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This cross-sectional study aimed to obtain fundamental knowledge about pain during

a marathon run. During the first seven months of 2007, announcements on websites

of interest to marathon runners were used to recruit participants. A total of 1,251

runners (550 female runners) completed a 41-question online survey about the location

and intensity of their primary pain during their last marathon and potentially related

variables [perception of effort during themarathon, number of prior marathons run, typical

pain intensity during training runs, percentage of training days with run-induced pain,

highest intensity pain ever experienced]. Pain location was selected from a list of 27

specified body sites covering the entire body. Kilometer at which pain first occurred

indexed pain threshold. Pain intensity at the primary location of pain was measured

with a standardized, well-validated 0–10 pain intensity scale. Pearson correlations and

multiple regression quantified the associations between average pain intensity and other

variables. Sex-related differences in pain were tested using independent t-tests. Effort

ratings (6–20) were added as a covariate in an ANCOVA to test if perceived effort

accounted for possible sex-related differences in pain. Based on the available research,

it was hypothesized that: (i) most runners would report moderate intensity pain, (ii)

pain would be associated with both exercise intensity during the marathon and pain

during training, and (iii) after adjusting for expected sex-related differences in perceived

effort, females would experience pain earlier and rate the pain intensity as higher. All

but two runners (99.8%) reported pain during a marathon, and most frequently in the

anterior/medial thigh (17.1%), hamstring (10%), and calf (9.3%) locations. Pain threshold

occurred at 25.3± 9.8 km (15.7± 6.1 miles) and the overall pain intensity of the run was

5.26 ± 2.45. No sex-related pain differences were found. Overall pain intensity during a

marathon was significantly associated with: pain intensity during training runs (r = 0.39),

percentage of training days with run-induced pain (r = 0.23), highest intensity pain ever

experienced (r = 0.23), number of prior marathons (r = −0.18), and intensity of effort
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(r = 0.11) (all P < 0.001). Most runners experience moderate to very strong intensity

pain during a marathon; the pain was independent of biological sex, and the pain is

weakly associated with marathon race experience, pain during training, race effort, and

the highest intensity of pain ever experienced.

Keywords: exercise, pain intensity, pain threshold, perceived exertion, running, sex differences

INTRODUCTION

Completing a marathon run is difficult and includes multiple
challenges including coping with the naturally occurring pain
experienced during the exercise (Cook et al., 1997). This paper
focuses on naturally occurring pain during running and not
on pain caused by a major musculoskeletal injury or pain that
is common after a marathon that is often delayed in onset by
24–72 h. Pain has been defined by experts as an unpleasant
sensory and emotional experience associated with, or resembling
that associated with, actual or potential tissue damage (IASP,
2012). Pain experts also have concluded that “pain is always
a personal experience” and that “a person’s report of pain
should be respected.” One highly cited study found that elite
male distance runners used elaborate cognitive association and
dissociation techniques to attempt to better tolerate pain during
marathon races (Morgan and Pollack, 1977). This early work
was conducted with elite athletes. However, non-elite runners
account for the majority of the approximately 1.1 million runners
who participate in organized marathon races worldwide each
year (Anderson, 2019).

Better understanding pain during a marathon is potentially
important for several reasons. One reason is the paucity of
empirical information about pain during a marathon among
non-elite distance runners. Related studies have examined pain
in association with a single marathon race, using a small sample
size and pain was assessed after the exercise. Thus, the location,
intensity, and prevalence of pain during a marathon is uncertain
and an initial estimate could be obtained from a cross-sectional
study. A second reason is to discover relationships between
pain during a marathon and other important related outcomes.
For example, a marathon often results in delayed onset muscle
injury but the extent to which this type of pain and pain during
a marathon are related has never been explored. One recent
investigation did find that pain data obtained immediately after
a marathon run resulted in unique associations with biological
outcomes compared to the commonly assessed delayed onset
measures of pain that are obtained 1–3 days post-marathon
(Tokinoya et al., 2020). Analogously, there is a need to know
whether unique and useful insights are gleaned from obtaining
pain data during a marathon and relating it to outcomes of
interest such as those involved in recovery from a marathon
run. A third type of reason includes potential relationships
between pain and psychological factors such as self-identity (Lev,
2019), feelings of accomplishment (Hammer and Podlog, 2016),

Abbreviations: CI, confidence interval; SD: standard deviation.

and enjoyment of distance running (Bale, 2006). A fourth type
of reason for understanding pain during a marathon involves
potential relationships with behavioral factors such as adherence
to regular running (Slimmon et al., 2002) and performance in a
marathon race (Stevens et al., 2018). While these relationships
are plausible, fundamental questions related to pain during a
marathon have not yet been addressed adequately by researchers.
Questions of interest include the onset of pain during a marathon
and its overall intensity.

If these questions are to be answered and our understanding
of pain during marathon running is to advance more fully, it is
critically important to obtain empirical data describing plausible
correlates of pain during marathon running (Sparling et al., 1993;
Curtis et al., 2016). For instance, perceptions of effort ratings are
frequently obtained during exercise but only relatively recently
has there been interest in obtaining concomitant pain ratings
during exercise (Cook et al., 1997; Staiano et al., 2018). A notable
exception has been the recording chest pain among those with
a suspected or actual cardiac condition (O’Connor and Cook,
1999). So, correlational data are needed to better understand
the overlap and distinctions between the related concepts of
pain and effort perceptions. Also, prior pain experiences can
influence subsequent pain responses to noxious stimuli (Rollman
et al., 2004). Thus, it would be potentially important to generate
empirical data examining whether substantial relationships exist
between pain during a marathon run and experience with
prior pain. Potentially important correlates include general pain
experience measures such as of the most intense pain ever
experienced (Roy et al., 1989). Other variables of interest are
running specific measures such as the percentage of training days
that running-induced pain occurred and the average intensity of
pain at the primary pain location during training (Lohrer et al.,
2018).

Closely related research has tested potential treatments for
muscle pain experienced post-marathon (Shanely et al., 2014),
documented pain sensitivity to cold or pressure following longer
ultramarathon runs (Freund et al., 2013), or been focused on
specific types of pain associated with marathon running such
as breast pain (Brown et al., 2014). One study (n = 127) of
primarily male runners (85% of the sample) reported amean pain
immediately after a marathon run that was of moderate intensity
(∼5 on a 0–10 scale). However, no assessment of pain intensity
during the run was made (Babel et al., 2018).

In part because more research has been conducted with
males than females historically, another question of substantial
interest concerns potential sex-related differences. A wealth of
literature has shown sex-related differences in pain (Bartley
and Fillingim, 2013), including musculoskeletal pain (Rollman
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and Lautenbacher, 2001). Compared to groups of males, female
samples are characterized by a lower pain threshold and report
higher pain ratings when given standardized noxious stimuli
in laboratory settings (Riley et al., 1998). If these lab-based
findings generalized to pain during marathon running, they
might help to explain other observations such as the sex-related
difference in pacing during the marathon (Hubble and Zhao,
2016). Whether there are sex-related differences in pain during
marathon running appears to have never been investigated.

To address some of the questions introduced above, a
cross sectional survey study of recreational marathon runners
was conducted in order to obtain some initial fundamental
knowledge about pain during a marathon run. The aims of this
cross-sectional study were: (i) to describe pain experiences during
a 42.2 km (26.2 mile) marathon (i.e., primary body location of
pain during exercise, its average intensity during the run, and
when during the run the pain started), (ii) to quantify selected
correlates of the average pain intensity experienced at the primary
location of pain during a marathon, and (iii) to consider possible
sex-related differences.

Based on the report of moderate mean pain intensity post-
marathon (Babel et al., 2018), it was hypothesized that most
participants would report pain during the marathon (>50%) and
on average, the pain would be of moderate intensity. It was also
hypothesized that the intensity of effort put into the run would
be significantly correlated with the average pain intensity during
the marathon based on experiments showing that perceived
exertion ratings are positively related to pain intensity during
other types of exercise (Cook et al., 1997). Based on the general
psychological principal that past behavior guides future behavior
(Ouellette and Wood, 1998) as well as evidence that this idea is
supported by studies of physical activity behavior habits (Rebar
et al., 2016), it was also hypothesized that average pain intensity
during the marathon would be associated with the presence of
pain experienced while training for the marathon. Lastly, it was
hypothesized that females would experience pain earlier during
the marathon and would rate the intensity as higher, even after
adjusting for expected sex-related differences in effort (Garcin
et al., 2005).

METHODS

Design
A cross-sectional design was used to answer the research
questions. Adult participants were recruited using online
announcements that asked marathon runners to complete
a survey of ∼10 min. All methods were approved by the
Institutional Review Board prior to collecting data and written
informed consent was obtained from all participants (University
of Georgia IRB, #200701014).

Participant Recruitment
A cross-sectional online survey was used, rather than studying
runners from a single, local marathon race, to obtain information
from a broader sample of marathons and runners in order to
increase the generalizability of the findings. Announcements
were available from January 1, 2007 to July 31, 2007 on websites

of interest to marathon runners including race websites (i.e.,
Chicago, Georgia, Grandma’s, Twin Cities), a running shoe
and apparel website https://www.runningwarehouse.com), an
online magazine (Runner’s World), an online discussion group
(LetsRun), and emails sent to individual runners known to
the investigator. No other media was used to disseminate the
information. The announcements had a link to the survey
questions, which were administered electronically via Survey
Monkey (www.surveymonkey.com).

Survey
The survey was developed for the study by the author (PJO)
with assistance from a research assistant (JD), both of whom had
marathon running experience. The author drafted the questions
and the research assistant reviewed the items and suggested edits
for clarity. After this, the survey was administered to three local
runners who were asked for clarity suggestions. The final survey
consisted of 41 questions. The final survey is available in the
Supplementary Appendix.

The primary outcomes were pain location, pain threshold,
and pain intensity. The primary location of pain during the
most recent marathon was selected from a list of 27 specified
body sites covering the entire body. A 28th option allowed
participants to choose, but not specify, “some other site.” The
location categories were based on a widely used body figure
pain drawing classification system (cf. O’Connor et al., 2000)
that was adapted by the investigator for running. The adaptation
involved both increasing the number of lower leg categories
to obtain more specific information on pain sites (e.g., adding
lateral and medial knee locations) and combining some upper
body locations expected to have infrequent pain (e.g., arm pain
was used rather than separate reports of left and right lower
arm, elbow, and upper arm sites). The International Association
for the Study of Pain defines pain threshold as “The minimum
intensity of a stimulus that is perceived as painful.” The term
pain threshold, however, is also widely used to describe when a
non-painful stimuli, such as pressure applied to the finger or heat
or cold applied to the skin, becomes painful as the duration of
exposure to the stimuli continues. An analogous pain threshold
measure was used in the present investigation. Pain threshold
was inferred from the following question, which did not specify
pain location, “At what mile did you begin to feel pain during
your last marathon?” The average intensity of pain during the
marathon at the primary pain location was queried using a 0–10
numerical category pain intensity scale that includes the anchors:
1 = weak pain, 2 = mild pain, 3 = moderate pain, 5 = strong
pain, and 7 = very strong pain. Results from numerous studies
support the validity of this scale as a measure of pain intensity
(Cook et al., 1997). The validity evidence includes data obtained
during moderate intensity cycling and running exercise modes
with durations of 30 to more than 60 min (Lopez et al., 2011;
Herring et al., 2019).

Other outcomes included finishing time and the overall
perceived intensity of effort put into the most recent marathon
run was reported using Borg’s 6–20 scale (Borg, 1998). There is
substantial evidence to support the validity of this approach to
measuring perceived exertion across an entire exercise session
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(Haddad et al., 2017). A subset of questions also asked about
responses to training which preceded the most recent marathon
run and were thought to be of potential relevance to pain
experienced during the marathon. These included an estimate
of the percentage of training days that running-induced pain
occurred and the average intensity of pain at the primary pain
location during training.

Statistical Analysis
Data were imported into the Statistical Package for Social
Sciences (version 24) for analysis. Respondents who provided
inaccurate answers to questions that could be verified (e.g.,
responses outside the possible range on a variable, such as
age >120) were excluded. Pairwise deletion was used to manage
missing data. Significance was set to P < 0.001, rather than
0.05, to conservatively minimize potential bias resulting from
conducting multiple statistical tests.

Prevalence Data

Means and 95% confidence intervals described the pain intensity
data, frequency of occurrence described the body location, and
both frequency as well as mean and 95% confidence intervals
described the pain threshold data.

Correlational Data

Pearson correlations, and associated 95% confidence intervals,
quantified the associations between average pain intensity
experienced at the primary location of pain and (i) pain intensity
felt during training runs, (ii) the percentage of training days
with run-induced pain, (iii) the highest intensity pain ever
experienced, (iv) the number of prior marathons run, and (v)
relative exercise intensity as indexed by perception of effort.
Partial correlation coefficients were used to examine whether
these relationships were influenced by the number of weeks since
the last marathon was run. Multiple regression examined the
relationship between average pain intensity experienced at the
primary location of pain as the dependent variable and the set
of independent variables above (i–v) as well as performance time
and biological sex.

Sex-Differences

Mean differences in pain between sexes was assessed using
independent t-tests and effect sizes were calculated using Cohen’s
d. Differences in the location of pain between sexes was assessed
with z-scores for tests of two proportions. Effort ratings were
added as a covariate in an ANCOVA to test if effort accounted
for possible sex-related differences in pain intensity.

For all three categories of data, sensitivity analyses were
conducted to consider if the findings were influenced when those
reporting pain at the starting line (n = 147 participants) were
removed from the data set.

RESULTS

Data from 19 respondents were excluded for inaccurate answers
to questions that could be verified. There was a total of 1.4% of
missing data among the total 51,291 responses to the 41 question

survey. Descriptive statistics for the female and male samples,
including sample size variations because of missing data across
the variables, are provided in Table 1. The participants ran in
252 different marathons held in Australia, North America, and
Europe, most (95%) were run in the United States. The median
and mode number of weeks since participating in the target
marathon was 21 and 1, respectively.

Prevalence
Pain threshold was normally distributed and on average occurred
at 25.3 ± 9.8 km (15.7 ± 6.1 miles) into the run (95% CI:
24.6–25.9 km and 15.3–16.1 miles). These data are illustrated
in Figure 1. Similar results were observed after those reporting
pain at the starting line were removed in a sensitivity analysis:
25.9± 9.0 km (16.1±5.6 miles).

The mean and SD pain intensity at the primary location were
5.26 and 2.45 while the 95% confidence interval ranged from 5.12
to 5.40. The mean and SD pain intensity at the primary location
were 5.14 and 2.44 after those reporting pain at the starting line
were removed in a sensitivity analysis.

The primary sites that pain was experienced most frequently
during the marathon were the anterior/medial thigh (17.0%),
hamstring (10.1%), and calf (9.3%) muscle groups. The data for
all the body locations are presented in Table 2.

Correlations
The bivariate correlation results are presented in Table 3.

Statistically significant bivariate correlations were found that
were weak in magnitude between average pain intensity during
the marathon and measures of prior pain experience, marathon
running experience, and relative exercise intensity.

The multiple regression showed that each of the independent
variables contributed significantly to the prediction of average
pain intensity during the marathon (R = 0.473; R2 = 0.224;
P < 0.001). The standardized beta coefficient (β) and significance
for each variable was: (i) pain intensity felt during training runs
(0.300; p< 0.001), (ii) the highest intensity pain ever experienced
(0.168; p < 0.001), (iii) total run time (0.128, p < .001), (iv)
perceived exertion (0.120, p < 0.001), (v) the number of prior
marathons run (−0.109; p < 0.001), and (v) percentage training
days with running-induced pain (0.090, p= 0.001).

Statistically significant bivariate correlations that were weak
in magnitude were observed between pain threshold and pain
during training.

The significance and strength of these bivariate associations
did not change in partial correlation analyses that statistically
accounted for the number of weeks since the last marathon was
run or the presence/absence of pain at the starting line.

Sex Differences
There was not a significant difference between the female and
male sample for the number of weeks since the last marathon
had been completed. The percentage of female and male samples
reporting pain did not differ significantly at any of the 27 body
sites tested. The mean ± SD km (mile) at which the females and
males began to feel pain during the marathon were 24.6 ± 9.8
and 25.7± 9.8 km (15.3± 6.1 and 16.0± 6.1 mile), respectively.
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TABLE 1 | Characteristics of the female and male samples of marathon runners surveyed.

Variable Sex N Mean SD Cohen’s d Sex difference p-value

Age-years Female 552 36.03 10.15 0.40 <0.001

Male 696 40.32 11.22

Body mass-kg Female 535 59.65 7.54 1.73 <0.001

Male 688 75.08 10.10

Pain at primary pain location 0–10 Female 553 5.43 2.45 0.13 0.026

Male 698 5.12 2.43

Highest intensity pain ever experienced 0–10 Female 551 9.11 2.60 0.05 0.353

Male 695 9.24 2.66

Prior marathons run Female 553 6.84 12.46 0.15 0.009

Male 698 8.78 13.47

% of training days with running-induced pain Female 553 24.44 23.20 0.15 0.008

Male 698 21.02 21.97

Pain intensity at primary location in training 0–10 Female 553 4.97 1.89 0.21 <0.001

Male 698 4.56 1.95

Perceived exertion 6–20 Female 553 14.38 2.18 0.28 <0.001

Male 698 14.99 2.24

42K run time minutes Female 523 261.95 49.99 0.63 <0.001

Male 665 230.58 49.67

Start line pain intensity 0–10 Female 553 1.40 1.15 0.07 0.239

Male 698 1.32 1.07

FIGURE 1 | Frequency distribution of the mile at which pain was first

experienced during a marathon.

The associated 95% confidence intervals for the female (23.7–
25.4 km and 14.7–15.8 mile) and male (24.7–26.4 km and 15.5–
16.4 miles) samples overlapped and there was no significant sex
difference in pain threshold (t = 1.877, df = 1,109, p = 0.061;
d= 0.11). The average pain intensity was non-significantly higher
for the female (5.43 ± 2.45) vs. the male (5.12 ± 2.43) sample
and the difference did not become significant after accounting
for sex-related differences in effort or the absence/presence of
pain at the starting line in an ANCOVA. Biological sex was not

a statistically significant predictor of average pain intensity at
the primary location of pain when it was added to the multiple
regression (standardized beta= 0.11; p= 0.684).

DISCUSSION

The primary findings of this investigation include that essentially
everyone experiences pain during a marathon (99.8%). For most
individuals, the pain during a marathon run begins between
24 and 26 km (mile 15 and 16), most frequently in the
anterior/medial thigh, hamstring, and calf muscle groups. This
pain for most runners on average is moderate-to-strong in
intensity. This type of acute pain is independent of biological
sex, and tends to be worse among those reporting more pain
during training, less marathon experience, higher effort, and
higher intensity of the worst pain ever experienced.

Pain Threshold
On average, runners reported pain starting between 24 and
26 km (mile 15 and 16) of the marathon. However, there was
substantial variability in the onset of pain during a marathon,
ranging from within the first km/mile to the last km/mile of the
race. Substantial inter-individual variability characterizes pain
threshold measures even when standardized noxious stimuli
are presented to a homogeneous group in a lab setting,
including cycling exercise stimuli (Cook et al., 1997; Cathcart
and Pritchard, 2006). Thus, it was not surprising that there was
substantial variability in the km/mile at which pain was first
experienced during a marathon run. Plausible related to this was
that the absolute exercise stimulus was not the same for every
participant because of variations in, for example, race course
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TABLE 2 | Body locations of primary pain during a marathon run.

Location of primary pain during 42k run Percentage of the

sample reporting

Anterior/medial thigh 17.0%

Hamstring 10.1%

Calf 9.3%

Anterior knee 5.2%

Lateral knee 5.0%

Iliotibial band 4.6%

Ball of foot 4.1%

Hip 3.3%

Hip flexor 2.9%

Low back 2.7%

Toe 2.4%

Arch of foot 2.3%

Medial knee 2.2%

Heel of foot 2.1%

Ankle 1.8%

Abdominals 1.6%

Buttocks 1.6%

Shins 1.5%

Top of foot 1.4%

Groin 1.3%

Chest 0.7%

Shoulders 0.7%

Upper back 0.3%

Neck 0.3%

Arms, hands or fingers 0.2%

Head 0.1%

Some unspecified other location 2.8%

No primary location 10.2%

TABLE 3 | Correlations and 95% confidence intervals for average pain intensity

and pain threshold.

Pain intensity Pain threshold

Variable r-value 95% CI r-value 95% CI

Pain intensity during training runs 0.39* 0.35–0.44 −0.22* 0.16–0.28

Training days with run-induced pain 0.23* 0.18–0.28 −0.32* 0.27–0.37

Highest intensity pain ever 0.23* 0.17–0.28 0.05 −0.01 to 0.10

Number of prior marathons run −0.18* 0.12–0.22 0.01 −0.06 to 0.08

Relative exercise intensity 0.11* 0.05–0.16 0.05 −0.01 to 0.11

Relative exercise intensity

controlling for marathon run time

0.18* 0.12–0.23 −0.01 −0.05 to 0.07

*P < 0.001.

elevation. Despite the variability, it was logical that runners
who reported a lower pain intensity during training and a
lower percentage of training days with run-induced pain also
tended to report a pain threshold that occurred later in their
marathon run. These relationships were weak in magnitude and
the lower bound of the 95% confidence interval did not overlap
zero. A significant negative correlation between pain threshold

and perceived exertion might have been expected logically but
these two variables are known to be independent in some
circumstances (Staiano et al., 2018).

Pain Location
The fact that pain was experienced most frequently in the
anterior/medial thigh, hamstring, and calf muscle groups is
consistent with prior reports of hamstring and calf injuries
among marathon runners (Satterthwaite et al., 1999). The
hypothesis that most runners (>50%) would experience pain
during the marathon was confirmed. Indeed, only 2 of 1,251
runners reported feeling no pain during a marathon. These data
indirectly support the idea that pain is not a primary constraint
on human endurance performance (Staiano et al., 2018). For
example, ultramarathon runners can continue to endure for
160 km or more per day (100 miles) despite the presence of pain
(Hoffman et al., 2007). It may be possible for a higher percentage
of participants to run a pain-free marathon if they are well-
trained for the task, and if a key goal is to run at a pace that
avoids pain. It is unknown howmany people who participate in a
marathon, runwith a primary goal to avoid pain. Themotivations
for running were not assessed among the participants in the
present study. Individuals train for and run marathons for a host
of reasons, including to lose weight, to increase physical fitness, to
give life meaning, to help cope with life’s problems, to socialize, to
achieve a goal, and others (Masters andOgles, 1998; Hammer and
Podlog, 2016). Certain types of goal achievement motivations,
such as running a fast time, are inconsistent with avoiding pain.

Hypothesis of Moderate Intensity Pain for
Most Runners
The hypothesis that most people would experience moderate
intensity pain during the marathon was not confirmed. The
average pain intensity at the primary location of pain represented
pain that was “strong.” Strong pain is more intense than
moderate on the scale used. The mean pain intensity was
less than the highest intensity pain ever experienced, which
in this study approached the extremely intense category of
the 0–10 scale used. About two thirds of the sample reported
overall pain that ranged from 3 (moderate) to 7 (very strong).
The only prior study that measured the pain of running a
marathon found that recalled pain intensity of the marathon
1 week or 1 month after the marathon averaged between 5
and 6 on an 11-point numerical scale (Babel et al., 2018).
These observations are generally consistent with the present
findings. The prior study manipulated the timing of the recall
post-marathon and compared participants who were, and were
not, experiencing pain during the recall period. The authors
concluded that pain intensity experienced during a marathon
run is underestimated 1 month after the marathon compared
to a week after, and is mediated by the pain experienced when
the recall is made (Babel et al., 2018). No direct comparison
can be made between this prior smaller study and the present
study because of methodological and study aim differences.
In the current study, the presence of pain during the recall
was not obtained and the time since the last marathon varied.
In the present study, the time since the last marathon was
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measured. Removing the influence of that variable did not
significantly change the strength of associations based on partial
correlation analyses.

Hypothesized Correlates of Pain Intensity
During a Marathon
As hypothesized, the intensity of pain during training and
the percentage of training days in pain were significantly and
positively, though weakly, related to pain during the marathon.
These relationships seem plausible in part because whatever
caused the pain during training, such as an injury, hilly training
routes, or high intensity effort, could have carried over to
the race day. Prior aerobic training (Owen et al., 2019) and
physical fitness (Schmitt et al., 2020) might have influenced
pain during the marathon. Alternatively, non-running related
variables could be important moderators, including genetics
(Meloto et al., 2018), family history of hypertension (Cook et al.,
2004), typical sleep duration (Herrero Babiloni et al., 2020), and
health status.

It is unclear why the average pain intensity during the
marathon was positively and weakly correlated with the highest
intensity pain ever experienced. Speculation about masochistic
and addictive elements of long distance running could be relevant
(Nogueira et al., 2018). Also, rating judgements may be different
after exposure to a high intensity pain if it resets the high-
end anchor on the pain scale (Rollman et al., 2004). Future
research is needed to fully understand this finding. Possible
explanations for the weak negative correlation between the
number of priormarathons and pain during themarathon appear
more straightforward. Multiple psychophysiological adaptations
from training for, and competing in, marathon runs serve to
reduce pain and effort perceptions associated with the marathon
(Sparling et al., 1993).

Effort ratings were weakly and positively correlated with the
average pain intensity experienced during the marathon run
(r = 0.11) and the magnitude of the relationship was higher
after controlling for run time (r12.3 = 0.18). Pain and effort are
conceptually positively related; exerting more effort results in
running faster which increases the likelihood of higher intensity
pain. The magnitude of these relationships, however, can be
influenced by a host of variables. These variables include whether
one is running uphill or downhill (Garnier et al., 2018), recent
prior run training (Black and Dobson, 2013), exercise duration
(Slapšinskaite et al., 2017), and health status (Cook et al., 2003).
Most of the available data about pain and perceived effort during
exercise comes from studies of indoor cycling. Thus, the present
study adds novel data to the small literature on pain, effort, and
marathon running.

Hypothesized Sex-Related Differences
On average, females did report higher average pain intensity
at the primary location of their pain sooner in the race
than males by an average of 0.3 raw pain score units. The
magnitude of this difference was not enough to support
the hypothesized sex-related difference in this variable, even
after adjusting for the sex-related difference in effort. The
observation of lower effort ratings, on average, for the female

sample compared to the males is consistent with prior
studies. These studies show that females, compared to males
often exercise at a lower intensity and engage in physical
activity modes that are less strenuous (Mcarthur and Raedeke,
2009; Watson et al., 2015). In marathon running, however,
women maintain a steady pace to a greater extent than
men. This plausibly could contribute to lower effort ratings,
though the reason for this sex-related difference is unknown
(Deaner et al., 2015).

Strengths, Weaknesses, and Implications
for Research and Practice
Pain experienced during marathon running has received little
research attention. This paper addressed part of this knowledge
gap. A key strength of this study was the broad sample of
marathon runners that included females and males, younger and
older adults, and individuals who ran in 251 different marathon
races across multiple continents.

This investigation had several weaknesses. Given the
epidemiological nature of the study, it was not possible to
conduct interviews with participants in order to clarify the
nature of the stimulus for their pain. The presence of pain at
the starting line among 147 participants, for example, may
have been the result of a chronic injury and consequently their
reports of pain may have differed from those who were not
injured. When these individuals were removed in the sensitivity
analyses, large differences yielding different conclusions did not
emerge. The study also was not controlled in a way that each
runner ran the same course. Consequently, error variance in
estimating pain intensity during the marathon potentially was
increased because of differences in the courses run. The survey
was not a random sample from a well-defined population of
marathon runners. Therefore, the findings may not generalize
to all other samples of marathon runners. Nonetheless, the
findings contribute to the literature because the substantial
number of participants, the diversity of marathon courses, and
the absence of similar data. Comparisons between females and
males were imperfect because they were not based on samples
carefully matched to avoid confounding variables such as the
course run, prior training, running speed, and other variables
that could have influenced pain intensity. The participants in
this study recalled pain related to their last marathon, thus
potential recall bias could have influenced the outcomes. The
extent to which the present findings, based on data obtained
in 2007, generalize to 2020 is uncertain given the potential
for cohort effects associated with changes in environmental
or cultural variables across time. Lastly, it was a limitation
that numerous biological (e.g., skeletal muscle fiber type),
psychological (e.g., whether an individual catastrophizes about
pain), and social factors (e.g., running alone or with a partner)
that can influence pain were not measured or accounted for in
the present investigation.

The present results are of potential practical use to
clinicians, coaches, and novice marathon runners because
it gives them science-based information about the timing and
magnitude of pain to be expected during a marathon run.
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Investigators can use the present findings as a platform
to conducted future experimental trials that rigorously
control variables of interest such as the marathon course
and environment. The present data also may inform future
studies that match men and women on training prior to
the marathon in order to better understand pain during
marathon running.

CONCLUSION

The present study shows that a marathon run is associated with
moderate to severe pain for most runners. This type of acute
pain is independent of biological sex, and tends to be worse
among those reporting more pain during training, less marathon
experience, higher effort, and higher intensity of the worst pain
ever experienced.
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