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Abstract

Objectives: Personality traits have been proposed to affect the risk of sports
concussion, but evidence is limited. Cloninger's Tridimensional Personality
Questionnaire (TPQ) measures novelty seeking, harm avoidance (HA), and reward
dependence traits. The aim of this study was to investigate the relationship between
TPQ scores and concussion history in rugby union players.

Design: Cross-sectional study

Methods: Rugby players from high schools, senior amateur clubs, and professional
teams provided a self-reported concussion history and completed the TPQ.
Participants reporting no previous concussions formed the control group, while

participants reporting concussion formed the case group. A one-way analysis of



covariance, with age as a covariate, was used to examine the differences in TPQ
scores between groups.

Results: Of the 309 participants, 54% reported a minimum of one concussion
(junior:47%; amateur:52%; professional:72%). HA scores were significantly higher in
junior players without a history of concussion compared to cases (p=0.006).
Specifically, the junior control group had higher “anticipatory worry” (p=0.009) and
“fear of uncertainty” (p=0.008). In contrast, the professional control group had lower
HA scores than cases (p=0.009), while the amateur cohort displayed no differences
between control and case groups.

Conclusions: This study identified a novel association between HA and concussion
in rugby players, adding evidence to the role of personality in a multifactorial risk-
model of concussion. The findings suggest that lower HA may lead to increased
dangerous play in youth rugby, influencing concussion susceptibility. Contrasting
associations in the professional cohort suggest further research is required to

understand the role of personality in concussion.
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Introduction

Concussion is defined as “a complex pathophysiological process affecting the brain,
induced by traumatic biomechanical forces”.! It is estimated that 1.6 — 3.8 million
concussions occur annually in the USA.2 A history of multiple concussions is
suggested to result in an increased risk of developing long-term neurological and
psychological complaints.® The incidence, time lost from participation, and the
potential long-term effects of concussion, highlight the importance of identifying risk

factors and understanding the underlying biology of sport-related concussion.



Individual personality traits have been associated with an increased risk of acute
sports injuries.*® More specifically; impulsivity, neuroticism, anxiety, and extraversion
have been found to correlate with overall injury risk in sport.*® Ice-hockey players
who claimed that they play in order get rid of excess aggression, were found to be

four times more likely to be concussed.’

Rugby Union, hereafter referred to as rugby, is a game with frequent high impact
collisions and therefore associated with a relatively high concussion profile compared
to other team sports.® It has been proposed that the attitude and behaviour of rugby
players can affect their risk of injury.’ Specifically, increased concussion rates were
noted in rugby players with higher impulsivity scores.'® The majority of concussions
in rugby occur during player-player contact.™ It may be possible that personality, or a
certain behaviour profile, may impact on how an individual player approaches and
engages in contact situations, and thereby modify their concussion susceptibility. For
example, in soccer, players with higher extraversion scores were more likely to head

the ball.*?

Cloninger et al. developed the Tridimensional Personality Questionnaire (TPQ),
aimed at computing three facets of an individual’s temperament, namely novelty
seeking (NS), harm avoidance (HA), and reward dependence (RD)."®* NS is defined
as a “tendency toward frequent exploratory activity and intense excitement in
response to novel stimuli” and is indicative of risk-taking and impulsive behaviour.*?
HA is the “tendency to avoid aversive situations” and is described as a measure of
the perceived risk and anxiety of a given situation, whereas RD is “a tendency to
respond intensely to signals of reward”.”® It may therefore be possible for these
personality measures to indirectly quantify behaviours such as risk taking,

impulsivity, and perceived risk that could possibly affect concussion susceptibility.



The aim of this study was to explore the relationship between personality scores, as

measured by Cloninger's TPQ," with concussion history in rugby players.

Methods

Whilst adhering to the Declaration of Helsinki ethical guidelines, and following
approval from the Human Research Ethics Committee of the University of Cape
Town, the Western Cape Education Department, and relevant school administrators,
schools, senior community-level amateur clubs, and senior professional teams were
approached to participate in the study between 2013 and 2015. A total of 487
apparently healthy active male rugby players volunteered to participate in the study,
and completed the consent and/or assent forms, from four of the eight high schools
(“junior”: n=248), all three senior community-level amateur clubs (“amateur”: n=170),
and the two professional teams (“professional”. n=69). Participants were then
required to complete the study questionnaire containing: (i) personal details, medical,
and sporting history questionnaire, (i) a concussion history questionnaire, and (iii)
Cloninger's TPQ. For the adult participants (amateur and professional) the consent
form and study questionnaire were completed in a single session. For the junior
participants, consent was first required from both parent and junior before the study
guestionnaire was completed at a subsequent time point. Junior participants who had
completed consent and assent forms, but did not submit the study questionnaire

were excluded (n=70).

Participants previously diagnosed with meningitis (n=6), epilepsy (n=3), stroke (n=2),
mood or psychiatric disorders (n=2), or had sustained a non-rugby related
concussion (n=24). Participants without a self-reported English language
comprehension did not complete the TPQ and were excluded from the study (all
levels: n=17; junior: n=17; amateur: n=0; professional: n=0). Within the TPQ, there

were two validation items (blank questions with true and false answer boxes) to test



for carelessness and inaccuracy of responses. If one, or both, of these validation
items were answered the participant was removed from the study (all levels: n=54;
junior: n=30; amateur: n=14; professional: n=10). A total of 309 participants were
included in the study (junior: n=107, age: 16.5 + 1.3 years; amateur: n=145, age:

21.6 + 4.4 years; professional: n=57, age: 24.5 * 3.6 years).

All participants were enrolled using identical methods, with control and case groups
assigned after recruitment based on self-reported concussion history. We defined
concussions according to the Zurich Consensus statement® as a direct, or indirect,
blow to the head during a rugby-related activity, that resulted in a set of clinical signs
and symptoms that may or may not have involved loss of consciousness. The self-
reported concussion history questionnaire required participants to provide details of
their four most recent concussions. Specifically, information was collected on the
date and mechanism of concussion injury, whether the concussion was diagnosed by
a medical professional, the occupation of that medical professional (medical doctor,
physiotherapist, nurse, paramedic), the symptoms experienced, and the duration of
symptoms. Participants selected the relevant symptoms from a concussion symptom
list, which was constructed from the symptom evaluation section of the Sports

Concussion Assessment Tool (3" edition).**

“‘Diagnosed concussions” were defined as concussions reportedly diagnosed by a
medical professional (doctor, physiotherapist, nurse, paramedic) and qualified by one
or more concussion symptoms. “Suspected concussions” were defined as
concussions that were not diagnosed by medical personnel, but were described in

conjunction with concussion symptoms.

The control group included all individuals reporting no suspected or diagnosed

concussions (n=142), while the case group included all participants with a minimum



of one suspected or diagnosed concussion (n=167). The case subgroup, “case
(diagnosed)”, only included participants with one or more diagnosed concussions

(n=134), thus excluding suspected concussions.

Participants were asked to disclose any current or previously diagnosed medical
conditions and describe details of their lifetime rugby and sporting participation,
including the total years of participation, highest level of play, and playing position (if

applicable).

Cloninger’s 96-item trueffalse, self-administered TPQ"® comprises of 33 NS, 34 HA,
and 29 RD questions, with zero or one scored for each question. Within each of the
three dimensions (NS, HA and RD) are four subscales, as described in
Supplementary Table S1. Higher scores indicate increased HA, NS, and RD
behaviors. For example, an individual with a high HA score would be more reluctant
to partake in risky or aversive activities compared to someone with a low HA score.
In the case of incomplete guestionnaires, the sections that were completed were
included, while the incomplete sections were excluded from the analysis. The NS
section was completed by 92% (NS1: 97%; NS2: 96% NS3: 98%; NS4: 96%), the HA
section by 94% (HAL: 97%; HA2: 98%; HA3: 99%; HA4: 99%), and the RD section

by 94% (RD1: 98%; RD2: 97%; RD3: 97%; RD4: 99%) of included participants.

The Shapiro Wilk test was used to test whether the data sets were normally
distributed. A one-way analysis of variance (ANOVA), with Tukeys post-hoc test, was
used to observe differences in parametric participant characteristic data, while a
Mann Whitney U test was used to investigate differences in non-parametric
participant characteristic data between groups. As a result of negligible differences
between ANOVA and Mann Whitney U results, all data was represented as being

parametric with the ANOVA results displayed.



Due to the possible effect of age on personality traits,™

a one-way analysis of
covariance (ANCOVA), with age as a covariate, was used to examine the differences
in TPQ scores between the control and case groups. If significant differences or
trends were found between groups in any of the three TPQ dimensions (NS, HA, or
RD), additional analysis was completed on the four subscales of that dimension. In
addition, a Fisher’s exact test was used to observe differences in the distribution of
TPQ dimension scores between groups. The patrticipants were subdivided into age
cohorts for analysis. Furthermore, because of differences in the level of competition
between senior amateur and professional adult players, professional players were
analysed as a separate cohort. P values less than 0.05 were accepted as statistically

significant. All statistical analysis was done using STATISTICA (Version 11, StatSoft

Inc., Tulsa, OK, USA).

The Human Research Ethics Committee of the University of Cape Town granted
ethical approval for this study. The study adhered to the Declaration of Helsinki
ethical guidelines. The Western Cape Education Department and relevant school
administrators gave permission to conduct research at schools. All participants gave
written informed consent and in the case of minors, written informed assent from the

minor and informed consent from a parent or legal guardian was obtained.

Results

Fifty-four percent of participants (n=167) reported a previous suspected or diagnosed
concussion (junior: 47%, n=50; amateur. 52%, n=76; professional: 72%, n=41).
Forty-three per cent (n=134) of the participants reported at least one medically
diagnosed concussion (junior: 35%, n=37; amateur: 41%, n=60; professional: 65%,
n=37). Twenty-six per cent (n=81) of participants reported a single suspected or
diagnosed concussion (junior: 32%, n=34; amateur: 22%, n=32; professional: 26%,

n=15), while 28% (n=87) reported two or more concussions (junior: 16%, n=17,



amateur: 30%, n=44; professional: 46%, n=26). A medical professional reportedly
diagnosed 71% of all concussion events (junior: 73%, n=58; amateur: 70%, n=101;
professional: 70%, n=56). The average time since the most recent concussion was
2.7 + 2.6 years ago (n=150) (junior: 1.3 + 1.5 years, n=43; amateur: 3.2 + 2.9 years,
n=71; professional: 3.3 £ 2.5, n=36) and 3.5 + 3.3 years ago (n=255) for all recorded
concussion events (junior: 1.5 + 1.6 years, n=62; amateur. 4.0 = 3.3, n=127;

professional: 4.2 + 3.3, n=62).

The control and case groups within the junior, amateur, and professional cohorts
were similar in age (junior: p=0.389; amateur: p=0.679; professional: p=0.661),
height (junior: p=0.116; amateur: p=0.250; professional: p=0.229), weight (junior:
p=0.093; amateur: p=0.824; professional: p=0.296), BMI (junior: p=0.129; amateur:
p=0.595; professional: p=0.705), and years of rugby exposure (junior: p=0.897,

amateur: p=0.588; professional: p=0.091) (Supplementary Table 2).

The amateur group (NS: 16.7 + 5.2, n=137) had significantly higher NS scores than
the professional (NS: 14.2 + 5.4, n=52, p=0.006), but not junior (NS: 15.4 + 4.3,
n=96, p=0.299) group (Table 1). Of the NS subscales, the amateur cohort (NS3: 3.6
+ 1.9, n=144) had significantly higher NS3 (“extravagance”) scores than the junior
(NS3: 2.5 + 1.5, n=104, p<0.001) and professional (NS3: 2.7 + 1.6, n=143, p=0.001)
cohorts. The junior cohort (HALl: 3.6 £ 2.1, n=103) had significantly higher HA1l
(“anticipatory worry”) scores than the amateur (HA1: 2.7 + 2.0, n=141, p=0.002) and
professional cohort (HAl: 2.8 + 2.0, n=56, p=0.040). There were no statistical

differences in RD between levels of play.



Table 1. The mean scores for the three Tridimensional Personality Questionnaire (TPQ) dimensions,
novelty seeking (NS), harm avoidance (HA) and reward dependence (RD), for junior, senior amateur
(amateur), and senior professional (professional) South African rugby players.

TPQ dimension Level of play

Junior Amateur Professional p Value
n 107 145 57
NS 15.4 + 4.3 (96) 16.7 +5.2 (137)? 14.2 £ 5.4 (52)° 0.006
NS1 4.4 + 1.6 (106) 4.5+ 1.5 (141) 4.0 1.6 (54) 0.132
NS2 3.3+1.8(102) 3.4 1.9 (140) 2.9+2.1 (55) 0.327
NS3 2.5+ 1.5 (104)° 3.6+1.9(144)>°  2.7+16 (56)° <0.001
NS4 5.2 + 2.0 (103) 5.3 + 2.0 (140) 4.8 2.0 (55) 0.252
HA 11.7 + 5.8 (97) 10.1 + 5.8 (137) 10.2 + 5.5 (55) 0.087
HAL 3.6+2.1(103)" 2.7 +2.0 (141)° 2.8+ 2.0 (56)° 0.002
HA2 2.6 £ 1.8 (102) 2.5+1.9(143) 2.7 +1.6 (57) 0.683
HA3 2.6 + 2.1 (106) 2.2 +2.0 (144) 2.4 +1.9 (56) 0.254
HA4 3.1 +2.4(105) 2.7 +2.4(143) 2.2+2.1(57) 0.093
RD 18. + 4.0 (99) 18.6 + 4.1 (139) 18.5 + 4.2 (53) 0.463

Data are expressed as the mean * standard deviation with the number of participants (n) in parenthesis.
Statistically significant differences (p < 0.05) between all levels of play are displayed in bold. HA1:
anticipatory worry; HA2: fear of uncertainty; HA3: shyness/shyness with strangers; HA4: fatigability and
asthenia; NS1: exploratory excitability; NS2: impulsiveness; NS3: extravagance; NS4: disorderliness.
%The amateur group had significantly higher NS scores than the professional group (p = 0.006). NS3
was higher in the amateur compared to the bjunior (p < 0.001) and “professional group (p = 0.001). The
junior cohort had significantly higher HA1 scores than the “amateur (p = 0.002) and °professional cohort
(p = 0.040).

In the junior cohort, the control group (13.2 £ 5.8, n=51) had significantly higher HA
scores than the case (HA: 10.0 £ 5.4, n=46, p=0.006) and case (diagnosed) (HA: 9.6
+ 5.0, n=34, p=0.003) groups (Table 2). Furthermore, there was a lower percentage
of control (8%, n=4) participants with HA scores less than six, compared to the case
(24%, n=11, p=0.047) and case (diagnosed) (26%, n=9, p=0.030) groups, and a
higher proportion of control participants with HA scores above 15 (35%, n=18)
compared to the case (diagnosed) (12%, n=4, p=0.022) group (Figure 1a). Analysis
of the HA subscales revealed that the control group (HA1: 4.1 + 2.1, n=55; HA2: 3.1
+ 1.9, n=54) had higher HA1 (“anticipatory worry”) and HA2 (“fear of uncertainty”)
than the junior case group (HA1: 3.0 £ 1.9, n=48, p=0.009; HA2: 2.1 £ 1.6, n=48,
p=0.008) and case (diagnosed) subgroup (HAL: 2.8 + 1.7, n=36, p=0.003; HA2: 1.9 +

1.5, n= 35, p=0.003) (Table 2).



Table 2. The mean scores for the three Tridimensional Personality Questionnaire (TPQ) dimensions,
novelty seeking (NS), harm avoidance (HA) and reward dependence (RD), for South African junior,
senior amateur (amateur), and senior professional (professional) rugby players without a previous
suspected or diagnosed concussion (control), with a minimum of one suspected or diagnosed

concussion (case), and case participants with one or more diagnosed concussions (case diagnosed).

Junior

n

NS

HA
HAL
HA2
HA3
HA4

RD

Amateur
n

NS

HA

RD

Professional
n
NS
HA
HA1
HA2
HA3
HA4
RD

Control

57

15.8 + 4.5 (52)
13.2 + 5.8 (51)
4.1+2.1 (55)
3.1+1.9 (54)
2.9 + 2.2 (56)
3.3+2.3 (56)
18.0 + 3.9 (51)

69

16.5 + 5.1 (63)
9.6 + 5.5 (64)
18.9 + 4.0 (66)

16

13.3 6.0 (16)
7.3+3.9 (16)
1.9 + 1.3 (16)
2.9 +1.8 (16)
1.7 + 1.4 (16)
0.8 +0.9 (16)
17.4 + 4.2 (14)

Case

50

15.1 + 3.9 (44)
10.0 + 5.4 (46)
3.0 £ 1.9 (48)
2.1+ 1.6 (48)
2.3 +2.0 (50)
2.8 + 2.5 (49)
17.9 + 4.8 (48)

76

16.8 + 5.2 (74)
10.5 + 6.2 (73)
18.4 +4.2 (73)

41
14.6 +5.2 (36)
11.4 +5.6 (39)
3.2 + 2.2 (40)
2.7 +1.6 (41)
2.8 + 2.0 (40)
2.8 £2.2 (41)
18.9 + 4.1 (39)

p Value®

0.470
0.006
0.009
0.008
0.064
0.391
0.716

0.765
0.327
0.501

0.383
0.009
0.029
0.641
0.056
0.001
0.247

Case
(diagnosed)

37
15.1 + 3.8 (32)
9.6 5.0 (34)
2.8 +1.7 (36)
1.9 + 1.5 (35)
2.3+2.0(37)
2.7 + 2.4 (36)
18.5 + 4.8 (36)

60

17.1 +5.1 (58)
10.8 + 6.1 (57)
19.1 + 3.7 (58)

37

145 +5.1 (33)
11.4 +5.7 (36)
3.2 +2.2 (36)
2.5+1.5(37)
2.8 2.0 (37)
2.8 +2.3(37)
19.2 + 4.2 (36)

p value®

0.512
0.003
0.003
0.003
0.063
0.300
0.815

0.551
0.263
0.805

0.408
0.011
0.027
0.483
0.060
0.001
0.194

Data are expressed as the mean * standard deviation with the number of participants (n) in parenthesis.
Age-adjusted p values for “control versus case group and Pcontrol versus case (diagnosed) subgroup.
Statistically significant differences (p < 0.05) between control and case groups are displayed in bold.

HAZL: anticipatory worry; HA2: fear of uncertainty; HA3: shyness/shyness with strangers; HA4: fatigability

and asthenia.
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Fig. 1. The distribution of harm avoidance (HA) scores in a) junior, b) senior amateur, and c)
professional players without a previous suspected or diagnosed concussion (control), with a minimum of
one suspected or diagnosed concussion (case), and case participants with one or more diagnosed
concussions (case diagnosed). a) There was a lower proportion of junior control (8%, n = 4) participants
with total HA scores less or equal to five, compared to the junior case (24%, n = 11, p = 0.047) and case
(diagnosed) (27%, n =9, p = 0.030) groups. There was a higher proportion of junior control participants
(35%, n = 18) with HA scores above 15 than the case (diagnosed) (12%, n = 4, p = 0.022) group.

There were no statistical differences in any of the TPQ dimension mean scores

between case and control groups in the amateur cohort (Table 2).

In contrast to the junior cohort, HA was significantly lower in the professional control
(HA: 7.3 £ 3.9, n=16) group than the case (HA: 11.4 + 5.6, n=39, p=0.009) and case
(diagnosed) (HA: 11.4 + 5.7, n=36, p=0.011) groups. Specifically, the professional

control (HA1l: 1.9 + 1.3, n=16; HA4: 0.8 £ 0.9, n=16) group had lower HA1l

11



(“anticipatory worry”) and HA4 (“fatigability and asthenia”) than the case (HALl: 3.2 +
2.2, n=40, p=0.029; HA4: 2.8 + 2.1, n=41, p=0.001) and case (diagnosed) (HA1: 3.2
+ 2.2, n=36, p=0.027; HA4: 2.8 £ 2.3, n=37, p=0.001) groups (Table 2). There were
no significant differences in the proportional distribution of HA scores between

control and case groups in the amateur or professional cohorts (Figure 1b and 1c).

Discussion

The main findings of this study were that junior rugby players with a history of
concussion had significantly lower HA scores than players without a previous
concussion, while conversely, the professional players with a history of concussion

had higher HA scores than those without a concussion history.

Generally, an individual with low HA is characterised by being carefree, confident
and optimistic, while an individual with high HA will be more cautious and anxious.
Therefore, in this study, junior players with a history of concussion had higher
measures of confidence and optimism in conjunction with lower levels of perceived

risk and caution, compared to those without a history of concussion.

To date, only a few studies investigating the effect of personality traits on concussion
or injury risk in rugby have been reported. Hollis et al. (2009) found that rugby
players with high impulsivity scores had increased rates of concussion compared to
those with medium or low scores.™® While a study comparing anger and hostility traits

observed no differences between injured and uninjured rugby players.*

A review of the influence of psychological factors on sports injuries concluded that
although no single personality profile has consistently been associated with athlete
injuries, there is an emergence of evidence linking a “readiness to take risks” to

increased injury rates.'” Decreased injury risk appraisal has consistently been shown

12



to result in increased risk-taking behaviour in sports and recreational activities*® and
has been associated with increased sports injury risk.*** A study of adolescent
soccer players found that lower levels of self-reported perceived injury risk resulted in
a 3.8 to 7.9 fold greater rate of injury.*® While a study of over 1400 adolescents found
that higher self-reported risk taking behavior was associated with increased injury

risk.°

HA scores are linked to risk taking decisions®* and risky or dangerous behaviors
outside of a sporting context.”” Furthermore, high HA scores have also been
associated with heightened physical pain perception.”® To the best of the authors’
knowledge there have been no published studies specifically investigating the
relationship between HA and collision sports’ injury risk. However, we can postulate
that rugby players with lower HA scores, and thus decreased risk appraisal, may take
greater risks and more readily approach contact situations. Individuals with high HA,
on the other hand, may be more cautious going into contact, or avoid contact, thus

reducing their exposure to possible concussion causing events.

Of the HA subscales, HA1 and HA2 showed an association with concussion. Low
HAL scores are indicative of uninhibited optimism and decreased anticipatory worry,
while decreased HA2 is associated with increased confidence and a lower fear of
uncertainty. Bandura et al. (1997) suggests that an over confidence or
overestimation of ability can lead to athletes attempting more risky or dangerous
behaviors without having sufficient skill, which can result in an increased chance of

injury.®

Adolescence is a period synonymous with heightened impulsivity, risk-taking, and
unintentional injury risk.” Two neural developmental processes are suggested to

underlie this behavioural change.?® Firstly, the development of the frontostriatal
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reward circuits cause an increase in dopaminergic activity and novelty seeking
tendencies.”® Secondly, the incomplete maturation of the “cognitive control” systems
of the prefrontal cortex limits the ability to adequately assess risk and control risk-
taking behaviors.? Furthermore, adolescent rugby players may have less developed
contact skill technique, which was suggested to affect concussion risk.'* Therefore,
adolescent rugby players may be particularly vulnerable to underestimating the
associated injury risk and may more readily partake in risky or dangerous behaviour

without having a sufficiently safe contact technique to avoid injury.

There were no associations between any of the TPQ traits and concussion history in
the adult amateur players. Personality traits heavily influence the choice of
recreational activities in adulthood.?”?® Therefore, at the amateur level where rugby
participation is less common and more of a personal preference, individuals with high
HA may choose to avoid rugby and therefore could have been selected out of the
cohort, which would reduce any possible associations between HA and concussion.
In support, the amateur cohort had higher NS and lower HA scores, which

is also consistent with previous studies of voluntary high-risk sports participants®”*

The professional cohort displayed paradoxical results to the junior cohort, with
players with a history of concussion having higher HA scores. A possible mitigating
factor in the association between risk taking and injury induction is the level of skill
and belief in one’s ability.**?* A technically skillful contact technique is considered an
asset in reducing the risk of injury and concussion in rugby.**? Therefore, risk-taking
behaviours at the elite level may not be associated with the same level of injury risk
as the amateur level due to a higher level of skill and execution. Furthermore,
Bandura et al. (1997) suggests that increased perception of risk is linked to lower
self-efficacy and heightened belief of failure, which may increase the risk of an

adverse outcome or injury.** It may also be argued that the pressure to perform at
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the elite level may override any personal preference to avoid contact or potentially
harmful situations. However, a considerable limitation of this cohort was the low
sample size, with only 16 players included in the control (without previous

concussion) group. A larger sample size is required to investigate this effect further.

There were no significant differences in NS or RD scores between those with and
without a history of concussion. NS is described to be indicative of risk-taking and
impulsive behaviors.™ Hollis et al. (2009) found an association between impulsivity
and concussion risk in rugby players. In contrast, no association was seen between
impulsivity (NS2) and concussion history in the present study. However, NS scores
may only partially correlate with risk in a sporting context as previous studies have
produced mixed results regarding the association between novelty or sensation
seeking and risk taking behavior or injuries in athletes.'” There is less supporting
evidence in the scientific literature that RD traits could influence concussion risk.
Therefore, the negative findings seen regarding RD in the current study were not

altogether surprising.

Although this study highlighted a novel personality trait correlation with concussion,
there were several limitations. The primary limitation was that concussion history was
self-reported by participants. Self-reported concussions can be unreliable as the
ability to recognize and report concussions may be influenced by a variety of external
factors, including concussion knowledge, attitudes, perceptions, and age,*® and may
be subject to recall bias, possibly underestimating or overestimating the number of
concussions. A study, assessing the reliability of professional American football
athletes self-reported concussion history, deduced that the provided concussion
history was moderately reliable®, and therefore useful if the findings are interpreted

with caution.
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Small sample size was a further limitation. The number of junior participants not
returning to complete the study questionnaire and the number of participants failing
the validity checks in the TPQ significantly reduced the sample size. It is unknown
whether these exclusions introduced a selection bias and therefore results need to
be interpreted with caution. Future studies should implement a large-scale
prospective design with strict injury surveillance and medical doctor diagnosed
concussions. Additionally, the TPQ does not directly measure sport or rugby-specific
personality traits and therefore further investigation is required to identify to what
extent personality traits, such as HA, confer directly to risk-taking behaviors on the
rugby field, and whether risky or dangerous behavior is contributing to the

concussion mechanism.

Conclusion

This study provides a novel association between HA scores and concussion in rugby
players. The findings promote implementation of interventions to educate youth
rugby players on the risks of reckless, dangerous, or unsafe play. There is a need to
develop an integrated perspective on sports injuries that takes into account, medical,
behavioural, physiological, and biomechanical factors in order to effectively reduce
injury rates.* This study provides new information on the role of personality in

concussion risk that may add to an integrated risk model of concussion.

Practical implications
e The provisional results of this study implicate the role of personality and
behavior in the susceptibility to sports concussion and further research is
required.
e The findings suggest that personality traits influencing risk appraisal and risk-
taking behaviour may modulate concussion risk in rugby, although the exact

relationship still needs to be determined.
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e The study suggests that education, highlighting the potential risks of reckless,

dangerous, and unsafe play, may be useful in youth rugby.

Acknowledgements

SM and SA were funded by the South African National Research Foundation and the
University of Cape Town. MP was funded by the Thembakazi Trust. This study was
in part funded by the South African National Research Foundation and the University

of Cape Town.

Competing interests

None.

Reference list

1 McCrory P, Meeuwisse WH, Aubry M, et al. Consensus statement on concussion in
sport: the 4th International Conference on Concussion in Sport held in Zurich,
November 2012. Br J Sports Med 2013; 47(5):250-258. Doi: 10.1136/bjsports-2013-
092313.

2 Langlois JA, Rutland-Brown W, Wald MM. The epidemiology and impact of traumatic
brain injury: a brief overview. J Head Trauma Rehabil 2006; 21(5):375-378. Doi:
10.1097/00001199-200609000-00001.

3 Mckee AC, Cantu RC, Nowinski CJ, et al. Chronic Traumatic Encephalopathy in
athletes: progressive tauopathy following repetitive head injury. J Neuropathol Exp
Neurol 2009; 68(7):709-735. Doi: 10.1097/NEN.0b013e3181a9d503.Chronic.

4 Johnson U, Ivarsson A. Psychological predictors of sport injuries among junior soccer
players. Scand J Med Sci Sport 2011; 21(1):129-136. Doi: 10.1111/j.1600-
0838.2009.01057.x.

5 Alizadeh MH, Pashabadi A, Hosseini SM, et al. Injury occurrence and psychological
risk factors in junior football players. World J Sport Sci 2012; 6(4):401-405. Doi:

10.5829/idosi.wjss.2012.6.4.1155.

17



10

11

12

13

14

15

Deroche T, Stephan Y, Brewer BW, et al. Predictors of perceived susceptibility to
sport-related injury. Pers Individ Dif 2007; 43:2218-2228. Doi:
10.1016/j.paid.2007.06.031.

Gerberich SG, Finke R, Madden M, et al. An epidemiological study of high school ice
hockey injuries. Childs Nerv Syst 1987; 3(2):59—64. Doi: 10.1007/BF00271123.

Koh JO, Cassidy JD, Watkinson EJ. Incidence of concussion in contact sports: a
systematic review of the evidence. Brain Inj 2003; 17(10):901-917. Doi:
10.1080/0269905031000088869.

Hendricks S, Jordaan E, Lambert M. Attitude and behaviour of junior rugby union
players towards tackling during training and match play. Saf Sci 2012; 50(2):266—284.
Doi: 10.1016/j.ssc¢i.2011.08.061.

Hollis SJ, Stevenson MR, MclIntosh AS, et al. Incidence, risk, and protective factors of
mild traumatic brain injury in a cohort of Australian nonprofessional male rughy
players. Am J Sports Med 2009; 37(12):2328-2333. Doi:
10.1177/0363546509341032.

Mc Fie S, Brown J, Hendricks S, et al. Incidence and factors associated with
concussion injuries at the 2011 to 2014 South African Rugby Union Youth Week
Tournaments. Clin J Sport Med 2016; 26(5):398—-404. Doi:
10.1097/3SM.0000000000000276.

Webbe FM, Ochs SR. Personality traits relate to heading frequency in male soccer
players. J Clin Sport Psychol 2007; 1:379-389. Doi: 10.1123/jcsp.1.4.379.

Cloninger CR. A systematic method for clinical description and classification of
personality variants: a proposal. Arch Gen Psychiatry 1987; 44(6):573-588. Doi:
10.1001/archpsyc.1987.01800180093014.

Guskiewicz KM, Register-Mihalik J, McCrory P, et al. Evidence-based approach to
revising the SCAT2: introducing the SCAT3. Br J Sports Med 2013; 47(5):289-293.
Doi: 10.1136/bjsports-2013-092225.

Fresan A, Robles-Garcia R, Lopez-Avila A, et al. Personality differences according to
age and sex in a Mexican sample using the Temperament and Character Inventory-

Revised. Compr Psychiatry 2011; 52(6):774—779. Doi:

18



16

17

18

19

20

21

22

23

24

25

26

10.1016/j.comppsych.2010.11.003.

Garraway WM, Lee AJ, Macleod DAD, et al. Factors influencing tackle injuries in
rugby union football. Br J Sports Med 1999; 33(1):37—-41. Doi: 10.1136/bjsm.33.1.37.
Junge A. The influence of psychological factors on sports injuries. Review of the
literature. Am J Sports Med 2000; 28(5):S10-5. Doi: 10.1177/28.suppl_5.S-10.
Morrongiello B, Rennie H. Why do boys engage in more risk taking than girls? The
role of attributions, beliefs, and risk appraisals. J Pediatr Psychol 1998; 23(1):33—43.
Doi: 10.1093/jpepsy/23.1.33.

Kontos AP. Perceived risk, risk taking, estimation of ability and injury among
adolescent sport participants. J Pediatr Psychol 2004; 29:447-455. Doi:
10.1093/jpepsy/jsh048.

Jelalian E, Spirito A, Rasile D, et al. Risk taking, reported injury, and perception of
future injury among adolesecents. J Pediatr Psychol 1997; 22(4):513-531. Doi:
10.1093/jpepsy/22.4.513.

Paulus MP, Rogalsky C, Simmons A, et al. Increased activation in the right insula
during risk-taking decision making is related to harm avoidance and neuroticism.
Neuroimage 2003; 19(4):1439-1448. Doi: 10.1016/S1053-8119(03)00251-9.

Wills TA, Vaccaro D, McNamara G. Novelty seeking, risk taking, and related
constructs as predictors of adolescent substance use: An application of Cloninger’s
theory. J Subst Abuse 1994; 6(1):1-20. Doi: 10.1016/S0899-3289(94)90039-6.

Pud D, Eisenberg E, Sprecher E, et al. The tridimensional personality theory and pain:
Harm avoidance and reward dependence traits correlate with pain perception in
healthy volunteers. Eur J Pain 2004; 8(1):31-38. Doi: 10.1016/S1090-3801(03)00065-
X.

Bandura A. Self-efficacy: The exercise of control. In: Ramachaudran VS, editor.
Encycl. Hum. Behav. 4th ed. New York, Academic Press, 1994. p. 71-81.

Romer D. Adolescent risk taking, impulsivity, and brain development: implications for
prevention. Dev Psychobiol 2010; 52(3):263-276. Doi:
10.1002/dev.20442.Adolescent.

Steinberg L. A dual systems model of adolescent risk-taking. Dev Psychobiol 2010;

19



27

28

29

30

31

32

52:216-224. Doi: 10.1002/dev.20445.

Jack S, Ronan K. Sensation seeking among high- and low-risk sports participants.
Pers Individ Dif 1998; 25:1063—-1083. Doi: 10.1016/S0191-8869(98)00081-6.
Goma-i-Freixanet M, Martha C, Muro A. Does the Sensation-Seeking trait differ
among participants engaged in sports with different levels of physical risk? An Psicol
2012; 28(1):223-232. Doi: hdl.handle.net/10201/26415.

Posthumus M, Viljoen W. BokSmart: Safe and effective techniques in rugby union.
South African J Sport Med 2008; 20(3):64—70. Doi: 10.17159/2413-
3108/2008/v20i3a633.

Kurowski B, Pomerantz W, Schaiper C, et al. Factors that influence concussion
knowledge and self-reported attitudes in high school athletes. J Trauma Acute Care
Surg 2012; 29:997-1003. Doi: 10.1016/j.biotechadv.2011.08.021.Secreted.

Kerr ZY, Marshall SW, Guskiewicz KM. Reliability of concussion history in former
professional football players. Med Sci Sports Exerc 2012; 44(3):377-382. Doi:
10.1249/MSS.0b013e31823240f2.

Mcintosh AS. Risk compensation, motivation, injuries, and biomechanics in

competitive sport. Br J Sports Med 2005; 39:2—3. Doi: 10.1136/bjsm.2004.016188.

20



21



	The association between harm avoidance personality traits and self-reported concussion history in South African rugby union players
	Abstract

	Results

