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Abstract

Sport-related concussion (SRC) is a public health issue of increas-
ing concern. Sports coaches and match officials are important
stakeholders in facilitating early recognition, immediate manage-
ment and appropriate return-to-play following SRC. This system-
atic review analyses the current evidence on SRC knowledge
amongst sports coaches and match officials. The review was con-
ducted in accordance to PRISMA guideline. A qualitative analy-
sis of knowledge on identification, management, prevention and
consequences of SRC as well as return-to-play principles was per-
formed. The Appraisal Tool for Cross-sectional Studies was em-
ployed to assess the quality and reliability of each study. Searches
were conducted on PubMed, Medline Ovid, Web of Science,
CINAHL, SPORTDiscus and Psycinfo. Studies included were
primary studies in English published in peer-reviewed journals
assessing the level of concussion knowledge or education level
amongst coaches, officials or both, regardless of sports or com-
petitive level. A total of 20880 studies were identified, from
which 27 were included in this review. There were 26 cross-sec-
tional studies and one randomized controlled trial; 20 assessed
SRC knowledge amongst coaches, one considered only officials
and six studies assessed both groups. Concussion knowledge
amongst coaches and match officials was deemed moderate in
most studies, although significant knowledge gaps were identi-
fied. There is considerable room for further education on SRC
amongst coaches and officials, particularly with the less com-
monly recognized symptoms of SRC and misconceptions about
SRC management and prevention. Beyond knowledge assess-
ment, further investigation should explore the translation of con-
cussion knowledge to on-field management of players with SRC.

Key words: Concussion, systematic review, sports coaches,
match officials.

Introduction

Concussions were first documented by Hippocrates “ap-
proximately 2400 years ago” (Mullally, 2017). The 5" In-
ternational Conference on Concussion in Sport (McCrory
et al., 2017) defined sports-related concussion (SRC) as “a
traumatic brain injury induced by biochemical forces” that
“typically results in the rapid onset of short-lived impair-
ment of neurological function that resolves spontaneously”
(McCrory et al., 2017). The consensus statement mentions
characterizing symptoms of SRC such as somatic (e.g.
headache), cognitive (e.g. feeling like in a fog) and emo-
tional symptoms (e.g. lability), as well as other features like
physical signs (e.g. loss of consciousness), cognitive im-
pairment, balance impairment, behavioral changes and

sleep-wake disturbances. Furthermore, there are now tools
to aid in recognition of SRC e.g. Sport Concussion Assess-
ment Tool 5 (SCATS) (Echemendia et al., 2017a), and rec-
ommendations for management of SRC and subsequent re-
turn to play e.g. graduated return to sport (McCrory et al.,
2017).

Increased awareness of this condition (Zhang et al.,
2016) and understanding of the long-term sequelae of con-
cussion (Kushner, 1998; McKee and Daneshvar, 2015;
Tagge et al., 2018; Zhou et al., 2013), has led to some au-
thors labelling it a public health crisis (Harrison, 2014).
This increased knowledge has also prompted a number of
high profile lawsuits, such as that in the United States Na-
tional Football League (NFL) (Sirisena et al., 2017) and a
possible class-action suit by former Australian National
Rugby League players, in light of new evidence of concus-
sion-related injuries (Buckland et al., 2019). Such lawsuits
have also increased research in this field.

With governments encouraging increased exercise
and sports participation to combat the international physi-
cal inactivity epidemic, there is growing interest in SRC
(Belechri et al., 2001; Wallace et al., 2017). In the United
States of America alone, it is estimated that 3.8 million
SRC are reported each year, across multiple competitive
sports (Harmon et al., 2013). These numbers may be
simply the tip of the iceberg, as many such incidences go
unreported (Daneshvar et al., 2011), due to factors such as
lack of awareness amongst coaches (Graham et al., 2014),
parents (Weerdenburg et al., 2016), match officials (Griffin
et al., 2017), sports trainers, and athletes themselves
(Taylor and Sanner, 2015). In light of the wide-ranging re-
percussions of SRC, numerous measures have been put in
place, such as changes to legislation (Gibson et al., 2015),
game rules (Benson et al., 2013) and increased emphasis
on coach education (Emery et al., 2017; Patel et al., 2017).

Immediate removal from play and assessment of
players after sustaining SRC is the minimum standard of
care for the safety of athletes (McCrory et al., 2017). Even
though SRC is a medical diagnosis, healthcare profession-
als may not always be on-site for all amateur or school
sporting events (Kroshus et al., 2017b) leaving coaches and
officials to be the first responders to concussed players.
While tools like Concussion Recognition Tool 5th Edition
(CRTS) also provide guidance to non-medical profession-
als in decision making for removal of play (Echemendia et
al., 2017b), the appropriate use of such tools is contingent
on knowledge and awareness of SRC. Inadequate immedi-
ate management of SRC has been reported, beckoning the
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need for better concussion education amongst sports clubs,
coaches and other important stakeholders (Haran et al.,
2016). Furthermore, given that coaches play an important
role in influencing an athlete’s decision to report concus-
sions (Baugh et al., 2014), it is pertinent that they demon-
strate and communicate knowledge on the consequences
SRC and thereby encourage SRC reporting.

The objective of this systematic review was to ex-
plore the knowledge level of SRC amongst sports coaches
and matches officials to guide further discussion on educa-
tional programmes, policy change and guidelines.

Methods

Search strategy

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were applied while
conducting the review (Liberati et al., 2009). A systematic
search was conducted using PubMed, Medline Ovid, Web
of Science, CINAHL, SPORTDiscus and Psycinfo for
studies published from 1% January 2001 to 5" January
2019. The first International Conference on Concussion in
Sport was held in November 2001 (Aubry, 2002), and
hence only studies from this year onwards were included,
allowing for assessment of current concussion knowledge
based on the international consensus. Search terms used in-
cluded a combination of population and concussion terms
(Table 1). The term “Knowledge” was deliberately ex-
cluded as a criterion for the search to include more poten-
tial studies.

Screening and review process

The results of all searches were entered into the Veritas’s
Covidence software (Innovation, 2017) where title and ab-
stract screening for eligible studies was performed. This
entailed a 2-stage process, initially by independent review-
ers PC and QY, and subsequently by reviewers DS, JP and
SS. Full texts of remaining studies were then assessed for
eligibility by all 5 reviewers. Disagreements were resolved
by consensus discussion at each stage. The following eligi-
bility criteria were used in the screening and reviewing pro-
cess.

Inclusion criteria

Primary studies published in English in peer-reviewed
journals from 1st Jan 2001 till Sth Jan 2019 were included.
The studies that were included assessed level of concussion
knowledge and/or level of education on concussion

Table 1. Search terms and strategy.

amongst coaches and/or match officials in all sporting lev-
els (professional, amateur, college or school sports).

Exclusion criteria

Studies that were not related to the level of concussion
knowledge and/or level of education on concussion
amongst coaches and/or match officials as well or studies
assessing concussion knowledge amongst athletic trainers
instead of coaches were excluded. Studies with no abstract
available for screening and those without available English
translation were also excluded.

Study analysis
Information regarding concussion knowledge was ex-
tracted from each study, particularly pertaining to the fol-
lowing domains:

1) Identification of concussion

2) Initial management of concussion

3) Return to play (RTP)

4) Prevention of concussion

5) Consequences of concussion

These domains were frequently assessed amongst
the studies reviewed which are relevant to coaches and
sports officials according to international consensus
(McCrory et al., 2017). Other information such as prior
concussion education and desire for further concussion ed-
ucation were also documented. The Appraisal Tool for
Cross-sectional Studies (AXIS) was employed to assess the
quality and reliability of each study (Downes et al., 2016).

Results

Search findings

The search identified 20880 studies after exclusion of 2744
duplicates, with 42 full texts assessed for eligibility. 27
studies were eventually included (Figure 1).

Characteristics of studies

There were 26 cross-sectional studies (Refer to Table 2)
and one randomised control trial (Glang et al., 2010) of
which 20 studies assessed concussion knowledge amongst
coaches, one explored knowledge amongst officials while
six studies assessed both. The randomised controlled trial
by Glang et al. (2010) involved 75 coaches who went
through an interactive e-learning program as part of the in-
tervention arm. Pre-test results were used to determine
baseline concussion knowledge of this study population.

Search terms

Population terms Coach Official Referee Umpire
Concussion | Keywords Cc.Jncussi.on_ _ Traum_a'gic braininjury | TBI _ mTBI
torms Mllc_i brain injury Head injury Crachz_ere_bral trauma_

MeSH terms Brain concussion Brain injuries, Traumatic

Search strategy (search example on Medline Ovid)

Search 1 (Population terms)

coach* OR official? OR referee? OR umpire?

Search 2 (Concussion keywords)

concussion OR traumatic brain injur* OR TBI OR mTBI OR mild brain
injur* OR craniocerebral trauma OR head injur*

Search 3 (Concussion MeSH terms)

Brain Concussion/ OR Brain Injuries, Traumatic/

Search 4 (All concussion terms)

Search 2 OR Search 3

Search 5 (Population + Concussion terms)

Search 1 AND Search 4
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- Medline Ovid (n=376)
- Pubmed (n=368)

- Psyclnfo (n=1266)

- CINAHL (n=9319)

- SportDiscus (n=11720)
- WebofScience (n=575)

Identification

Citations retrieved from searches (n=23624)

- ‘ Duplicates removed (n=2744) ‘

v

‘ Potentially relevant studies (n=20880) ‘

Screening

(=14)

Excluded based on title and abstract screening (n=20838)
- Notrelated to level of concussion knowledge
and’or level of education on concussion amongst
coaches and/or match officials (n=16484)
- Notin English (n=4)
- Studies on only athletic trainers instead of coaches

- Noabstract available for screening (n=4336)

I v

‘ Potentially relevant studies (n=42)

Eligibility

Excluded based on full text screening (n=15)
- Data not specific to level of concussion knowledge
and’or level of education on concussion (n=9)
- Data not specific for coaches or officials (n=4)

- Duplicates (n=2)

‘ Fligible studies (n=27)

‘Incln:ledH

Figure 1. PRISMA flowchart of included studies.

Fifteen studies took place within the United States
(Refer to Table 2), with other studies from Canada (n=3),
Australia (n=2), Ireland (n=2), the United Kingdom (n=2),
Germany (n=1), Italy (n=1) and New Zealand (n=1).
Twelve studies assessed coaches and officials across mul-
tiple different sports, while others were specific for Rugby
(n=6), Hockey (n=4), American football (n=3), Soccer
(n=1) and Wrestling (n=1). Across all studies, a total of
3750 coaches and 1790 officials were included. The small-
est study involved eight coaches (Kirk et al., 2018), and the
largest study involved 1324 referees (Kroshus et al.,
2017a). Two studies included coaches and officials across
different tiers (Mathema et al., 2016; Saunders et al., 2013),
12 studies focused on high school or junior school sports,
four on college sports, six on amateur sports and three on
professional or semi-professional sports.

A large proportion (13 out of 27) of studies crafted
original questionnaires to assess concussion knowledge
(Refer to Table 2), many of which were utilised and
adapted in subsequent studies. There was a variety of ques-
tionnaire types including open-ended, multi-choice, true-
false and scenario-based questions.

Quality assessment

The AXIS guideline was employed to assess a study’s
quality and risk of bias based on 20 criteria, as summarised
in Table 3. Studies were found to be unsatisfactory in an
average of five criteria. All except one study (Bramley et
al., 2011) did not manage to take measures to limit or char-
acterise non-responders, and most studies were at risk of
selection bias as participants were invited to participate via
a voluntary opt-in system. Response rates were low, with
only seven (Bramley et al., 2011; Broglio et al., 2010;
Faure and Pemberton, 2011; Fraas et al., 2014; Mathema et
al., 2016; Niederer et al., 2018; Valovich McLeod et al.,
2007) having a response rate of more than 60%. Only one
study (Bramley et al., 2011) satisfied all 20 criteria.

Results of individual studies

Identification of concussion: Twenty-four of the 27 stud-
ies (Refer to Table 2) assessed for knowledge on identifi-
cation of SRC. Most studies employing scored question-
naires reported concussion identification scores of above
50% (38.9% to 90.5%) amongst both coaches and officials.



Concussion knowledge: Coaches and Officials

68

Table 2. Characteristics of individual studies.

q Country Study population . Concussion knowledge assessed (Yes/No) | AXIS Critical Appraisal
puthors Study title Tier | Personnel | Sports | rudy design Iy iCON [IMofCON]RPP|PrCON | CofCON | (areas of concern)
Clacy etal, | A knock to the system: A new sociotech- | Australia | Amateur | 17 Coaches | Rugby Original open- Yes Yes No | Yes No Total concerns: 6
2016 nical systems approach to sport-related 6 Officials ended question- 6,7,9,14,13, 15

concussion. naire
Mathema et | Concussed or Not? An Assessment of Wales |Professional | 44 Coaches | Rugby | Original multiple- Yes Yes Yes | Yes Yes Total concerns: 3
al, 2016 Concussion Experience and Knowledge & Semi- | 33 Referees choice question- 7,14 & 18
Within Elite and Semiprofessional Rugby professional naire
Union.
Griffin et al, | Concussion knowledge and experience Wales Amateur |333 Coaches| Rugby | Multiple-choice Yes Yes Yes | Yes Yes Total concerns: 4
2017 among Welsh amateur rugby union 283 Officials questionnaire 6,7,13,14
coaches and referees
King et al, First-aid concussion knowledge of rugby New Amateur | 50 Coaches | Rugby Open-ended & Yes Yes Yes | Yes Yes Total concerns: 7
2010 league team management, administrators Zealand 3 Officials multiple-choice 3,6,7,13,14,18,19
and officials in New Zealand. questionnaire
Hunt et al, Knowledge, Attitudes and Concussion In- | Canada |High school 64 Coaches +/ Hockey | Multiple-choice Yes No Yes | No No Total concerns: 4
2018 formation Sources Among First Nations Officials questionnaire 6,7,13 & 14
in Ontario.
Niederer et | Return-to-play after concussion: state of | Germany |Professional | 61 Coaches | Rugby |Original multiple- No No Yes | No No Total concerns: 3
al, 2018 knowledge, frequency of use and applica- & Semi-pro-|109 Officials choice & scenario- 6,7,13,14
tion barriers of guidelines among deci- fessional based
sion-makers in rugby. questionnaire
Kroshus, Calling Injury Timeouts for the Medical United College 1324 Offi- | Hockey Original No Yes No No No Total concerns: 6
rO17 Evaluation of Concussion: Determinants States cials scenario-based 6,7,9,13,14 & 19
of Collegiate Football Officials' Behavior. questionnaire
Guilmette, A survey of concussion knowledge and United |High school | 62 Coaches | American |Original true-false Yes Yes Yes | No No Total concerns: 4
2007 management among New England high States football | & Scenario-based 6,7,13& 14
school football coaches questionnaire
Faure, 2011 | An Examination of Idaho High School United |High school | 77 Coaches | American | Original open- Yes Yes Yes | No No Total concerns: 7
Football Coaches' General Understanding States football | ended question- 5,6,7,9,14,15 & 19
of Concussion. naire and Interview
(10 coaches)
O’Donoghue | Assessment of High School Coaches' United |High school [126 Coaches| Unspeci- Original Yes Yes Yes | No No Total concerns: 4
et al, 2009 Knowledge of Sport-Related Concus- States fied multiple-choice 6,7,13& 14
sions. questionnaire
Kirk et al, Concussion in University Level Sport: Ireland College 8 Coaches | Unspeci- | Multiple-choice Yes Yes Yes | No No Total concerns: 7
018 Knowledge and Awareness of Athletes fied questionnaire 3,4,5,6,7,13 & 14
and Coaches.

IDofCON : Identification of concussion; IMofCON : Initial management of concussion; RPP : Return-to-play principles; PrCON : Prevention of Concussion; CofCON Consequences of concussion.
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Table 2. Continue....

. Country Study population . Concussion knowledge assessed (Yes/No) | AXIS Critical Appraisal
U BTG LD Tier Personnel | Sports RALLE IDofCON [IMofCON |RPP | PrCON | Cof CON (areas of concern)
Kroshus et Concussion Knowledge and Communica- | United College | 89 Coaches | Wrestling | Multiple-choice & Yes Yes No Yes Yes Total concerns: 6
al, 2016 tion Behaviours of Collegiate Wrestling States scenario-based 5,6,7,13,14,19
Coaches questionnaire
Fraas et al, Concussion knowledge and management Ireland |Professional | 11 Coaches | Rugby | Multiple-choice Yes Yes Yes | No No Total concerns: 5
2014 practices among coaches and medical questionnaire 3,5,6,7& 14
staff in Irish professional rugby teams.
Esquivel et | Concussion Management, Education, and | United |High School|119 Coaches| Unspeci- | Original multiple- Yes Yes Yes| No No Total concerns: 5
al, 2013 Return-to-Play Policies in High Schools: States fied choice & open- 6,7,9,13 & 14
A Survey of Athletic Directors, Athletic ended question-
Trainers, and Coaches. naire
Broglio et al, | Concussion occurrence and knowledge in Italy Amateur | 27 Coaches | Soccer | Multiple-choice Yes Yes Yes | No Yes Total concerns: 4
2010 Italian football (soccer) questionnaire 6,7,14,19
Kroshus, Content, Delivery, and Effectiveness of United College 1818 Unspeci- |Multiple-choice & Yes Yes Yes | Yes No Total concerns: 4
2016 Concussion Education for US College States Coaches fied scenario-based 6,7,13 & 14
Coaches questionnaire
Bramley et | Do Youth Hockey Coaches Allow Play- United |High School [314 Coaches| Hockey |Original scenario- No Yes No No No Total concerns: 0
al, 2012 ers with a Known Concussion to Partici- States based questionnaire
pate in a Game?
Guo, 2017 Exploring Gaps in Concussion Canada | Amateur [130 Coaches| Hockey | Multiple-choice Yes Yes No | Yes No Total concerns: 4
Knowledge and Knowledge Translation questionnaire 6,7,13 & 14
Among Coaches of Youth Female
Hockey.
Chrisman et | Implementation of concussion legislation United |High School [270 Coaches| American | Original multiple- Yes Yes Yes | No No Total concerns: 5
al, 2014 and extent of concussion education for States football & | choice question- 6,7,9,13 & 14
athletes, parents, and coaches in Wash- soccer naire
ington State.
White et al, | Knowledge about sports-related concus- Australia | Amateur |519 Coaches| Unspeci- | Multiple-choice Yes Yes Yes | Yes Yes Total concerns: 5
2013 sion: is the message getting through to fied questionnaire 6,9,7,13 & 14
coaches and trainers?
Naftel et al, | Knowledge and management of sports United |High school [402 Coaches| Unspeci- |Original multiple- Yes No Yes | No No Total concerns: 5
2014 concussions among coaches and certified States fied choice question- 6,7,9,13 & 14
athletic trainers in Alabama. naire
Saunders et | Knowledge of Coaching Education Stu- United Mixed |150 Coaches| Unspeci- | Multiple-choice Yes Yes Yes| No No Total concerns: 6
al, 2012 dents Regarding Sport-Related Concus- States fied questionnaire 6,7,9,13, 14,15, 19
sions.
Shroyer, Knowledge of Concussions by High United |High school | 52 coaches | Unspeci- | Multiple-choice Yes No Yes | No No Total concerns: 7
2016 School Coaches in a Rural Environment. States fied questionnaire 6,7,10,11, 13, 14,19

IDofCON : Identification of concussion; IMofCON : Initial management of concussion; RPP : Return-to-play principles; PrCON : Prevention of Concussion; CofCON Consequences of concussion.
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Table 2. Continue....

. Country Study population . Concussion knowledge assessed (Yes/No) | AXIS Critical Appraisal
AT STy (AU Tier Personnel Sports BB IDofCON [IMofCON |RPP | PrCON | Cof CON (areas of concern)
Hossler, New Jersey Coaches' Knowledge in United |High school |537 Coaches| Unspecified | Multiple-choice & Yes Yes No No Yes Total concerns: 6
2013 Recognizing and Managing Concussion | States scenario-based 6,7,9,13,14 & 15
questionnaire

Glang, Online training in sports concussion for | United | Below high | 75 Coaches | Unspecified | Multiple-choice Yes No No No No Total concerns: 4
2010 youth sports coaches States school questionnaire 6,7,13, 14
Valovich | Sport-related concussion misunder- United | Below high |156 Coaches| Unspecified | Original multiple- Yes Yes No No No Total concerns: 5
McLeod, standing among youth coaches. States school choice & scenario- 6,7,13,14 & 18
2007 based questionnaire
Mrazik, Sport-related concussions: knowledge Canada Mixed Coaches Hockey Original multiple- Yes Yes Yes | Yes No Total concerns: 5
2011 translation among minor hockey choice & scenario- 6,7,9,13 & 14

coaches. based questionnaire

IDofCON : Identification of concussion; IMofCON : Initial management of concussion; RPP : Return-to-play principles; PrCON : Prevention of Concussion; CofCON Consequences of concussion.

The exception to this was one study based in Italy where identification of SRC-associated
symptoms was poor, with only 38.9% of SRC signs and symptoms being correctly identi-
fied by 27 Soccer coaches (Broglio et al., 2010). Otherwise, studies consistently reported
high proficiency in identifying common physical symptoms of SRC such as ‘confusion’,
‘dizziness’, ‘headache’ and ‘loss of consciousness’ (Chrisman et al., 2014; Clacy et al.,
2016; Esquivel et al., 2013; Faure and Pemberton, 2011; Fraas et al., 2014; Guilmette et
al., 2009; Guo et al., 2017). Conversely, identification of emotional and psychological
symptoms of SRC such as ‘nervousness’, ‘sleep disturbance’ and ‘behavioural change’
were reported to be poor in a third of the studies. Regarding the perception that loss of
consciousness is present in all players suffering SRC, eight studies reported correct under-
standing amongst majority of coaches and officials, while three studies by Kroshus et al.
(2016b), King et al. (2010) and Valovich McLeod et al. (2007) identified more than 30%
of coaches holding the false perception.

Only one study directly compared concussion symptoms recognition scores be-
tween coaches and referees, which revealed a marginally but significantly higher score
amongst referees (Mathema et al., 2016).

Initial management of concussion: Twenty-two studies (Refer to Table 2) as-
sessed for knowledge on immediate management of SRC. More than half of the studies
reported general awareness amongst majority of coaches and officials of the importance
of immediate removal from play and medical referral. A study by McLeod et al. (2007)
highlighted that 32.7% of coaches felt that concussion without loss of consciousness does
not necessitate removal from play and Kroshus et al. (2016b) reported that 28.4% of
coaches thought it was safe to return a player to game if symptoms lasted less than 15
minutes. Mathema et al. (2016) revealed that a higher proportion of officials, compared to
coaches, were more likely to remove players who were ‘knocked out’ but felt fine without

other symptoms of concussion (85% vs 61%) and those who showed signs of concussion
but subsequently felt fine (94% vs 86%).

Return to play (RTP)/subsequent management: Nineteen studies (Refer to Table
2) assessed knowledge on RTP and subsequent management, of which only three included
officials (Griffin et al., 2017; Hunt et al., 2018; King et al., 2010). Two studies reported
poor RTP knowledge amongst more than 300 officials in total (Griffin et al., 2017; Hunt
et al., 2018) while all three referees assessed in the study by King et al. (2010) agreed that
players displaying any sign or symptoms of concussion should not be allowed to return to
play. Nine studies reported a general awareness amongst coaches that RTP decision should
be guided by physicians after medical clearance. Studies by Faure and Pemberton (2011),
Niederer et al. (2018) and Chrisman et al. (2014) revealed that a large proportion of
coaches were unfamiliar with graduated RTP or other systematic approaches to making
RTP decisions.

Prevention of concussion: Nine studies (Refer to Table 2) assessed knowledge on
prevention of SRC, four (Clacy et al., 2016; Griffin et al., 2017; King et al., 2010;
Mathema et al., 2016) of which included officials. The majority of coaches and officials
in the studies believed that protective equipment such as headgears was preventive of SRC.
Kroshus et al. (2016a) reported that coaches who previously received concussion educa-
tion were less likely to think that wearing a helmet prevents SRC. Clacy et al. (2016)
reported a difference in self-perceived roles in prevention of SRC amongst rugby coaches
and match officials; coaches focused on “training properly” and “teaching /correcting
technique” while officials aim to “facilitate safe play” and “follow formal guidelines about
safe play”.

Consequences of concussion: Seven studies (Refer to Table 2) assessed
knowledge on consequences of SRC, three of which included officials (Griffin et al., 2017;
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Table 3. Appraisal Tool for Cross-Sectional Studies (AXIS).
No. of
Assessment criteria satisfactory
studies
1. Were the aims/objectives of the study clear? 27
2. Was the study design appropriate for the stated aim(s)? 27
3. Was the sample size justified? 24
4. Was the target/reference population clearly defined? (Is it clear who the research was about?) 26
5. Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 22
population under investigation?
6. Was the selection process likely to select subjects/participants that were representative of the target/reference popu- 2
lation under investigation?
7. Were measures undertaken to address and categorise non-responders? 1
8. Were the risk factor and outcome variables measured appropriate to the aims of the study? 27
9. Were the risk factor and outcome variables measured correctly using instruments/measurements that had been 17
trialled, piloted or published previously?
10. Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confi- 24
dence intervals)
11. Were the methods (including statistical methods) sufficiently described to enable them to be repeated? 24
12. Were the basic data adequately described? 27
13. Does the response rate raise concerns about non-response bias? 7
14. If appropriate, was information about non-responders described? 1
15. Were the results internally consistent? 24
16. Were the results presented for all the analyses described in the methods? 27
17. Were the authors' discussions and conclusions justified by the results? 27
18. Were the limitations of the study discussed? 24
19. Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results? 20
20. Was ethical approval or consent of participants attained? 27

King et al., 2010; Mathema et al., 2016). The majority of
coaches and officials were aware of consequences of SRC
and their long-term health consequences. Using the same
set of questionnaires, two studies compared concussion
consequence knowledge between coaches and referees
(Griffin et al., 2017; Mathema et al., 2016). Griffin et al
(2017) reported a mean score of 11.7 out of 16, with no
difference between Welsh amateur rugby coaches and ref-
erees, while Mathema et al. (2016) reported a higher mean
score of 12 out of 16 amongst Welsh professional and
semi-professional rugby referees, compared to coaches
with a mean score of 10.5. Gaps in knowledge regarding
long-term consequences like early-onset cognitive and
memory deficits were also reported in the study by Griffin
et al. (2017).

Prior concussion education and desire for concus-
sion education: Ten studies (Broglio et al., 2010;
Chrisman et al., 2014; Faure and Pemberton, 2011; Fraas
et al., 2014; Hossler et al., 2013; Kroshus et al., 2016a;
Mathema et al., 2016; Naftel et al., 2014; O’Donoghue et
al., 2009; Valovich McLeod et al., 2007) assessing for level
of prior education on SRC amongst coaches or officials re-
vealed varied results. In the United States, two studies in-
volving high school coaches (Chrisman et al., 2014; Faure
and Pemberton, 2011) and one (Kroshus et al., 2016a) in-
volving college coaches reported that the majority of
coaches have received prior education on SRC. This is in
comparison to seven other studies (Broglio et al., 2010;
Fraas et al., 2014; Hossler et al., 2013; Mathema et al.,
2016; Naftel et al., 2014; O’Donoghue et al., 2009;
Valovich McLeod et al., 2007) reporting that less than 50%
of coaches had received formal education on SRC. Math-

ema et al. (2016) reported that 55% of referees had re-
ceived prior concussion education. All five studies com-
paring concussion knowledge between those with prior
concussion education and those without revealed a signifi-
cantly higher concussion knowledge score in the former
group (Griffin et al., 2017; Hossler et al., 2013; Kroshus et
al., 2016a; O’Donoghue et al., 2009; Valovich McLeod et
al., 2007).

Nine studies (Faure and Pemberton, 2011; Fraas et
al., 2014; Griffin et al., 2017; Guo et al., 2017; Kroshus et
al., 2016a; Mathema et al., 2016; Naftel et al., 2014;
Niederer et al., 2018; O’Donoghue et al., 2009) enquired
about desire for education on SRC, with majority of
coaches and officials reporting their interest and need for
further education on SRC. Three studies (Griffin et al.,
2017; Guo et al., 2017; Mathema et al., 2016) reported that
integration into pre-existing training courses, online
courses and websites were the preferred format of SRC ed-
ucation amongst coaches and officials.

Discussion

Overall SRC knowledge and knowledge gaps: The level
of knowledge regarding identification, initial management
and RTP in SRC was moderate amongst majority of
coaches and match officials. Most could identify common
signs and symptoms of SRC, understood the importance of
immediate removal from play and returned players to play
only under the guidance of medical advice. However, im-
portant gaps in knowledge were still present and telling in
recognition, management and prevention of SRC. For ex-
ample, while coaches and officials recognised common
physical and cognitive signs and symptoms of SRC, most
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failed to recognise emotional signs and symptoms as well
as sleep disturbances. A study involving over four hundred
participants with minor to severe traumatic brain injury
revealed that the prevalence of insomnia symptoms to be
as high as 50.2% (Ouellet et al., 2006). Furthermore, not
only is insomnia distressing (Department of Veterans
Affairs, 2009), the presence of sleep disturbance has been
associated with prolonged recovery time (Bramley et al.,
2016). Mental health sequalae such as depression have also
been found to be associated with SRC (Rice et al., 2017),
and given that psychiatric symptoms are commonly under-
reported (Meier et al., 2015), improving knowledge of such
symptoms may expedite the recognition of such
concussion-related issues. This is particularly important for
coaches who have continued interaction with players
beyond the initial injury.

While the majority of coaches and officials under-
stood that loss of consciousness is not a necessary feature
for the diagnosis of concussion, a significant proportion of
coaches failed to recognise and appropriately manage SRC
without loss of consciousness (Valovich McLeod et al.,
2007). It is known that loss of consciousness is not predic-
tive of the severity of or recovery from SRC (Splete, 2002)
and players should still be immediately removed from play
and managed accordingly. While coaches and officials
rightfully rely on medical advice regarding RTP decision,
most were unfamiliar with the concept of graduated RTP
as recommended by international consensus since the first
International Conference on Concussion in Sport in 2001
(Aubry, 2002) and reiterated in the 5" International Con-
ference on Concussion in Sport (McCrory et al., 2017).
Graduated RTP involves progressively stepping up activity
from symptom-limited to light aerobic exercises, followed
by sport-specific exercises, non-contact and full contact
practise before returning to sport, with at least 24 hours for
each step of progression (Table 4). Even though such pro-
tocols are prescribed by physicians, coaches are often inti-
mately involved in administering them and ensuring that
the level of activity progression is appropriate. Under-
standing the concept of symptom-exacerbation threshold
and applying it to encourage sub-threshold level of pro-
gressive activity can safely improve post-concussion
symptoms, hasten recovery and restore function (Leddy et
al., 2018). With their expertise in the specific sport, these
can be further tailored to the individual player and sport.
Hence a collaborative approach to RTP amongst clinicians,
coaches and athletes is recommended (Ardern et al., 2016).

Regarding concussion prevention, the
misconception that headgears had a protective role against
SRC was commonly held amongst coaches and officials

(Griffin et al., 2017; King et al., 2010; Kroshus et al.,
2016b; Mathema et al., 2016; Mrazik et al., 2011; White et
al., 2014). Meta-analysis suggests that preventive
equipment like headgears and mouth pieces may prevent
superficial head injury but do not reduce the relative risk of
SRC (Schneider et al., 2017). In fact, one study amongst
American football high school players revealed that poor
helmet fit was associated with more symptoms and longer
symptom duration (Greenhill et al, 2016). Such
preconceptions are clinically relevant and dangerous: it has
been found that players tend to play more aggressively
when using headgear, possibly due to the misconception of
a headgear’s concussion preventive efficacies (Menger et
al., 2016). A recent randomised controlled trial likewise
revealed that the use of helmet in American football was
associated with increase head impact exposure (Swartz et
al., 2019). Coaches should play a role in challenging and
correcting such ideas and focusing on improving
equipment fitting, tackling technique and strategies to
reduce player-to-player contact. Such measures were
advocated in the Heads-Up Football programme, which,
when implemented alongside practice regulations on
player-player contact, have been found to lower injury
rates and concussion rates amongst players of ages 11 to 15
(Kerr et al., 2015). Officials can also play a role in the
prevention of SRC by stricter enforcement of rules, such as
red cards for high elbows in head duels in professional
soccer which has been shown to reduce the risk of head
contact and concussion (Beaudouin et al., 2019).

Comparison of SRC knowledge between coaches
and officials: Amongst the few studies comparing SRC
knowledge between the two groups (King et al., 2010;
Mathema et al., 2016), officials fared better in identifying
and instigating initial management of SRC but had poorer
knowledge regarding RTP. This may be influenced by the
roles these personnel play, where officials “facilitate safe
play” and “follow formal guidelines about safe play” while
coaches focus on “training properly” and “teaching /cor-
recting technique”. Notably, unlike officials, coaches may
also have a personal agenda and adopt a “win-at-all-cost”
mentality which may account for the difference in attitude
towards recognising and removing players who sustained a
SRC (Cusimano et al., 2017). Officials are in the position
to call for timeouts during games for the medical evalua-
tion of possible injuries by athletic trainers and physicians.
On the other hand, officials are seldom involved in the RTP
process, which is usually dictated by medical professionals
and administered by the coaches.

Lack of standardised questionnaire in testing
concussion knowledge: Almost half of the studies utilised

Table 4. Graduated Return-to-sport strategy (McCrory et al., 2017).

Stage Aim Activity

Goal at each step

1 Symptom-limited activity
2 Light aerobic exercise
pace. No resistance training.
3 Sport-specific exercise
ties
4 Non-contact training drills

Daily activities that do not provoke symptoms
Walking or stationary cycling at slow or medium

Running or skating drills. No head impact activi-

Harder training drills, e.g. passing drills. May

Gradual reintroduction of work/school activities
Increase heart rate

Add movement

Exercise, coordination and increased thinking

start progressive resistance training.

5 Full contact training
mal training activities.

6 Return to sport Normal game play

Following medical clearance, participate on nor-

Restore confidence and assess functional skills
by coaching staff
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original questionnaires to assess concussion knowledge.
Some original questionnaires were crafted to examine
other factors related to concussion knowledge such as
behaviour determinants (Kroshus et al., 2017a), perceived
responsibilities (Clacy et al., 2016) and knowledge
translation (Guo et al., 2017). In terms of assessment of
concussion knowledge, a variety of questionnaires were
employed, including yes/no, Likert scale, multiple choice
and open-ended questions. Some tested knowledge on SRC
via direct questions while others were situational and
complex, for example, assessing knowledge of concussion
recognition and removal from play within one question
based on a specific scenario. The lack of a standardised and
validated questionnaire hinders head-to-head comparison
of concussion knowledge amongst different study
populations. The questionnaires developed by Mathema et
al. (2016) assessed for symptom recognition, management,

RTP, prevention and consequences of SRC
comprehensively, providing quantitative scores for
symptom recognition, RTP and consequences. The

questionnaires were customised to be unique and role-
specific for the various subject populations, namely
coaches, referees, players and medical staff. King et al.
(2010) adapted various tools from previously published
studies and created a similar questionnaire assessing the
different domains of SRC knowledge and providing
quantitative scores. These studies were comprehensive in
the assessment of concussion knowledge and future studies
assessing concussion knowledge should consider applying
these questionnaires to allow for better comparison
between different study populations.

Selection bias: Most studies included in this review
have utilised an opt-in method in engaging participants,
had low response rates and did not manage to account for
non-responders. These factors contribute to a selection bias
as participants who agree to partake in the questionnaires
may have better concussion knowledge or more interest in
the topic of SRC. Those with less concussion knowledge
may be less willing to partake in the study, despite
anonymity of study measures. However, “opt-out”
methods are often deemed to violate the ethical principles
in consent taking and thus difficult to employ. Balancing
gold-standard research design and ethical considerations,
over-representation of concussion knowledge should be
suspected and considered in most studies.

Impact of education on concussion knowledge:
The level of concussion education amongst coaches and
officials appear to be inadequate despite increasing efforts
to increase awareness with less than 50% of personnel
having prior education in many studies (Broglio et al.,
2010; Fraas et al., 2014; Hossler et al., 2013; Mathema et
al., 2016; Naftel et al., 2014; O’Donoghue et al., 2009;
Valovich McLeod et al., 2007). It is however reassuring
that concussion knowledge is consistently higher amongst
those with prior education on SRC group (Griffin et al.,
2017; Hossler et al., 2013; Kroshus et al., 2016a;
O’Donoghue et al., 2009; Valovich McLeod et al., 2007).
This suggests that there is much room for further education
programmes to improve awareness of SRC amongst these

key stakeholders. Beyond applying their knowledge to
recognition and management of SRC, coaches also have an
active role in educating players about SRC. A study
assessing high school rugby player’s SRC knowledge
revealed that majority of athletes obtain information on
SRC from teachers and coaches (Sye et al., 20006).
Furthermore, anticipated response from coaches to
concussion reporting has been found to be a significant
barrier to self-reporting of SRC amongst both high school
(Cranmer and LaBelle, 2018) and college athletes
(Delaney et al., 2015). Breaking the stigma of negative
coach responses regarding SRC reporting could
significantly increase SRC recognition and reduce delay to
medical attention. A recent study found significantly lower
rates of SRC and faster return to full participation amongst
high school football players with coaches who underwent
Centers for Disease Control and Prevention's (CDC)
Head’s Up programme (Shanley et al., 2019).

Ethical considerations in management of
concussion: Several studies also explored ethical issues
that may affect the management of SRC. In the study by
Bramley et al. (2011), more than 300 coaches were given
scenarios for which they would indicate whether or not
they were likely to allow a player to continue play.
Worryingly, only 80.8% of coaches indicated that they
would remove an elite player from play if he sustained a
concussion not limiting his ability to play during the early
part of a championship game with many college scouts
attending, compared to 99.0% and 80.3% for a player who
sustained a severe and minor concussion without any
context respectively. Kroshus et al. (2016b) found a
significantly larger proportion of coaches believed that an
athlete should continue wrestling after sustaining SRC in a
regional qualifier for the NCAA tournament compared to
the first match of the season. These findings suggest that
other than knowledge, contextual considerations such as
the importance of the match or the role of the player
involved also influence coaching decisions on SRC
management. There is a lack of literature regarding the
translation of SRC knowledge to safe practise in the field
and future research could investigate other factors affecting
coaches’ and official’s immediate management and RTP
decisions in SRC.

Future considerations in SRC education: The
internet has been increasingly used as an educational tool
in many fields, with online courses and websites being
commonly preferred means of education amongst coaches
and officials. To be effective, online learning programmes
need to be user-friendly, updated regularly and
administratively friendly (Blamey et al., 2004). Several
studies have demonstrated the effectiveness of online
education programmes on SRC, such as the “Concussion
in Sports: What You Need to Know” by CDC (Parker et
al., 2015), and ACTive: Athletic Concussion Training
using Interactive Video Education (Glang etal., 2010). The
use of mobile applications not only provide educational
information but can also be equipped with tools to aid in
the recognition and immediate management of SRC. One
such example is the “Concussion Recognition and
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Response” mobile app (Shurlock and Kelly, 2017) devel-
oped based on CDC guidelines on SRC. Future studies can
explore the efficacy of such mobile health apps.

Apart from imparting SRC knowledge, educational
programmes can also encourage learning based on
coaches’” own experiences with concussion. Guiding
coaches to reflect on their own experiences in recognising
and managing concussion can help coaches to tie in theo-
retical knowledge and practical applications. Reflective
learning amongst coaches involves six components: 1)
Identifying the coaching issues, 2) Role framing, 3) Issue
setting, 4) Strategy generation, 5) Experimenting and 6)
Evaluation (Gilbert and Trudel, 2001). Of note, role fram-
ing involves examining the relationship between ethics,
values, attitudes and practise for each individual (Nelson
and Cushion, 2006). The coaching issue is identified based
on the coaches’ individual experiences and coaching ap-
proach, and strategies to overcome these challenges can be
discussed, implemented and evaluated. This allows for
both knowledge and ethical factors to be addressed in such
reflecting learning processes.

Limitations & future research

This systematic review was limited to studies in English
due to lack of available translated sources. This may have
accounted for the poor representation amongst countries
beyond the Western hemisphere. Notably, other than two
studies from Australia and one from New Zealand, there
were no other reports on concussion knowledge levels
amongst coaches or officials within the rest of the Asia-
Pacific region. While this could highlight the lack of inves-
tigation into SRC knowledge within these regions, selec-
tion bias cannot be excluded.

A more detailed comparison of SRC knowledge
across studies was limited by the lack of standardised
methodology. It also limits the evaluation of the effective-
ness of concussion education policies across various sport-
ing tiers, countries or sports which could account for the
variability in reported knowledge levels.

Although other important stakeholders such as team
physicians, athletic trainers and parents were excluded
from this systematic review, team physicians are invalua-
ble in providing on-site concussion assessment and provid-
ing return-to-play advice, while athletic trainers and par-
ents play an important role in education as well as encour-
aging care-seeking behaviour amongst youth athletes. Fu-
ture works could assess SRC knowledge amongst these im-
portant stakeholders in prevention, recognition and man-
agement of SRC.

Conclusion

This systematic review summarises the existing literature
for SRC knowledge amongst sports coaches and match of-
ficials, highlighting important knowledge gaps in identifi-
cation, management, RTP, prevention and consequences of
SRC. While legislation and provision of education toolkits
are a step in the right direction, there is much room for im-
provement regarding knowledge levels amongst important
stakeholders in concussion prevention, recognition and
management. Given that majority of coaches and officials

are keen on seeking further education on SRC, accessibility
of such educational programmes and information sources
should be improved.

Beyond knowledge, further research is needed to in-
vestigate other factors contributing to prevention, recogni-
tion and management of SRC. A more reflective approach
to concussion education can help coaches and officials in-
tegrate theoretical knowledge and its practical application.
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Key points

e In general, knowledge on sports-related concussion
is moderate amongst coaches and officials, though
important knowledge gaps were identified.

e Most coaches and officials express interest in further
concussion education, demonstrating room for im-
provement in current educational programmes
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