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ABSTRACT
Objective: Recent evidence suggests that education on the pain-relieving effects of exercise may enhance exercise-induced hy-
poalgesia (EIH) in healthy individuals. However, its impact in populations with osteoarthritis (OA), where EIH responses are 
more variable, remains unclear. This study examined whether positive pre-exercise education enhances EIH in individuals with 
knee OA.
Methods: A double-blind, randomized controlled trial was conducted with 42 participants allocated to either a positive pre-
exercise education group (n = 21) or a control education group (n = 21). Each group received two individual education sessions 
24–72 h apart. OA- and EIH-related knowledge and beliefs were assessed pre- and post-education. EIH was evaluated following a 
single submaximal isometric quadriceps contraction to failure by measuring changes in pressure pain thresholds (PPTs), resting 
pain, and pain during stepping. Group differences were analyzed using ANCOVA.
Results: The positive pre-exercise education group demonstrated greater improvements in EIH-related knowledge and beliefs 
compared to the control group (p = 0.001, d = 0.50, ANCOVA between-group analysis), while OA-related knowledge and beliefs 
remained unchanged (p = 0.34, d = 0.15). However, ANCOVA results showed no significant between-group differences in pre- to 
post-exercise changes in PPTs, resting pain, or pain during stepping (all p > 0.11, d = 0.04–0.25).
Conclusion: Despite enhancing beliefs about exercise-induced pain relief, positive pre-exercise education did not enhance EIH 
compared to control education. These findings highlight the need for alternative strategies to optimize exercise-induced pain 
relief in OA.

1   |   Background

Knee osteoarthritis (OA) is a prevalent and disabling condi-
tion, incurring substantial healthcare and economic costs [1]. 
Exercise is recommended as the first line of intervention by in-
ternational evidence-based guidelines [2], and is one of the most 
well-documented interventions for alleviating pain and enhanc-
ing physical function in people with knee OA [3, 4]. Despite 
being universally recommended, exercise interventions con-
tinue to be underutilized by patients and clinicians [5, 6]. One 
reason for this is that the pain-relieving effects of exercise are 

variable across individuals, both initially and over the course of 
an exercise programme [7, 8]. In particular, at the beginning of 
an exercise programme some individuals experience exercise-
induced flares in pain [9], which can negatively affect exercise 
adherence [10, 11].

Pain outcomes in knee OA are commonly assessed using a 
combination of subjective and experimental measures [12, 13]. 
Subjective pain measures capture the individual's self-reported 
experience of pain intensity at rest or during movement (i.e., 
movement-evoked pain) [13], while experimental measures such 
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as pressure pain thresholds provide a quantitative measure of 
pain sensitivity [14]. These approaches capture complementary 
aspects of the pain experience and are frequently used to evalu-
ate the effects of exercise on pain [15, 16].

A typical physiological response to exercise is exercise-induced 
hypoalgesia (EIH), characterized by a short term reduction in 
pain and/or pain sensitivity that occurs following an acute bout 
of physical activity and may last for 5–30 min [12, 17]. In con-
trast, the EIH response is highly variable in individuals with 
knee OA, with studies demonstrating a normal EIH response 
[14, 15, 18–19], an increase in pain sensitivity (hyperalgesic 
response) [13, 14, 20], or unchanged pain sensitivity [21]. The 
longer-term response to exercise can also be variable in people 
with OA, with large population studies suggesting that approx-
imately half of participants experience a moderate, clinically 
important (≥ 30%) improvement in self-reported joint pain in-
tensity, following an 8-week program combining patient edu-
cation and supervised neuromuscular exercise [22], while the 
other half do not. It has been suggested that the different pain 
responses to exercise programs seen in knee OA may be related 
to impaired EIH [14], with recent evidence demonstrating that 
reduced EIH, measured at baseline, predicts less improvement 
in pain and function over the course of 12 exercise sessions in 
people with knee OA [16].

Despite the potential importance of EIH in the management 
of pain, studies aiming to enhance EIH are sparse. In healthy, 
pain-free controls, using brief targeted education (15 min) to pos-
itively modify expectations about the beneficial, analgesic, and 
safe effects of exercise was shown to increase EIH compared to a 
control education condition [23]. Furthermore, in another study 
of healthy pain-free controls, negatively manipulating expecta-
tions (2–3 min) by suggesting a likely painful response with ex-
ercise decreased EIH responses compared to neutral or positive 
education interventions [24].

The effects of brief pre-exercise education, designed to mod-
ify expectations of pain relief, have not been examined in an  
OA population. Such an intervention may be particularly rel-
evant to knee OA, where negative beliefs, attitudes, and ex-
pectations about exercise, such as the belief that if exercise 
increases pain it will accelerate joint deterioration, are perva-
sive [25, 26].

Thus, the aim of this study was to investigate the impact of 
pre-exercise education on EIH in people with knee OA. It was 
hypothesized that a larger EIH effect would be evident in in-
dividuals receiving targeted, positive education emphasizing 
the safety and pain-relieving benefits of exercise in knee OA 
compared to a control education condition. Specifically, we 
hypothesized (1) a larger pre to post-exercise increase in PPT, 
alongside greater pre to post-exercise reductions in (2) rest-
ing pain and (3) movement-evoked pain in the positive edu-
cation group.

2   |   Materials and Methods

This parallel-group, randomized controlled trial was conducted 
between September and December 2022. The 2010 Consolidated 
Standards of Reporting Trials (CONSORT) statement [27] and 
2017 CONSORT of Non-pharmacological Treatments Extension 
were used for reporting [28]. All procedures were approved by 
the Health and Disability Ethics Committee (21STH129) and 
Auckland University of Technology Ethics Committee (21/241), 
and written informed consent was obtained. The trial was regis-
tered with the Australian New Zealand Clinical Trials Registry 
(ANZCTR 12621000731897). All testing sessions were con-
ducted at Auckland University of Technology's North Campus, 
Auckland, New Zealand.

2.1   |   Participants

Participants were recruited through advertisements and from 
existing research databases. Additionally, advertisements were 
left with local knee surgeons, rheumatologists, and physiother-
apy clinics.

Inclusion criteria were: met The National Institute for Health 
and Care Excellence criteria for the diagnosis of knee OA 
(aged ≥ 45 years with activity-related joint pain and either no 
morning stiffness or morning stiffness < 30 min), had ongoing 
knee pain for ≥ 3 months and an average knee pain intensity 
of ≥ 3/10 in the last week at the time of screening [29]. If par-
ticipants had bilateral knee OA, the most painful knee was 
chosen as the index knee for testing. Exclusion criteria were: 
an inability to speak or write English, medical conditions 
preventing safe participation in physical activity, an inabil-
ity to climb 2 flights of stairs, history of knee replacement, 
knee surgery in the past 6 months, a recent history of lower 
limb resistance training (≥ 2 times per week for a minimum of 
6 weeks within the past 6 months), any other form of arthritis, 
a history of musculoskeletal pain or injury in the lower limb 
(other than OA) in the past 6 months, any neurological condi-
tion, a current diagnosis of a major psychiatric disorder, or any 
cognitive impairment.

2.2   |   Sample Size

A total of 42 participants were required (21 in each group) 
to achieve a probability of 80% that the study will detect a 
difference in EIH between interventions at a one-sided 0.05 

Significance and Innovations

•	 Positive pre-exercise education enhances beliefs about 
EIH in knee OA but does not increase EIH magnitude 
compared to control education.

•	 Cognitive dissonance, arising from conflicting beliefs 
and lived experiences of pain during exercise, may 
limit the impact of brief educational interventions on 
EIH.

•	 Mechanisms underlying EIH extend beyond psycho-
logical factors, suggesting other interventions may be 
needed to optimize early pain relief with exercise in 
knee OA.
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significance level, with an effect size of Cohen's d = 0.8. This 
calculation assumed a between-group comparison of the pri-
mary outcome (change in PPTs from immediately before to 
after exercise) between two independent groups (independent-
samples t-test framework). We utilized a one-sided test as rec-
ommended when the alternative hypothesis is specific and 
directional (i.e., that EIH would improve with positive edu-
cation compared to control education) [30]. A previous study 
investigating a similar pre-exercise education intervention on 
the EIH response in a pain free population demonstrated a 
very large effect (r = 0.49 equating to Cohen's d of 1.12) [23]. 
We chose a more conservative effect size of Cohen's d = 0.8 to 
account for increased variability in the EIH response in peo-
ple with OA [14].

2.3   |   Randomization

Participants were randomized in a 1:1 ratio using a computer-
generated randomization schedule (seale​denve​lope.​com) with 
permuted blocks of 2 and 6. To ensure allocation concealment, 
an independent researcher (not involved in recruitment or data 
collection) distributed and stored the randomization sequence 
in sealed, opaque envelopes. Participants, outcome assessors, 
and the statistician were blinded to treatment. Participants were 
informed the trial would “compare two different types of educa-
tion and exercise interventions on knee osteoarthritis pain.” The 
intervention deliverer was not blinded by necessity.

2.4   |   Procedures

The experimental procedures are outlined in Figure  1. Each 
participant attended the laboratory during 2 clinical visits of 
~2 h, 24–72 h apart (“visit 1” and “visit 2”). Participants were 
instructed to avoid vigorous exercise, alcohol, and caffeine for 
24 h before testing and to refrain from nicotine use for at least 
2 h prior to each testing session. During visit 1, participants 

provided demographic and clinical data for descriptive purposes, 
including age, sex, ethnicity, weight (kg), height (m), knee pain 
duration (years), and current medication use. Questionnaires 
regarding their pain, mental health, and physical function, as 
well as knowledge and beliefs related to pain and exercise, were 
completed. These included the Brief Pain Inventory (BPI) [31], 
Hospital Anxiety and Depression Scale (HADS) [32], Lower Limb 
Tasks Questionnaire [33], Pain Catastrophizing Scale (PCS) [34], 
Tampa Scale of Kinesiophobia (TSK) [35], Knee Osteoarthritis 
Knowledge Scale (KOAKS) [36] and a single item from Jones 
et al. [23] specifically related to EIH beliefs: “Pain can be reduced 
from just a single session of exercise” scored on a 7 point Likert 
scale from 0 = “strongly disagree” to 6 = “strongly agree.”

To standardize exercise intensity for visit 2 EIH testing, partic-
ipants completed a quadriceps maximum voluntary isometric 
contraction (MVIC) assessment at the index knee using a Biodex 
System 3 dynamometer (Biodex Medical Systems, Shirley, NY, 
USA). Hip and knee flexion were fixed at 85° and 90° respec-
tively. A standardized warm-up included four 5-s isometric con-
tractions at 25%, 50%, 50%, and 75% of perceived maximum effort, 
followed by three 5-s MVICs with 30-s rests. Consistent verbal 
encouragement was provided, and MVIC was defined as the peak 
torque (Nm) achieved during any of the MVICs. Following MVIC 
testing, participants were familiarized with the upcoming visit 
2 EIH testing procedure to obtain pain expectancy scores. They 
described their current resting knee pain (0–100 NPRS) and were 
told that in visit 2 they would maintain 25% of their MVIC torque 
for up to 5 min or until failure. They then performed a 10-s trial 
at 25% MVIC and rated their expected knee pain (0–100 NPRS) if 
they held the contraction to failure. Pain expectancy was defined 
as the expected change in knee pain (expected pain—resting 
knee pain). All participants were then familiarized with the PPT 
testing procedures, which involved several practice trials on the 
dorsum of the hand to ensure understanding of the procedure and 
consistent reporting of pain onset. After baseline data collection, 
the envelope with their study number was opened for random 
allocation to either positive (intervention) or control pre-exercise 

FIGURE 1    |    Experimental procedures. Participants were randomized to receive positive education about knee OA and EIH (intervention) or ed-
ucation about knee OA, exercise and pain (control). Each education session for both groups lasted approximately 30 min and participants were given 
a booklet to take home and read after the 1st visit. At the second visit, following the second education session, EIH was quantified by measuring the 
participant's pressure pain thresholds (PPTs), evoked knee pain, and resting knee pain before and after performing a sustained isometric quadriceps 
contraction at 25% of their maximum voluntary isometric contraction for 5 min, or until failure.
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education. Participants then completed the first of two education 
sessions (visit 1).

During visit 2, participants first completed their second educa-
tion session. Then, to quantify the EIH response, pressure pain 
thresholds (PPTs), resting and evoked knee pain were collected 
before and after a single bout of sustained, submaximal isomet-
ric quadriceps contraction (25% MVIC). Following the second 
education session but before exercise and EIH measures, both 
groups completed the KOAKS and a single-item EIH beliefs 
questionnaire as a manipulation check for the interventions.

2.5   |   Interventions

Two 30-min, one-on-one interactive education sessions (“Session 
1” and “Session 2”), 24–72 h apart, were delivered by a postgrad-
uate physiotherapist following standardized, rehearsed scripts 
(refined via pilot testing for Session 1 and adapted from Jones 
et  al. [24] for Session 2; scripts and resources in Appendix  1). 
Sessions began with 10 min of rapport building. Participants 
received printed booklets covering Session 1 content to read 
between sessions. Engagement was encouraged through ques-
tioning to check understanding and relate content to personal 
experiences.

2.6   |   Positive Education

In the intervention group, Session 1 addressed common OA pain 
and management misconceptions with a biopsychosocial focus 
[14, 27]. Session 2 provided specific EIH education, describing 
pain reduction after exercise, effective exercise types, duration, 
and potential mechanisms, following a script from Jones et al. 
[24] with minor modifications (Appendix 1).

2.7   |   Control Education

In the control group, Session 1 used traditional, largely biomed-
ical OA education from a reputable international website [37], 
with minor modifications to ensure neutrality regarding exercise 
and pain. The “Where can I find out more?” page was adapted 
for UK relevance. Session 2 covered pain ratings and differences 
in pain perception between athletes and nonathletes, following 
the control group script from Jones et al. [24].

2.8   |   Isometric Exercise

EIH was induced using a single submaximal isometric quadri-
ceps contraction at 25% of MVIC on the Biodex dynamometer. 
Participants maintained this torque until failure (inability to 
sustain for ≥ 5 s) or a maximum of 5 min, with visual feedback 
provided. Rating of perceived exertion (RPE) on Borg's 6–20 
scale was recorded every 30 s. Verbal encouragement was given 
until true failure or the 5-min limit, and time to failure (seconds) 
was recorded. Participants then rated their maximum knee pain 
during the contraction (0–100 NPRS). Submaximal isometric ex-
ercise to failure was chosen due to its established effectiveness 
in producing EIH [13].

2.9   |   Primary Outcome Measures

The primary outcome was the change in PPTs from immediately 
before to after exercise. PPTs, a reliable and established measure 
in EIH research [17], were assessed at the index knee's medial 
joint line (MJL) (3 cm medial to the midpoint on the medial edge 
of patella) and the contralateral forearm (5 cm distal to the lat-
eral epicondyle) in a randomized order pre- and post-exercise, 
using the same order for both [14]. A handheld pressure algom-
eter (SbMedic, Sweden) with a 1 cm rounded tip and a 30 kPa/s 
ramping rate was used. Participants pressed a button at the first 
onset of pain, and the pressure (kPa) was recorded. The average 
of three PPT measurements was taken per site. Both absolute 
and relative changes in PPTs at local (knee) and remote (fore-
arm) sites were reported and analyzed as there is little consensus 
on which to report and both are frequently used [37–39]. Relative 
PPT change was expressed as a ratio of post- to pre-exercise PPT; 
values > 1.0 indicated hypoalgesia, and < 1.0 indicated hyperal-
gesia [15].

2.10   |   Secondary Outcome Measures

Secondary outcomes included changes in resting and evoked 
knee pain intensity, assessed before and after exercise. Resting 
knee pain was measured using a 0–100 NPRS (0 = “no pain,” 
100 = “worst imaginable”). Evoked pain was measured on the 
same scale before and after the Staircase-Evoked Pain Procedure 
(StEPP): stepping up and down a 20 cm platform 24 times, start-
ing with the index knee and alternating limbs [40]. Participants 
used their normal gait and were encouraged to complete the 
task without stopping. Time to complete the StEPP was recorded 
(seconds). Evoked pain was defined as the change in pain (0–100 
NPRS) from before to immediately after the StEPP [40].

A fixed order of outcome measure testing was used to try to 
isolate the effects of exercise (EIH) on the outcome measures. 
Thus, before exercise, the order of assessment was evoked knee 
pain (StEPP test), 10 min rest, PPTs, then resting joint pain. A 
10-min rest period was given to allow any lingering effects of 
the StEPP test on pain sensitivity to dissipate before measure-
ment of pre-exercise PPTs. Immediately after exercise, the order 
was resting joint pain, PPT, and then evoked knee pain. Post-
exercise, resting joint pain was assessed immediately after exer-
cise to capture exercise-induced changes in resting pain levels, 
and because resting pain was quick to measure and would not 
influence the primary outcome, PPTs. PPTs were then imme-
diately evaluated to determine the EIH response to exercise. 
Evoked knee pain (StEPP test) was performed last to ensure that 
any lasting effects of repeated joint loading did not influence the 
other post-exercise outcomes.

2.11   |   Statistical Analysis

Normality of the data was assessed through visual inspection 
and using the Shapiro–Wilk statistic. As contraction duration 
(s), maximum knee pain during contraction, and peak RPE 
were non-normally distributed, these outcomes were compared 
across groups using Mann–Whitney U tests to check that the ex-
ercise dose was similar. For each group, Wilcoxon signed rank 

 1756185x, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1756-185x.70587 by A

uckland U
niversity O

f, W
iley O

nline L
ibrary on [29/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



5 of 11International Journal of Rheumatic Diseases, 2026

tests were undertaken to ensure that the time taken to complete 
the evoked pain test (StEPP) was similar before compared to 
after exercise.

For primary and secondary outcome measures, a two-step 
analysis of covariance (ANCOVA) approach was used. In the 
first step, a full model regressed post-exercise (or change) 
scores on pre-exercise scores and all prespecified covariates 
(age, anxiety subscale of the HADS, and expected change in 
pain) [41]. These covariates were chosen based on the findings 
of a large prospective cohort study exploring predictors of EIH 
in a knee OA population [42]. To account for baseline differ-
ences between groups, the baseline single item belief scores 
were added as an additional covariate. Multicollinearity was 
evaluated for all the covariates with the variance inflation 
factor (VIF) [43]. Any variable with a VIF score greater than 
10 was excluded. Mean differences across groups (the treat-
ment effect) and mean score or mean change scores within 
each group (pre- to post-intervention effects), along with 95% 
confidence intervals (CIs) are reported. To complement these 
adjusted analyses, unadjusted one-way ANOVAs on pre- to 
post-exercise change scores were also performed and pre-
sented in Appendix S1. These confirm that the pattern of re-
sults was unchanged when covariates were not included.

Between group effect sizes were calculated by dividing the 
mean difference between groups by the pooled standard devia-
tion and interpreted according to Cohen's criteria of 0.2 = small, 
0.5 = medium, and 0.8 = large [44]. To examine the potential 
relationship between beliefs about EIH and the magnitude 
of EIH, post hoc exploratory correlation analyses were un-
dertaken. These analyses examined the relationship between 
the primary outcome measure (pre-to-post exercise absolute 
change in PPT) and: (1) the pre-to-post intervention change in 
EIH beliefs and (2) the absolute post intervention EIH beliefs 
score using Spearman's rank correlation coefficient.

The data were analyzed using the R environment for statistical 
computing [45, 46] and SPSS version 25 (IBM Corp, Armonk, NY). 
Statistical significance was defined as p ≤ 0.05 for all analyses.

3   |   Results

3.1   |   Participant Characteristics

A total of 67 participants were screened for eligibility, of 
which 25 (39%) were excluded for being ineligible, while 42 
participants (65%) (20 females, 22 males) with an average age 
of 66 ± 7.5 years were recruited (Table  1, Figure  2). Baseline 
characteristics of the two groups were similar (Table  1). All 
participants completed the PPT testing, evoked pain testing 
(StEPP test), and sustained isometric contraction, with no ad-
verse events reported.

3.2   |   Similarity of the Exercise Interventions 
and StEPP Test Performance

There were no significant between-group differences in time 
to failure (p = 0.51), maximum knee pain during exercise 

(p = 0.50), or peak RPE (p = 0.81) during the sustained isometric 
contraction (Table 2). The time taken to complete the StEPP test 
did not differ before and after isometric exercise in the control 
group (p = 0.20). However, in the intervention group, StEPP test 
performance was marginally faster post-exercise compared to 
pre-exercise (p = 0.05).

3.3   |   Manipulation Checks

The pre- to post-intervention change in EIH-related beliefs was 
greater in the positive education group compared to the control 
education group, with a medium effect (mean difference = 1.3, 
95% CI [0.5, 2.1], p = 0.001, d = 0.50; Table 3). In contrast, while 
the change in OA-related knowledge and beliefs assessed by the 
KOAKS questionnaire favored the positive education group with 
a very small effect, this did not reach statistical significance 
(mean difference = 1, 95% CI [−1, 3], p = 0.34, d = 0.15). Neither 
group significantly increased their KOAKS score from pre- to 
post-intervention (both p > 0.22).

3.4   |   Primary Outcomes

Analysis of the absolute change in PPT revealed no significant 
differences between the positive and control education groups at 
the knee (mean difference 10 kPa [95% CI −40 to 60 kPa]; p = 0.57, 
d = 0.08) or the forearm (mean difference −10 kPa [95% CI −50 
to 30 kPa]; p = 0.56, d = −0.08). Similarly, there was no between-
group difference in the relative change in PPT at either the knee 
(mean difference 0 [95% CI −0.2 to 0.19]; p = 0.97, d = 0) or the 
forearm (mean difference 0 [95% CI −0.3 to 0.2]; p = 0.90, d = 0). 
Unadjusted one-way ANOVA results were consistent with the ad-
justed analyses, showing no significant between-group differences 
in pre-to-post changes across all pain outcomes (Appendix S1).

On average, both groups demonstrated a significant increase in 
knee PPT following isometric exercise, reflecting a local EIH 
response (knee). Remote EIH (forearm) was smaller, and only 
statistically significant when expressed as a relative change 
(Table 4). Despite a significant local EIH response at the knee, 
the variability in the EIH response was large in both the positive 
and control education groups (Figure 3).

3.5   |   Secondary Outcomes

There was no significant between-group difference in the pre- to 
post-exercise change in resting pain (mean difference −8 [95% 
CI −18 to 2]; p = 0.11, d = −0.25) or evoked pain (mean difference 
1 [95% CI −7 to 8]; p = 0.90, d = 0.04) (Table 4).

3.6   |   Relationship Between EIH Beliefs 
and Primary Outcomes

For the entire sample, there were no significant relationships 
between absolute or relative EIH (∆ in PPTs) and either the pre-
to-post-intervention change, nor the absolute post-intervention 
score of the single item EIH beliefs question (rho −0.18 to 0.23, 
all p > 0.26).
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4   |   Discussion

To our knowledge, this is the first study to investigate the effect 
of pre-exercise education on EIH in individuals with knee OA. 
Previous reviews have shown that while EIH is a consistent and 
robust phenomenon in pain-free populations, its presence and 

magnitude in chronic pain conditions, including OA, are highly 
variable [12, 17, 47]. Some studies in people with OA report pre-
served hypoalgesia following exercise [14, 15, 18–19] whereas 
others show no change [21], or even hyperalgesic responses 
[13, 14, 20], mirroring the variability in pain relief observed with 
exercise in this population.

TABLE 1    |    Baseline participant characteristics.

Intervention group Control group

Sample size (n) 21 21

Age 65 (8.6) 67 (6.2)

Female sex (%) 13 (62%) 9 (43%)

Ethnicity: frequency (%)

New Zealand European 16 (76%) 16 (76%)

New Zealand Māori 1 (5%) 0 (0%)

Samoan 0 (0%) 1 (5%)

Other European 3 (14%) 3 (14%)

Other ethnicity 1 (5%) 1 (5%)

Height (cm) 170 (7) 174 (10)

BMI (kg/m2) 28.4 (6.0) 30.1 (5.8)

Duration of knee pain (months) 60 (18–138) 72 (36–120)

LLTQ (0–100) 18 (14–27) 21 (14.5–25)

HADS-depression (0–21) 3 (2–5.5) 4 (1–5.5)

HADS-anxiety (0–21) 5 (2–8.5) 4 (2.5–7)

TSK (11–44) 30 (21–31.5) 29 (25–32.5)

PCS (0–52) 8 (4–10) 5 (4–14)

BPI-Ave (0–10) 3 (1.5–4) 3 (2–4.5)

BPI-worst (0–10) 5 (3–7) 5 (3–7.5)

BPI-least (0–10) 0 (0–1.5) 0 (0–1)

BPI-interference (0–10) 2.6 (1.6–5.1) 2.7 (1.9–5.4)

Peak torque (Nm) 142 (108–175) 160 (120.5–173.5)

Single item EIH beliefs (0–7) 2 (1–4) 3 (1–5)

KOAKS (11–55) 33 (33–34) 36 (34–39)

EIH testing order (knee first (%)) 12 (57%) 9 (43%)

Taking any pain medication (%) 3 (14%) 2 (10%)

Types of regular pain medication: frequency (%)

Paracetamol 1 (5%) 0 (0%)

Anti-inflammatories 1 (5%) 2 (10%)

Opioids 0 (0%) 0 (0%)

Anticonvulsants 1 (5%) 0 (0%)

Antidepressants 0 (0%) 0 (0%)

Note: Data are presented as mean (SD) or median (IQR) unless otherwise stated.
Abbreviations: BMI, body mass index; BPI, Brief Pain Inventory; HADS, Hospital Anxiety and Depression Scale; IQR, Interquartile range; KOAKS, Knee 
Osteoarthritis Knowledge Scale; LLTQ, Lower Limb Task Questionnaire; m, meters; min, minutes; PCS, Pain Catastrophizing Scale; s, seconds; SD, Standard 
deviation; TSK, Tampa Scale for Kinesiophobia.
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The current study shows that, compared to a control condition, 
positive pre-exercise education leads to an increase in the be-
lief that a single exercise session can reduce pain but does not 
affect overall knee OA knowledge as measured by the KOAKS, 
nor the magnitude of the subsequent EIH response. This in-
cludes EIH assessed as the change in PPT (primary outcome) 
as well as EIH assessed as the change in resting knee pain and 
evoked knee pain (secondary outcomes). Furthermore, there 
was no significant association between the change in PPTs 
and EIH-related beliefs.

Despite utilizing a near-identical script for the education inter-
ventions, our results differ from the findings of Jones et al. [23], 
who observed that in healthy, pain-free control participants, 
positive pre-exercise education enhanced EIH when compared 
to a control pre-exercise education, with a large effect size. In 
addition, a significant positive correlation was observed in their 
study between the magnitude of the post-intervention EIH re-
sponse and the degree to which participants agreed with the sin-
gle item question “pain can be reduced from just a single session 
of exercise” [23].

FIGURE 2    |    CONSORT flow diagram of the progress through the phases of the randomized trial for each group.
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TABLE 2    |    Expected change in pain, target torque, peak rating of perceived exertion (RPE), time to failure, maximum knee pain during contraction 
on the Numerical Pain Rating Scale (NPRS), and StEPP time to completion across the intervention and control groups.

Measure Intervention group Control group p

Expected change in pain NPRS (0–100) 34.1 (27.2) 28.5 (26.5) 0.50

Target torque (Nm) 36.0 (12.5) 38.4 (10.9) 0.48

Peak RPE (6–20) 20 (19–20) 20 (19–20) 0.81

Time to failure (s) 300 (241.75–300) 300 (251.25–300) 0.51

Maximum knee pain during contraction NPRS (0–100) 27.5 (0.5–47.50) 27.5 (0.0–57.50) 0.50

StEPP time to completion (pre-intervention) (s) 65 (59–75.5) 75.5 (66.75–86.75)

StEPP time to completion (post-intervention) (s) 63.5 (55.5–74) 70.5 (65.25–88)

Note: Values are displayed as mean (SD) or median (IQR) unless otherwise stated.
Abbreviations: IQR, interquartile range; NPRS, Numerical Pain Rating Scale; RPE, Rating of perceived exertion; SD, standard deviation.

TABLE 3    |    Pre- to post-education intervention change scores in single item exercise-induced hypoalgesia (EIH) beliefs and Knee Osteoarthritis 
Knowledge Scale (KOAKS).

Measure Intervention group Control group Between group difference (95% CI) p

EIH beliefs (0–7) 2.1 (0.3)* 0.8 (0.3)* 1.3 (0.5, 2.1) 0.001

KOAKS (11–55) 0.9 (0.7) −0.1 (0.7) 1 (−1, 3) 0.34

Note: Values are displayed as estimated marginal means (standard error) unless otherwise stated.
Abbreviations: CI, Confidence interval; EIH, Exercise Induced Hypoalgesia; KOAKS, Knee Osteoarthritis Knowledge Scale; SE, Standard error.
*Represents significant within group change from pre-to post-intervention p < 0.05.

TABLE 4    |    Primary and secondary outcome measures across the intervention and control groups.

Measure Intervention group Control group Between group difference [95% CI] p

Knee PPT

Pre-exercise (kPa) 317 (231) 241 (177)

Post-exercise (kPa) 370 (266)* 291 (167)*

Absolute EIH (kPa) 60 (20) 40 (20) 10 [−40, 60] 0.57

Relative EIH (ratio) 1.24 (0.07)* 1.24 (0.07)* 0 [−0.2, 0.19] 0.97

Forearm PPT

Pre-exercise (kPa) 281 (103) 315 (140)

Post-exercise (kPa) 309 (205) 319 (152)

Absolute EIH (kPa) 10 (10) 20 (10) −10 [−50, 30] 0.56

Relative EIH (ratio) 1.07 (0.08) 1.09 (0.08) 0 [−0.3, 0.2] 0.90

Resting pain (0–100 NPRS)

Pre-exercise 11.48 (13.32) 8.05 (11.07)

Post-exercise 9.95 (14.71) 12.95 (18.62)

EIH (resting pain change) −2 (3) 6 (3) −8 [−18, 2] 0.11

Evoked pain (0–100 NRPS)

Pre-exercise 15.14 (17.69) 12.19 (11.87)

Post-exercise 11.67 (21.05) 9.00 (11.32)

EIH (evoked pain change) −3 (3) −4 (3) 1 [−7, 8] 0.90

Note: Pre- and post-exercise values are displayed as mean (standard deviation) or median (interquartile range), while change scores are estimated marginal means 
(standard error) or median (interquartile range).
Abbreviations: CI, Confidence interval; kPa, Kilopascals; NPRS, Numeric Pain Rating Scale; PPT, Pressure Pain Threshold.
*Represents significant within session change from pre-to post-intervention p < 0.05.
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Our findings are more in line with Vaegter et  al. [24], who 
demonstrated that brief (2–3 min) positive pre-exercise ed-
ucation did not increase EIH in healthy pain-free controls. 
Conversely, they found that negative pre-exercise education 
diminished EIH. This observation is consistent with the con-
cept that negative experiences tend to exert a more profound 
influence on psychological states than positive ones [48], 
which may in turn influence endogenous pain modulation 
pathways. It could be that the educational interventions of 
our study were not sufficiently dissimilar to elicit differential 
outcomes on EIH. Our decision to avoid a negative interven-
tion, despite its potential to enhance the difference between 
groups, was based on the ethical consideration to avoid noce-
bic effects in a clinical population suffering from chronic 
pain. Furthermore, our focus was on whether providing posi-
tive education offers benefits compared to standard biomedi-
cal education. This arguably has more clinical relevance than 
simply establishing its superiority over deliberately nocebic 
approaches, as it aims to direct treatment strategies toward 
interventions that do more than avoid harm but rather actively 
contribute to patient care.

It is well established that people with knee OA commonly have 
misperceptions about their condition and frequently hold neg-
ative attitudes and beliefs about exercise [49]. These may be 
resistant to change, particularly in the short term. Despite our 
positive education intervention increasing confidence that “pain 
can be reduced from just a single session of exercise,” this may 
not have aligned with the personal experiences of participants, 
especially if they have previously found exercise to be painful 
or challenging. This mismatch, a form of cognitive dissonance, 
reflects the complex decision-making process knee OA patients 
face, as described by Darlow et al. [26], balancing knowledge of 
the therapeutic role of exercise with the fear of increasing pain or 
causing further joint damage.

Alternatively, it may be that impaired EIH is only weakly re-
lated to expectations in people with knee OA. The mechanisms 
of EIH remain incompletely understood and are thought to be 
mediated by a range of different physiological processes [12, 50]. 
It has been suggested that impaired EIH may reflect maladap-
tive changes in the function of endogenous pain inhibitory path-
ways and/or immune system dysfunction [12]. Perhaps, in the 
presence of such maladaptive changes, cognitive factors such 
as expectations are less important in determining the overall 
magnitude of the EIH response. This is supported by a recent 
systematic review which suggests that cognitive and emotional 
factors appear to have a stronger association with EIH in pain-
free individuals than in those with chronic pain conditions [51].

Strengths of this study include its robust double-blind RCT de-
sign and the inclusion of secondary outcome measures of EIH 
that may have more direct clinical relevance than PPT alone. 
However, there are also some potential limitations to consider. 
Notably, an isometric exercise protocol was employed to induce 
EIH, while Jones et al. [23] used an aerobic exercise protocol. 
The selection of an isometric protocol is arguably more clinically 
relevant as local resistance training is routinely prescribed in 
the management of OA. Previous studies have shown that aer-
obic and isometric exercise elicit EIH of a similar magnitude, 
both in healthy controls [17] and knee OA specifically [14]. 
Thus, it seems unlikely that the type of exercise used to elicit 
EIH would have affected our results, although this remains a 
possibility. Importantly, our population of people with OA ap-
peared to have mild to moderate symptoms; we did not collect 
data on participant comorbidities, and we only examined the 
immediate effects of an education intervention on EIH after a 
single bout of exercise. Therefore, our findings may not trans-
late to all people with knee OA or to the longer-term effects 
with repeated bouts of exercise, which should be examined in 
future studies. For example, over the course of several sessions, 
the combination of pain neuroscience education and exercise 
has been shown to lead to greater improvements in pain than 
exercise alone [52]. Finally, there was a statistically significant 
difference in the time taken to perform the StEPP test from pre 
to post exercise in the intervention group. However, the mean 
difference was marginal (~1.5 s) and similar to the pre to post 
exercise difference observed in the control group. As such, it is 
unlikely to have had an important effect on the findings.

5   |   Conclusions

Despite modifying EIH related beliefs, two 30-min sessions 
of positive pre-exercise education did not enhance the EIH re-
sponse compared to control pre-exercise education. Different 
types of interventions, more intensive pre-exercise education 
interventions, or similar interventions in participants with more 
severe symptoms should be explored to see if they enhance EIH 
in people with knee OA. This may minimize exercise-induced 
flares in pain and increase both efficacy and engagement with 
exercise-based rehabilitation in the longer-term.

Author Contributions

This study was conceived and designed by D.T., G.L., B.D., U.R., N.T., 
and D.R. Data collection was performed by D.T. Data analysis and 

FIGURE 3    |    Distribution of the absolute change in knee pressure 
pain thresholds from pre- to post-isometric exercise for individual 
participants at the knee (local site) in the intervention and control 
groups. Positive values indicate hypoalgesia and negative values in-
dicate hyperalgesia, with the dotted line representing no change from 
baseline.

 1756185x, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1756-185x.70587 by A

uckland U
niversity O

f, W
iley O

nline L
ibrary on [29/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



10 of 11 International Journal of Rheumatic Diseases, 2026

interpretation were conducted by D.T. and D.R., with input from U.R., 
D.T. prepared the first draft of the manuscript. All authors have read 
and agreed to the published version of the manuscript.

Acknowledgments

Open access publishing facilitated by Auckland University of 
Technology, as part of the Wiley - Auckland University of Technology 
agreement via the Council of Australasian University Librarians.

Funding

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

References

1. D. Prieto-Alhambra, A. Judge, M. K. Javaid, C. Cooper, A. Diez-Perez, 
and N. K. Arden, “Incidence and Risk Factors for Clinically Diagnosed 
Knee, Hip and Hand Osteoarthritis: Influences of Age, Gender and Os-
teoarthritis Affecting Other Joints,” Annals of the Rheumatic Diseases 
73, no. 9 (2014): 1659–1664.

2. A. J. Gibbs, B. Gray, J. A. Wallis, et al., “Recommendations for the Man-
agement of Hip and Knee Osteoarthritis: A Systematic Review of Clinical 
Practice Guidelines,” Osteoarthritis and Cartilage 31 (2023): 1280–1292.

3. S. T. Skou, S. Rasmussen, M. B. Laursen, et  al., “The Efficacy of 
12 Weeks Non-Surgical Treatment for Patients Not Eligible for Total 
Knee Replacement: A Randomized Controlled Trial With 1-Year Fol-
low-Up,” Osteoarthritis and Cartilage 23, no. 9 (2015): 1465–1475.

4. S. T. Skou and E. M. Roos, “Good Life With osteoArthritis in Den-
mark (GLA:D): Evidence-Based Education and Supervised Neuromus-
cular Exercise Delivered by Certified Physiotherapists Nationwide,” 
BMC Musculoskeletal Disorders 18, no. 1 (2017): 72.

5. F. Dobson, K. L. Bennell, S. D. French, et al., “Barriers and Facilita-
tors to Exercise Participation in People With Hip and/or Knee Osteo-
arthritis: Synthesis of the Literature Using Behavior Change Theory,” 
American Journal of Physical Medicine & Rehabilitation 95, no. 5 (2016): 
372–389.

6. M. B. Christiansen, D. K. White, J. Christian, et al., “It … Doesn't Al-
ways Make It [to] the Top of the List: Primary Care Physicians' Expe-
riences With Prescribing Exercise for Knee Osteoarthritis,” Canadian 
Family Physician 66, no. 1 (2020): e14–e20.

7. L. F. Sandal, E. M. Roos, S. J. Bogesvang, and J. B. Thorlund, “Pain 
Trajectory and Exercise-Induced Pain Flares During 8 Weeks of Neu-
romuscular Exercise in Individuals With Knee and Hip Pain,” Osteoar-
thritis and Cartilage 24, no. 4 (2016): 589–592.

8. A. C. Lee, W. F. Harvey, X. Han, et al., “Pain and Functional Tra-
jectories in Symptomatic Knee Osteoarthritis Over up to 12 Weeks 
of Exercise Exposure,” Osteoarthritis and Cartilage 26, no. 4 (2018): 
501–512.

9. R. Marks, “Knee Osteoarthritis and Exercise Adherence: A Review,” 
Current Aging Science 5, no. 1 (2012): 72–83.

10. D. Beckwee, I. Bautmans, T. Scheerlinck, and P. Vaes, “Exercise in 
Knee Osteoarthritis–Preliminary Findings: Exercise-Induced Pain and 
Health Status Differs Between Drop-Outs and Retainers,” Experimental 
Gerontology 72 (2015): 29–37.

11. J. D. Sessford, L. R. Brawley, and N. C. Gyurcsik, “Examination of 
Self-Regulatory Efficacy and Pain Among Individuals Challenged by 
Arthritis Flares,” Rehabilitation Psychology 60, no. 1 (2015): 43–50.

12. D. Rice, J. Nijs, E. Kosek, et al., “Exercise-Induced Hypoalgesia in 
Pain-Free and Chronic Pain Populations: State of the Art and Future 
Directions,” Journal of Pain 20, no. 11 (2019): 1249–1266.

13. S. Farrokhi, P. Jayabalan, J. A. Gustafson, B. A. Klatt, G. A. Sowa, 
and S. R. Piva, “The Influence of Continuous Versus Interval Walking 
Exercise on Knee Joint Loading and Pain in Patients With Knee Osteo-
arthritis,” Gait & Posture 56 (2017): 129–133.

14. C. Fingleton, K. M. Smart, and C. M. Doody, “Exercise-Induced Hy-
poalgesia in People With Knee Osteoarthritis With Normal and Abnor-
mal Conditioned Pain Modulation,” Clinical Journal of Pain 33, no. 5 
(2017): 395–404.

15. E. Kosek, E. M. Roos, E. Ageberg, and A. Nilsdotter, “Increased Pain 
Sensitivity but Normal Function of Exercise Induced Analgesia in Hip 
and Knee Osteoarthritis–Treatment Effects of Neuromuscular Exercise 
and Total Joint Replacement,” Osteoarthritis and Cartilage 21, no. 9 
(2013): 1299–1307.

16. S. Hansen, H. B. Vaegter, and K. K. Petersen, “Pretreatment Exercise-
Induced Hypoalgesia Is Associated With Change in Pain and Function 
After Standardized Exercise Therapy in Painful Knee Osteoarthritis,” 
Clinical Journal of Pain 36, no. 1 (2020): 16–24.

17. K. M. Naugle, R. B. Fillingim, and J. L. Riley, 3rd, “A Meta-Analytic 
Review of the Hypoalgesic Effects of Exercise,” Journal of Pain 13, no. 
12 (2012): 1139–1150.

18. R. Y. Neelapala, S. Nayak, S. Sivalanka, R. Cornelio, and M. Pra-
japati, “Influence of Isometric Exercise on Pressure Pain Sensitivity 
in Knee Osteoarthritis,” Journal of Pain Management 11, no. 4 (2018): 
1–7.

19. H. B. Vaegter, G. Handberg, and T. Graven-Nielsen, “Hypoalgesia 
After Exercise and the Cold Pressor Test Is Reduced in Chronic Muscu-
loskeletal Pain Patients With High Pain Sensitivity,” Clinical Journal of 
Pain 32, no. 1 (2016): 58–69.

20. N. J. Burrows, J. Booth, D. L. Sturnieks, and B. K. Barry, “Acute Re-
sistance Exercise and Pressure Pain Sensitivity in Knee Osteoarthritis: 
A Randomised Crossover Trial,” Osteoarthritis and Cartilage 22, no. 3 
(2014): 407–414.

21. E. I. Germanou, A. Chatzinikolaou, P. Malliou, et  al., “Oxidative 
Stress and Inflammatory Responses Following an Acute Bout of Isoki-
netic Exercise in Obese Women With Knee Osteoarthritis,” Knee 20, no. 
6 (2013): 581–590.

22. A. V. Perruccio, E. M. Roos, S. T. Skou, D. T. Grønne, and A. M. 
Davis, “Factors Influencing Pain Response Following Patient Educa-
tion and Supervised Exercise in Male and Female Subjects With Hip 
Osteoarthritis,” Arthritis Care & Research 75, no. 5 (2023): 1140–1146.

23. M. D. Jones, T. Valenzuela, J. Booth, J. L. Taylor, and B. K. Barry, 
“Explicit Education About Exercise-Induced Hypoalgesia Influences 
Pain Responses to Acute Exercise in Healthy Adults: A Randomized 
Controlled Trial,” Journal of Pain: Official Journal of the American Pain 
Society 18, no. 11 (2017): 1409–1416.

24. H. B. Vaegter, P. Thinggaard, C. H. Madsen, M. Hasenbring, and 
J. B. Thorlund, “Power of Words: Influence of Preexercise Information 
on Hypoalgesia After Exercise-Randomized Controlled Trial,” Medicine 
and Science in Sports and Exercise 52 (2020): 2373–2379.

25. M. Hendry, N. H. Williams, D. Markland, C. Wilkinson, and P. Mad-
dison, “Why Should We Exercise When Our Knees Hurt? A Qualitative 
Study of Primary Care Patients With Osteoarthritis of the Knee,” Family 
Practice 23, no. 5 (2006): 558–567.

26. B. Darlow, M. Brown, B. Thompson, et al., “Living With Osteoar-
thritis Is a Balancing Act: An Exploration of Patients' Beliefs About 
Knee Pain,” BMC Rheumatology 2, no. 1 (2018): 15.

 1756185x, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1756-185x.70587 by A

uckland U
niversity O

f, W
iley O

nline L
ibrary on [29/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



11 of 11International Journal of Rheumatic Diseases, 2026

27. D. Moher, S. Hopewell, K. F. Schulz, et  al., “CONSORT 2010 Ex-
planation and Elaboration: Updated Guidelines for Reporting Parallel 
Group Randomised Trials,” BMJ 340 (2010): c869.

28. I. Boutron, D. G. Altman, D. Moher, K. F. Schulz, and P. Ravaud, 
“CONSORT Statement for Randomized Trials of Nonpharmacologic 
Treatments: A 2017 Update and a CONSORT Extension for Nonphar-
macologic Trial Abstracts,” Annals of Internal Medicine 167, no. 1 
(2017): 40–47.

29. NICE, Osteoarthritis: The Care and Management of Osteoarthritis in 
Adults (National Institute for Health and Care Excellence, 2008).

30. J. Ludbrook, “Should We Use One-Sided or Two-Sided P Values in 
Tests of Significance?,” Clinical and Experimental Pharmacology & 
Physiology 40, no. 6 (2013): 357–361.

31. C. S. Cleeland and K. M. Ryan, “Pain Assessment: Global Use of the 
Brief Pain Inventory,” Annals of the Academy of Medicine, Singapore 23, 
no. 2 (1994): 129–138.

32. A. S. Zigmond and R. P. Snaith, “The Hospital Anxiety and Depres-
sion Scale,” Acta Psychiatrica Scandinavica 67, no. 6 (1983): 361–370.

33. P. J. McNair, H. Prapavessis, J. Collier, S. Bassett, A. Bryant, and 
P. Larmer, “The Lower-Limb Tasks Questionnaire: An Assessment of 
Validity, Reliability, Responsiveness, and Minimal Important Differ-
ences,” Archives of Physical Medicine and Rehabilitation 88, no. 8 (2007): 
993–1001.

34. M. J. Sullivan, S. R. Bishop, and J. Pivik, “The Pain Catastrophizing 
Scale: Development and Validation,” Psychological Assessment 7, no. 4 
(1995): 524.

35. D. J. French, C. R. France, F. Vigneau, J. A. French, and R. T. Evans, 
“Fear of Movement/(Re) Injury in Chronic Pain: A Psychometric As-
sessment of the Original English Version of the Tampa Scale for Kinesi-
ophobia (TSK),” Pain 127, no. 1–2 (2007): 42–51.

36. B. Darlow, H. Abbott, K. Bennell, et al., “Knowledge About Osteo-
arthritis: Development of the Hip and Knee Osteoarthritis Knowledge 
Scales and Protocol for Testing Their Measurement Properties,” Osteo-
arthritis and Cartilage Open 3, no. 2 (2021): 100160.

37. S. Gomolka, H. B. Vaegter, J. Nijs, et al., “Assessing Endogenous Pain 
Inhibition: Test-Retest Reliability of Exercise-Induced Hypoalgesia in 
Local and Remote Body Parts After Aerobic Cycling,” Pain Medicine 
(Malden, Mass) 20, no. 11 (2019): 2272–2282.

38. H. B. Vaegter, K. D. Lyng, F. W. Yttereng, M. H. Christensen, M. B. 
Sørensen, and T. Graven-Nielsen, “Exercise-Induced Hypoalgesia After 
Isometric Wall Squat Exercise: A Test-Retest Reliabilty Study,” Pain 
Medicine 20, no. 1 (2019): 129–137.

39. H. B. Vaegter, D. B. Dørge, K. S. Schmidt, A. H. Jensen, and T. 
Graven-Nielsen, “Test-Retest Reliabilty of Exercise-Induced Hypoal-
gesia After Aerobic Exercise,” Pain Medicine (Malden, Mass) 19, no. 11 
(2018): 2212–2222.

40. R. Treister, T. A. Eaton, J. J. Trudeau, H. Elder, and N. P. Katz, “De-
velopment and Preliminary Validation of the Focused Analgesia Selec-
tion Test to Identify Accurate Pain Reporters,” Journal of Pain Research 
10 (2017): 319.

41. J. Twisk, L. Bosman, T. Hoekstra, J. Rijnhart, M. Welten, and M. 
Heymans, “Different Ways to Estimate Treatment Effects in Ran-
domised Controlled Trials,” Contemporary Clinical Trials Communica-
tions 10 (2018): 80–85.

42. D. Toomey, G. Lewis, U. Rashid, N. Tuck, and D. Rice, “No Effect of 
a Single Session of Anodal Transcranial Direct Current Stimulation on 
Exercise-Induced Hypoalgesia in Knee Osteoarthritis: A Randomized 
Cross-Over Trial,” Neuromodulation: Technology at the Neural Interface 
(2026), https://​doi.​org/​10.​1016/j.​neurom.​2026.​01.​011.

43. R. McElreath, Statistical Rethinking: A Bayesian Course With Exam-
ples in R and Stan (Chapman and Hall/CRC, 2020).

44. J. Cohen, Statistical Power Analysis for the Behavioral Sciences (Ac-
ademic Press, 2013).

45. R Core Team, R: A Language and Environment for Statistical Com-
puting (R Foundation for Statistical Computing, 2021), www.​R-​proje​
ct.​org.

46. H. Wickham, “ggplot2: Elegant Graphics for Data Analysis,” https://​
ggplo​t2.​tidyv​erse.​org2016.

47. M. A. Wewege and M. D. Jones, “Exercise-Induced Hypoalgesia in 
Healthy Individuals and People With Chronic Musculoskeletal Pain: A 
Systematic Review and Meta-Analysis,” Journal of Pain: Official Jour-
nal of the American Pain Society 22 (2020): 21–31.

48. R. F. Baumeister, E. Bratslavsky, C. Finkenauer, and K. D. Vohs, 
“Bad Is Stronger Than Good,” Review of General Psychology 5, no. 4 
(2001): 323–370.

49. M. Hurley, K. Dickson, R. Hallett, et  al., “Exercise Interventions 
and Patient Beliefs for People With Hip, Knee or Hip and Knee Osteo-
arthritis: A Mixed Methods Review,” Cochrane Database of Systematic 
Reviews 4 (2018): Cd010842.

50. H. B. Vaegter and M. D. Jones, “Exercise-Induced Hypoalgesia After 
Acute and Regular Exercise: Experimental and Clinical Manifestations 
and Possible Mechanisms in Individuals With and Without Pain,” Pain 
Reports 5, no. 5 (2020): e823.

51. W. Munneke, K. Ickmans, and L. Voogt, “The Association of Psycho-
social Factors and Exercise-Induced Hypoalgesia in Healthy People and 
People With Musculoskeletal Pain: A Systematic Review,” Pain Practice 
20 (2020): 676–694.

52. B. Siddall, A. Ram, M. D. Jones, J. Booth, D. Perriman, and S. J. Sum-
mers, “Short-Term Impact of Combining Pain Neuroscience Education 
With Exercise for Chronic Musculoskeletal Pain: A Systematic Review 
and Meta-Analysis,” Pain 163, no. 1 (2022): e20–e30.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Appendix S1: Active Control: Script 
for the education of participants with knee osteoarthritis, utilising the 
“Versus Arthritis: Osteoarthritis of the knee” handbook, excluding ex-
plicit information of exercise induced hypoalgesia. 

 1756185x, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1756-185x.70587 by A

uckland U
niversity O

f, W
iley O

nline L
ibrary on [29/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.neurom.2026.01.011
http://www.r-project.org
http://www.r-project.org
https://ggplot2.tidyverse.org2016
https://ggplot2.tidyverse.org2016

	Can a Targeted Pre-Exercise Education Intervention Enhance the Exercise-Induced Hypoalgesia (EIH) Response in Individuals With Knee Osteoarthritis (OA)?
	ABSTRACT
	Significance and Innovations
	1   |   Background
	2   |   Materials and Methods
	2.1   |   Participants
	2.2   |   Sample Size
	2.3   |   Randomization
	2.4   |   Procedures
	2.5   |   Interventions
	2.6   |   Positive Education
	2.7   |   Control Education
	2.8   |   Isometric Exercise
	2.9   |   Primary Outcome Measures
	2.10   |   Secondary Outcome Measures
	2.11   |   Statistical Analysis

	3   |   Results
	3.1   |   Participant Characteristics
	3.2   |   Similarity of the Exercise Interventions and StEPP Test Performance
	3.3   |   Manipulation Checks
	3.4   |   Primary Outcomes
	3.5   |   Secondary Outcomes
	3.6   |   Relationship Between EIH Beliefs and Primary Outcomes

	4   |   Discussion
	5   |   Conclusions
	Author Contributions
	Acknowledgments
	Funding
	Conflicts of Interest
	Data Availability Statement
	References


