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Abstract

High contact athletes differ from low or non-contact athletes in their responses to pain. The
mechanisms for this have not been widely investigated and most sports-related pain research
has not differentiated between the three sources of pain: contact, injury and exertion. This thesis
aimed to explore differences between contact and non-contact athletes, in these three sources
of pain. The first aim of the thesis was to develop an understanding of the pain experiences of
different athlete groups, examining the proposed mechanisms of learning, attrition and
individual differences. The first study addressed this by conducting semi-structured interviews
with high, low/medium and non-contact athletes. Template analysis indicated that high contact
athletes viewed pain differently to low/medium or non-contact athletes. High contact athletes
described pain as something to be overcome, often celebrated contact pain and were more able
to differentiate between potentially harmful and benign injury pain. The second study also
addressed aim one, but directly compared high contact athletes to low/medium contact athletes
based on the mechanisms of personality and learning. Learning was explored by measuring
direct coping and pain bothersomeness while personality was measured using a short inventory
based on the Big Five personality traits. High contact athletes found pain less bothersome, had
higher direct coping than the other athletes and were less agreeable. Study three was a
longitudinal exploration of pain responses over a contact sport athletic season, examining the
mechanisms of learning and attrition. Cluster analysis placed athletes into participating or non-
participating groups. Results showed that participating athletes were more tolerant of ischemic
and cold pain at the end of the season (eight months follow-up) compared to those who
disengaged from the sport; they also became more tolerant of ischemic pain at eight months
follow-up compared to at the start of the season. Participating athletes also had higher direct
coping for contact pain and found pain less bothersome than non-participating athletes. The
final study further explored the role of experience in sport by examining novice and
experienced high contact athletes’ and non-contact athletes’ responses to experimental pain.
Athletes completed a simple motor task while being exposed to pressure pain. During the pain
condition, challenge and threat states were manipulated to examine the role of task instructions.
Results indicated that experienced high contact athletes had higher pain tolerance than the other
groups, reported pain as less intense and had higher direct coping than the other athletes. Both
groups of high contact athletes performed better in pain than non-contact athletes and were able
to maintain their performance in pain. They also reported pain to be less bothersome and were

challenged when in pain even if they received threat instructions. Taken together the results of



this thesis indicate that learning to cope with pain is the most plausible explanation for high
contact athletes’ lower pain bothersomeness, higher pain tolerance and performance in pain. It
is proposed that experience of pain and having a direct coping style are important determinants
of performance in contact sports and should be targeted by coaches.



Acknowledgements

I would like to express sincere thanks to Professor David Sheffield for all of the support,
encouragement and help he has provided me on this long journey. | would also like to thank
Andrew Baird for his continued support and advice throughout my studies. Without both of
them, | would not be where | am today. Thanks also must be extended to all of the participants
and students who gave up their time to help me to complete this research. Finally thanks to my
family and friends for their support, and in particular huge thanks to my husband Alastair for

supporting me entirely through this process.

10



Chapter One: Introduction and Literature Review

1.1 Introduction

Pain is an integral part of sports participation and can set a limit on what athletes are
able to achieve (Epstein, 2011). Athletes regularly experience pain through injury, contact with
external objects, and exertion. The ability to maintain performance in painful conditions is
crucial to continued participation in most sports and is a deciding factor in whether an athlete
is successful or not (Egan, 1987). Understanding how pain affects athletes is critical for all
stakeholders in sport and is key to the development of pain coping strategies (Kress & Statler,
2007). An athlete with an understanding of these could potentially perform better and adhere
to sport longer than an uneducated athlete by diminishing the chance of exacerbating injuries
(Scott & Gijsbers, 1981; Egan).

Pain is a subjective experience and is affected by physical, psychological, social and
cultural influences (Taylor & Taylor, 1998). It is described as an unpleasant emotional and
sensory experience, which is associated with, or described in terms of actual or potential tissue
damage (International Association for the Study of Pain, 1994). Pain is understood in terms of
how it affects behaviour and actions, how it is reported in terms of intensity and unpleasantness,
and how it interferes with mood and day-to-day life or activities. As pain is a subjective
experience, reporting of pain is the most reliable method available to assess the quality,
intensity, location and duration of pain (Cox, 2009), and as such, most sports-related studies
have used this method. Pain is commonly measured in terms of threshold, tolerance, perception

and effect on mood and behaviour (Roessler, 2005).

Pain threshold refers to the point when an individual first experiences pain or
discomfort whereas pain tolerance refers to the point where the individual can no longer bear
pain and requests that the pain stimulus be stopped (Woodrow, Friedman, Siegelaub & Collen,
1972). Pain perception is usually measured using inventories or measures such as visual analog
scales (VAS) to determine how participants rate pain of a particular intensity (Hall & Davies,
1991) or to measure unpleasantness of pain (e.g. Manning & Fillingim, 2002). Increasingly
within clinical research, pain has also been measured in terms of how bothersome it is (e.g.
Dunn & Croft, 2005). Various inventories have been developed to measure pain
bothersomeness for a number of pathologies including sciatica (Patrick et al., 1995), stenosis
(Weinstein et al., 2010) and lower back pain (Dunn & Croft). There have been no sports-

11



specific measures developed to measure bothersomeness, however it can be measured on a

simple Likert scale.

In sports research, pain has often been defined in very vague terms and the meaning of
different types of pain has not been accounted for. Previous work has typically only addressed
acute experimental pain and few studies of athletes have made any distinction between different
causes of pain. Acute pain is short in duration but can cause anxiety and fear due to perceived
or potential tissue damage (Kakiashvili, Tsagareli, Mjavanadze & Kvachadze, 2016). Chronic
pain is persistent and is usually uncontrollable. This can have a negative impact on

psychological well-being (Kakiashvili et al.).

Pain in sport can come from one of three sources: exertion/performance, contact with
other people/objects, and injury (Loland, Waddington & Skirstad, 2006). Performance-related
pain is associated with exertion and is experienced by most athletes. This type of pain does not
usually elicit feelings of threat, is acute and within the control of the athlete. It is often
associated with positive emotions and is viewed as facilitative to, and indicative of, sports
performance (Anderson & Harahan, 2008). Another source of acute pain is contact; for
example, tackling in rugby. The effect of this type of pain on athletes is relatively unexplored.
Finally, injury-related pain is sometimes acute but can become chronic, is outside of the control
of the athlete and can be perceived as threatening (Taylor & Taylor, 1998). It has been
suggested that this type of pain may be becoming more common due to increased pressures of
competing (Valovich Mcleod, Bay, Parsons, Sauers & Snyder, 2009) and the demands of elite
sport (Levy, Polman, Nicholls & Marchant, 2009; Egan, 1987).

Most of the pain research within sport has focused on differences in pain reporting
between athletes and non-athletes. It is generally accepted that athletes have higher pain
tolerance than non-athletes but there are no differences for pain threshold (Tesarz, Schuster,
Hartmann, Gerhardt and Eich, 2012). In addition, athletes have also been shown to report less
pain intensity than non-athletes (Hall & Davies, 1991). Even within athlete groups there are
differences in pain responses, with high contact athletes having higher pain tolerance than non-
contact athletes (Ryan & Kovacic, 1966), and trained swimmers having higher pain tolerance

than non-trained swimmers (Scott & Gijsbers, 1981).

To take measurements such as pain threshold or tolerance, researchers have a number
of noxious experimental pain stimuli from which to choose. These are employed within

controlled laboratory settings and typically do not reflect the pain that would be felt in sports,
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however with the absence of more ecologically valid measures, authors have relied upon the
following pain modalities: Cold pain is induced using a cold pressor protocol which consists
of an ice bath of circulating water. This produces tonic pain that is intense but can sometimes
wane if the water is not circulated or the limb remains still for a period of time (Mitchell,
MacDonald & Brodie, 2004). Ischemic pain is usually induced by employing a sub-maximal
tourniquet test (Reddy, Naidu, Rani & Rao, 2012). This produces an aching sensation similar
to that of feeling fatigued (Addison, Kremer & Bell, 1998). Heat pain can be induced using
radiant heat or via a thermode. This produces a throbbing, pricking or burning pain (Reddy et
al.). Electrical stimulation is often invoked using electrodes attached to the surface of the skin
and can produce different types of pain sensation depending on waveform and frequency
(Handwerker & Kobal, 1993). Both electrical and heat pain are more phasic in their nature
compared to cold and ischemic pain which are considered to be more tonic (Rainville, Feine,
Bushnell & Duncan, 1992). Pressure pain can be induced using an algometer (e.g. Chesterton,
Sim, Wright & Foster, 2007) or by using a sphygmomanometer containing a hard object that
can press against a limb (e.g. Brewer, Van Raalte & Linder, 1990). This produces a dull pain
that intensifies over time (Hezel, Riemann & McNally, 2012). Less common pain induction
methods include chemical stimulation which is delivered via intradermal or intramuscular
means. This pain has been described as deep and diffuse (Reddy et al.). Mechanical pain is
delivered via weighted pin-prick and/or vibration and is usually used for pain threshold
measures, as this can produce relatively light pain (Reddy et al.).

Very limited quantitative research has gone beyond measuring pain tolerance or
perception within athletic populations. As such, the mechanisms for differences in pain
reporting remain relatively unknown. Athletes may learn to cope with pain via experience (e.g.
Ord & Gijsbers, 2003), or individual differences such as personality may alter pain tolerance
(e.g. Tajet-Foxell & Rose, 1995). Furthermore, athletes with low pain-related self-efficacy or
high pain-related anxiety may disengage from sport (e.g. DeRoche, Woodman, Yannick,
Brewer & LeScanff, 2011). There is much speculation regarding these mechanisms but few
studies have empirically tested them. In addition, very few studies have examined intra-athlete
differences in pain reporting, for example, comparing non-contact athletes to contact athletes.
High contact athletes are regularly exposed to pain and yet still continue to participate and
perform in their sports. It is not clear how and why these athletes are able and willing to endure

pain in comparison to others.
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There has also been little exploration of the effects of pain on sports performance. This
is surprising given that pain is a common occurrence within sport and the potential for athletes
to develop long term pain conditions (e.g. Heidari, Hasenbring, Kleinert & Kellmann, 2017).
Only one published study to date has examined performance in pain in relation to athletic status
(Walker, 1971). Results showed that athletes and non-athletes did not differ in performance
whilst undergoing experimental pain. Other studies using non-athletes have found that pain is
usually detrimental to performance and that it interferes with decision making and motor
control (Bank, Peper, Marinus, Beek & van Hilten, 2013). However, this does not explain how
contact sports participants are able to maintain performance whilst experiencing high levels of

pain.

Qualitative pain research has tended to focus on athletic culture (e.g. Nixon, 1992) or
on the willingness to play hurt within contact sports (e.g. Liston, Reacher, Smith &
Waddington, 2006). This research indicates that contact sports participants regularly play
through pain. The reasons for this include being socialised into playing hurt through the culture
of contact sports (e.g. Liston et al.), or due to masculine ideals and the sport ethic (Nixon).
Other studies have focused on how endurance athletes overcome pain (e.g. Heil, 2012). These
studies have typically examined coping strategies and the process by which athletes maintain
performance over time (e.g. Kress & Statler, 2007). Further qualitative research has explored
injury rehabilitation interventions and their efficacy (e.g. Driediger, Hall & Callow, 2006). This
research suggests that using psychological interventions during painful rehabilitation can be
facilitative to recovery (Johnston & Carroll, 1998). There has been little focus on the
mechanisms for athletes engaging with painful sports or the reasons why some people thrive

in pain whereas others do not.

The aim of this thesis is to explore pain reporting and responses within different groups
of athletes. Both qualitative and quantitative methods will be employed to examine how high
contact and non, low or medium contact athletes respond to pain. This will provide a platform
for future research and will contribute to understanding why there are differences between
athlete groups in their responses to pain. This will help coaches and athletic trainers to develop
pain coping programmes and will help athletes to understand their own responses to painful

sporting situations.
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1.2 Literature Review

Until recently there has been little attempt to draw together the limited research into
sports and pain, and most of the research has focused on differences in pain reporting between
athletes and non-athletes. A recent systematic review and meta-analysis by Tesarz, et al. (2012)
reviewed 15 studies that examined pain tolerance and threshold in athletic populations. Results
showed that athletes had a higher pain tolerance than non-athletes (Hedges’ g = 0.87), but there
was no difference for pain threshold. Differences in pain perception and behaviour were not
examined. The current review summarises research examining pain tolerance, threshold and
perception as well as the effect of pain on performance. Research is also reported that was not
included in Tesarz et al.’s review, including differences in pain reporting between athlete
groups, for example between contact athletes versus non-contact athletes. Moreover,
mechanisms underlying reported differences and methodological concerns regarding the
corpus of athlete pain studies are raised along with a discussion of their implications for athletes

and coaches.

Athletic status and pain.

In this first section, evidence that athletes perceive, report and respond to pain
differently to non-athletes is reviewed. In addition, differences in pain reporting between
athlete groups are also discussed. The review was performed by searching Sport Discus,
Psychinfo, PUbMED and PsycArticles. The key words were “pain”, “athletes”, “sport” and
“exercise”. These searches were extended by scrutinising reference sections from articles
found within the databases. 14,307 articles were found that examined athletes and pain.
Athletes were classed as participating in competitions or training for at least three hours per
week as recommended by Tesarz et al. (2012). The search was then narrowed to include pain
reporting measures, “tolerance”, “threshold” and “perception”. A total of 49 studies of athletes
were found that measured pain reporting in any form. All studies either examined intra-athlete
differences or compared athletes to non-athletes or normally active controls. These were all
included in the thesis.

The majority of sports-related pain research has focused on reporting of pain; few
studies have examined behavioural responses to pain or how pain may affect athletic
performance. The most common measures of pain in athletic populations are pain tolerance
(k=20), threshold (k=17), and perception (k=13). Pain threshold refers to the point when an
individual first experiences pain or discomfort and tolerance refers to the point where the

individual can no longer bear pain and requests that the pain stimulus be stopped (Woodrow et

15



al., 1972). Pain perception is usually measured using inventories or scales to determine the
intensity of the stimulus. Finally, pain can also be considered in terms of how it affects
performance or behaviour (Brewer et al., 1990). Each measure will be discussed in turn and

the main research findings will be summarised.

Pain Threshold.

Research examining differences in pain threshold between athletes and non-athletes has
yielded equivocal results. Seventeen studies have explored differences in pain threshold in
athletes and non-athletes, and also within specific athlete groups. Tesarz et al. (2012) analysed
nine studies, all of which are included here, apart from Smith (2004), an unpublished
dissertation that could not be obtained. The findings are summarised in Table 1.1. When effect
sizes were not provided within papers, Cohen’s d was calculated where possible. However,
there were a number of articles where this could not be calculated due to a lack of
information/data.

Nine of 17 studies in Table 1.1 (Ryan & Kovacic, 1966; Walker, 1971; Scott &
Gijsbers, 1981; Janal, Glusman, Kuhl & Clark, study 2, 1994; Sternberg, Bailin, Grant &
Gracely, 1998; Ord & Gijsbers, 2003; Geva & Defrin, 2013; Tesarz, Gerhardt, Schommer,
Treede & Eich, 2013; Leznicka et al., 2016) found no differences between athletes and non-
athletes for thermal, ischemia, cold and electrical pain threshold. Furthermore, there were also
no differences in pain threshold between athlete groups based on the amount of contact they
experienced in sport. Athletes who played contact sports and those who played non-contact
sports did not differ on cold pain threshold (Raudenbush et al., 2012; Ryan & Kovacic, 1966).

In the 10 studies that have found differences, seven reported that athletes have a higher
pain threshold than non-athletes (note that Janal et al., 1994, Tesarz et al., 2013 and Leznicka
et al., 2016 conducted multiple studies/measures within the same paper and therefore are not
counted as separate studies). Four of those studies used cold pressor pain (Janal et al., study 1;
Manning & Fillingim, 2002; Jaremko, Silbert & Mann, 1981; Tajet-Foxell & Rose, 1995). Two
studies found that regular exercisers have a higher pain threshold than non-exercisers for
pressure pain (Granges & Littlejohn, 1993; Leznicka et al., 2016); one found that athletes have
a higher pain threshold to electrical stimulation than non-athletes (Guieu, Blin, Pouget &
Serratrice, 1992) and another reported that marathon runners have a higher pain threshold for
potassium iontophoretic pain (Johnson, Stewart, Humphries & Chamove, 2012). In a study that
examined a number of pain stimuli, Tesarz et al. found that there were no differences in pain

threshold between endurance athletes and controls for cold, heat and blunt pressure, however
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athletes did have a higher pain threshold for pinprick pressure. There are two exceptions to
these findings; Lokmaoglu, Yager and Cavlak (2013) reported that soccer players had a lower
electrical pain threshold than sedentary males. In addition, Tesarz et al. found that endurance
athletes were more sensitive to vibration than normally active controls.

It is concluded that there are no pain threshold differences between athletes and non-
athletes. This is due to the ambiguity in the results discussed above. This accords with the meta-

analysis conducted by Tesarz et al. (2012).
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Table 1.1

Summary of Studies Examining Pain Threshold

Author Participants Pain stimuli Results
Ryan and Kovacic (1966) 20 male high contact athletes Thermal No significant differences (p = 0.06),
20 mal tact athlet non-athletes had lowest threshold, non-
Male non-contact athietes contact athletes had the highest.
20 male non-athletes
Walker (1971) 24 female basketball players Electrical No significant differences

24 female non-athletes

Jaremko et al. (1981)

28 male non-athletes

22 female non-athletes

Cold pressor [2°C, circulation not
stated]

Cold pressor
Female athletes had higher threshold

Ischemic for cold pressor than other 3 groups (p
10 male athletes <0.02,d =0.37)
22 female athletes Ischemia
Split into 3 groups: athlete, non-athlete No significant differences
and control
Scott and Gijsbers (1981) 16 male and 14 female highly Ischemic No significant differences

competitive swimmers
13 male and 17 female club swimmers

10 male and 16 female non-competitive
athletes
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Guieu et al. (1992)

2 female and 4 male athletes

1 female and 7 male non-athletes

Electrical in mAmp for leg flexion
nociceptive reflex threshold

Athletes had higher threshold than non-
athletes (p <0.05)

Granges and Littlejohn (1993) 60 fibromyalgia patients Pressure Regular exercisers had higher pain
30 . i | threshold than unfit group (p <0.001,
non-exercisers (unfit control group) Hedge’s g = 2.22)
30 regular exercisers (fit control group)
Janal et al. (1994) Study 1: Ischemic Cold pressor

12 male runners

18 active males

Study 2:
36 male runners

24 active males

Cold pressor [participants instructed to
“wave” hands in water, temp not
stated]

Radiant heat

Runners had significantly higher
threshold than active controls for cold
pain only (p <0.01)

Ischemia and Radiant Heat

No significant differences

No significant differences for any
stimuli

Tajet-Foxell and Rose (1995)

26 male dancers
26 female dancers
27 male non-dancers

26 female non-dancers

Cold pressor [temperature not stated,
circulation not stated]

Dancers had higher threshold than non-
dancers (p <0.001,d =1.17)

Sternberg et al. (1998)

33 female and 34 male athletes

14 female and 6 male non-athletes

Heat

No significant differences
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Manning and Fillingim (2002)

12 male athletes

12 female athletes

Pressure

Ischemic

Cold pressor

Athletes had higher threshold than non-
athletes (p <0.05)

12 male non-athletes Cold pressor [1°C, constantly
circulated] Pressure and Ischemia
12 female non-athletes
No significant differences
Ord and Gijsbers (2003) 20 male competitive rowers, 20 Ischemic No significant differences
recreational sport participants (males)
not in training
Johnson et al. (2012) 19 male marathon runners Potassium iontophoresis Marathon runners had higher pain
threshold than control group (p <0.001)
7 female marathon runners
19 male non-athletes
7 female non-athletes
Raudenbush et al. (2012) 54 male lacrosse players (contact Cold pressor [3°C, constantly No significant differences

athletes)

24 male track athletes (non-contact
athletes)

51 male
athletes)

soccer players (contact

30 male basketball players
(non-contact athletes)
24 male swimmers

(non-contact athletes)

circulated]
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Lokmaoglu et al. (2013)

37 male soccer players

24 sedentary males

Electrical

Soccer players had lower threshold
than sedentary group (p = 0.0001)

Geva & Defrin (2013)

19 triathletes

17 non-athletes

Heat (cold pain modulation used)

No significant differences

Tesarz et al. (2013)

25 male endurance athletes

26 normally active controls

Heat, vibration (tuning fork)

Mechanical pain (weighted pinprick
and blunt pressure). Cold pain
modulation used

Athletes had higher threshold for
mechanical pain (weighted pinprick) (p
<0.05).

Athletes had higher sensitivity for
vibration (p <0.05)

No other significant differences

Leznicka et al. (2016)

140 male martial artists

181 non-athletes

Cold pressor [0-5°C, constantly
circulated]

Pressure

Martial artists had higher threshold for
pressure pain only (p <0.0001)
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Pain Tolerance.

Results regarding pain tolerance have been more consistent than threshold findings
(Tesarz et al., 2012). Twenty studies to date have examined differences in pain tolerance
between athletes and non-athletes, and between athlete groups. Tesarz reviewed 11 studies, all
of which are included here. Findings are summarised in Table 1.2.

Eleven of the 20 studies have found that athletes are able to tolerate more pain than
non-athletes (Ryan & Kovacic, 1966; Ryan & Foster, 1967; Walker, 1971; Tajet-Foxell &
Rose, 1995; Manning & Fillingim, 2002; Paparizos, Tripp, Sullivan & Rubenstein, 2005;
Johnson et al., 2012; Lokmaoglu et al., 2013; Geva & Defrin, 2013; Freund et al., 2013;
Leznicka et al., 2016). In addition, two studies have shown that athletes who are engaged in
training and competition have higher pain tolerance than control groups comprised of active or
recreational participants (Ord & Gijsbers, 2003; Scott & Gijsbers, 1981). Furthermore, athletes
who play contact sports have demonstrated a higher pain tolerance than athletes who play non-
contact sports (Ryan & Kovacic; Ryan & Foster; Eitter, 1980 cited in Tesarz et al., 2012;
Raudenbush et al., 2012; Leznicka et al.). Five studies found no differences in pain tolerance
between athletes and non-athletes (Ellison & Freischlag, 1975; Jaremko et al., 1981; Egan,
1987; Janal et al., 1994; Sternberg et al., 1998).

In studies where differences between groups were observed, cold pain and ischemia
have been the most common pain stimuli (e.g. Manning & Fillingim, 2002). Other methods
that have yielded differences are gross pressure (e.g. Ryan & Kovacic, 1966), electrical pain
(e.g. Walker, 1971) and heat (Geva & Defrin, 2013). In studies where no differences have been
observed, many pain stimuli have been utilised; pressure (e.g. Manning & Fillingim), cold (e.g.
Jaremko et al., 1981), ischemia (e.g. Janal et al., 1994), radiant heat (e.g. Janal et al.) and
muscular endurance tasks (e.g. Ellison & Freischlag, 1975).

The pain tolerance research has yielded more consistent findings than the pain threshold
literature. Despite some disagreements, it is concluded that athletes do appear have a higher
pain tolerance than non-athletes and that high contact athletes may have a higher pain tolerance
than non-contact sports participants. This accords with Tesarz et al. (2012).
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Table 1.2

Summary of Studies Examining Pain Tolerance

Author

Participants

Pain stimuli

Results

Ryan and Kovacic (1966)

20 male high contact athletes
20 male non-contact athletes

20 male non-athletes

Gross pressure

Ischemic

Gross pressure

High contact athletes had higher
tolerance than non-contact athletes (p
<0.0001, d =1.033) and non-athletes (p
<0.0001, d =-0.13)

Ischemia

High contact athletes had higher
tolerance than non-contact athletes (p
<0.0001, d = 1.13) and non-athletes (p
<0.0001, d =-1.44)

Ryan and Foster (1967)

20 male high contact athletes
20 male non-contact athletes

20 male non-athletes

Gross pressure

High contact athletes had higher
tolerance than low contact athletes (p =
<0.01) and non-athletes (p <0.01)

Low contact athletes had higher
tolerance than non-athletes (p <0.01)

Walker (1971) 24 female basketball players Electrical Athletes had higher tolerance than non-
athletes (p = 0.01, d = 1.39)
24 female non-athletes
Ellison and Freischlag (1975) 12 male baseball players Muscular endurance task (finger No significant differences
flexion)

12 male basketball players
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12 male football linesmen

12 male football backs

12 male track distance runners
12 male track and field sprinters

12 non athletes

Eitter (1980)*

29 male athletes
Contact athletes
Endurance athletes

16 male non-athletes

Pressure

Ischemic

Pressure

Contact athletes had higher tolerance
than controls

Endurance athletes had lower tolerance
than controls

Ischemic

No significant differences

Jaremko et al. (1981)

28 male non-athletes
22 female non-athletes
10 male athletes

22 female athletes

Split into 3 groups: athlete, non-athlete
and control

Cold pressor [2°C, circulation not
stated]

Ischemic

Cold Pressor

No significant difference between
athletes and non-athletes

Males had higher tolerance than
females at pre-test (p <0.05, d =0.48).

Female athletes had higher tolerance
than female non-athletes (p <0.05, d =
0.53)

All groups had higher tolerance than
female non-athletes (p <0.05, d = 1.20)

Ischemic
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Athletes were higher at pre-test than
non-athletes (p <0.003, d = 1.06)

Scott and Gijsbers (1981)

16 male and 14 female highly
competitive swimmers

13 male and 17 female club swimmers

10 male and 16 female non-competitive
athletes

Ischemic

Competitive swimmers had higher
tolerance than club swimmers (p
<0.0001, d = 1.03) and non-
competitive athletes (p <0.0001, d =
1.74)

Club swimmers had higher tolerance
than non-competitive athletes (p =
<0.05, d =0.62)

Egan (1987)

50 male athletes (5 groups of 10, split
by sport played)

10 male non-athletes

Cold pressor [0-3°C, constantly stirred]

No significant differences between
athletes and non-athletes.

Football players had higher tolerance
than fencers (p <0.05, d = 1.56) and
karate participants (p <0.05, d = 1.42).

Cross country skiers had higher
tolerance than fencers (p <0.05, d =
0.84) and karate participants (p <0.05,
d=0.81)

Janal et al. (1994)

Study 1:
12 male runners

18 active males

Ischemic

Cold pressor [participants instructed to
“wave” hands in water, temp not
stated]

Radiant heat

No significant differences
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Study 2:
36 male runners

24 active males

No significant differences

Tajet-Foxell and Rose (1995)

26 male dancers
26 female dancers
27 male non-dancers

26 female non-dancers

Cold pressor [temperature not stated,
circulation not stated]

Dancers had higher tolerance than non-
dancers (p <0.001, d = 1.71)

Sternberg et al. (1998) 33 female and 34 male athletes Heat No significant differences
14 female and 6 male non-athletes
Manning and Fillingim (2002) 12 male athletes Pressure Athletes had higher tolerance than non-
. athletes for ischemic (p <0.05) and cold
12 female athletes Ischemic

pressor (p <0.05)

12 male non-athletes Cold pressor [1°C, constantly
circulated]
12 female non-athletes
Ord and Gijsbers (2003) 20 male competitive rowers, 20 Ischemic Competitive  rowers had higher

recreational sport participants (males)
not in training

tolerance than non-training group (p
<0.05, d = 0.94)

Competitive rowers used mental
strategies more than non-training group
(p <0.05), and used multiple strategies
more (p <0.05)

Pain tolerance positively correlated
with number of strategies used while in
pain (r = 0.70, p <0.01).
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“Quality” of strategy positively
correlated with tolerance (r = 0.68, p
<0.01). Athletes using high quality
pain coping strategy significantly
higher tolerance than those who did not
(p <0.01)

Paparizos et al. (2005)

25 female high skilled dancers
22 female low skilled dancers

26 female non-dancers

Cold pressor [1-3°C, circulation not

stated]

High skilled dancers had higher
tolerance than low skilled and non-
dancers. (p <0.05)

All dancers had higher tolerance than
non-dancers (p <0.05)

Johnson et al. (2012)

19 male marathon runners
7 female marathon runners
19 male non-athletes

7 female non-athletes

Potassium iontophoresis

Marathon runners had higher tolerance
than control group (p <0.001)

Raudenbush et al. (2012)

54 male lacrosse players (contact
athletes)

24 male track athletes (non-contact
athletes)

51 male soccer players (contact
athletes)

30 male basketball players
(non-contact athletes)

24 male swimmers

Cold pressor [3 °C,
circulated]

constantly

Lacrosse and soccer players had higher
tolerance than other groups (p <0.01).
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(non-contact athletes)

Lokmaoglu et al. (2013)

37 male soccer players

24 sedentary males

Electrical

Soccer players had higher tolerance
than sedentary group (p = 0.0001)

Geva and Defrin (2013)

19 triathletes

17 non-athletes

Heat (cold pain modulation used)

Triathletes had higher tolerance than
non-athletes (p <0.0001)

Freund et al. (2013)

11 male ultra-marathon runners

11 male normally active matched
controls

Cold

Ultra-marathon runners had higher
tolerance than control group (p =
0.0002)

Leznicka et al. (2016)

140 male martial artists

181 non-athletes

Cold  pressor
circulated]

Pressure

[0-5°C,

constantly

Martial artists had higher tolerance
than non-athletes for cold pressor (p =
0.0002) and for pressure (p <0.00001)

*this paper could not be obtained, information is taken from Tesarz et al. (2012)
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Pain Perception/Reporting.

Athletes may not only tolerate more pain than non-athletes, but also perceive pain
differently. Tesarz et al. (2012) did not review any of the literature based on pain reporting,
however thirteen studies have examined differences in pain perception in athletes and non-
athletes as well as dancers and non-dancers. Results are summarised in Table 1.3.

In research focusing specifically on athletes, six studies concluded that athletes report
pain as being less intense than non-athletes (Hall & Davies, 1991; Manning & Fillingim, 2002;
Sullivan, Tripp, Rogers & Stanish, 2000, Straub, Martin, Williams & Ramsey 2003; Geva &
Defrin, 2013; Freund et al., 2013). In addition, two studies examined differences in pain
reporting amongst athlete groups and found that contact sports participants perceived pain as
less intense than non-contact athletes (Raudenbush et al., 2012; Straub et al.). These studies
used cold pain, pressure pain, ischemia, heat and a pain apperception test to determine
responses to pain.

In two studies focusing on dancers however, results are less clear. Tajet-Foxell and
Rose (1995) found that dancers perceived pain to be more intense than non-dancers, whereas
Paparizos et al. (2005) reported that there were no differences in pain perception between
dancers and non-dancers. Both of these studies used the cold pressor test as a means to induce
pain. Four other studies have found no differences in pain perception between athletes and non-
athletes, using ischemia, thermal pain, vibration and pressure (Janal et al., 1994; Sternberg et
al., 1998; Monnier-Benoit, Groslambert & Rouillon, 2006; Tesarz et al., 2013).

It should also be noted that the instruments used to measure pain perception have varied
widely. Visual Analog Scales (VAS) tend to be the most common methods used to measure
pain intensity in sports settings, and have proved to be reliable and valid (Bijur, Silver &
Gallagher, 2001). Numerical Rating Scales (NRS) have also been used within sports research,
and are equally as robust as using VAS (Hawker, Mian, Kendzerska & French, 2011). Both
scales are unidimensional however and do not account for the many ways in which pain can be
experienced. Further studies have employed specific pain questionnaires such as the McGill
Short Form Pain Questionnaire (SFMPQ, Melzack, 1987). This questionnaire is a
multidimensional inventory and rates affective as well as sensory aspects of pain (Hawker et
al.). This scale is often used for its brevity and ease of use. It has shown adequate reliability
and validity when tested in clinical populations (Hawker et al.). As pain perception has been
measured in many ways, it should be acknowledged that results may reflect the tool used.
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Table 1.3

Summary of Studies Examining Pain Perception

Author

Participants

Pain stimuli

Pain ratings

Results (perception)

Hall and Davies (1991)

7 male athletes
7 female athletes
7 male non-athletes

7 female non-athletes

Cold pressor [1-2°C, stirred
continuously)

VAS (150mm line) for pain
intensity (no sensation to
strongest sensation | can
imagine) and affect (not bad at
all to most intense bad feeling
for me).

Female non-athletes had higher
pain intensity than male non-
athletes (p <0.05, d = 9.49),
female athletes (p <0.05, d =
12.05) and male athletes (p
<0.05, d =19.13).

Female non-athletes had higher
pain affect than male athletes
(p <0.05, d = 15.52) and female
athletes (p <0.05, d = 10.38).

Male non-athletes had higher
pain affect than male athletes
(p <0.05, d =9.63).

Non-athletes perceived affect
to be higher than intensity (p
<0.01, d = 0.50), athletes
perceived intensity to be higher
than affect (p < 0.01, d =1.64).
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Janal et al. (1994)

Study 1:
12 male runners
18 active males

Study 2:
36 male runners
24 active males

Ischemic

Radiant Heat

Cold pressor [participants
instructed to “wave” hands in
water, temp not stated]

Radiant heat

Ischemic

Cold pressor

6 point scale: Nothing-severe
pain (within each of the
categories, excluding
“nothing” participants rated
sensation using a 10 point
scale, anchors not specified).

5 point scale: Hot-very painful.

8 point scale: Nothing-severe
pain (within severe pain an
additional 10 point scale was
used — anchors not specified)

8 point scale: Nothing-severe
pain

As experiment 1

As experiment 1

No significant differences

No significant differences

No significant differences

No significant differences

No significant differences

Runners reported very cold,
moderate and faint pain later
than controls (p <0.02)

Tajet-Foxell and Rose (1995)

26 male dancers
26 female dancers
27 male non-dancers

26 female non-dancers

Cold pressor [temperature not
stated, circulation not stated]

VAS (0-no pain, 2 = moderate
pain, 3 = severe pain)

SFMPQ (0 — no pain, 2 =
moderate pain, 3 = severe pain)

Dancers perceived pain to be
more intense than non-dancers
(p=0.001,d=0.37)
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Sternberg et al. (1998) 33 female and 34 male athletes Cold  pressor [0-2 °C, Gracely Box Scale (0 = no No significant differences
circulation not stated] pain, 20 = intense pain)
14 female and 6 male non-
athletes
Sullivan et al. (2000) 26 male athletes Cold pressor [2-4°C, Verbal pain intensity measure Pain was less intense for

28 female athletes
27 male sedentary individuals

27 female
individuals

sedentary

circulation not stated]

(0 = no pain, 10 = extreme
pain)

athletes (p <0.001)

Manning and Fillingim (2002)

12 male athletes
12 female athletes
12 male non-athletes

12 female non-athletes

Pressure
Ischemic

Cold pressor [1°C, constantly
circulated]

VAS measuring intensity and
unpleasantness, anchors not
stated.

Athletes rated pain as less
unpleasant than non-athletes
(interview)

Straub et al. (2003) 83 male athletes None used Pain Apperception Test (1=no Females had lower
pain, 7 = cannot stand the pain) apperception than males (p
25 female athletes <0.001, = 0.267)
Divided into 49 c_or_1tact and 59 Contact athletes had lower
nlon-(I:on'E[a(t:t q parr]tlupants (not apperception than non-contact
clearly stated whom) athletes (p <0.017, n?=0.23)
Paparizos et al. (2005) 25 female high skilled dancers  Cold pressor [1-3°C, SFMPQ (0 - no pain, 2 = No significant differences

22 female low skilled dancers

26 female non-dancers

circulation not stated]

moderate pain, 3 = severe pain)

NRS (0 = no pain, 10 = extreme
pain)

Monnier-Benoit et al. (2006)

10 male cyclists

Pressure

Borg Scale (0 = no pain, >10 =
highest pain possible)

No differences in
perception

pain
between groups
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10 sedentary males

pre-exercise and post exercise
(p=0.94, ES=.02)

Raudenbush et al. (2012)

54 male lacrosse
(contact athletes)

players

24 male track athletes (non-
contact athletes)

51 male soccer players (contact
athletes)

30 male basketball players
(non-contact athletes)
24 male swimmers

(non-contact athletes)

Cold pressor [3°C, constantly Likert Scale (0 = no pain, 10 =

circulated]

pain is no longer tolerable)

Lacrosse players perceived
pain significantly less intense
compared to other groups (p
<0.05).

Geva and Defrin (2013)

19 triathletes

17 non-athletes

Heat (cold pain modulation
used)

VAS (0 =no pain sensation, 10
= most intense pain sensation
imaginable)

Triathletes  perceived pain
significantly less intense than
non-athletes (p <0.05)

Tesarz et al. (2013)

25 male endurance athletes

26 normally active controls

Heat, vibration, mechanical
pain (weighted pin-prick and
blunt pressure) (cold pain
modulation used)

Pain Experience Scale (sensory
and affective dimensions, 1 =
applicable, 4 = not applicable)

No significant differences

Freund et al. (2013)

11  male ultra-marathon
runners
11 male normally active

matched controls

Cold

NRS-11 scale (0 = no pain, 10
= worst pain imaginable)

Ultra-marathon runners
perceived pain significantly
less intense than controls 