pain per se in the exercising

muscles reduced the local and remote EIH responses.
Unexpectedly, no significant differences in EIH responses
were found between the painful and non-painful injection
sessions, despite there being a significantly higher reported
thigh muscle pain intensity during the painful condition.

The hypothesis of the current study was that the local
EIH response would be impaired when exercising a painful
muscle compared to a non-painful muscle. Had the
hypothesis been confirmed, it would have been in line with
what is seen in painful clinical conditions such as knee
osteoarthritis, shoulder myalgia and neck pain where
exercising the painful region resulted in an impaired EIH
response [16–18]. However, in the current study, experi-
mental muscle pain did not reduce the EIH response at any
site, which is in accordancewith the findings of Hansen and
colleagues [19]. Nevertheless, in the previous study [16] the
lack of difference between conditions could potentially be
explained by choice of exercise, isometric wall squat,
where participants were exercising the painful and non-
painful leg simultaneously which was not the case in the
current study. One explanation for the current findings
could be related to the experimental pain model. While the
hypertonic saline injection caused mild to moderately
intense pain [27, 32] in the current study, this is short lasting
and although it may produce comparable characteristics to
some clinical painful conditions [24], it has been criticized
for being unable to replicate clinical features of pain and
hyperalgesia as observed in chronic musculoskeletal pain
[33]. It may be that the duration of pain following a
hypertonic saline injection is not long enough to inhibit the
EIH response as seen in persistent clinical pain. Future
studies may consider using a different experimental model,

Figure 3: Exercise induced hypoalgesia (EIH)
responses for all participants (n=34) at all
assessment sites (dominant thigh, non-
dominant thigh, and shoulder) for sessions
with painful and non-painful injections and
exercise. EIH (absolute change in pressure pain
thresholds (PPTs)) are presented as median
and interquartile range (25th – 75th percentile)
as well as individual data-points.
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such as the injection of nerve growth factor (NGF) which
can cause pain and hyperalgesia lasting for days [34, 35]. In
fact, a recent study using NGF to cause a low intensity, long-
lasting experimental neck muscle pain did see a differenti-
ated EIH response over time when compared to a pain-free
group [35]. However, it is unclear if a longer lasting, more
intense pain, would impact the EIH response in an otherwise
healthy population, similar to what has been observed in
clinical populations.

Higher pain intensity following hypertonic saline
injection compared to isotonic saline were a feature of both
the current study and the one by Hansen and colleagues
[19]. With this in mind, it could be speculated whether the
noxious stimulus from the injected hypertonic saline may
have caused a pain inhibits pain response and the potential
impact of pain on EIH may have been counteracted by this.
A pain inhibits pain response would be in line with results
of a previous study where increased PPT recordings was
observed in the neck region following bilateral injection
of hypertonic saline in the upper trapezius muscle [36].
In the literature a link between the pain inhibits pain
phenomenon and EIH has been proposed and may
potentially work through similar inhibitory pathways
although this is not yet fully understood [8, 37] and studies
have shown that a larger pain inhibits pain response may
predict a greater EIH response [38]. That the pain inhibits
pain phenomenon and EIH may work through the same
pathways is further supported by a previous study [39]
which showed that if pain inhibits pain is first elicited this
may reduce a subsequent EIH response. The opposite, a
decreased pain inhibits pain response following exercise
have also been observed [19, 40, 41] and taken together,
these results indicate that the endogenous pain modula-
tory response may be exhaustible. With this in mind, if
both pain inhibits pain and EIH is indeed working though

the same mechanism [19], the current results could also
reflect a ceiling effect for remote areas where, once acti-
vated through pain inhibits pain following a painful
injection, no further activation through exercise is possible.
However, when interpreting the results from studies such
as the current one, using a healthy population, it is
important to consider that these findings may merely
reflect how a healthy system is impacted by pain and this
may not reflect what would be expected from clinical
populations where EIH responses are commonly reported
to be impaired [7, 8].

A final point to consider is thigh muscle pain caused by
the exercise itself. Ellingson et al. [42] found a greater EIH
response using painful exercises compared to non-painful
exercises in pain-free individuals. In the current study, thigh
muscle pain, although less, was also caused by the exercise in
the session with the non-painful injection suggesting that
pain during exercise results in higher EIH, but that more or
less pain does not further affect the EIH response.

Strengths and limitations

This study is strengthened by pre-registration, blinded
allocation and analysis, and its randomized crossover
design, ensuring that participants act as their own controls
and thereby accounts for any potential inter-individual
response that could potentially have influenced the results.
In the current study, no recording of the duration or spatial
distribution of injection pain was conducted. However,
based on a previous study [43] using a similar experimental
pain model and injection location, the experienced pain
would be expected to have covered the local PPT site over
the dominant thigh and lasting for more than 10 min. In
addition, a limitation is the lack of a non-exercise control

Table : Pressure pain thresholds (PPT) for all participants (n=) during the MVC test session. PPT data (kPa) is presented as median and interquartile
range [th – th percentile] in addition to mean ± SD (% CI) for baseline and after the MVC test for the seated isometric knee extension (SIKE)
exercise along with the difference (exercise induced hypoalgesia (EIH) response, gray shading).

Pressure pain thresholds during MVC test session

Baseline After MVC EIH p-Value Effect size (η)

Dominant thigh  kPa [–]  kPa [–]  kPa [− to ] . .

 kPa ±  (–)  kPa ±  (–)  kPa ±  (− to )

Non-dominant thigh  kPa [–]  kPa [–]  kPa [− to ] . .

 kPa ±  (–)  kPa ±  (–)  kPa ±  (− to )

Non-dominant shoulder  kPa [–]  kPa [–]  kPa [− to ] . .

 kPa ±  (–)  kPa ±  (–)  kPa ±  (− to )

Where relevant, baseline and after MVC values were compared with the Wilcoxon Signed-Rank test (p-value) and the effect sizes are presented as Eta
squared (η).
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group. It is therefore not possible to conclude that the
change in PPTs, although similar to previous studies [19, 35],
were due to the exercise. Another potential limitation is the
setup used for MVC testing which was similar to the SIKE
exercise. Here, participants were sitting with their hands in
their lap, whichmay have impaired their ability to generate
maximal force. In addition, this study was powered to
detect a moderate between-injection effect and thus not
powered to detect a smaller difference in the EIH response.
Finally, this study only included women and the results
may therefore not be representative of what may be found
in a male population.

Conclusions

This study showed that exercising painful muscles did not
reduce the local or remote hypoalgesic responses in young
healthy women, suggesting that the pain-relieving effects of
acute isometric exercises are not reduced by exercising
painful body regions. This adds insight regarding the impact
of acute pain and adds to the discussion whether exercising
painful or non-painful regions are optimal for a hypoalgesic
response.
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