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Review Article 

Athletes and Experimental Pain: A Systematic Review 
and Meta-Analysis 

Claire Thornton,⁎ Andrew Baird,† and David Sheffield† 

⁎Department of Sport, Exercise and Rehabilitation, Faculty of Health and Life Sciences, Northumbria University, Newcastle upon 
Tyne, UK, †School of Psychology, College of Health, Psychology and Social Care, University of Derby, Derby, UK   

Abstract: The evidence that athletes respond to and report indices of experimental pain differently 
to non-athlete populations was analysed. Databases screened were SPORTDiscus, PubMED, 
PsycArticles, the Cochrane Library (Cochrane Database of Systematic Reviews), Web of Science, 
Scopus, and CINAHL. Studies that compared experimentally induced pain responses (threshold, tol-
erance, intensity, unpleasantness, bothersomeness, and effect on performance) in athletes and 
controls were included. Meta-analyses were performed where appropriate and effects were de-
scribed as standardised mean differences, pooled using random effects models. Thirty-six studies 
(2,492 participants) met the inclusion criteria comprising 19 pain tolerance, 17 pain threshold, 21 pain 
intensity, 5 pain unpleasantness, 2 performance in pain and 1 bothersomeness study. Athletes de-
monstrated greater pain tolerance (g = .88 [95% confidence interval [CI] .65, .13]) and reported less 
pain intensity (g = −.80, [95% CI −1.13, −.47]) compared to controls; they also had higher pain 
threshold but with smaller effects (g = .41, [95% CI .08, .75]). Differences for unpleasantness did not 
reach statistical significance but the effects were large (g = −1.23 [95% CI −2.29, .18]). Two studies 
reported that performance in pain was better in contact athletes than non-athletes, and one con-
cluded that athletes find pain less bothersome than controls. There were considerable inconsistencies 
in the methods employed that were reflected in the meta-analyses’ findings. Sub-group analyses of 
tolerance and intensity were conducted between endurance, contact, and other athlete groups, but 
were not significant. The data suggest that athletic participation is associated with altered pain re-
sponses, but mechanisms remain unclear and more transparent methods are recommended. 
This study was registered on the PROSPERO site in January 2019 (ref ID: CRD42019119611).  
Perspective: This review examined differences in pain outcomes (threshold, tolerance, intensity, 
unpleasantness, bothersomeness) and the effect of pain on performance, in athletes versus controls. 
Meta-analyses revealed athletes had higher threshold and tolerance and found pain less intense than 
controls; there was some evidence of differences in bothersomeness and performance.  

© 2024 The Author(s). Published by Elsevier Inc. on behalf of United States Association for the Study of 
Pain, Inc This is an open access article under the CC BY license  
(http://creativecommons.org/licenses/by/4.0/).  
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T he world of sport is littered with examples of 
athletes completing events despite apparently 
insurmountable injuries.1 Indeed, on many occa-

sions, performance can appear unaffected by pain, and 
this has led to a common perception that athletes are a 

‘different breed’. Exposure to pain is an inevitable 
consequence of athletic endeavour, whether that be 
from fatigue/exertion, injury or traumatic impact. The 
ability to maintain performance in painful conditions is 
crucial to continued participation in most sports and is a 
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deciding factor in whether an athlete is successful or 
not.2 Athletes’ typical exposure to pain will depend 
upon both their ‘level’ (elite athletes typically having a 
higher exposure) and the nature of the sport,3 with 
contact and endurance sports being associated with 
higher exposures than non-contact and non-endurance 
sports. Whatever the activity however, pain can be a 
limiting factor in athletic achievement.1 

Research in the field of pain in athletes can be traced 
back to the 1960s with numerous studies exploring aspects 
of pain threshold,4–6 and pain tolerance3,7–12 in athletic 
populations. In addition, studies have also examined in-
tensity and affective domains such as unpleasantness.13–17 

More recently, there has been interest in attempting 
to understand the impact of pain on athletic perfor-
mance18–20 and how pain bothersomeness differs between 
athletes and other groups.19–21 

Despite concerns over the heterogeneity in available re-
search, there is evidence to suggest that athletes respond 
differently to pain compared to other populations (healthy 
controls, non-athletes). A review/meta-analysis published 
over a decade ago22 considered fifteen studies and con-
cluded that not only was there a statistically significant 
difference in pain tolerance scores, but that difference was 
meaningful—a large effect size (Hedges’ g = .87). With 
pain threshold, research findings were much more varied 
and overall, there was no significant difference. However, 
the review did not consider further critical aspects of pain 
processing such as affective dimensions, bothersomeness, 
or any related behavioural responses. Given the range of 
data now available, it is timely to update and extend the 
previous review. 

Whilst the evidence supporting differences in response 
to noxious stimuli amongst athlete populations is 
growing, evidence to illustrate the mechanisms under-
pinning such differences is relatively limited. Increasing 
use of conditioned pain modulation protocols3,13,14,16,23 

suggests more effective endogenous inhibition, and re-
cent brain imaging studies using functional magnetic re-
sonance imaging23 and electroencephalogram13 

illustrated significant differences in neural processing. 
Longitudinal studies to explore the development of 
changes have yet to be undertaken, however. 

The primary objectives were to examine differences 
between athletes and non-athlete controls for pain 
threshold, tolerance, intensity, unpleasantness, and 
bothersomeness as well as the performance of motor 
and cognitive tasks during pain. The secondary objec-
tives were to explore the impact of pain stimulus used 
and to examine differences between athlete groups 
(endurance, contact and non-contact and non-en-
durance athletes). 

Such a review is certainly warranted, given the po-
tential implications for both athletic performance in the 
‘high-stakes’ world of sport and for broader considera-
tions in relation to effective pain management. The 
current review critically appraises the extant literature 
and considers key methodological and theoretical as-
pects of the research. 

Methods 

Procedures 
The review was aligned with the Cochrane 

Collaboration recommendations. The study was regis-
tered (ref ID: CRD42019119611) and all steps were spe-
cified in advance on the Prospero website (University of 
York, 2022). The following databases were searched: 
SPORTDiscus, PubMED, PsycArticles, the Cochrane 
Library (Cochrane Database of Systematic Reviews), 
Web of Science, Scopus and CINAHL. The search strategy 
was adapted according to the requirements of each 
database. We included terms relating to sport, athletes, 
exercise and pain. There were no restrictions on pub-
lication status or publication type, but we restricted 
language to English. Studies published between 1900 
and May 2023 were included. These searches were ex-
tended by scrutinising reference sections from articles 
found within the databases. Forward and backward 
searches were conducted and any additional papers 
were located as full text. Please see Supplementary 
Materials for full details of the searches. 

Two reviewers independently examined titles and 
abstracts of eligible studies and following this, scanned 
the text to decide if inclusion criteria were met. Any 
disagreements were discussed, and a third reviewer was 
consulted where necessary. All potentially eligible pa-
pers were placed in EndNote for further scrutiny. 

Inclusion Criteria 
Studies were included if they compared adult (age 

18+) athletes to other groups of non-exercisers or non- 
athletes (normally active controls). Athletes were 
classed as those participating in sports or exercise 
competitions or training for at least 3 hours per week22 

and must have been taking part in a physically active 
sport. Dancers were also included due to the physicality 
of the activity and the competitive nature of some 
forms of dance. Non-athletes or normally active controls 
were classed as those not engaging in any form of 
structured sport or exercise, and/or were not competi-
tive in any physical activity, and/or did less than 3 hours 
of physical activity per week. Studies were excluded that 
used participants who engaged in activities that may be 
considered sports or games but were predominately 
physically inactive in nature (eg, chess, card playing, 
darts, e-sports), unless they were used as a control/ 
comparator group. Papers with no normally active 
control group (eg, studies that compared different 
groups of athletes to one another) were excluded. 
Conference posters, presentations, and non-peer-re-
viewed dissertations were also excluded. 

Studies were included from a range of experimental 
and field-based protocols that examined differences in 
pain reporting between athlete groups and non-ath-
letes. For inclusion in the meta-analysis, studies must 
have measured either pain threshold, tolerance, in-
tensity, unpleasantness, and/or bothersomeness using 
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scale variables and provided means and standard de-
viations, F and t values or effect sizes (or have provided 
enough information for these to be calculated). Where 
multiple measures were taken, the first value was used; 
where different limbs/sites were reported, non-domi-
nant limb score was used if was reported, and if they 
were not mean scores were calculated. 

Outcomes 
Reported outcome measures included pain threshold, 

pain tolerance, intensity, unpleasantness, and bother-
someness and effect on performance. Pain threshold is the 
point at which pain is first reported when a noxious sti-
mulus is presented, and pain tolerance is the maximum 
duration of pain stimulus a person can withstand before 
they withdraw from a stimulus.24 Examples of stimuli in-
cluded the use of thermal, mechanical, pressure, chemical, 
electrical pain stimulation or the use of exercise to induce 
pain. Pain intensity, unpleasantness, and bothersomeness 
can be measured using self-report, paper, and pencil in-
struments such as the Visual Analog Scale or Numerical 
Rating Scale. Intensity refers to the relative scale of pain 
experienced, whereas pain unpleasantness relates to the 
noxious quality of the stimulus. Recently some authors 
have also used pain bothersomeness as a measure of the 
extent to which pain is perceived to interfere with per-
formance or thoughts during the performance of experi-
mental motor tasks.20 The effect of pain on performance 
has also been examined to determine how pain interferes 
with motor and cognitive task performance.25 

Risk of Bias 
A pre-prepared form was developed based on the 

recommendations of Tesarz,22 including—title, patient/ 
population, intervention, comparison, outcome (up to 
7). This included sampling method; participant char-
acteristics (including how athletic status was defined/ 
how athletes and non-athletes/controls were differ-
entiated, types of sport played, gender split, ethnicity); 
noxious stimuli used; pain assessment methods; pain 
measurement tools (eg, questionnaire, Visual Analog 
Scale) methodology; pain outcome measurements (eg, 
tolerance, threshold); statistical methods (means and 
standard deviations, F and t values and effect size); 
suggested mechanisms. See Supplementary Material for 
further details of the assessment of quality. 

The 2 independent reviewers rated each paper as low, 
moderate, or high-risk of bias for participant sampling, 
pain assessment method used, and analysis strategy. 
Only studies judged as low risk of bias on all 3 sections 
were classed low risk overall. Equally, studies with 
moderate or better for all 3 sections were classed as 
moderate. All other studies were classed as high-risk. 

Statistical Analysis 
Random effects meta-analyses were conducted fo-

cusing on each pain dimension for which adequate le-
vels of data were available (tolerance, threshold, 
intensity and unpleasantness). There were not enough 

data for bothersomeness and the effect of pain on 
performance and accordingly, meta-analyses were not 
conducted. Data were entered into Meta-Essentials.26 

Mean effect sizes (Hedges g) and confidence intervals 
were calculated; mean effect sizes of .2 were inter-
preted as small, .5 were interpreted as medium, and .8 
were interpreted as large.27 

Where studies had multiple noxious stimuli or outcome 
measures, the sample size was adjusted accordingly to 
avoid double counting by dividing the number of partici-
pants by the number of stimuli4,5,7,28–32 thus, numbers in 
the Preferred Reporting Items for Systematic Review and 
Meta-Analyses diagram differ from those in the meta- 
analyses. Mean outcome scores were calculated where 
multiple sites of the body were used4,16 when the pain was 
taken at multiple time points, the baseline measure was 
used,33 and scores relating to the non-dominant limb were 
used when measures from both limbs were taken.12 In 
studies where multiple temperatures were reported,34 

scores associated with the highest temperature were used. 
For 2 studies, it was necessary to utilise graphs/charts 
(measurements were taken by each author to reduce the 
potential for measurement error.) to calculate means/ 
standard deviations.14,17 

Variability was examined using Cochran’s Q and I2. 
Heterogeneity among effect sizes was determined by a 
significant Q value (P  <  .10). The I2 statistic indicates the 
degree of variability in effect sizes (low heterogeneity, 
1–49; moderate heterogeneity, 50–74; high heterogeneity, 
75–100).34 In the case of significant heterogeneity, sub-
group and moderator analyses were undertaken. Random 
effects models were used as the included studies were 
made up of diverse populations; thus, heterogeneity was 
assumed. As significant heterogeneity was identified for 
each pain measure, subgroup analyses were conducted 
based on the type of stimuli (cold pressor and ischemic), 
and type of athlete (contact athletes, endurance athletes, 
other athletes); studies with a high-risk of bias ratings were 
omitted from analyses to determine if they had a major 
impact upon the mean effects. Lastly, publication bias was 
examined using funnel plots and associated statistics 
(standard error, combined effect size, and imputed data 
points). 

Results 

Included Studies 
A total of 16,156 articles were found in the initial 

database search. Of these, 8,450 were duplicates and 
were deleted, leaving 7,706. A large number of papers 
did not involve human participants resulting in a further 
3,231 being discarded. Of the remaining 4,475, 4,025 
were discarded because they did not meet the inclusion 
criteria based on their title. The abstracts of the re-
maining 450 articles were scrutinised and a further 389 
were excluded. The full text of the remaining 61 studies 
was read in detail and a further 25 were excluded due 
to not meeting the inclusion criteria (see Fig 1 for 
Preferred Reporting Items for Systematic Review and 
Meta-Analyses diagram and Supplementary Material 
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analyses) flow diagram. Study selection process. 
*Hoffman study did not include gender—so is not included in the breakdowns. 
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for reasons for exclusion). This resulted in a final total of 
36 studies from 35 reports; Janal et al7 contained 2 se-
parate studies. 

Three studies had a high-risk of bias, 26 studies had 
moderate risk of bias, and 7 studies had low risk of bias 
(see Supplementary Material for risk of bias table). In 
total, there were 2,492 participants (1,501 athletes; 
1,111 M, 411 F, and 991 controls; 696 M, 295 F)—note 
that Hoffman et al33 did not state gender and is 
therefore not included in the breakdown. See Table 1 
for characteristics of studies. 

The included group of studies considered a range 
of pain outcomes; 19 assessed pain toler-
ance2,3,5,7–9,11,12,14,17,21,29,35–40; 17 assessed pain 
threshold3–6,8,9,11,12,14,16,29,30,32,36,37,40,41; 21 assessed 
pain intensity3,4,9,13–17,21,28,30–33,35,38–40,42–44; 5 assessed 
pain unpleasantness4,28,30,31,40, 2 assessed performance 
during pain,11,19 and 1 assessed pain bothersomeness.19 

Meta analyses were conducted for the first 4 outcomes 
only, due to a lack of data for the other outcomes. In 
the 1 study that assessed pain bothersomeness, experi-
enced contact athletes found pain less bothersome than 
novice contact athletes and non-contact athletes.19 In 
the 2 studies that measured performance during pain, 
contact athletes performed better than non-contact 
athletes and non-athletes during pain on a motor task 
(in terms of accuracy and speed), and were able to 
maintain performance in pain compared to when not in 
pain.11,19 However, this was not true for a cognitive 
task, where there were no differences between athletes 
and non-athletes (Table 2). 

All included studies had control groups. However, in 
many cases, the characteristics of control participants 
were inadequately reported. Seven studies, mostly 
those published before 2,000, included non-exercising 
participants within control groups whereas more recent 
studies have included active/exercising participants as 
the control group. 

Meta Analysis 
Pain Threshold 

The total sample size for studies examining pain 
threshold was 1397 (range 13–321) from 17 studies with 
19 estimates. Fig 2 illustrates the associated forest plot 
and effects for each study. There was a small to medium 
positive mean effect, g = .41 [95% CI .08, .75], which was 
significant. The heterogeneity of effects was significant 
(Q = 130.76, P  <  .001), and inconsistency was high (I2 

= 86.23%). The funnel plot for the effect sizes appeared 
to be symmetric, suggesting little evidence of publica-
tion bias (see Fig 3). In addition, both Begg and Ma-
zumdar adjusted rank correlation (τ = -.13, P = .42) and 
Egger’s intercept = −3.48, t = −1.13, P = .27, were not 
significant, which indicates no evidence of publication 
bias for these data. 

Excluding the 2 studies with a high-risk of bias,5,39 

resulted in a similar g of .32 [95% CI −.03, .66], which 
was not significant, and heterogeneity was reduced 
(Q = 113.84, P  <  .001; I2 = 85.95%). 

Sub-group analyses were not conducted on pain 
threshold studies due to the small number of sample 
sizes. 

Pain Intensity 
The total sample size for studies examining pain in-

tensity was 1,100 individuals (range 14–108) from 21 
studies with 25 estimates. Fig 4 illustrates the associated 
forest plot and the effects reported for each study. 
There was a large negative mean effect, g = −.80 [95% 
CI −1.13, −.48], which was significant. The heterogeneity 
of effects was significant (Q = 140.01, P  <  .001) and in-
consistency was high (I2 = 82.86%). The funnel plot for 
the effect sizes appeared to be symmetric, suggesting 
little evidence of publication bias (see Fig 5). In addition, 
both Begg & Mazumdar adjusted rank correlation 
(τ = -.12, P = .40) and Egger’s intercept (Intercept = 
−4.09, t = −.89, P = .38) were not significant, which in-
dicates no evidence of a publication bias for these data. 
Excluding the one high-risk of bias study,39 resulted in a 
similar g of −.86 [95% CI −1.18, −.54] and heterogeneity 
(Q = 101.79, P  <  .001; I2 = 77.40%). 

In endurance athletes, subgroup analysis (14 studies 
with 448 participants), indicated a high level of homo-
geneity and a large g = −.77, [95% CI −1.01, −1.53], 
which was significant. Q = 16.98, P = .20, I2 = 23.45%. 
Begg and Mazumdar τ = .10, P = .62 and Eggers 
Intercept = .97, t = .43, P = .67 were not significant, 
which indicates no evidence of publication bias for 
these data. 

In contact athletes, subgroup analysis (1 study with 
104 participants), indicated a high level of homogeneity 
and a large g = −1.85, [95% CI −11.86, 8.15], which was 
not significant. Q = 10.81, P = .001, I2 = 90.75%. Begg 
and Mazumdar τ = −1.0, P = .32. 

In non-contact and non-endurance athletes, sub-
group analysis (4 studies with 250 participants), sub-
group analysis indicated a high level of homogeneity 
and a large g = −.82, [95% CI −2.84, 1.19], which was not 
significant. Q = 49.54, P  <  .0001, I2 = 93.94%. Begg and 
Mazumdar τ = −.67, P = .17 and Eggers Intercept 
= −36.12, t = −3.54, P = .07 were not significant, which 
indicates no evidence of publication bias for these data. 
See Supplementary Materials for funnel, forest plots 
and sub-group meta-analysis results. 

Pain Unpleasantness 
The total sample size for studies examining pain un-

pleasantness was 270 (range 14–53) from 5 studies with 
6 estimates. Fig 6 shows the associated forest plot and 
the effects reported for each study. There was a large 
negative mean effect, g = −.93 [95% CI −2.05, .19], 
which was not significant. Heterogeneity of effects 
were significant (Q = 61.23, P  <  .001) and inconsistency 
was high (I2 = 91.83%). The funnel plot for the effect 
sizes appeared to be symmetric, suggesting little evi-
dence of publication bias (see Fig 7). However, both 
Begg and Mazumdar adjusted rank correlation (τ = -.47, 
P = .19) and Egger’s intercept (Intercept = −24.41, 
t = −1.93, P = .13) were not significant, which indicates 
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no evidence of publication bias for these data. Further 
analysis with trim and fill did not indicate missing data 
points. Excluding the 1 study with a high-risk of bias,40 

also resulted in a large g of −1.23 [95% CI −2.29, .18], 
which was also non-significant, and reduced hetero-
geneity (Q = 16.32, P = .03; I2 = 75.50%). 

Sub-group analyses were not conducted due to the 
small number of studies. 

Pain Tolerance 
The total sample size for studies examining pain tol-

erance was 1614 (range 10–321) from 19 studies with 24 

estimates. Fig 8 illustrates the associated forest plot and 
the effects reported for each study. There was a large 
positive mean effect, g = .88 [95% CI .63, 1.13], which 
was significant. The heterogeneity of effects was sig-
nificant (Q = 86.81, P  <  .001) and inconsistency was high 
(I2 = 73.51%). The funnel plot for the effect sizes ap-
peared to be asymmetric, suggesting evidence of pub-
lication bias (see Fig 9). However, both Begg and 
Mazumdar adjusted rank correlation (τ = .09, P = .52) 
and Egger’s intercept (Intercept = 1.28, t = .74, P = .47) 
were not significant, which indicates no evidence of 
publication bias for these data. Nevertheless, trim and 
fill results indicated that there were 4 missing studies, so 

Table 2. Bothersomeness and Performance During Pain    
STUDY RESULTS   

Sheffield et al (2020) Contact athletes performed better (more quickly) in a motor task during pain compared to non-contact and non- 
athletes. 
Large effect (g = .77)  

Thornton et al (2018) Experienced and novice contact athletes performed better (more quickly and accurately) in a motor task during 
pain than non-contact athletes. Small to medium effects (g = .52 for accuracy, g = .47 for time) 
Experienced contact athletes found pain less psychologically bothersome than novice contact and non-athletes. 
Small effect (g = .35).   

Figure 2. Pain threshold forest plot showing the results of the meta-analysis.  
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data were imputed on the left side of the mean. There 
was still a large positive mean effect, g = .69 [95% CI .43, 
.95], which was significant (P  <  .001). The heterogeneity 
of effects was significant (Q = 102.42, P  <  .001) and in-
consistency was high (I2 = 73.64%). Excluding the 2 
studies with a high-risk of bias,5,40 resulted in a similar g 
of .80 [95% CI .55, 1.04] and reduced heterogeneity (Q = 
60.98, P  <  .001; I2 = 67.20%). 

In endurance athletes, subgroup analysis (11 studies 
with 331 participants), indicated a high level of homo-
geneity and a large g = 1.03, [95% CI .71, 1.35], which 
was significant. Q = 13.00, P = .22, I2 = 23.07%. Begg and 
Mazumdar τ = −.16, P = .48 and Eggers Intercept = −.98, 
t = −.62, P = .55 were not significant, which indicates 
little evidence of publication bias for these data. 

In contact athletes, subgroup analysis (8 studies with 
810 participants) indicated a high level of heterogeneity 
and a large g = 1.13, [95% CI .51, 1.76], which was sig-
nificant. Q = 36.02, P  <  .001, I2 = 80.56%. Begg and 
Mazumdar τ = .57, P = .05 and Eggers Intercept = 6.73, 
t = 4.52, P = .004 indicating there is possible publication 
bias, however, the funnel plot was symmetric and no 
data were added via trim and fill. 

In non-contact and non-endurance athletes, sub-
group analysis (10 studies with 574 participants), in-
dicated a indicated a high level of heterogeneity and a 
medium g = .63, [95% CI .11, 1.15], which was sig-
nificant. Q = 60.51, P  <  .001, I2 = 81.82%. Begg and 
Mazumdar τ = −.24, P = .27 and Eggers Intercept = .97, 
t = .18, P = .86 were not significant, which indicates little 
evidence of publication bias for these data. See  
Supplementary Materials for funnel, forest plots, and 
sub-group meta-analysis results. 

Where cold was used as a pain stimulus, subgroup 
analysis (11 studies with 836 participants) indicated a 

high level of heterogeneity and a large g = .80, [95% CI 
.40, 1.20]. Q = 48.18, P  <  .001, I2 = 79.25%. Begg and 
Mazumdar τ = .20, P = .39. Eggers Intercept = 2.67, 
t = .96, P = .36 suggested there was no evidence of pos-
sible publication bias, however, the funnel plot was 
asymmetric and one data point was added with trim 
and fill on the left-hand side of the mean, producing a 
revised g = .71, [95% CI .29, 1.13], Q = 50.9, P  <  .001, 
I2 = 78.39%. 

Where ischemia was used as a pain stimulus, sub-
group analysis (7 studies with 330 participants) in-
dicated a high level of heterogeneity and a large g = .87, 
[95% CI .17, 1.57] which was significant. Q = 24.10, 
P = .001, I2 = 75.10%. Begg and Mazumdar τ = −.05, 
P = .88 and Eggers Intercept = −1.14, t = −.20, P = .85 in-
dicating there is no evidence of publication bias. 
However, the funnel plot was asymmetric suggesting 
evidence of publication bias with trim and fill indicating 
that there was one missing data point so data were 
imputed on the left side of the mean, producing a re-
vised g = .68, [95% CI −.03, 1.39], Q = 28.54, P  <  .001, 
I2 = 75.47%. 

Discussion 
The meta-analyses indicate that athletes differ from 

non-athletes in response to noxious stimuli across a 
range of outcome measures. There were large differ-
ences for tolerance alongside smaller differences for 
threshold replicating Tesarz’s22 findings. Additionally, 
and for the first time, these analyses revealed significant 
large effects for intensity and non-significant, yet large 
effects for unpleasantness (based only on 5 studies). 
Only 1 study assessed pain bothersomeness, and 2 as-
sessed performance in pain; there were medium effects 
for both outcomes. 

There were differences in pain threshold, but these 
were smaller than for other pain outcomes; the reasons 
for these remain unclear. Ultimately, whilst clinicians 
and researchers may work to the International 
Association for the Study of Pain’s definition, to parti-
cipants, “pain is what the patient says it is”45 and de-
spite marked improvements in brain imaging, there 
remains no ‘objective’ measure of the pain experi-
ence.46 Expressions of pain can be seen as performa-
tive,47 but the context of experimental pain is very 
different from that of clinical encounters or sporting 
situations, which may influence the nature of partici-
pants’ pain expression. Whether variations in threshold 
are best explained in terms of sensory differences or a 
re-definition of the pain experience (a change to what 
an athlete considers painful) therefore requires further 
research involving both Quantitative Sensory Testing 
and pain self-report (eg, to explore changes to per-
ceived anchors). 

An explanation for some differences in reporting of 
perceived pain intensity (which may also account for the 
heterogeneity observed), relates to the language used 
within experimental protocols. This is particularly sig-
nificant in relation to the anchors used for intensity. 

Figure 3. The funnel plot for pain threshold suggesting little 
evidence of publication bias. No additional data were imputed. 
Abbreviation: CES, combined effect size. 
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Whilst numerical rating scales for pain intensity are 
widely used, easy to administer, and offer adequate 
discriminant power,48 some care must be taken when 
interpreting data from such scales, as they may not re-
present a true ratio measure,49 are subject to sex dif-
ferences50 and may actually represent the emotional 
qualities of the pain more than true sensory intensity.51 

It is also well known that language influences responses 
to pain52 so variation in scale anchors may well influ-
ence responses.53 Some studies have used “worst pain 
imaginable” as the highest anchor,21 whereas others 
have used terms less indicative of an upper ceiling. such 
as “severe pain”38 or failed to provide anchor labels.4 As 
athletes, particularly contact or endurance athletes, ty-
pically have more experience of high levels of pain, their 
appraisal of what constitutes “worst pain imaginable” 

or “severe pain” may be altered by those experiences.21 

Furthermore, experimental noxious stimuli cannot re-
present the uppermost regions of a pain scale as it 
would be ethically unacceptable to administer stimuli at 
a level of significant tissue damage or the most extreme 
exhaustion. Many participants will be aware of this, 
which may impact perceived threat and associated re-
sponses. 

Differences in reported pain intensity are large but 
mechanisms are infrequently examined. Thornton 
et al19 found experienced contact athletes perceived 
pain to be less intense than novice contact athletes and 
non-contact athletes, but there were no differences 
between novice contact athletes and non-contact ath-
letes, suggesting that the experience of contact pain 
may account for pain intensity differences. However, 

Figure 4. Pain intensity forest plot showing the results of the meta-analysis.  
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these findings were not corroborated in a longitudinal 
study of novice contact athletes across a season21; there 
were no differences in pain intensity to cold pressor or 
forearm ischemia at the start or end of the season, but 
there were differences in tolerance. Others have sug-
gested conditioned pain modulation (CPM) as a me-
chanism.3,32 However, a recent review, albeit of only 7 
studies, suggests elite athletes may not have better CPM 
compared to controls,53 however, the number of hours 
of training per week was related to CPM. Therefore, 
further research investigating the impact of routine 
exposure to pain on perceived pain intensity is required, 
incorporating longitudinal designs. 

Meta-analyses of later processing (tolerance and un-
pleasantness) indicated that athletes had significantly 
higher pain tolerance than non-athletes. There were no 
differences for unpleasantness, but the effects were large 
and based only on 5 studies. Few studies suggest definitive 
mechanisms for the observed differences in tolerance. 
Some have measured additional variables alongside pain 
tolerance, for example, marathon runners had higher pain- 

specific self-efficacy than controls, which was associated 
with pain tolerance.36 Adaptive coping strategies have 
been linked to pain tolerance in rowers8 and contact ath-
letes.29 Pain-related fear and anxiety is lower in ultra-run-
ners compared to controls.39 Increased pain tolerance may 
also be associated with ’Grit’ (a trait of perseverance).9 

It is unclear however, how these suggested mechan-
isms develop over time. Only 2 longitudinal studies have 
examined changes in pain tolerance over a period of 
competition.11,21 Both found that pain tolerance in-
creased in athletes over that period. Scott and Gijsbers11 

reported that tolerance increased in competitive swim-
mers through the season, in line with training load, 
which also supports the link between training volume 
and tolerance.9 In Thornton et al21, those who con-
tinued to participate in a contact sport had increasing 
pain tolerance. Therefore, whilst tolerance differences 
are clear and can change over time, future research 
should explore the psychological adaptations associated 
with improved tolerance in relation to exposure dura-
tion linked to both the course of a competitive season 
and the volume of training undertaken. 

The larger number of participants and effects asso-
ciated with tolerance and intensity differences afforded 
a small number of subgroup analyses. Tolerance data 
comparing endurance athletes with non-athletes were 
homogenous and had a large mean effect. The effects 
for contact athletes were heterogeneous but of a si-
milar magnitude. The non-contact and non-endurance 
athlete group differed least with non-athletes. There 
were no clear differences in intensity, however, en-
durance athletes did demonstrate differences compared 
to controls. Few studies have looked to compare contact 
athletes, endurance athletes, ‘other athletes’ and non- 
athletes/active controls within the same study. In the 
limited number that have, different group comparisons 
were made.2,5,14,35 One study found that football 
players and cross-country skiers had higher tolerance 
than fencers and karateka.2 Another reported that en-
durance athletes had higher tolerance than strength 
athletes and controls.14 One study indicated that con-
tact athletes had higher tolerance than non-contact 
athletes and non-athletes.5 Another however, found no 
differences.35 Research to date therefore does not 

Figure 5. The funnel plot for pain intensity suggesting little 
evidence of publication bias. No additional data were imputed. 
Abbreviation: CES, combined effect size. 

Figure 6. Pain unpleasantness forest plot showing the results of the meta-analysis.  
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reveal a clear pattern of pain tolerance differences be-
tween athlete groups. 

Only 2 studies detailed differences in the impact (per-
ceived or observable) of noxious stimuli—one study ex-
amined performance in pain and one study examined both 
performance in pain and bothersomeness.19,25 Experienced 
contact athletes found pain less psychologically bother-
some than novice contact and non-athletes.19 Contact 
athletes, regardless of experience, performed better on a 
motor task during pain compared to non-contact athletes19 

and non-athletes.25 Additionally, both experienced and 
novice contact athletes showed a smaller drop in perfor-
mance on a motor task in pain compared to non-athletes.19 

However, Sheffield et al25 assessed but did not find per-
formance differences in pain during a cognitive task. Fur-
ther work is therefore required, using a variety of tasks, 
both to confirm these apparent differences in perceived 
impact and observed performance, and to explore under-
lying mechanisms. 

Figure 7. The funnel plot for pain unpleasantness suggesting 
little evidence of publication bias. No additional data were 
imputed. Abbreviation: CES, combined effect size. 

Figure 8. Pain tolerance forest plot showing the results of the meta-analysis.  
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The review highlighted discrepancies in how methods 
and results were reported. For sampling, risk of bias was 
introduced through a lack of detail on both athlete 
group/s and non-athlete controls (eg, the amount and 
type of training, years of experience, competitive level 
of athletes; for controls amount of exercise undertaken 
and whether they were former athletes was incon-
sistently described).2 Other omissions for the sample 
included injury history, previous or ongoing pain, and 
demographic characteristics.7,35 Protocols for pain as-
sessment methods were often not clearly defined (eg, 
ice bath temperatures, circulation methods and the 
nature of ceiling limits).40 In addition, anchors for pain 
assessment scales were often not stated.4 Many older 
studies did not report power calculations, effect sizes,5 

or statistical assumptions. There was also selective re-
porting of outcomes11,12 and some studies did not re-
port sufficient data to be included in the meta- 
analysis.54,55 Future studies should aim to address these 
methodological concerns and move towards measuring 
the impact of pain on performance in sport. Research 

into the interaction between exposure to e-sports and 
pain processing could also be considered. 

In this review a limited number of databases were 
searched, however back and forward searches were 
conducted, and no additional studies were identified. 
Furthermore, articles were excluded if they were not 
written in English. Meta-regression approaches were 
not employed to examine between-subjects hetero-
geneity, but subgroup analyses were performed where 
possible. Nevertheless, we focused on a range of pain- 
reporting assessments and identified a considerably 
larger number of articles than previous reviews. 

Conclusions 
Athletes have higher pain thresholds and tolerances 

than non-athletes, and they report pain to be less in-
tense. However, heterogeneity within the data limits 
the number of conclusions that can be confidently 
stated. For most athletes and coaches, the greatest in-
terest is likely to be based around the least explored 
aspect of pain in athletes—the impact of pain upon 
performance. Available data does suggest that pain has 
less impact upon athletes in terms of both bother-
someness (perceived impact) and measured task per-
formance. 

Whilst differences can be assuredly stated, underlying 
mechanisms have yet to be fully defined and future 
research must examine key psychological variables 
alongside outcome measures. Athletes may well be 
considered a ‘different breed’, but as yet it is not en-
tirely clear why, or how the difference develops. 
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