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ABSTRACT

Concussions are a common injury both within and outside sport and recreational settings, and they remain a serious concern for children and
youth. Any young person suspected of sustaining a concussion should be medically evaluated as soon as possible, and when the injury occurs
during sport, the individual must be removed from play immediately to avoid secondary injury. A briefinitial period of physical and cognitive rest
is followed by supervised, stepwise return-to-learn and return-to-play protocols. All individuals involved in child and youth sports and recreation
must be able to recognize risk for, and signs and symptoms of, concussion. They must also ensure that any participant suspected of sustaining
a concussion is properly evaluated and managed by qualified medical personnel. Evolving data and literature have strengthened both our path-
ophysiological understanding of concussion and guidance for clinical management, especially related to acute care, persistent symptoms, and
prevention. This statement also re-examines the relationship between bodychecking in hockey and injury rates, and advocates for a change in

policy in youth hockey.
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Concussions, also known as mild traumatic brain injuries DIAGNOSIS AND ASSESSMENT
(mTBIs), remain a prevalent and important cause of global
morbidity in children and youth. Traumatic brain injury is
the leading cause of paediatric trauma death and disability
worldwide, with concussions comprising 80% to 90% of all
TBIs (1). An estimated 200,000 concussions occur annu-
ally in Canada, with children and youth affected primarily
(2,3). The field of concussion diagnosis and management
is evolving rapidly, with significant global engagement (4).
The Canadian Paediatric Society (CPS) published a state-
ment on sport-related concussion in children and youth in
2012 (S). Major advancements in our understanding of
concussions since have necessitated a revision to capture
these developments, with additional focus on the role of
bodychecking in hockey-related concussion epidemiology.
The statement summarizes and highlights recent evidence
and current best practice guidelines for managing concussion
in children and youth.

Any child or youth experiencing a significant fall or hit should
be assessed for head injury and possible concussion. The Sth
International Consensus Statement on Concussion in Sport
defines sport-related concussion (SRC) as a TBI induced by
biomechanical forces resulting in rapid onset of short-lived im-
pairment of neurological function that resolves spontaneously
(6). A concussion may result from a direct impact to the head,
neck, face, or elsewhere on the body that transmits an impul-
sive force to the brain. Concussions represent a primarily func-
tional rather than a structural brain injury, and no abnormality
is seen on standard structural neuroimaging studies. SRCs
can cause a range of clinical signs and symptoms. Resolution
typically follows a sequential course, with the vast majority
of concussions resolving within 4 weeks, without long-term
complications. However, symptoms can also be more pro-
longed. The diagnosis of an acute SRC involves a range of
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domains, with concussive signs and symptoms including (but
not limited to) physical manifestations, cognitive impairment,
neurobehavioural features, and sleep/wake disturbances (Figure
1).

After trauma, it is imperative to ensure patient stability and
assess for other injuries, specifically structural head trauma and
injury to the cervical spine. Reducing environmental stimula-
tion can allow for more complete and accurate evaluation. When
managing concussions, health care providers (HCPs) should be
aware that most concussions do not involve a loss of conscious-
ness or focal neurologic findings, and symptoms may present
hours to days after the injury (6,7). Also, many conditions can
mimic concussion symptoms. Clinical signs or symptoms related
to concussion should: 1) include any of those listed in Figure 1;2)
begin after the head injury; and 3) should not be readily explained
by a co-occurring condition. Consideration should be given to
possible alternative diagnoses (e.g., structural head injury) and
confounding variables (i.e., pre-existing comorbid or extracranial
factors) before establishing a concussion diagnosis (8).

Diagnostic tools

Because many variables can influence symptomatology, no
single test or assessment tool can immediately diagnose a
concussion or be used to accurately predict how a child will
recover from any one head injury (6,7,9). The Child SCATS,
which is used for children S to 12 years of age, is widely
considered to be the best available assessment tool to assist
in diagnosing SRC. Child SCATS includes red flags, observ-
able signs, the Glasgow Coma Scale, cervical spine assess-
ment, background, child and parent reports on symptoms and
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memory assessment, cognitive screening, and neurological
screening, including balance examination (10). For persons
older than 13 years, the SCATS can be used. HCPs should
take a multifaceted and age-specific approach to children and
youth with suspected concussion, even when they do not ex-
hibit symptoms initially. Ideally, serial assessments involve
administering validated symptom rating scales and evaluating
balance and cognitive function (8).

Technological advances under study for concussion assess-
ment but not yet in mainstream use include neuroimaging, brain
biomarkers, computerized testing, and head impact sensors.
Certain advanced neuroimaging modalities hold promise but are
not used for diagnosis at the present time (2,4,6,11). Similarly,
multiple brain biomarkers, with s100b of specific interest, have
not demonstrated reliable evidence for regular use in concus-
sion management (12). EEGs and genetic testing are also being
studied but have not been endorsed (1,4,6). Helmet sensors,
despite their promise and widespread use, are not yet validated
and may contribute to inaccurate representation of head injury
(6). While formal neuropsychological testing is considered an
important tool in the multimodal assessment and management
of concussion, neurocognitive tests should not be used or relied
upon by themselves for diagnosis, and baseline testing has not
been established as a standard of care for many reasons, in-
cluding poor sensitivity and reproducibility (6,8,13,14).

PERSISTENT SYMPTOMS

While most children and youth with a concussion recover
within 4 weeks (8,15), they can also experience more prolonged
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Figure 1. Clinical signs and symptoms of concussion. Source: Parachute. Reproduced with permission.
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symptoms. Recent research has identified risk factors that con-
tribute to prolonging symptoms and slowing recovery. One
predictive tool for use in the emergency department can be
found at www.Spconcussion.com/en/scorecalculator (16).
Key risk factors were identified in a comprehensive meta-
analysis published in 2017: concurrent or past mental health
issue, concurrent cervical injury, elevated initial symptom
burden, age <18 years (with highest risk at 13 to 17 years of
age), female sex, and the presence of ocular dysfunction (17).
The Centers for Disease Control and Prevention (CDC) has
also identified premorbid history of mTBI, previous neu-
rological or psychiatric disorder, learning difficulty, pre-injury
‘post-concussive’ symptoms, and family and social stressors as
further risk factors for persistent symptomatology (4).

In cases where symptoms persist for >3 months, factors
other than head injury and resultant neuronal damage should
be considered as primary drivers of symptomology (8,17-19).
Prolonged cognitive deficits following a concussion are now
believed to be more attributable to depression, anxiety, sleep
problems, or unrecognized attention disorders than to the in-
jury itself, which has significant implications for treatment
(8,17). To accurately delineate the etiology of symptoms, the
CDC is advocating for a formal neuropsychological evaluation
in paediatric patients. For families who cannot access this type
of testing, a referral should be made to a physician or nurse prac-
titioner with experience treating patients living with prolonged
symptoms. Identifying and addressing confounding variables
are crucial to optimize function and well-being in children and
youth with lingering concussion-related symptoms.

Studies have shown, for example, that when patients
misattribute their symptoms to head injury, it negatively impacts
recovery, a phenomenon termed ‘expectation as etiology” (20—
23). The early identification of mental health disorders, and of
young people at particular risk for any reason, is essential to pre-
vent exacerbation of mental health problems during the recovery
period (7). The term ‘post concussion syndrome’ has passed
out of use because concussion-related symptoms are no longer
considered ‘syndromic’ in nature, but rather as reflecting many
pathologies. ‘Persistent post-concussion symptoms’ (or PPCS)
is the current and most widely accepted term (18).

TREATMENT OF CONCUSSION AND PPCS

To access a detailed, comprehensive review of concussion man-
agement, see the Living Guideline for Diagnosing and Managing
Pediatric Concussion. This guideline distinguishes among acute
head injury, concussion, and PPCS based on the broad range
of etiologies and clinical presentations that may be in play. This
statement focuses on stepwise management, with specific focus
on education, rest, return to learn, and return to play.

Education

Timely, appropriate, and specific education on concussion man-
agement is essential. HCPs should reassure children, youth, and
families that the vast majority (70% to 80%) of young people
with concussion recover without significant difficulty within 4
weeks (4). Education should focus on a progressive, sequential
trajectory of care, warning signs that may suggest more serious

injury, and how to prevent further injury based on adherence to
return-to-learn and return-to-play protocols.

Rest

A significant change in concussion management in recent years
involves the role of rest. Prolonged rest is now recognized as
having a potential negative effect on recovery, while low-impact
exercise can be beneficial (24). An initial 24 to 48 hours of re-
strictive rest is still recommended, followed by a gradual increase
in physical and cognitive activity (7), but initiating light exer-
cise at 72 hours has been shown to be safe and associated with
fewer symptoms at 2 weeks post-injury (25). Throughout man-
agement, the child or youth should maintain a level of activity
that does not worsen or produce new symptoms or put them at
risk of re-injury. Social activities can increase progressively at the
same time (4,7). The process of recovery should follow a step-
wise approach until the individual is participating fully in rou-
tine physical and cognitive activities (4,6).

The process of returning to school symptom-free should be
completed before returning fully to sport participation, espe-
cially when risk for impact or re-injury is present. Re-integrating
children and youth into normal life and routines slowly, delib-
erately, and appropriately following a head injury involves two
processes: return to learn and return to play.

Return to learn

Two fairly new recommendations apply to return to school and
learning. First, medical clearance by a physician is no longer re-
quired to return to school, and second, children and youth should
be encouraged to return to school as soon as possible, provided
significant individualized supports are in place (7). Several suit-
able ‘return to learn’ templates with examples of supports are
available for physicians, patients, and families. For an up-to-date
summary on concussion return to learn and return to play please
refer to Concussion Information on pedsconcussion.com.

Return to play

The early introduction of symptom-limited physical activity
is appropriate. However, until a child or youth has returned to
school successfully, they should not return to play with any risk
of collision or falling (6). Basic principles for returning to sport
include: no return to play on the day a suspected injury occurs,
return to play should follow a stepwise approach, and medical
clearance is required before full-contact sport and game play can
resume (7). Full adherence to these guidelines is crucial to avoid
aggravating symptoms and prevent secondary injuries before re-
covery is complete (26).

Prolonged symptoms

Individuals who experience prolonged symptoms require a mul-
tidisciplinary approach to care, with evaluation and management
of any concurrent or contributing factors. Diagnostic testing and
specific therapeutics are best managed by a physician or nurse
practitioner with experience in treating prolonged concussion-
related symptoms, as part of a multidisciplinary team if available.
Specific evidence-based therapies directed by an HCP with ex-
pertise should be initiated and administered on an individualized
basis and may include psychological treatments and cervical or
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vestibular rehabilitation, or both. Treatment should target spe-
cific symptoms, with focus on reducing stress, ensuring proper
hydration, headache control, optimizing sleep, reducing screen-
time, and maintaining an appropriate balance between rest
and activity. The importance of healthy sleep habits cannot be
overstated, with up to 85% of prolonged symptoms following
head injury attributable in part to sleep dysfunction. Children
and youth may also require psychosocial and emotional supports
in the form of psychotherapy or cognitive-behavioral therapy to
treat injury-associated anxiety and depression (4,8). Evidence
is limited for the use of pharmacotherapy to treat concussion.
Medications that target specific symptoms are sometimes used
alongside careful return-to-play protocols (6,27). Refer to the
Living Guideline for a summary of treatment options (7).

SECOND IMPACT SYNDROME (SIS)

SIS occurs when an individual experiences a second uncharac-
teristically severe head injury before recovering completely from
concussion (28). The pathophysiological processes involved in
SIS are elusive and while the condition is rare, its consequences
can be devastating, even leading to permanent disability or
death. Risk for SIS underscores the importance of immediately
removing any child or youth with suspected concussion from
play, followed by a stepwise, supervised, gradual return to play or
sport. Public health advocacy in the form of Rowan’s Law is one
example of legislation that has increased concussion awareness,
education, and safer return to play protocols.

CHRONIC TRAUMATIC ENCEPHALOPATHY
(CTE) AND RETIREMENT FROM SPORT

One highly controversial issue related to concussion is the long-
term effects of repetitive head trauma. Concern is growing that
recurrent concussions, or even sub-concussive blows, may cause
a spectrum of complications known as CTE. CTE is a patho-
logical diagnosis, and its clinical consequences are not yet fully
known (6). To date, epidemiological studies of children and
youth who participate in contact and collision sports have not
identified long-term neurological or psychiatric consequences.
While the literature on neurobehavioral sequelae and long-
term consequences from repeat injuries is inconsistent, the Sth
International Consensus Statement on Concussion in Sport
from 2016/17 stressed the risk for long-term effects from re-
peat injuries, including cognitive impairment and mental health
problems. One retrospective cohort recently demonstrated a
modest association between concussion experienced in child-
hood and subsequent risk for mental health issues, psychiatric
hospitalizations, and self-harm (29). There is still much to learn
concerning the relationship between head injuries and develop-
ment of CTE (6).

Having to retire from a sport they enjoy can have significant
ramifications for child and youth mental and physical health, and
data to guide when retirement is either necessary or appropriate
are sparse. Taking a multidisciplinary, case-by-case approach
that carefully weighs the risks and benefits of retirement along-
side the individual athlete’s medical history, clinical status, and
cognitive function, is recommended (8). It remains unclear how
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many concussions are too many for the average child or youth,
and the number of injuries is only one factor impacting long-
term brain health and well-being (30,31). Research addressing
individualized risk-benefit models to guide informed deci-
sion-making about retirement or redirection from contact or
collision sports is needed.

THE ROLE OF BODYCHECKING IN HEAD
INJURY AND CONCUSSION

Ice hockey is one of Canada’s most popular sports, with over
460,000 youth players registered in 2019/20. With lacrosse,
hockeyis considered a national sport, and the CPS acknowledges
the historic, significant positive impacts of ice hockey for the
mental, physical, and social health of Canadians. However, the
relationship between bodychecking and injury in hockey has
been studied for decades. The issue gained national prominence
in 1989, after one powerful study found that bodychecking
introduced at younger ages led to more aggressive play and
higher penalty and injury rates (30). Numerous studies have
since confirmed a strong correlation between bodychecking
and injury rates in children and youth (32-34). A large dataset
compiled over the 2005/16 period by the National High School
Sports-Related Injury Surveillance Study found that 41.1% of
hockey injuries were caused by bodychecking. Another study in
2011 followed 3000 boys aged between 4 and 18 years over a
S-year period and found that injury rates were three to four times
higher in leagues that allowed bodychecking (30). Injury rates in
Canada have increased since and are expected to continue rising
as players became larger, faster, and stronger (35).

Bodychecking is also a significant risk factor for concussion
(36,37). Canadian Hospitals Injury Reporting and Prevention
Program data from 2011 to 2017 showed that ice hockey was
the leading cause of all sports and recreationally related TBI
across paediatric age groups, in both boys and girls, due in part
to large participant numbers (3). One meta-analysis of strategies
to reduce concussion numbers estimated that eliminating
bodychecking would decrease concussion rates in Canada by
20% to 90% in all age groups (38).

Subconcussive hits, meaning head injuries that do not pro-
duce a concussion but may have lasting effects on a developing
brain, also warrant close attention. A 2014 study comparing
male (bodychecking allowed) versus female (no bodychecking
allowed) ice hockey players observed that males sustained a me-
dian 287 head impacts (interquartile range [IQR]: 202 to 445)
per season, while females received 170 (IQR: 119 to 230) (39).

Advanced video technology measuring ‘brain strain’ provides
further insight into the true impacts of bodychecking. Based
on forces transmitted to the brain during bodychecking-related
injuries, researchers are now advocating to remove bodychecking
from the game altogether to reduce impactlevels along the boards
(40). In 2021, one study recorded 172 games from six different
age groups over a 2-year period and recreated the amount of
head trauma in a laboratory setting. An increase in brain trauma
when bodychecking was initiated was demonstrated (41).

Mounting evidence in both the USA (in 2012) and Canada
(in 2013) led to a new policy that delayed the introduction of
bodychecking until Bantam players reached 13 to 14 years of
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age (known now as U1S). In 2014, the American Academy of
Pediatrics (AAP) proposed restricting bodychecking to elite
levels of boys” hockey, starting no earlier than age 15 years (42).
Both the CPS and the AAP believe that delaying bodychecking is
appropriate based not only on the significant variability in body
maturation at this age but to decrease aggressive play (31,43).

The changes to bodychecking policy implemented by
Hockey Canada and USA Hockey provided an opportunity to
study the effects of reform on injury rates prospectively. Using
National Electronic Injury Surveillance System (NEISS) data
(for 2008/10 versus 2013/15), one study demonstrated that
eliminating bodychecking in hockey had resulted in a 16.6% de-
crease in overall injury rates and a 38% decrease in bodychecking
injuries in young players (44). Another analysis of injury data
in Canadian Pee Wee hockey players (under 13 years old) both
before and after bodychecking rules changed, found a 50% rela-
tive reduction in injury rate and a 64% reduction in concussion
rate (33).

More than 150 pre-eminent stakeholders in youth hockey met
in 2017, with the aim of making hockey as safe as possible. After
reviewing more than 40 scientific publications, they produced
the official Proceedings from the Ice Hockey Summit ITI: Action
on Concussion. Their goal was to ‘eliminate bodychecking in
Bantam youth hockey games’ (45).

Bodychecking in non-competitive play

Injury and concussion rates have been shown to be higher
by three-fold among non-elite Pee Wee ice hockey players
in leagues where bodychecking is permitted compared with
leagues where bodychecking is prohibited (33). One study
compared injury rates between elite and non-elite Bantam
players over a 2-year period (2014/16). The injury rate overall
was 54% lower, and the severe injury rate was 61% lower, when
bodychecking was disallowed for non-elite competitors. A 40%
lower rate of concussion and a 45% lower rate of severe concus-
sion were also observed, although these effects did not meet sta-
tistical significance. The study authors estimated that eliminating
bodychecking for non-elite players could prevent 6386 injuries
and 4340 severe injuries (32). Another recent Canadian study
found that disallowing bodychecking among non-elite 13- to
14-year-olds had reduced the rate of injuries by 4.32 per 1000
player-hours (46). Health care costs were also examined, with
an estimated 2.5 x reduction in health costs in leagues where
bodychecking is disallowed among 11- to 12-year olds (46). This
finding can be extrapolated to a cost-saving for Canada’s health
care system of more than $1500 per 1000 player-hours (47).

CONCUSSION PREVENTION STRATEGIES

Despite the impacts of TBI and concussion specifically for
individuals and society at large, public health strategies to de-
crease concussion risk remain elusive, in part because of the
wide-ranging etiologies of, and mechanisms causing, head
injuries (3).

Helmets

Systematic reviews of helmet use and concussion have been in-
conclusive. Helmets have been shown to decrease moderate

to severe brain injuries, but their ability to decrease concus-
sion risk has not been demonstrated (6,31). Wearing head gear
does not appear to reduce concussion risk in rugby and soccer,
but helmets are strongly recommended for tackle football, ice
hockey, lacrosse, downhill skiing, snowboarding, skateboarding,
and bicycling to prevent moderate and severe brain injuries (31).
More research is needed to establish the efficacy of appropriate
helmet wearing to prevent or mitigate concussive injuries.

Mouthguards

Evidence supporting the use of mouthguards to prevent
concussions is mixed, but there has been a non-significant trend
in support of protective effect when they are used in collision
sports (30). Mouthguards have been shown to decrease risk for
dental and facial bone injuries and are recommended for high-
risk activities. Research examining mouthguard use in contact
sports is needed, but one meta-analysis suggested a 19% reduced
risk of concussion when data from basketball, ice hockey, and
rugby were combined (38).

Policy change

Policy change, rule enforcement, and education are the best evi-
dence-based strategies to prevent head injuries (6,48). Athletes,
officials, administrators, parents, coaches, and HCPs all need
to be aware and educated regarding risks of SRC, its clinical
features, assessment techniques, and the principles of safe return
to play (6). One meta-analysis analyzed concussion prevention
strategies (49), including education, appropriate helmet use,
and prohibiting bodychecking in hockey for younger players.
Findings suggested that strengthening the neck muscles of young
athletes may help prevent injury, but evidence was insufficient to
support this as a strategy to decrease concussion risk (49).

RECOMMENDATIONS FOR HEALTH CARE
PROVIDERS

Health care professionals should:

1. Be familiar with, and regularly update their knowl-
edge of, current concussion management protocols. See
‘Recommended tools and resources’ below.

2. Be aware of specific steps and timing for return-to-learn
and return-to-play protocols.

3. Be aware of and counsel families regarding risk factors for
more severe injury and delayed recovery from concussion.
Risk factors for a more severe injury include prolonged
loss of consciousness, seizure activity, focal neurologic
findings, and progressive or worsening symptoms Risk
factors for prolonged recovery include multiple previous
concussions, high symptom load at presentation, and ap-
plicable pre-existing or comorbid health issues (e.g., previ-
ous neurologic diagnosis, mental health issues, and social
stressors). Expedite early referral for interdisciplinary care
when any of these factors is present.

4. Be aware of and counsel families regarding the clear
associations between mental health and head injuries.

5. Be aware of essential management steps when symptoms
of concussion persist.



6. Be aware that routine baseline neurocognitive testing
and restrictive rest beyond the first 24 to 28 hours are no
longer required.

RECOMMENDATIONS FOR POLICY MAKERS

1. Provincial/territorial governments should mandate
schools (and those involved with school sports) and
sports organizations to establish, update, and enforce
policies and protocols to prevent, identify, and manage
concussion.

2. Canadian hockey organizations must implement policies
and enforce rules to prevent bodychecking in all recrea-
tional leagues and play.

3. Competitive hockey leagues must implement policies,
training, and rules to prevent bodychecking before players
are 15 years of age.

RECOMMENDED TOOLS AND RESOURCES

o Canadian Guideline on Concussion in Sport: https://
parachute.ca/en/professional-resource/concussion-
collection/canadian-guideline-on-concussion-in-sport/

« CATT Online -
Tool: https://cattonline.com/

o Holland Bloorview Kids Rehabilitation Hospital: https://
hollandbloorview.ca/

o SCHOOLFirst: Enabling successful return-to-school fol-
lowing concussion: https://hollandbloorview.ca/sites/de-
fault/files/migrate/files/ SCHOOLFirstHandbook-ENG.
pdf

o Parachute — Concussion: https://parachute.ca/en/injury-
topic/concussion/

o Parachute-StrategyforReturn-to-SchoolafteraConcussion:
https://parachute.ca/wp-content/uploads/2019/06/
Return-to-School-Strategy.pdf

« Parachute — After a Concussion: Return-to-Sport Strategy:
https://parachute.ca/wp-content/uploads/2019/06/
Return-to-Sport-Strategy.pdf

o Parachute — Concussion Ed app: https://parachute.ca/en/
injury-topics/concussion-ed-app/

« PedsConcussion: Living Guideline for
Concussion Care: www.pedsconcussion.com

Concussion Awareness Training

Pediatric
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