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Abstract
Background/aims: Athletes who choose to engage in contact sports do so with the
knowledge that participation will bring pain in the form of contact with others, injury, and
from exertion. Whilst athletes who play contact sports have been shown to have higher pain
tolerance than those who do not, it is unclear whether this is a result of habituation over time,
or as a result of individual differences at the outset. The aim was to compare pain responses
over an athletic season in athletes who participated in contact sport and those who disengaged
from it.
Methods: One hundred and two new contact athletes completed measures of cold and
ischemic pain tolerance, perceived pain intensity, pain bothersomeness, pain coping styles
and attendance at the start, middle (4 months) and end (8 months) of their season. The
athletes were drawn from martial arts, rugby and American football. Cluster analysis placed
47 athletes into a participating category and 55 into a non-participating cluster.
Results: Participating athletes had higher ischemic pain tolerance at the start (r =0.27, p =
0.05), middle (r =0.41, p < 0.0001) and end of the season (r = 0.57, p < 0.0001) compared to
non-participating athletes. In addition participating athletes were more tolerant to cold pain at
the end of the season (r = 0.39, p < 0.0001), compared to non-participating athletes.
Participating athletes also exhibited higher direct coping, catastrophized less about injury
pain and also found contact pain to be less bothersome physically and psychologically
compared to non-participating athletes. Participating athletes were more tolerant of ischemic
pain at the end of the season compared to the start (r = 0.28, p = 0.04). Conversely non-
participating athletes became significantly less tolerant to both pain stimuli by the end of the
season (cold pressor; r = 0.54, p <0.0001; ischemia; r = 0.43, p = 0.006). Pain intensity as

measured by a visual analog scale did not change over the season for both groups.



Conclusions: Those who cease participation in contact sports become less pain tolerant of
experimental pain, possibly a result of catastrophizing. The results suggest that athletes who
commit to contact sports find pain less bothersome over time, possibly as a result of
experience and learning to cope with pain. Athletes who continue to participate in contact
sports have a higher pain tolerance, report less bothersomeness and have higher direct coping
than those who drop out. In addition, tolerance to ischemic pain increased over the season for
participating athletes.

Implications: Having a low pain tolerance should not prevent athletes from taking part in
contact sports, as pain becomes less bothersome in athletes who adhere to such activities.
Participating in contact sports may result in maintained cold pain tolerance, increased
ischemic pain tolerance, reduced catastrophizing and better coping skills. Coaches can
therefore work with athletes to develop pain coping strategies to aid adherence to contact

sports.
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1. Introduction

There is evidence that athletes and non-athletes differ in their responses to pain [1,2]. A
meta-analysis of 15 studies found that athletes have a higher pain tolerance than non-athletes
[3]. Athletes who participate in high contact sports have higher pain tolerance and report less
pain intensity than athletes who play non-contact or low contact sports [4,5,6]; Athletes who
engage in endurance sports also exhibit higher pain tolerance than others [7], and highly
trained swimmers have higher pain tolerance than recreational athletes [8].

There are many plausible reasons for these differences, including alterations to
endogenous inhibitory processes [3], individual differences such as personality [9], or
learning to cope with pain [10]. It has been postulated that engaging in regular, vigorous
physical activity may alter pain perception and tolerance, [3,11,7]. Such activity may improve
or alter endogenous inhibitory processes, thereby reducing pain. Thus, endurance athletes
may perceive and process pain differently to non-athletes as a result of repeated exposure to
exhausting training [7]. Further studies have suggested that participation in high intensity
training along with personality traits and perceptions regarding pain control may mediate pain
responses [12]. It has also been postulated that individuals learn to tolerate pain through the
use of coping strategies [12], or through habituation [13], resilience [14] or experience [5]. In
laboratory studies repeated exposure to pain has resulted in task interference habituation,
indicating that in controlled environments, the recurrent experience of pain may reduce its
intensity and its detrimental effects on performance [13]. It has also been suggested that pain
intensity may decrease as a result of experience, as illustrated in studies of battlefield pain
[15] and labour pain [16]. There is evidence however that exposure to pain may result in
sensitisation due to pain-related anxiety [17].

There has been little exploration of adherence to painful contact sports; however

injury rehabilitation research has shown that individuals with high pain tolerance adhere



better to treatment programmes [18]. Exercise adherence literature suggests that
approximately 50% of people who begin an exercise programme drop out [19]. The intensity
of activity, injury risk and exercise mode predict adherence [19]. Little research has
examined the determinants of adoption and adherence of these different characteristics in
contact sport.

This study is the first to explore participation in contact sports whilst examining
differences in pain responses. Changes in pain reporting over time has been measured in
experimental settings using healthy non-athletes [e.g. 20], however many studies have only
taken measurements over a few days or hours [21] and none have examined athletes. We
examined participation in contact sports over an athletic season alongside measures of cold
and ischemic pain tolerance, pain bothersomeness and pain coping styles; non athletes were
not included as previous work has already established that they differ from athletes in their
response to pain. Further, the study aimed to test the competing hypotheses that contact
athletes are more pain tolerant at the outset of playing or that pain tolerance increases in
participating contact athletes during their first season.

2. Materials and Method
2.1 Hypotheses

In order to test the following hypotheses, data were collected at three points over an
eight month period. Participating contact athletes were compared with those who stopped
participating, following cluster analysis.

H1: Cold and ischemic pain tolerance would differ at each point in the season according to
whether athletes participated in the sport or stopped participating. It was hypothesised that

participating contact athletes would increase pain tolerance over the season.



H>: Pain intensity ratings would differ at each point in the season according to whether
athletes participated or stopped participating in the sport. It was hypothesised that pain
intensity ratings would reduce over the season for participating athletes.
Hs: Bothersomeness of pain would differ at each point in the season according to whether
athletes participated or stopped participating in the sport. It was hypothesised that
bothersomeness would reduce over the season for participating athletes.
H4: Participating athletes would demonstrate a higher direct coping style than non-
participating athletes.
2.2 Participants

A total of 102 pain free student athletes, 47 males (mean age = 23.6 years, SD = 6.0
years) and 55 females (mean age = 20.5 years, SD = 3.6 years), who were new to both post-
compulsory education and voluntary contact sports were recruited via university notice
boards, direct contact with local clubs and through social media. The participants had all
recently begun taking part voluntarily in a contact sport (rugby, n = 62; American Football, n
= 15; mixed martial arts (MMA), n = 11; and kickboxing, n = 14). Participants were classed
as new to contact sports if they previously had no experience of engaging in sports where
contact is allowed within the rules. Sample sizes were calculated based on prospective
estimates of power and effect size figures to achieve an acceptable power level of 0.8 and a
large effect size of 0.138 [22]. Ethical approval for the study was granted by the University
Research Ethics Committee.
2.3 Materials
2.3.1 Demographic questionnaire. Participants were asked to state the number of injuries
they had suffered, previous sports played as well as age and gender. The participants were
also asked three questions about their feelings regarding beginning their new sport, which

were responded to on a five-point Likert scale: how much they were looking forward to the



sport (1 = not at all, 5 = extremely); how much they thought they would enjoy the sport (1 =
not at all, 5 = extremely); and how they thought they would feel about any pain experienced
in the sport (1 = dislike it very much, 5 = like it very much).

2.3.2 Sports Inventory for Pain (SIP15) [23]. Participants completed three adapted versions
of the SIP15 questionnaire that were altered to account for three different pain types; contact
pain, exertion pain and injury related pain. The wording in the questionnaire was adapted to
reflect the pain types; for example, where the SIP15 states “I see pain as a challenge and I
don’t let it bother me”, the word “contact”, “injury” or “exertion” was inserted before the
word “pain” to allow participants to reflect on that pain type specifically, a definition each
type of pain was provided.

The SIP15 was developed from the original Sports Inventory for Pain [24] and is a 15
item inventory that contains three subscales — Direct Coping, Somatic Awareness and
Catastrophizing. Direct Coping (through action) is a positive coping style in relation to pain
and assesses the extent to which someone uses direct coping strategies to deal with pain.
People who score high on this scale tend to approach pain positively and are prepared to
endure it [24]. The Catastrophizing scale measures whether individuals ruminate on pain, feel
it is unbearable or simply give up when in pain. High scores on this scale indicate high
catastrophizing. The Somatic Awareness scale assesses whether someone is hyposensitve or
hypersensitive to pain stimuli, with high scores indicating hypersensitivity. The SIP15
yielded acceptable reliability values for the three factors; direct coping (a=.87),
catastrophizing (a=.76) and somatic awareness (0=.54). The SIP15 showed a sound factor
structure and is a reliable tool where brevity is required in the field [23].

2.3.3 Bothersomeness questionnaire. Participants were asked to rate bothersomeness of the
three types of pain in terms of physical bothersomeness (how much the pain interfered with

physical performance of their sport) and psychological bothersomeness (how much the pain



interfered with psychological states during performance). This was measured on a five point
scale of 1 = not at all, 5 = extremely.

Participants were also asked to rate how enjoyable they found the sport (1 = not at all,
5 = extremely) and how they felt about any pain experienced in the sport (1 = dislike it very
much, 5 = like it very much). They were also asked whether they had any injuries or physical
reasons for not playing their sport (such as being ill) that had prevented them for attending for
at least 1 week.
2.3.4 Attendance. At the 4-month and 8-month points, coaches supplied attendance data for
each athlete in the form of training registers. This was converted to a percentage of
attendance at all possible training sessions and competitive matches. This was taken to
establish at the end of the season, whether the participants were classed as participating in the
sport or whether they had disengaged from it. Most of the sports had two training sessions per
week plus one competitive match. The MMA and kickboxing athletes had two training
sessions per week and competitions once every two weeks. The duration of training sessions
for rugby and American football was 1.5 hours. The martial arts training sessions were 1 hour
in length. The duration of rugby matches was 80 minutes, American football matches could
be between 2 and 3 hours. Martial arts competitions varied in length from 5 minutes to 30
minutes. It should therefore be noted that the sports differed in duration both in training and
competition. In addition the exposure to pain and the intensity of the activity also differed.
For example American football players are not active for the whole game, and a rugby player
may not get involved in many tackles depending on his or her position. It was therefore not
possible to standardise the amount of exposure to pain in each sport whilst maintaining

ecological validity.



2.3.5 Pain Tolerance. Both pain tolerance measures were performed in isolation from other
participants and the athletes were asked not to share their experiences or results with anyone
else.

2.3.51 Cold pressor. A tank containing iced water was used, with the water circulated using a
pump and kept at 2-3°C. Participants were asked to place their dominant hand in the water up
to the wrist and were instructed to keep it there for as long as possible. Pain tolerance was
measured as time to withdraw in whole seconds, using a stopwatch. A ceiling time of 5
minutes was imposed, though participants were blind to this. At one minute intervals
participants were asked to rate the intensity of pain on a visual analog scale (VAS), consisting
of a 10 cm horizontal line with anchors at each end indicating the severity of the pain, these
ranged from 0 (no pain), to 100 (the most pain imaginable). A measurement was then taken,
in millimetres, from the no pain end of the scale to the mark made by the participant. Such
scales have proved to be reliable and valid for measuring the intensity of acute pain [25].
2.3.5.2 Ischemia. Pain was induced using a sphygmomanometer and a handgrip
dynamometer, following the submaximal effort tourniquet protocol outlined by [26].
Participants initially performed 3 maximal hand-grip exercises using a hand grip
dynamometer. Their mean hand-grip score was calculated and was used to establish 50% of
their maximum hand-grip. Participants were then asked to raise their non-dominant arm
above their head for 30 seconds, after which a blood pressure cuff was placed round the
upper arm and inflated to 230mm Hg at a rate of 40mm Hg per second. Full cuff inflation
was taken as time 0 and participants rated on the VVAS the intensity of their pain at this point.
Participants then lowered their arm to the horizontal position and performed 20 handgrip
dynamometer exercises at 50% of their maximum grip strength for a period of one minute.
One exercise counted as a 2 second grip, followed by a 2 second rest. VAS ratings were then

taken at minute intervals to a blind ceiling time of 5 minutes or when the participant asked for



the test to be stopped. When the test stopped the cuff was gradually deflated as
recommended by [27] to allow the volume of blood to gradually increase in the limb.
2.4 Procedure

Participants were tested at three data collection points. At the start of the season,
participants first gave informed consent to participate, then completed a cold pressor test on
the dominant hand and wrist. They then had a ten minute break in which they completed a
demographic questionnaire and the SIP15. Following this, they were tested for ischemic pain
tolerance using the submaximal effort tourniquet protocol on the non-dominant arm.

At subsequent data collection points, at month 4 and month 8, the same procedure was
followed, with the addition of a bothersomeness questionnaire administered in the ten minute
break. All participants returned for data collection at the mid-point of the season. A total of
17 participants did not return for the final data collection phase, meaning that data were
available for 85 participants at all three collection points. Participants who had left the sport
and did not return for final testing were contacted by telephone or email to state why they had
stopped participating in the sport. Seven stated that they had other commitments that
prevented them from continuing, and ten stated that they did not enjoy the sport anymore.

2.5 Data Analysis

To categorise participants as participating or non-participating at the end of the season
(8 months) into an “engagement group”, hierarchical cluster analysis was employed [22]. A
total of 102 cases were included in the analysis. The variables used were percent attendance
at the 4 month and 8 month points of the season. Between group linkage method was used,
using a range of clusters from 2-4. Two clusters emerged and as a result, 47 participants were
placed in a “participating” cluster (mean age = 23.0 years, SD = 6.34 years, male n = 27,
female n = 20) and 55 were placed in a “non-participating” category (mean age = 21.0 years,

SD = 3.5 years, male n = 20, female n = 35), (table 1). Participating athletes were those who
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were regularly attending training and competition, non-participating athletes were those who

had either dropped out of the sport all together or who did not have regular attendance at

training and as such were often not the coaches’ first choice for competition. Following

cluster analysis coaches were asked to comment on each athlete and state whether they

thought athlete was indeed participating or non-participating. 100% of the cases were agreed

by the coaches.

Independent samples t-tests for attendance at both time points revealed that the

participating group had significantly higher attendance than the non-participating group (p <

0.0001); characteristics of the sample can be seen in table 1 and attendance figures can be

seen in table 2.

Table 1, Sample Characteristics

Overall sample

Participating Athletes

Non-Participating
Athletes

Sport played Netball n =10 Netball n =3 Netball n =7

before takingup Cricketn =6 Cricketn=5 Cricketn=1

contact sport Football n = 11 Football n =3 Football n =8
General exercise = General exercise n = General exercise n =
42 21 21
None n = 33 None n =15 None n =18

Current contact MMAnN=11 MMAN=7 MMA =4

sport Rugby n = 62 Rugby n =30 Rugby = 32
Kickboxing n = 14 Kickboxing n =8 Kickboxing = 6

American Football n =
15

American Football n =
8

American Football n =
7

Injuries or
illness that
prevented
attendance for at
least 1 week

Injuryn=11
[linessn =38

Injuryn=5
llinessn =4

Injuryn==6
llinessn =4

Data were analysed using IBM SPSS statistics version 21. MANOVA, mixed

ANOVAs and t-tests were used to explore differences between the two groups of athletes and

the measures taken over the season.

3. Results
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3.1 Attendance, Enjoyment

Attendance at the 4 and 8 month points of the season was compared between the two
groups. At both times the participating athletes had significantly higher attendance than the
non-participating athletes; at 4 months (tuoo) = 15.75, p < 0.0001, r = 0.84), and at 8 months

(taoo) = 37.10, p < 0.0001, r = 0.96) (table 1).

Table 2, Attendance

Group Four Months Min/max % at Eight Months ~ Min/max % at
M (SD) four months M (SD) eight months

Participating 84.1 (13.8) 52%/100% 81.3 (14.1) 40%/100%

Non- 42 (13.1) 12%I72% 2.2 (6.7) 0%/30%

participating

Average percentage attendance (mean [M] and standard deviation [SD]) for sport (training
sessions and competition) and minimum and maximum attendance percentages for
participating and non-participating athletes at 4 and 8 months

At the start of the season the groups did not differ for the question “how much are you
looking forward to starting this sport?”” and “how much do you think you will enjoy the
sport?” p > 0.05. However for the question “how do you think you will feel about any pain
you experience in the sport?” the non-participating athletes reported that they would dislike it
more than the participating athletes, tao0) = 4.11, p < 0.0001, r = 038. The participating
athletes enjoyed their sport significantly more than the non-participating athletes at the 4
month point (txo0) = 4.16, p < 0.0001, r = 0.38), and also at the 8 month point (tg3) = 5.58, p <
0.0001, r = 0.52). They also felt significantly more positively about the pain they endured at 4
months (to0) = 2.78, p = 0.006, r = 0.26) and at 8 months (t@e3) = 4.51, p < 0.0001, r = 0.44).
3.2 Cold Pressor

A 2x3 mixed ANOVA was conducted to examine differences between participating
and non-participating contact athletes in cold pressor tolerance at the start of the season and
at 4 and 8 months. There was no significant main effect of point in season on cold pressor

tolerance regardless of engagement group (participating or non-participating) (F(i26, 1.56) =
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2.97, p=0.06, r = 0.81). However there was a significant interaction effect of engagement
group on cold pressor tolerance (F, 1.52) = 7.93, p = 0.002, r = 0.91).

Independent samples t-tests using a Bonferroni adjusted alpha of p < 0.016, showed
that the participating athletes had significantly higher pain tolerance than the non-
participating athletes at 8 months (t@s) = 3.91, p < 0.0001, r = 0.39), but not at the start of the
season (too)= 1.18 p = 0.23, r = 0.11) or at the 4 month point (to0)= 2.15, p=0.03, r =

0.21); (figure 1). Therefore hypothesis 1 was partially supported.

Figure 1, Cold Pressor Tolerance.
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Measurement of cold pressor tolerance (time in seconds) at the start of the season, at

4 months and at 8 months for participating and non-participating athletes.

To examine whether pain tolerance was significantly different only within the
participating athlete group at the three different points in the season, a repeated measures
ANOVA was conducted. There were no significant differences between pain tolerance at the

start, 4 month or 8 month points in the participating group (F5,69.3) = 1.47,p=0.24,r =
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0.14). However to test the hypothesis that pain tolerance would increase in participating
contact athletes, a paired samples t-test was conducted to compare cold pressor tolerance at
the start of the season to 8 months. This revealed that there was no significant difference in
pain tolerance at months 8 compared to the start of the season, tus) = -1.31, p = 0.19, r = 0.16.

In contrast, for non-participating athletes there was a significant main effect of cold
pressor tolerance over the season (F.556.9) = 11.95, p < 0.0001, r = 0.41). Paired samples t-
tests using a Bonferroni adjusted alpha of p < 0.016, revealed that the non-participating group
were significantly more pain tolerant at the start of the season than at 8 months (tz7) = -3.99,
p <0.0001, r = 0.54). There were no other significant differences between time points.

VAS scores at minute 1 were compared using a mixed 2x3 ANOVA. There was no
significant main effect of cold pain intensity over the three time points (F(1.64,136.3) = 2.78, p =
0.07, r = 0.14). There was no interaction effect, meaning there were no significant differences
between participating and non-participating athletes over the season (F1.64,136.3) = 1.54, p =

0.21, r = 0.11). Therefore hypothesis 2 was not supported.

3.3 Ischemic Pain

A 2x3 mixed ANOVA was conducted to examine differences in ischemic pain
tolerance across the season according to whether the participant adhered to the sport or not.
There was no significant main effect of point in season on ischemic pain tolerance (F(s, 149) =
0.62, p =0.52, r = 0.06). However there was a significant interaction effect of engagement
group on ischemic pain tolerance (F.s, 149) = 8.36, p = 0.001, r = 0.23), indicating that
ischemic pain tolerance was different according to whether the athlete participated in the
sport or disengaged from it.

Independent samples t-tests were conducted to explore differences between groups at
the three time points in the season, using a Bonferroni corrected alpha of p < 0.016. The

participating athletes had higher pain tolerance than the non-participating athletes at the start
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of the season (t(o0) = 2.83, p = 0.05, r = 0.27), a small effect size. Participating athletes also
had higher ischemic pain tolerance than the non-participating group at 4 months (tz00) = 4.57,
p <0.0001, r = 0.41), a medium effect size. Participating athletes also had higher pain
tolerance than non-participating athletes at 8 months (t@gs) = 6.33, p < 0.0001, r = 0.57), a
large effect size. Taken together these results suggest that the participating athletes were
more tolerant of ischemic pain throughout the season compared to the non-participating
group (figure 2); accordingly, hypothesis 2 was supported.

Figure 2, Ischemic Pain Tolerance.
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Measurement of ischemic pain tolerance (time in seconds) at the start of the season, at 4
months and at 8 months for participating and non-participating athletes.

To examine whether ischemic pain tolerance was significantly different within the
participating athlete group at the three different points in the season, a repeated measures
ANOVA was conducted. There were no significant differences between pain tolerance at the
start, 4 month or 8 month points in the participating athletes (F, 92)=2.79, p = 0.07, r =

0.17). However to test the hypothesis that pain tolerance would increase in participating
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contact athletes a paired samples t-test was conducted to compare ischemic pain tolerance at
the start of the season to 8 months. This revealed that there was a significant increase in pain
tolerance at months 8 compared to the start of the season, tus) = -2.05, p = 0.04, r = 0.28.

A repeated measures ANOVA for the non-participating athletes revealed that there
was a significant main effect of ischemic pain tolerance over the season in this group (Fe,74) =
5.61, p <0.05, r = 0.25). Paired samples t-tests using a Bonferroni correction revealed that
this group were significantly less pain tolerant at 8 months compared to the start of the season
(tz7) = 2.90, p = 0.006, r = 0.43), a medium effect size. This indicates that non-participating
athletes became less tolerant of ischemic pain as the season progressed.

A 2x3 mixed ANOVA revealed that there was no significant main effect of ischemic
pain intensity over the three time points (F,164) = 1.33, p = 0.26, r = 0.08). There was also no
interaction effect (F,164) = 0.99, p = 0.37, r = 0.07); there were no VAS differences according
to whether the athlete participated or stopped participating in the sport. Therefore, hypothesis
3 was not supported.

3.4 Bothersomeness

A 3x2x2x2 (pain type, bothersomeness type, time in season, engagement group)
mixed ANOVA was conducted to examine differences between participating and non-
participating athletes in bothersomeness of injury, contact and exertion pain, both physical
and psychological at 4 and 8 months, (table 3).

Table 3, Descriptive Statistics, Bothersomeness

Bothersomeness Time Engagement M SD
Measure Point Group
Contact Pain 4 months  Participating 2.2 0.9
Physical Non- 2.3 0.9
participating
8 months  Participating  1.8* 0.8
Non- 2.5 0.9
participating
Injury Pain 4 months  Participating 2.7 0.9
Physical Non- 2.4 1.0

participating

16



8 months  Participating 2.5 0.9

Non- 2.7 0.9
participating
Exertion Pain 4 months  Participating 2.1 0.9
Physical Non- 1.6* 0.6
participating
8 months  Participating 1.8 0.7
Non- 1.5 0.5
participating
Contact Pain 4 months  Participating  2.0* 0.9
Psychological Non- 2.4 0.8
participating
8 months  Participating  1.7* 0.8
Non- 2.7 0.8
participating
Injury Pain 4 months  Participating 2.5 0.9
Psychological Non- 2.5 0.8
participating
8 months  Participating 2.5 0.9
Non- 2.7 0.8
participating
Exertion Pain 4 months  Participating 2.1 0.8
Psychological Non- 1.7* 0.6
participating
8 months  Participating 1.7 0.8
Non- 1.6 0.5

participating
Means (M), and standard deviations (SD) for bothersomeness of contact, injury and exertion
pain at 4 and 8 months for participating and non-participating athletes.
*indicates significant differences between participating and non-participating athletes, p <
0.05

There was a significant 4-way interaction effect of pain type x time point in the
season x bothersomeness x engagement group (F, 166) = 3.14, p = 0.04, r = 0.44), indicating
that the three types of pain were different according to whether the person adhered or not to
the sport, the time point in the season and according to whether they found the pain
psychologically or physically bothersome.

At 4 months, participating athletes found exertion pain more physically bothersome
than the non-participating athletes (t3) = 2.68, p = 0.009, r = 0.28), a small effect size. In

addition at 8 months, participating athletes found contact pain to be significantly less
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physically bothersome compared to non-participating athletes (ts)=-3.79, p < 0.0001, r =
0.38), a medium effect size.

At 4 months, participating athletes found exertion pain significantly more
psychologically bothersome compared to non-participating athletes (tgs) = 2.36, p =0.02, r =
0.25), a small effect size. At 4 months participating athletes also found contact pain to be
significantly less psychologically bothersome than non-participating athletes (tq00) = -1.96, p
=0.05, r = 0.19), a small effect size. In addition, at 8 months participating athletes found
contact pain significantly less psychologically bothersome compared to non-participating
athletes (t@g3) = -5.41, p < 0.0001, r = 0.51), a large effect size.

Participating athletes found contact pain to be less physically bothersome at 8 months
compared with 4 months (tus) = 5.49, p < 0.0001, r = 0.60), a large effect size. They also
found contact pain significantly less psychologically bothersome at 8 months compared to 4
(tas) = 3.93, p < 0.0001, r = 0.5), a large effect size. Injury pain was also more physically
bothersome at 8 months compared with 4 months (tus) = 2.65, p = 0.01, r = 0.36), a medium
effect size, but there were no differences for psychological bothersomeness at the two time
points. Exertion pain was significantly less physically bothersome at 8 months compared with
4 months (tue) = 3.19, p = 0.003, r = 0.42), a medium effect size, and also less
psychologically bothersome at 8 months compared with 4 months (tus) = 4.07, p <0.0001, r =
0.51). Taken together these results indicate that all pain types were significantly less
physically and psychologically (apart from injury pain) bothersome by the 8 month point for
the participating athletes, supporting hypothesis 3.

For non-participating athletes, physical bothersomeness of exertion pain was not
significantly different between the 4 and 8 month points of the season (p = 0.16). However
contact pain was significantly more physically bothersome at 8 months compared to 4 months

(ten=-2.13, p =0.03, r = 0.32), a medium effect size. Contact pain was also more
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psychologically bothersome at 8 months compared to 4 months (t@37) = -2.97, p = 0.005, r =
0.43), a medium effect size. Injury pain was also significantly more physically bothersome
at 8 months compared to 4 months (ts7) = -2.48, p = 0.01, r = 3.7), a medium effect size, but
there were no differences for psychological bothersomeness. Taken together these results
suggest that contact pain, in particular, became more bothersome, both physically and
psychologically as the season progressed for the non-participating group.
3.5SIP15

A 2x3 MANOVA (engagement group, SIP15 subscale) was conducted using the
SIP15 subscales as dependent variables. There was a significant main effect of engagement
group on SIP subscales (F7,57) = 10.57, V = 0.83, p < 0.0001, r = 0.39). Each subscale is
discussed below. Pillai’s Trace statistics are reported where scales did not meet the
assumption of homogeneity of variance [28].
3.5.1 Direct Coping. There was a significant main effect of engagement group on direct
coping (F,75) = 13.77, V = 0.62, p < 0.0001, r = 0.39). Univariate tests revealed that
participating athletes had higher scores than the non-participating athletes at the following
time points: at the start of the season for injury pain (Fq.83) = 26.47, p < 0.0001, r = 0.49) and
also for contact pain (F,83) = 43.5, p < 0.0001, r = 0.58). At 4 months, participating athletes
also had higher scores for injury pain (F3 = 36.5, p < 0.0001, r = 0.55) and contact pain
(Fa83) = 23.5, p<0.0001, r = 0.46). At 8 months participating athletes continued to have
higher scores than non-participating athletes for injury pain (F.g3) = 64.78, p < 0.0001, r =
0.66) and also for contact pain (F(1,83) = 56.38, p < 0.0001, r = 0.63). There were no
significant differences for exertion pain. These results indicate that the participating athletes
exhibited higher direct coping for contact and injury pain than non-participating athletes at all
three time points across the season. This supports hypothesis 4, (table 4).

Table 4: Descriptive Statistics, Sports Inventory for Pain 15 subscales
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Scale Engagement  Pain Type  Start Season 4 months 8 months
Group M(SD) M(SD) M(SD)

Direct coping Participating  Injury 25.1(3.9)? 25.5(2.9)°  25.8(2.8)°
Contact 26.2(3.8)¢ 25.6(3.3)°  26.2(3.2)
Exertion 24.4(2.9) 25.0(3.0) 25.4(3.1)
Non- Injury 21.4(2.1)? 21.8(2.5)°  21.1(2.5)¢
participating

Contact 21.7(2.0)¢ 22.5(2.3)° 21.5(2.2)f
Exertion 24.6(2.4) 24.9(3.1) 24.3(3.1)

Catastrophizing Participating  Injury 17.7(2.8) 12.8(3.5)¢  12.5(3.2)"
Contact 12.3(3.8) 12.9(3.3) 12.5(3.2)
Exertion 12.0(3.6) 13.2(3.9) 12.0(3.0)
Non- Injury 17.3(2.5) 18.6(3.2)  19.1(3.3)"
participating

Contact 13.1(2.5) 13.0(2.4) 13.4(1.9)
Exertion 12.5(2.7) 12.1(2.8) 11.8(2.6)

Somatic Participating  Injury 8.7(1.2) 9.2(1.3) 9.6(1.4)
Contact 8.8(2.0) 8.9(1. 8.9(2.0)
9)

Awareness Exertion 8.5(2.0) 9.0(1.9) 9.1(1.8)
Non- Injury 8.7(1.0) 9.2(1.4) 9.3(1.3)
participating

Contact 8.6(1.7) 8.5(2.2) 8.5(2.2)
Exertion 8.3(1.6) 8.3(1.7) 8.5(1.8)

Means (M) and standard deviations (SD) for SIP15 subscales for exertion, contact and injury
pain at the start of the season, at 4 months and at 8 months for participating and non-
participating athletes. Superscript letters indicate significant differences between
participating and non-participating athletes, p < 0.05
3.5.2 Catastrophizing. There was a significant main effect of engagement group on
catastrophizing (F,75) = 15.83, V = 0.65, p < 0.0001, r = 0.41). Univariate tests revealed that
the participating athletes had lower catastrophizing scores than the non-participating athletes
for injury pain at 4 months (F,83) = 60.55, p < 0.0001, r = 0.64) and at 8 months (F(,s3) =
83.37, p<0.0001, r =0.71).

In addition there was a significant change in catastrophizing for injury pain over the
season in the participating athlete group; F,1.11) = 52.74, p < 0.0001, r = 0.98. Bonferroni

tests revealed that catastrophizing was significantly reduced at month 4 and 8 compared to

the start of the season, p < 0.0001, but there were no differences between month 4 and 8.

20



3.5.3 Somatic Awareness. There was no significant main effect of engagement group
on somatic awareness (F,75) = 0.48, A = 0.94, p > 0.05).
4. Discussion

The aim of this study was to examine pain tolerance, bothersomeness and coping
styles over a season, whilst accounting for participation in contact sports. Results indicated
that participating athletes were more pain tolerant than non-participating athletes after 8
months for both pain measures. They also found pain less bothersome and had higher direct
coping than those who disengaged from contact sports. Whilst the participating athletes did
not become significantly more pain tolerant of cold pain, they were more tolerant of ischemic
pain at 8 months compared to the start of the season. In contrast and surprisingly, the non-
participating athletes became significantly less pain tolerant over the season for both
measures.
4.1 Pain Tolerance

Pain tolerance differences were found between participating and non-participating
athletes; hypothesis 1 was partially supported for cold presssor as participating athletes had
higher cold pain tolerance than non-participating athletes only at the end of the season.
Hypothesis 1 was fully supported regarding ischemic pain, as the participating group had
higher tolerance than the non-participating group at all three time points, though it should be
noted that at the start of the season the difference was small (r = 0.27). In addition the
participating athletes had significantly higher ischemic pain tolerance at month 8 compared to
the start of the season.

The fact that pain tolerance results differed slightly for ischemia and cold pain may be
a result of the protocol, and the gradual build-up of ischemic pain [29] compared to the
intense immediate pain felt using cold pressor [30] which can then subside [31]. Studies have

shown that cold and ischemic pain differ in their intensity and unpleasantness [32] and
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therefore it recommended that a number of stimuli are used to determine pain sensitivity [29].
Such differences in responses to cold and ischemic pain have been found in other studies
using athletes [33]. It has been suggested that athletes learn about certain types of pain and
therefore view and respond to them differently [33]. It has been posited by Addison et al [30]
that ischemic pain is similar to exertion pain and that cold pain is experienced by some
athletes in the form of ice packs or baths. Therefore the athletes may have attached a certain
meaning to each stimulus depending on their experience of it, resulting in the differences
between the pain induction methods.

The changes in pain tolerance over time for the participating athletes are interesting,
as this group maintained cold pain tolerance and showed increased ischemic pain tolerance at
the end of the season compared to the start. This suggests that these athletes may have
learned to cope with ischemic pain particularly well. It should be noted that at 8 months 38%
of this group reached the 5 minute ceiling time for the ischemic stimulus. 36% reached the
ceiling time for cold pressor. It therefore cannot be discounted that ceiling effects are present,
and had the participants been able to continue, differences in tolerance may have been noted
over the whole season for both measures.

The results suggest that participation in contact sports may not be solely dependent
upon pain tolerance at the outset; rather a combination of physical and psychological factors
may help athletes cope with pain and therefore foster adherence. It is possible that
participation in the sport may have produced a learning effect on the participating group,
supporting Geva and Defrin’s [12] suggestion that participation in regular exercise may
moderate responses to pain. Indeed fear of pain has been shown to be inversely related to
hours spent training, indicating that the more one engages with painful activity, the less one
fears it [12]. As such fear of pain could explain the decline in pain tolerance in the non-

participating group. Perhaps due to exposure to pain in the form of contact sports, this group
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became more fearful of it, echoing research suggesting that pain related anxiety has been
shown to reduce pain tolerance over time [17]. This links to the finding that the non-
participating group catastrophized more about pain than the participating group. A further
suggestion, though not directly measured, is that the non-participating group had low pain
related self-efficacy, which has also been shown to reduce tolerance to pain [34] or that
negative affect regarding the sport (reflected in their low enjoyment ratings) increased their
sensitivity to pain [35].

There were no differences in pain intensity between groups or time points using VAS
after one minute of pain, meaning hypothesis 2 was not supported. Therefore even though the
groups differed for pain tolerance, they both perceived the initial pain to be of a similar
intensity. Previous studies have found that pain intensity as measured by VAS is often
independent of pain tolerance [e.g. 36]. Participating athletes may have employed coping
strategies [26] or, they may have viewed pain differently to the non-participating athletes
[37]. Indeed participating athletes felt more positively about pain and had higher direct
coping and lower catastrophizing scores for contact pain compared to non-participating
athletes. It also cannot be discounted that the non-participating athletes may have lacked
motivation to partake in the pain tasks. The participant information and consent forms for the
study highlighted that the focus of the research was on contact sports participants; as these
athletes had reduced their participation, they may not have felt that they were important to the

research.

The result that participating athletes did not show any significant changes in pain
ratings over the season (according to VAS) accords with other research that has found that
pain perception does not necessarily change as a result of repeated exposure to pain [38].
Therefore experience of pain within sports may not influence pain perception per se and

significant decreases in perceived pain intensity may not be necessary for continued
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participation in contact sports. On the other hand, significant reductions in pain tolerance may
result in reduced engagement in sports as demonstrated by the non-participating athletes’
results. Collectively the pain tolerance results suggest that participating athletes may have
learned how to adapt to pain, whereas the non-participating group may have failed to do so
within the sport and the pain tasks presented.

4.2 Bothersomeness

Participating athletes found contact pain both physically and psychologically less
bothersome than non-participating athletes at 8 months, supporting hypothesis 3. In addition
the participating athletes found all three types of pain less bothersome at 8 months compared
to 4 months. This suggests that either conditioning may have taken place, or that these
athletes simply learned to cope more effectively with pain. In addition, better endogenous
pain inhibition [11] or reduced fear of pain and catastrophizing as a result of experience may
be responsible [12].

The non-participating athletes found contact pain to be significantly more
psychologically and physically bothersome at 8 months compared to at 4 months. They also
found contact and injury pain to be more physically bothersome at 8 months. This may
explain their lack of engagement and reduced enjoyment in their sport. It has been suggested
that pain-related self-efficacy may predict whether someone approaches or avoids situations
[39]. Athletes with low pain related self-efficacy may reduce involvement in sport, whereas
those who are able to ignore or cope with pain may continue participation [40].

The participating athletes found exertion pain more physically and psychologically
bothersome than non-participating athletes at 4 months, however their attendance at this point
was significantly higher. Thus despite being more bothered by exertion pain, the participating
athletes continued to engage with the sport. Exertion related pain is often viewed positively

and is seen as a necessary part of developing as an athlete [41]; therefore participating
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athletes may have accepted this pain despite its bothersomeness. This could be a result of
using coping strategies more effectively [8] or a function of motivational and self-efficacy
factors [42].

4.3 SIP15

The SIP15 results supported hypothesis 4 that participating athletes had higher direct
coping scores than non-participating athletes for injury and contact pain throughout the
season. The participating group therefore viewed this pain more positively and were willing
to endure [23]. It is interesting that participating athletes had higher direct coping at the start
of the season as well as at the other two time points. This suggests that participating athletes
had a different attitude towards pain from the outset. High direct coping has been linked to
resilience [23]. It is therefore possible that the participating athletes were more resilient to
begin with. Resilience has also been linked to habituation to pain [14], which may explain the
maintained pain tolerance in the participating group.

Participating athletes also felt more positive about the pain they experienced
compared to the non-participating group. The non-participating group, with significantly
lower direct coping scores, did not view injury or contact pain as something to “tough out”.
Indeed, they catastrophized significantly more about injury pain at 4 months compared to
participating athletes. In addition, the participating athletes catastrophized less about injury
pain at 4 and 8 months compared to the start of the season. Injury pain is not usually within
the control of the athlete and can cause stress and anxiety [37], however coping strategy use
has been shown to reduce fear and anxiety in athletes with injury pain [43]. Athletes who feel
in control of their pain and do not find it stressful may have higher pain tolerance than those
who ruminate about pain [12]. Catastrophizing has been shown to reduce pain tolerance [43],

which also accords with these results.
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Although this study adds to the athletic pain literature there are some limitations:
First, laboratory induced pain can never reflect the real world of sporting collisions,
unexpected injuries and fatigue. In addition participants were aware that the pain stimulus
was finite and safe. The pain stimuli were different in nature, resulting in a discrepancy
between pain tolerance results, with ischemic pain yielding differences between groups at all
three time points, whereas cold pain did not. More research therefore is required using a
variety of pain stimuli to fully explore differences between participating and non-
participating athletes.

Second, psychological factors such as motivation may have influenced results. As the
study required participation at three different time points, testing fatigue may have been
present (which is also reflected in the drop-out rate). In addition, order effects may have
existed in the repeated pain tolerance testing. Whilst athletes were not informed of their exact
tolerance time so they could not try to better it, they may have experienced increased anxiety
or on the other hand, familiarity with the protocol.

In addition in order to achieve an appropriate sample size, athletes were drawn from
four different contact sports. It was not possible therefore to examine athletes who all had the
same experiences of pain. Further, both team based and individual sports were used and due
to the differences in sample size (77 team based athletes compared to 25 individual athletes)
it was not possible to make comparisons between different sports types. Further research
should aim to examine one sport in particular, as the nature of the sport may have an impact
on results.

No control group using healthy non athletes was included due to previous research
findings indicating that athletes and non-athletes respond differently to pain [3]. Future
studies should however aim to include a control group to examine whether non-participating

contact athletes and healthy non-contact athletes respond in the same way to experimental
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pain over 8 months. It would be interesting to discover whether there are any differences
between those who drop out of contact sports and those who play non-contact sports or those
who choose to avoid sport all together. Given the different direction of results for
participating versus non-participating athletes it seems that exposure to pain can result in
sensitisation (in the case of non-participating athletes) and potential habituation (in the case
of the participating athletes).

Future studies should attempt to measure pain responses over a longer period of time
and explore the mechanisms behind differences within athletic groups. This study focused
only on one athletic season; it is therefore unknown beyond this time frame how athletes
respond to pain. More detailed questions via qualitative methods should also be asked about
how athletes feel about pain experienced within sports over time.

5. Conclusions

This longitudinal study is the first to suggest that commitment to high contact sports
is linked to maintained or increased experimental pain tolerance and decreases in pain
bothersomeness over an athletic season. Reductions in pain tolerance over time in the non-
participating group suggest that other factors are responsible for engagement in sport and not
just pain tolerance at the outset. For example individuals who catastrophize about pain or
have a low direct coping style may choose to drop out of contact sports. In addition, finding
pain bothersome may also influence attrition rates. As pain intensity (as measured by VAS)
did not differ between participating and non-participating athletes, it could be suggested that
participating athletes perceived pain in the same way as non-participating athletes, but they
did something different to cope with and endure it. Higher direct coping and reduced
catastrophizing were demonstrated by participating athletes, suggesting that their view of
pain was indeed different to non-participating athletes. Participating athletes also enjoyed

their sport more and felt more positively about the pain they experienced. It is postulated that
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the participating group learnt to cope with pain and adapted to it over the season, potentially
due to resilience [14]. A likely reason for significant reductions in pain tolerance in the non-
participating group is a decrease in motivation and a lack of interest in the testing protocols.
Though not directly measured, fear of pain [18] or low pain related self-efficacy [44] or
negative affect [35] may account for these results.
6. Implications

Taken together these results suggest that those who adhere to contact sport may
tolerate more experimental ischemic pain as the season progresses. They also find pain less
bothersome, catastrophize less about injury pain over time and have a high direct coping
style. These results can help us to understand attrition in sports where pain is likely. This
study also provides a platform for further investigation into how athletes cope with pain and
suggests that coping styles (as measured by SIP15) and bothersomeness of pain may account
for participation in contact sports. This study extends previous recent research focusing on
pain modulation within athlete populations [45,7] and differences between athletes and non-
athletes [3]. We have shown that attrition in contact sport may be related to psychological and
physical responses to pain and that habituation to pain may occur over time in participating

athletes.
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