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1 Introduction

Sport-related concussions (SRC) are a growing health concern due to their high prevalence in
Canadian athletes, of all ages and across all sport types (Avedisian et al., 2020). SRCs can
happen in organized and unorganized sporting events. A hit to the head or body that applies
biomechanical forces to the brain causes SRCs (Avedisian et al., 2020; Bazarian et al., 2020;
Ellis et al., 2018; Waltzman & Sarmiento, 2019).

SRC can result in a wide range of short- and long-term symptoms, which can affect an athlete’s
motor, cognitive and behavioural function (Bazarian et al., 2020; Ellis et al., 2018; Waltzman &
Sarmiento, 2019). With SRCs' potential to have negative short- and long-term effects on an
athlete’s wellbeing, it's essential that individuals working in the sport community are aware of
proper SRC prevention and management strategies. These strategies should be consistent
throughout Canada to guarantee all athletes receive the best care.

The Sport Information Resource Centre (SIRC) is a partner with leading SRC experts, including
Parachute Canada, Sport Canada, and the Public Health Agency of Canada. With these
partners, SIRC is working to support Canada’s Concussion Harmonization Project.
Harmonization's purpose is to ensure protocols are consistent nationally and aligned with the
best available evidence. This helps to ensure that while concussion protocols can be
individualized, each concussion plan will follow the same core principles.

2 Purpose and objectives

This literature review's purpose is to support and build on evidence that underpins Canada’s
harmonized approach to SRC. This approach is highlighted in the Canadian Guideline on
Concussion in Sport, a fundamental document created in 2017 by Canadian experts based on
global expertise. By synthesizing research that explores SRC management and prevention
strategies, this literature review will support the Canadian Guideline on Concussion in Sport.

2.1 Part 1: SRC management

The primary objective of Part 1 is to provide an overview of concussion management strategies.
This part of the review focuses on the 4 Rs of concussion management: recognize, remove,
refer and return. SIRC has previously used the 4 Rs and for consistency will use them in this
review. This part also explores novel considerations for concussion management, including how
biological sex and age influence SRC outcomes.
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2.2 Part 2: SRC prevention

The primary objective of Part 2 is to identify strategies for change in sport to support SRC
prevention. This section explores the potential roles of protective equipment, education, rule
changes and neck strengthening on reducing SRC occurrences.

3 Search Strategy

3.1 Part 1: SRC management

To review the literature focused on concussion management, we performed searches using

3 databases (PubMed, DOAJ and Elsevier Science Direct). For the first search, we used the
terms “concussion” AND “sport” AND “management” OR "recovery" OR "recognition." Through
the next search, we gathered more information about novel considerations for SRC
management. The terms for this search were “concussion” AND “sport” AND “biological sex” OR
"athletes with disabilities." We limited searches to peer-reviewed articles published in English
from 2015 to 2020. We excluded articles that didn't focus directly on SRC management,
biological sex-based differences, or SRC in athletes with disabilities. We also excluded studies
that had poor methodological quality. To supplement these searches, we performed an
additional search using Google Scholar and the same search terms as earlier.

3.2 Part 2: SRC prevention

To review the literature focused on SRC prevention, we conducted 2 searches using

3 databases: PubMed, DOAJ and Elsevier ScienceDirect. We performed the first search to gain
a broad overview of SRC prevention and risk reduction, using the terms “concussion” AND
“sport” AND “prevention” OR "risk reduction." The second search looked specifically at sub-
topics that weren't addressed in detail in the initial search. We used the terms “concussion” AND
“sport” AND “neck strength” OR "protective equipment." Both searches's results were limited to
peer-reviewed articles published in English between 2015 and 2020. We excluded articles that
didn't focus directly on prevention or risk reduction in SRC, or that had poor methodological
quality.

In total, we identified 29 articles to include in this review.

4 Summary of findings

4.1 Part 1: SRC management

In this section, we summarize the literature focused on the 4 Rs of concussion management:
recognize, remove, refer and return. Next, we present a brief review of the research focused on
novel considerations for concussion management, including biological sex, age, disability, sleep
and mental health.
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The four Rs of concussion management

RECOGNIZE  REMOVE  REFER  RETURN

the signs and the athlete from the the athlete to a to school and then to
symptoms of a game or practice licensed healthcare sport based on the
concussion professional recommendations of
a medical expert

4.1.1 The 4 Rs of concussion management
a) Recognizing SRCs

Recognizing signs and symptoms of an SRC is the first and perhaps most essential step in SRC
management. An SRC should be suspected if an athlete sustains a hit to their head or body that
causes an acceleration of their head (Avedesian et al., 2020; Schneider et al., 2019). In some
cases, an SRC is obvious because an athlete shows signs of injury, such as taking a long time
to right themselves or appearing dazed and confused (Schneider et al., 2019). However, in
many cases, the signs of an SRC are less clear and can be missed (Bazarian et al., 2020).
Tools such as the Concussion Recognition Tool Fifth Edition (CRTS) can be used by coaches,
players, parents and officials to familiarize themselves with SRC symptoms. These tools can
also be used to support decisions for SRC assessments (Schneider et al., 2019). In sports
where there's a high risk of SRC, designated "spotters" may be beneficial (Schneider et al.,
2019). These individuals watch for potentially harmful impacts and identify athletes who may
have suffered an SRC (Schneider et al., 2019).

If an athlete is suspected of having an SRC, they should undergo a sideline concussion
assessment performed by a licensed healthcare practitioner (Halstead et al., 2018; Schneider et
al., 2019; Scorza & Cole, 2019). When possible, it's recommended that the practitioner is
familiar with the athlete, because they may be more sensitive to changes in the athlete's
behaviour and better able to detect the occurrence of an SRC (Halstead et al., 2018; Jackson &
Starling, 2019). An SRC assessment can be performed using the Sport Concussion
Assessment Tool Fifth Edition (SCAT-5: Jackson & Starling, 2019; Schneider et al., 2019;
Scorza & Cole, 2019). This tool contains several tests, including Maddocks Questions and a
modified version of the Balance Error Scoring System (BESS: Jackson & Starling, 2019;
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Schneider et al., 2019; Scorza & Cole, 2019). For youth ages 5 to 12 years, you can use the
Child SCAT-5 (Schneider et al., 2019; Scorza & Cole, 2019).

SRC can result in a diverse range of symptoms that aren't always present immediately after an
injury (Jackson & Starling, 2019; Scorza & Cole, 2019). As a result, it's essential to perform
repeated SRC testing in the acute timeframe post-injury, unless the assessing practitioner is
confident that no injury occurred (Halstead et al., 2018). The assessing practitioner should be
aware of an athlete's medical history, because symptoms an athlete reports may be attributable
to underlying health conditions rather than an SRC (Halstead et al 2018; Jackson & Starling,
2019). The use of baseline testing can help support SRC assessments by allowing a practitioner
to compare an athlete's performance to their pre-injured state (Jackson & Starling, 2019).

Lastly, when assessing an athlete for an SRC, a practitioner needs to check for signs or “red
flags” of a more severe cognitive injury (Halstead et al., 2018; Jackson & Starling, 2019;
Schneider et al., 2019). The SCAT-5 tool provides a comprehensive list of red flags, which
include seizures, neck pain and vomiting. If an athlete exhibits any red flags, they should be
taken immediately to a medical facility.

Resources to explore
e Concussion Recognition Tool Fifth Edition (CRT-5)
e Sport Concussion Assessment Tool Fifth Edition (SCAT-5)
e Child Sport Concussion Assessment Tool Fifth Edition (Child SCAT-5)

b) Removing an athlete from play

If an athlete has a suspected SRC, they need to be removed from play immediately and should
not return until a licensed healthcare professional has ruled out an SRC or given the athlete
clearance to return to play (Halstead et al., 2018; Schneider et al., 2019; Scorza & Cole, 2019).
Individuals who aren't removed from play immediately after a SRC may be at an increased risk
of suffering from a secondary injury, likely due to impairments associated with the primary injury
(Jackson & Starling, 2019).

Compared to athletes who are removed at the time of injury, athletes who aren't removed from
play immediately following an SRC (that is, those who participate in immediate post-injury
exercise) are more likely to report more severe SRC symptoms (Jackson & Starling, 2019).
Additionally, those athletes may experience a longer recovery time, because increased
symptom severity and diversity during the acute time frame post-injury correlates to an
increased time to recovery (lverson et al., 2017). With this in mind, it's important to be cautious
and remove an athlete from play immediately after any impact that may have resulted in an
SRC.

c) Referring an athlete
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When a sideline assessment isn't possible, an athlete should be taken to an emergency room
(ER) or their family doctor within 72 hours of the potential injury (Jackson & Starling, 2019). It's
the role of the initial assessor, whether an ER doctor or sideline assessor, to refer the athlete to
a specialist or a primary caregiver who can help them manage their recovery (Bazarian et al.,
2020). The treating physician should also educate the athlete about SRC and direct them to
SRC management tools. Those tools include the return-to-school and return-to-sport strategies
developed by Parachute Canada. Educating athletes on their symptoms and their likelihood for
full recovery has been shown to have a positive impact on recovery outcomes (Bazarian et al.,
2020). If an athlete experiences a complicated or elongated SRC recovery, the athlete may
benefit from a referral to a multidisciplinary team of SRC experts, who can work together to
create a comprehensive symptom-directed plan for recovery (Ellis et al., 2018; Jackson &
Starling, 2019).

d) Returning an athlete to school and sport

After 24 to 48 hours of cognitive and physical rest, an athlete may begin to reintroduce activities
of daily living in a gradual and controlled manner (Jackson & Starling, 2019; Schneider et al.,
2019; Scorza & Cole, 2019). An athlete may begin their return-to-school and return-to-sport
protocols simultaneously. However, a full return to school should happen before an athlete
returns to contact sports or competitions (Jackson & Starling, 2019; Schneider et al., 2019;
Scorza & Cole, 2019).

When returning to school, an athlete with an SRC may require academic accommodations to
help reduce the onset and exasperation of their symptoms (Schneider et al., 2019). These
accommodations may include a lighter workload, a shorter school day, and frequent breaks
from their studies (Jackson & Starling, 2019; Schneider et al., 2019). A stepwise return-to-
school protocol should be followed to ensure a safe re-entry into the school environment. This
protocol is comprised of 4 steps: 1) light cognitive activity, 2) school-type work or light physical
activity, 3) part-time school, and 4) full-time return to school (Schneider et al., 2019). When
returning to school, an athlete should consider providing their school with a medical letter
highlighting their required accommodations, because this may help ease the transition back to
the school environment (Schneider et al., 2019).

In terms of return to sport, an integral part of the recovery process is the gradual reintroduction
of exercise following SRC. That gradual reintroduction can also help combat some of the deficits
associated with the injury (Jackson & Starling, 2019; Schmidt et al., 2018). For example, the
reintroduction of physical activity may assist with SRC sleep problems, as physical activity helps
with the maintenance of an individual's sleep-wake cycle (Morse & Kothare, 2018).

Previous guidance suggested that athletes should rest for prolonged periods following SRC.
Now, it's widely accepted that extended periods of rest could have detrimental effects on SRC
recovery prognoses (Leddy et al., 2018). An extended removal from physical activity has been
associated with increased symptom reporting and increased symptom length in the athlete
population (Leddy et al., 2018; Schmidt et al., 2018; Scorza & Cole, 2019). An additional
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concern is the potential for extended rest to cause physical deconditioning and mental health
illnesses in athletes, including the onset of anxiety and depression (Leddy et al., 2016; Leddy et
al., 2018; Schmidt et al., 2018;).

Since athletes recover at varying speeds, an individualized approach should be taken when
creating a return-to-sport plan (Scorza & Cole, 2019). Practitioners can prescribe an athlete’s
exercise "dose" by determining an athlete's symptom threshold and then prescribing activities
that fall below that threshold (De Wandel et al., 2019; Leddy et al., 2019). In the early stages of
recovery, aerobic exercises such as walking or biking are safe, if they're done at low intensity
(De Wandel et al., 2019; Leddy et al 2019). Guidelines such as Parachute Canada’s return-to-
sport strategy can assist athletes and practitioners in the return-to-activity process. In addition,
many sports organizations offer resources to help inform sport-specific, return-to-activity
protocols.

Resources to explore

e Return-to-school strategy
e Medical assessment letter
o Return-to-sport strategy

4.1.2 Novel considerations
a) Biological sex

Female athletes are at an increased risk of sustaining an SRC compared to age- and sport-
matched males in various contact and non-contact sports, including ice hockey, soccer and
basketball (Cheng et al., 2019; Resch et al., 2017). Interestingly, female athletes are more likely
to experience an SRC from contact with equipment or the playing surface (Merritt et al., 2019).
By contrast, male athletes often experience SRCs due to player-to-player contact (Merritt et al.,
2019). This is an important consideration when it comes to recognizing SRC, because non-
contact-related injuries may be harder to detect compared to those sustained from player-to-
player contact.

In addition to differences in concussion mechanisms, female and male athletes often exhibit
differences in concussion recovery prognoses (Koerte et al., 2020; Merritt et al., 2019; Resch et
al., 2017). Specifically, female participants tend to have prolonged SRC recovery times, and
they may take longer to return to normal activities following an injury (Merritt et al., 2019; Resch
et al., 2017). This extended recovery time is often associated with increased severity and
diversity of symptoms (Resch et al., 2017). For example, several reviews showed that female
participants often present with more cognitive impairments, sleep difficulties, and emotional
changes post SRC than their male counterparts (Covassin et al., 2017; Resch et al., 2017). As
such, SRC management in female athletes should include close monitoring for these symptoms.
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Researchers have also identified that female athletes present with more
baseline SRC symptoms than males (Covassin et al., 2017; Merritt et al.,
: 2019; Resch et al., 2017). This means that female athletes may not need
¥ to be completely asymptomatic before returning to play, they might just
need to match their baseline testing scores (Resch et al., 2017). While
the exact cause of biological sex-related differences in SRC remains
largely unknown. It's suspected that differences in brain anatomy,
hormone levels and injury biomechanics are all contributing factors

e (Gallagher et al., 2018; Iverson et al., 2017, Solomito et al., 2018). More
HEADSTHUNG iy research is needed to better understand concussion management in
“d female athletes.

b) Age

Age can influence an athletes' SRC symptom severity and duration, so consider age when
creating a management plan (lverson et al., 2017; Scorza & Cole, 2019). Research indicates
that teenagers are more vulnerable to SRC and more likely to experience prolonged SRC
recovery times compared to youth (lverson et al., 2017; Schneider et al., 2019; Scorza & Cole,
2019). However, these findings may be partially attributable to differences between the groups'
ability to vocalize their symptoms (lverson et al., 2017). Further research is needed to better
understand the effects of SRC in children ages 13 and under and to identify the long-term
implications of multiple SRCs in the developing brain (Scorza & Cole, 2019). Due to the number
of unknowns, SRC management in youth and adolescents should be handled with extra caution
(Scorza & Cole, 2019).

c) Disability

While it's known that SRCs happen in sports for persons with disabilities, such as para alpine
skiing, wheelchair basketball, and para ice hockey, relatively little research has been done to
explore the management and assessment of SRC in this population (Kissick & Webborn, 2018;
Webborn, 2018). Traditional concussion assessment tools, such as the SCAT-5, include
elements that may not be inclusive for athletes with diverse abilities (Kissick & Webborn, 2018;
Webborn, 2018). For example, the BESS portion of the SCAT-5 requires the ability to stand.
Thus, an alternative is required for people who use wheelchairs (Kissick & Webborn, 2018;
Webborn, 2018). Wheelchair-specific tasks could be used to assess postural control post-injury.
However, this technique has yet to be validated in the literature (Kissick & Webborn, 2018).
Individuals with cognitive, speech or hearing impairments may also have difficulties with some
elements of the SCAT-5 assessment (Kissick & Webborn, 2018).

Research shows that athletes with disabilities often have higher baseline scores for symptom
severity compared to athletes without disabilities (Kissick & Webborn, 2018). For this reason,
athletes with disabilities may require baseline testing, so that a more accurate SRC assessment
can be performed. To properly identify an SRC, assessors must be aware of the signs and
symptoms of SRC in people with disabilities (Kissick & Webborn, 2018; Webborn, 2018). More
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research is needed to better understand how to manage and detect injuries among athletes with
disabilities.

d) Sleep

Sleep is an essential component of SRC recovery, particularly in the acute phase post-injury
(Morse & Kothare, 2018; Schneider et al., 2019). However, up to 50% of individuals’ who suffer
from SRC experience difficulties sleeping, such as problems falling to sleep or staying asleep
(Schneider et al., 2019). During SRC recovery, poor sleep quality may result in a more diverse
range of symptoms, including fatigue, depression, anxiety and irritability (Morse & Kothare,
2018). Reduced sleep quality and quantity may also contribute to increased cognitive and
functional impairments post-injury (Morse & Kothare, 2018). Consequently, SRC management
should include strategies to address sleep difficulties, such as consuming less caffeine before
bed and limiting naps throughout the day (Morse & Kothare, 2018; Schneider et al., 2019; Vitale
et al., 2019). Athletes with chronic sleep difficulties may also be referred to a sleep specialist for
more targeted management (Schneider et al., 2019).

e) Mental health

Individuals who experience an SRC often report feeling irritable, sad and anxious (Schneider et
al., 2019). Many of these symptoms are associated with SRC. However, in some cases they
can also indicate the development of mental iliness, including depression and anxiety (Rice et
al., 2018). The post-SRC development of depression has been associated with symptoms
lasting for a prolonged length of time, that is, more than 4 weeks (lverson et al., 2017; Rice et
al., 2018). Additionally, researchers noted that pre-existing depression may contribute to an
extended SRC symptom burden and the appearance of post-SRC depression and anxiety (Rice
et al., 2018). Further research is needed to gain a more complete understanding of the effects
of SRC on depression and other mental illnesses. The potential for an SRC to lead to mental
health challenges highlights the importance of including mental health monitoring as a part of
SRC management (Rice et al., 2018).

Takeaway points

¢ |[f an athlete has a suspected SRC, they should be removed from play and assessed
by a healthcare practitioner.

¢ Return-to-play protocols should be followed to reduce the likelihood of an athlete
suffering from a secondary injury or a prolonged SRC recovery.

¢ Following an SRC, athletes should be monitored for the development of mental health
conditions and sleep disorders, as both can impact an athletes’ recovery prognosis.

¢ Practitioners must consider factors such as age and gender when creating an SRC
management plan.

¢ Concussion assessment tools may need to be adapted to assess concussions in
athletes with diverse abilities.

e Concussion management can't take a one-size-fits-all approach.
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4.2 Part 2: SRC prevention

This section provides an overview of several strategies designed to promote SRC prevention,
including education, rule changes, protective equipment and neck strengthening.

4.21 Education

Education may play an important role in SRC prevention by encouraging athletes to adhere to
the rules and by reducing aggressive playing styles (Scorza & Cole, 2019). For example, one
Canadian study found that youth hockey players were less likely to use aggressive behaviour
(such as cross-checking and checking from behind) when exposed to the "Smart Hockey" video
by the ThinkFirst Foundation of Canada (Enniss et al., 2018). This study exemplifies the
potential for educational initiatives to encourage safer play, which may in turn reduce SRC
occurrences (Waltzman & Sarmiento, 2019). Accordingly, there has been a push for increased
SRC education throughout Canada. In Ontario, for instance, Rowan’s Law mandates that sport
organizations ensure that all participants, including trainers, officials, coaches, and athletes,
have reviewed Ontario’s Concussion Awareness Resources.

4.2.2 Rule changes

Changing sport rules may be an effective way to reduce the occurrence of SRC. Player-to-
player contact is the primary cause of SRC in several sports, including hockey, football, soccer
and lacrosse (Waltzman & Sarmiento, 2019). As such, rule changes should focus on identifying
ways to minimize player-to-player contact (Halstead et al., 2018; Schneider et al., 2019). Ways
to reduce player-to-player contact include removing kickoffs in football and soccer. Other
strategies include eliminating body contact such as body checking and tackling in hockey and
football, respectively (Schneider et al., 2019; Scorza & Cole, 2019; Waltzman & Sarmiento,
2019). Sport-specific rule changes such as changing the age of heading in soccer may also help
to prevent SRC (Halstead et al., 2018).

While further research is needed to determine the potential for rule changes to prevent SRC, the
preliminary evidence is promising. For example, the elimination of body contact in Canadian
youth hockey has led to more than a three-fold reduction in SRC occurrences (Waltzman &
Sarmiento, 2019). As sports organizations find creative ways to enhance brain safety, it
becomes even more critical that officials work to enforce the rules of play.

Rule changes in action
e Figure skating now allows athletes to be removed from the ice for SRC evaluation
during a competition, without incurring a penalty.
¢ Rugby Ontario has introduced a “blue card.” The blue card allows referees to
remove players who may have experienced an SRC from the game.
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4.2.3 Protective equipment

There's inconclusive evidence to suggest that helmets, headgear and mouthguards can protect
against SRC (Halstead et al., 2018). Evidence from several sports, including hockey, football,
skiing, snowboarding, cycling and equestrian, shows that helmets can reduce severe head
trauma. However, they haven't been consistently shown to protect against SRC (Enniss et al.,
2018; Halstead et al., 2018). Research in soccer and rugby has also shown mixed findings on
the effectiveness of headgear for SRC prevention (Schneider et al., 2019). Finally, there's some
evidence to suggest that mouthguards can prevent SRC, but they're more commonly known for
their ability to protect against orofacial injuries (Knapik et al., 2019; Waltzman & Sarmiento,
2019). In general, the use of protective equipment to prevent SRC requires additional research.
Nonetheless, in certain sports, properly fitted protective equipment should be used to prevent
other serious injuries.

4.2.4 Neck strengthening

Neck strength is one factor that may influence an athlete’s SRC risk (Enniss et al., 2018;
Halstead et al., 2018; Hrysomallis, 2016; Waltzman & Sarmiento, 2019). The neck muscles
work to stabilize the head. During an impact, the neck muscles help to reduce head acceleration
(Enniss et al., 2018). This may decrease the kinematic force applied to the brain and reduce the
risk of SRC (Enniss et al., 2018; Halstead et al., 2018; Hrysomallis, 2016; Waltzman &
Sarmiento, 2019). Smaller neck circumference and lower-neck strength have been associated
with an increased risk of SRC (Enniss et al., 2018; Hrysomallis, 2016). For example, a study
noted that for every additional pound of neck strength an athlete had, their odds of sustaining an
SRC decreased by 5% (Collins et al., 2014).

While there's evidence to support that athletes with stronger necks have a lower risk of SRC
(Collins et al., 2014) and that neck-strengthening programs improve neck strength (Hrysomallis,
2016), the research is limited when it comes to exploring the link between neck-strengthening
programs and SRC. Thus, neck strengthening may be a promising practice, but more research
is needed to understand its role in SRC prevention.

Takeaway points

e Educating athletes on SRC may reduce aggressive playing styles and promote rule
adherence.

¢ It's unknown whether protective equipment such as helmets and mouthguards can
prevent SRC, but they're important for the prevention of other head and face injuries.

e Altering sport rules to reduce player-to-player contact may help reduce occurrences of
SRC.

¢ Neck strengthening may contribute to a lower risk of SRC, but more research is
needed before we'll know for sure.
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Conclusion

This literature review's purpose was to support and build on evidence that underpins Canada’s
harmonized approach to SRC, including the Canadian Guideline on Concussion in Sport. This
was done by synthesizing research focused on SRC management and prevention.

From an SRC management perspective, this review's findings clearly identified the importance
of following the 4 Rs of SRC management. A large body of evidence indicates that athletes who
don't follow proper SRC management protocols are more likely to experience a prolonged
recovery. Individuals suffering from sleep disturbances or mental illness may also experience a
prolonged recovery, highlighting the importance of closely monitoring athletes suffering from
SRC and referring them to specialists as needed. In addition, characteristics such as age and
biological sex can influence SRC outcomes. For example, female athletes and adolescents
often exhibit more SRC symptoms and a longer SRC recovery time than male or youth athletes.

In terms of SRC prevention, this review's findings highlighted the potential for education and

rule changes to reduce the incidence of SRC. Neck strength may also be a modifiable risk factor
for SRC, because greater neck strength may be associated with a reduced SRC risk. In
contrast, it's unknown if equipment such as helmets and mouthguards can protect against SRC.
However such protective gear is important for preventing other injuries. Future research is
needed to explore SRC prevention and management in a wider range of sports and in
underrepresented populations (that is, youth, women and girls and athletes with disabilities).

#HeadstrongCanada 11



5 References

Avedesian, J. M., Covassin, T., & Dufek, J. S. (2020). The influence of sport-related concussion
on lower extremity injury risk: A review of current return-to-play practices and clinical
implications. International Journal of Exercise Science,13(3), 873 - 889.
https://digitalcommons.wku.edu/ijes/vol13/iss3/8

Bazarian, R., Raukar, N., Devera, G., Ellis, J., Feden, J., Gemme, S.R., Hafner, J., Mannix, R.,
Papa, L., Wright, D.W., & Auerbach, P. (2020). Recommendations for the emergency
department prevention of sport-related concussion. Annals of Emergency Medicine, 75(4), 471—
482. https://doi.org/10.1016/j.annemergmed.2019.05.032

Cheng, J., Ammeman, B., Santiago, K., Jivanelli, B., Lin, E., Casey, E., & Ling, D. (2019).Sex-
based differences in the incidence of sports-related concussion: Systematic review and meta-
analysis. Sports Health, 11(6),486-491. https://doi.org/10.1177/1941738119877186

Collins, C.L., Fletcher, E.N., Fields, S.K., Kluchurosky, L., Rohrkemper, M.K., Comstock, D.R.,
& Cantu, R.C. (2014). Neck strength: A protective factor reducing risk for concussion in high
school sports. Journal of Primary Prevention, 35, 309-319. https://doi.org/10.1007/s10935-014-
0355-2

Covassin, T., Savage, J.L., Bretzin, A. C., & Fox, M.E. (2018). Sex differences in sport-related
concussion long-term outcomes. International Journal of Psychophysiology, 133, 9-13.
https://doi.org/10.1016/.ijpsycho.2017.09.010

De Wandel, S., Sulak, T., & Willoughby, D.S. (2019). The effects of including aerobic exercise in
the treatment protocol of concussions: A systematic review and meta-analysis. International
Journal of Kinesiology and Sport Science, 7(4), 33-52.
http://dx.doi.org/10.7575/aiac.ijkss.v.7n.4p.33

Ellis, M., Krisko, C., Selci, E., & Russell, K. (2018). Effect of concussion history on symptom
burden and recovery following pediatric sports-related concussion. Journal of Neurosurgery,
21(4), 401-408. https://doi.org/10.3171/2017.9.peds 17392

Enniss, T.M., Basiouny, K., Brewer, B., Bugaev,N., Cheng, J., Danner, O.K., Duncan, T., Foster,
S., Hawryluk, G., Jung, H,S., Lui, F., Rattan, R., Violano, P., & Crandall, M. (2018). Primary
prevention of contact sports-related concussions in amateur athletes: A systematic review from
the Eastern Association for the Surgery of Trauma. Trauma Surgery & Acute Care Open, 3(1),
1-8. https://doi.org/10.1136/tsaco-2017-000153

Gallagher, V., Kramer, N., Abbott, K., Alexander, J., Breiter, H., Herrold, A., Lindley, T.,
Mjaanes, J., & Reilly, J. (2018).The effects of sex differences and hormonal contraception on
outcomes after collegiate sports-related concussion. Journal of Neurotrauma, 35(11),1242—
1247. https://doi.org/10.1089/neu.2017.5453

#HeadstrongCanada 12


https://digitalcommons.wku.edu/ijes/vol13/iss3/8
https://doi.org/10.1016/j.annemergmed.2019.05.032
https://doi.org/10.1177/1941738119877186
https://doi.org/10.1007/s10935-014-0355-2
https://doi.org/10.1007/s10935-014-0355-2
https://doi.org/10.1016/j.ijpsycho.2017.09.010
http://dx.doi.org/10.7575/aiac.ijkss.v.7n.4p.33
https://doi.org/10.3171/2017.9.peds17392
https://doi.org/10.1136/tsaco-2017-000153
https://doi.org/10.1089/neu.2017.5453

Halstead, M.E., Walter, K.D., & Moffatt, K. (2018). Sport-related concussions in children and
adolescents. Pediatrics, 142(6), 1-24. https://doi.org/10.1542/peds.2018-3074

Hrysomallis, C. (2016). Neck muscular strength, training, performance and sport injury risk: A
review. Sports Medicine, 46(8), 1111-1124. https://doi.org/10.1007/s40279-016-0490-4

Iverson, G.L., Gardener, A.J., Terry, D.P., Ponsford, J.L., Sills, A.K., Broshek, D., & Solomon,
G. (2017). Predictors of clinical recovery from concussion: a systematic review. British Journal
of Sports Medicine, 51(12), 941-948. https://doi.org/10.1136/bjsports-2017-097729

Jackson, W.T., & Starling, A.J. (2019). Concussion evaluation and management. Medical
Clinics of North America, 103(2), 251-261. https://doi.org/10.1016/j.mcna.2018.10.005

Kissick, J., & Webborn, N. (2018). Concussion in Para sport. Physical Medicine and
Rehabilitation Clinics of North America. 29(2), 299-311.
https://doi.org/10.1016/j.pmr.2018.01.002

Knapik, J.J., Hoedebecke, B.L., Rogers, G.G., Sharp, M. A., & Marshall, S.W. (2019).
Effectiveness of mouthguards for the prevention of orofacial injuries and concussions in sports:
Systematic review and meta-analysis. Sports Medicine, 49(8),1217-1232.
https://doi.org/10.1007/s40279-019-01121-w

Koerte, |.K., Schultz, V., Sydnor, V.J., Howell, D.R., Guenette, J.P., Dennis, E., Kochsiek, J.,
Kaufmann, D., Sollmann, N., Mondello, S., Shenton, M. E., & Lin, A.P. (2020). Sex-related
differences in the effects of sports-related concussion: A review. Journal of Neuroimaging, 3(4),
387-409. https://doi.org/10.1111/jon.12726

Leddy, J., Hinds, A., Sirica, D., & Willer, B. (2016). The role of controlled exercise in concussion
management. Physical Medicine and Rehabilitation, 8, 91-100.
https://doi.org/10.1016/j.pmrj.2015.10.017

Leddy, J.J., Haider, M.N., Ellis, M., & Willer, B.S. (2018). Exercise is medicine for concussion.
Current Sports Medicine Report, 17(8), 262-270.
https://doi.org/10.1249/JSR.0000000000000505

Merritt, V.C., Greenberg, L.S., Vuty, E., Bradson, M.L., Rabinowitz, A.R., & Arnetter, P.A.
(2019). Beyond measures of central tendency: Novel methods to examine sex differences in
neuropsychological performance following sports-related concussion in collegiate athletes.
Journal of the International Neuropsychological Society, 25(10), 1094—1100.
https://doi.org/10.1017/s1355617719000882

Morse, A.M., & Kothare, S.V. (2018). Sleep disorders and concussion. Handbook of Clinical
Neurology, 1568, 127-134. https://doi.org/10.1016/B978-0-444-63954-7.00013-6

#HeadstrongCanada 13


https://doi.org/10.1542/peds.2018-3074
https://doi.org/10.1007/s40279-016-0490-4
https://doi.org/10.1136/bjsports-2017-097729
https://doi.org/10.1016/j.mcna.2018.10.005
https://doi.org/10.1016/j.pmr.2018.01.002
https://doi.org/10.1007/s40279-019-01121-w
https://doi.org/10.1111/jon.12726
https://doi.org/10.1016/j.pmrj.2015.10.017
https://doi.org/10.1249/JSR.0000000000000505
https://doi.org/10.1017/s1355617719000882
https://doi.org/10.1016/B978-0-444-63954-7.00013-6

Resch, J. E., Rach, A., Walton, S., & Broshek, D.A. (2017). Sport concussion and the female
athlete. Clinics in Sports Medicine, 36(4), 717-739. https://doi.org/10.1016/j.csm.2017.05.002

Rice, S.M., Parker, A.G., Rosenbaum, S., Balley, A., Mawren, D., & Purcell, R. (2018). Sport-
related concussion and mental health outcomes in elite athletes: A systematic review. Sports
Medicine, 48(2), 447-465. https://doi-org.10.1007/s40279-017-0810-3

Schmidt, J., Rubino, C., Boyd, L.A., & Virji-Babul, N. (2018). The role of physical activity in
recovery from concussion in youth: A neuroscience perspective. Journal of Neurologic Physical
Therapy, 42(3), 155-162. https://doi.org/10.1097/NPT.0000000000000226

Scorza, KA., & Cole, W. (2019). Current concepts in concussion: Initial evaluation and
management. American Family Physician, 99(7), 426-434.

Schneider, K.J., Emery, C.A., Black, A., Yeates, K.O., Debert, C.T., Lun, V., & Meeuwisse, W.H.
(2019). Adapting the dynamic, recursive model of sport injury to concussion: An individualized
approach to concussion prevention, detection, assessment, and treatment. The Journal of
Orthopaedic and Sports Physical Therapy, 49(11), 799-810.
https://doi.org/10.2519/jospt.2019.8926

Solomito, M.J., Reuman, H., & Wang, D.H. (2019). Sex differences in concussion: A review of
brain anatomy, function, and biomechanical response to impact. Brain Injury, 33(2), 105-110.
https://doi.org/10.1080/02699052.2018.1542507

Vitale, K. C., Owens, R., Hopkins, S. R., & Malhotra, A. (2019). Sleep hygiene for optimizing
recovery in athletes: Review and recommendations. International Journal of Sports
Medicine, 40(8), 535-543. https://doi.org/10.1055/2-0905-3103

Waltzman, D., & Sarmiento, K. (2019). What the research says about concussion risk factors
and prevention strategies for youth sports: A scoping review of six commonly played sports.
Journal of Safety Research, 68, 157—-172. https://doi.org/10.1016/j.jsr.2018.11.005

Webborn, N., Blauwet, C. A., Derman, W., Idrisova, G., Lexell, J., Stomphorst, J., Tuakli-
Wosornu, Y. A., & Kissick, J. (2018). Heads up on concussion in para sport. British Journal of
Sports Medicine, 52(18), 1157-1158. https://doi.org/10.1136/bjsports-2016-097236

#HeadstrongCanada 14


https://doi.org/10.1016/j.csm.2017.05.002
https://doi-org.subzero.lib.uoguelph.ca/10.1007/s40279-017-0810-3
https://doi.org/10.1097/NPT.0000000000000226
https://www.aafp.org/afp/2019/0401/p426.html
https://doi.org/10.2519/jospt.2019.8926
https://doi.org/10.1080/02699052.2018.1542507
https://doi.org/10.1055/a-0905-3103
https://doi.org/10.1016/j.jsr.2018.11.005
https://doi.org/10.1136/bjsports-2016-097236

	1 Introduction
	2 Purpose and objectives
	2.1 Part 1: SRC management
	2.2 Part 2: SRC prevention

	3 Search Strategy
	3.1 Part 1: SRC management
	3.2 Part 2: SRC prevention

	4 Summary of findings
	4.1 Part 1: SRC management
	4.1.1 The 4 Rs of concussion management
	4.1.2 Novel considerations

	4.2 Part 2: SRC prevention
	4.2.1 Education
	4.2.2 Rule changes
	4.2.3 Protective equipment
	4.2.4 Neck strengthening


	Conclusion
	5 References

