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The 6th International Consensus Conference on Concussion in Sport, Amsterdam
2022, addressed sport-related concussion (SRC) in adults, adolescents, and chil-
dren. We highlight the updated evidence-base and recommendations regarding
SRC in children (5-12 years) and adolescents (13-18 years). Prevention strategies
demonstrate lower SRC rates with mouthguard use, policy disallowing bodycheck-
ing in ice hockey, and neuromuscular training in adolescent rugby. The Sport Con-
cussion Assessment Tools (SCAT) demonstrate robustness with the parent and
child symptom scales, with the best diagnostic discrimination within the
first 72 hours postinjury. Subacute evaluation (>72 hours) requires a multi-
modal tool incorporating symptom scales, balance measures, cognitive, ocu-
lomotor and vestibular, mental health, and sleep assessment, to which end
the Sport Concussion Office Assessment Tools (SCOAT6 [13+] and Child
SCOAT6 [8-12]) were developed. Rather than strict rest, early return to light
physical activity and reduced screen time facilitate recovery. Cervicovestibular re-
habilitation is recommended for adolescents with dizziness, neck pain, and/or
headaches for greater than 10 days. Active rehabilitation and collaborative care for
adolescents with persisting symptoms for more than 30 days may decrease symp-
toms. No tests and measures other than standardized and validated symptom rat-
ing scales are valid for diagnosing persisting symptoms after concussion. Fluid and
imaging biomarkers currently have limited clinical utility in diagnosing or assess-
ing recovery from SRC. Improved paradigms for return to school were developed.
The variable nature of disability and differences in evaluating para athletes and
those of diverse ethnicity, sex, and gender are discussed, as are ethical considera-
tions and future directions in pediatric SRC research.

International sports organizations have worked collaboratively with the Con-
cussion in Sport Group to hold quadrennial consensus conferences and produce
a summary or consensus statement’® from each meeting that summarizes the
evidence and makes recommendations regarding sport-related concussion (SRC)
in adults, adolescents, and children. A core component informing the last 2 confer-
ences and consensus statements has been a series of systematic reviews published
with the Consensus Statement. In Berlin 2016, 1 of the 12 systematic reviews was
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dedicated to pediatric concussion.” At the 6th International
Consensus Conference on Concussion in Sport, Amsterdam
2022, the scientific committee incorporated pediatrics into
each systematic review, rather than produce a stand-alone
pediatric systematic review. In addition, pediatric concus-
sion was included as a separate section in the Consensus
Statement. Multiple clinicians and scientists with experi-
ence in pediatric concussion were coauthors of each sys-
tematic review to ensure that pediatrics was adequately
addressed. Each review extracted data specific to children
(<13 years) and adolescents (13 to <18 years), resulting in sig-
nificant pediatric data being acquired. This paper provides a
dedicated pediatric publication consolidating each com-
ponent of the Amsterdam Consensus Statement pertaining
to child and adolescent SRC, informed by the systematic
reviews.

The scientifically rigorous consensus methodology and
details on the systematic reviews and associated pro-
cesses are described in detail by Schneider et al.® The
definition of SRC was updated as part of the Amsterdam
process and is described in the Appendix 1.°

PEDIATRIC FINDINGS FROM THE SYTEMATIC REVIEWS

Prevention Strategies and Modifiable Risk Factors for
Sport-related Concussions and Head Impacts:
A Systematic Review and Meta-analysis'’

Adolescents were the target populations in over 50% of
the published studies evaluating SRC prevention strate-
gies and/or modifiable risk factors,'® with few focused
on the 5 to 12 year age group alone.® Concussion preven-
tion strategies for children and adolescents highlight the
role of personal protective equipment, policy and/or rule
changes, training strategies, and management strategies
targeting recurrent concussion.

Protective Equipment

Studies evaluating headgear (as opposed to helmets) in
football (soccer), Australian football, and Rugby Union
(rugby) report mixed findings regarding their protective
effect against concussion. When data were combined in a
meta-analysis across adolescent studies in rugby, soccer,
and lacrosse, headgear was not significantly associated
with SRC rates (IRR [incidence rate ratio] = 0.74; 95%
confidence interval [CI]: 0.5-1.09).*>!! By sport, headgear
use was associated with lower SRC rates in the meta-anal-
ysis combining 2 soccer studies (IRR = 0.64; 95% CI:
0.44-0.92)'%1213; however, further evaluation in larger
studies evaluating different headgear design and materials
is necessary to inform any recommendation. In helmeted
adolescent collision sports, evidence indicates that secure
helmet fit may reduce concussion rates and severity in ice
hockey and American football.'*® The protective effect of
mouthguards has been demonstrated in adolescent ice
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hockey (IRR = 0.75; 95% CI: 0.64-0.88).1° Protective eye-
wear in adolescent field hockey reduced head and face in-
juries, but did not reduce SRC rates (IRR = 0.96; 95% CI:
0.57-1.59; IRR = 0.77; 95% CI: 0.58-1.02).*”'8

Policy or Rule Changes

A combined 58% lower concussion rate was identified
where policy disallowed bodychecking in child and adoles-
cent ice hockey leagues (IRR = 0.42; 95% CI: 0.33-0.53).°
Further, number of years of body checking experience was
not protective for concussion,'® thus disallowing body check-
ing for children and most levels of adolescent ice hockey is
recommended. Restricting the frequency and/or duration of
collision practices in adolescents in American football re-
duced head contact (IRR = 0.22; 95% CI: 0.21-0.23)%° and
practice-related concussion rates (IRR = 0.44; 95% CI:
0.25-0.75).*! The positive effect of limiting body checking in
ice hockey and restricting contact practice in American foot-
ball in reducing SRC rates may be a consideration across a
range of adolescent collision sports.

Training Strategies

On-field neuromuscular training (NMT) warm-up strategies
(eg, balance, strength, agility) have been demonstrated to be
effective in reducing injuries across multiple adolescent team
sports.?? When compared with the standard practice warm-
up, NMT inclusive of a neck strengthening component was
associated with a 59% lower SRC rate in school-boy (ages
14-18) rugby players (risk ratio = 0.41; 90% CI: 0.17-0.99)
when completed =3 times per week?® The effect of NMT
programs for specifically reducing concussion rates has not
been assessed in other sports and a focus on evaluating spe-
cific NMT components for concussion prevention is neces-
sary in children and adolescents.

Concussion Management

Evidence supports implementation of concussion laws
(eg, mandatory removal from play, requirements to re-
ceive clearance to return to play from a licensed health
care professional (HCP), and education of coaches, pa-
rents, and athletes) to reduce recurrent concussions in
adolescent sports.2*2°

Acute Evaluation of Sport-related Concussion and
Implications for the Sport Concussion Assessment Tool
(SCAT6) for Adults, Adolescents, and Children:

A Systematic Review?®

Examination of pediatric age groups (5-12, 13-18 years)
at the acute stage (<72 hours) of concussion assessment
revealed a significant disparity in the literature. For chil-
dren ages 5 to 12 years, only 5 eligible studies®’ 3! ex-
amined Child SCAT tool utility, with none SRC-focused.
Specifically, the cognitive measures of the Child SCAT

demonstrated low test-retest stability,® implying limited
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clinical utility, and there was no comparison of injured
versus uninjured children. More robust psychometric
characteristics are reported for the parent and child
symptom scales,>! with solid evidence of internal consis-
tency and stability over time,?”-?® as well as strong differ-
entiation of concussed athletes from controls.>’ The
modified Balance Error Scoring System balance examina-
tion exhibits variability,?®3? with promise for improved
reliability with more systematic training methods. A sig-
nificantly greater body of literature supports the discrim-
inatory ability of the SCAT tools in adolescents within
the first 72 hours of injury, with its utility diminishing by
7 days.

Routine, across-the-board, mandatory baseline testing
was not recommended in children because of rapid de-
velopmental changes through childhood and adolescence,
although it could be considered for older athletes and
parasport athletes in competitive sport settings if resour-
ces permit.® If baseline testing is conducted, it requires
(1) appropriate resources (ie, trained personnel) to con-
duct the testing effectively, and (2) use of measures with
robust appropriate psychometrics (ie, reliable change
metrics) to demonstrate meaningful clinical change for
the individual.

A significant need exists for developmentally appropriate
concussion tools spanning the full age range of children and
adolescents.**3* Additional recommendations include collect-
ing more diversified, global normative data for all ages,
including subgroups with developmental and psychiatric
diagnoses. Focused efforts are needed to study tools in the
under-12 age group in SRC cases and controls and to ex-
pand settings to emergency departments and primary care
for younger age samples. Modifying cognitive (eg, timed com-
ponents) and balance measures (eg, dual task) can enhance
their diagnostic sensitivity.

Beyond Acute Concussion Assessment to Office
Management: A Systematic Review Informing the
Development of a Sport Concussion Office Assessment
Tool (SCOATS) for Adults and Children®

Several assessment tools have been used to diagnose SRC
in children and adolescents, including symptom scales,
balance measures, cognitive tests, and oculomotor and
vestibular tests. Symptom scales reliably distinguished
between concussed and nonconcussed athletes in the
acute and subacute (3-30 days) periods post-SRC.36~*2
Balance assessment with the modified Balance Error
Scoring System significantly differentiated between con-
cussed adolescent athletes and controls in the subacute
period, with more errors in concussed athletes,** and
complex tandem gait assessments elicited significantly
more sway or errors in concussed subjects compared
with controls in the subacute period.** Concussed ath-
letes performed tandem gait slower than controls for
both single-task and dual-task conditions and demonstrated
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worse dual-task cognitive accuracy.**™*¢ Similarly, Vestibular
Ocular Motor Screening components were significantly differ-
ent in concussed adolescents compared with baseline meas-
ures and with healthy controls 0 to 14 days postinjury.3*7*
The Visio-Vestibular Examination assesses visio-vestibular
function, including complex tandem gait, and has been vali-
dated for use in the diagnosis of concussion in children.>

Two new office assessment tools were developed as
part of the Amsterdam consensus to assist in the assess-
ment of children and adolescents with concussion in the
subacute period. The Sport Concussion Office Assessment
Tool (SCOAT6) was designed for ages 13 years and older
and the Child SCOAT6 was developed for children aged 8
to 12 years.’? As with the SCAT6 and Child SCATS,
these tools are designed for use by HCPs.

Rest and Exercise Early After Sport-related Goncussion:
A Systematic Review and Meta-analysis™

This review synthesized the best evidence on the risks
and benefits of early physical activity (PA), prescribed
aerobic exercise treatment, rest, cognitive activity, and
sleep during the first 14 days after SRC. Most papers re-
viewed included the pediatric age group, and although
some included children =12 years among the larger
cohort, the majority assessed adolescents and young
adults. There was no evidence that strict physical and
cognitive rest until complete symptom resolution (so
called “cocooning”) facilitated recovery from SRC. In a
meta-analysis, PA and prescribed individualized exer-
cise treatment (based on systematic exercise testing)
improved recovery by a mean of 4.64 days (95% CI
6.69-2.59).>% During the first 2 days after SRC, early re-
turn to light PA (eg, walking) and reduced screen time
followed by prescribed aerobic exercise treatment (days
2-14) safely facilitated recovery, whereas sleep distur-
bance was associated with slower recovery.”® Prescribed
aerobic exercise treatment within 14 days of SRC also sig-
nificantly reduced the incidence of concussive symptoms
persisting beyond 30 days and the associated reduced
quality of life and learning difficulties in school. Aerobic
exercise was found to also benefit those with persisting
symptoms beyond 1 month. The data confirmed that brief,
mild concussion symptom exacerbation (ie, no more than
a 2-point increase on a 0-10 scale when compared with
the preactivity level for no more than an hour) during
physical or cognitive activity is not harmful and does
not delay recovery.”® Despite current evidence predomi-
nantly involving adolescents, evidence suggests that
strict rest until symptom resolution may delay recovery
in children.’3%7 As such, early PA and subsymptom
threshold aerobic exercise in children should align with
the paradigm in adolescents until age-specific data become
available.
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Targeted Interventions and Their Effect on Recovery in
Children, Adolescents, and Adults Who Have Sustained a
Sport-related Concussion - A Systematic Review®®

Much of the literature evaluating rehabilitation strategies af-
ter SRC included adults and adolescents, with few studies in-
cluding children. Light aerobic activity should be started as
soon as 2 days after SRC. The athlete does not need to be
“cleared” for subsymptom threshold aerobic exercise. Cervi-
covestibular rehabilitation is recommended for adolescents
with dizziness, neck pain, and/or headaches for greater than
10 days, and may decrease time to medical clearance for re-
turn to sport>>®° Adolescents experiencing dizziness for
more than 5 days may benefit from vestibular rehabilita-
tion.%? Active rehabilitation and collaborative care for adoles-
cents with persisting symptoms for more than 30 days may
decrease symptoms.®

There is limited literature evaluating rehabilitation
strategies in children aged 5 to 12 years with SRC and
those studies that did include children often only in-
cluded 11- to 12-year-olds. Although more research has
evaluated rehabilitation in adolescents, an understanding
of differences in response to rehabilitation by age is lim-
ited since most studies crossed age groups. Most studies
did not consider sex or gender. In addition, other re-
search may be available across all types of mild trau-
matic brain injury arising from mechanisms of injury
other than sport that identifies additional types of reha-
bilitation that could be of benefit and were not captured
in this SRC-focused review.

What Tests and Measures Accurately Diagnose
Persisting Postconcussive Symptoms in Children,
Adolescents, and Adults Following Sport-related
Concussion? A Systematic Review®®

Up to 30% of children and adolescents experience per-
sisting symptoms after concussion, defined as symptoms
lasting for 4 weeks or longer after SRC. Of 26 studies in
the systematic review, 8 involved children and adoles-
cents only, whereas 11 bridged both pediatric and adult
ages, most often including both adolescents and adults.
The studies used a wide variety of measures and tests to
investigate persisting symptoms, but none were designed
to assess their ability to accurately diagnose persisting
symptoms.

Neuroimaging studies reported subtle differences in white
matter microstructure, brain activation during memory and
balance tasks, and altered cerebral blood flow in children
with persisting symptoms. Other measures in a variety of
domains may support the diagnosis of persisting symptoms,
especially the use of rating scales to demonstrate associated
mood problems and lower quality of life.%®

Overall, the evidence supporting the use of specific
tests or measures for the differential diagnosis of persist-
ing symptoms was deemed to be inconsistent, of limited
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quality (ie, mostly high risk of bias), and insufficient to
determine how the differential diagnosis of persisting
symptoms might differ among children, adolescents, and
adults. Pediatric samples were reasonably balanced for
sex, although gender, race, ethnicity, and other social de-
terminants were usually not reported.

Persisting symptoms can be assessed using clinical ex-
pertise and standardized and validated symptom rating
scales, but evidence-based recommendations regarding
the use of other specific tests or measures in the clinical
diagnosis of persisting symptoms are not possible cur-
rently. Future research is needed to determine which
tests or measures differentiate children with and without
persisting symptoms after SRC, preferably based on large
prospective cohort studies with longitudinal follow-up,
limited attrition, and common data elements.

Role of Biomarkers and Emerging Technologies in
Defining and Assessing Neurobiological Recovery After
Sport-related Concussion: A Systematic Review®*

Limited pediatric-specific data were available. When com-
pared with adults, the influences of puberty and brain devel-
opment in children and adolescents may result in differences
in the performance and utility of fluid biomarkers and emerg-
ing technologies for the purpose of diagnosing SRC and as-
sessing neurobiological recovery.

Findings regarding objective diagnosis of SRC were
similar to adults. Although group differences were dem-
onstrated for several objective tools between young ath-
letes with and without SRC,%* the evidence is insufficient
for recommending their use in clinical practice.

For monitoring recovery, studies on fluid biomarkers, ad-
vanced neuroimaging, and emerging technologies showed
group differences at both symptom resolution and/or medi-
cal clearance, demonstrating that underlying physiologic ef-
fects of SRC may persist beyond symptom resolution and
apparent clinical recovery.®* However, their role in guiding
clinical management at the individual level remains unclear.

Research characterizing the genetic aspects of concus-
sion and recovery remains limited, with no studies in-
cluding participants <18 years. Study results remain
difficult to compare given substantial heterogeneity in
study designs, methodologies, and data elements across
domains.

Clinical Recovery From Goncussion — Return to School
and Sport: A Systematic Review and Meta-analysis®®

The majority of children and adolescents who sustain
SRC demonstrate complete resolution of concussion-
related symptoms within 1 month.°®*® The most consis-
tent predictor of a longer recovery is a greater initial
symptom burden (number and severity).”®”* Other factors
contributing to longer recovery times included continued
play postinjury’®; delayed presentation to a medical provi-
der””; migraine history in females’®; very high physical and
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cognitive activity levels after injury’””%; and prolonged cog-
nitive rest.”?8!

The majority of children and adolescents return to
school by 10 days without academic supports.®®7*7782
Longer return to school was associated with greater ini-
tial symptom severity’®”® and low activity levels after
injury.”” Students experiencing difficulty with return to
school may find the consensus strategy helpful,®® in addi-
tion to receiving symptom-specific academic supports
that encompass environmental, physical, curriculum, and
testing factors.®®

Most children and adolescents are able to return to
sport following SRC within 1 month.3%%%8* A higher
symptom burden (number of and severity of symptoms)
after concussion is associated with a longer return to
sport, as well as the need for academic support.®*®#* Chil-
dren and adolescents can safely follow the consensus re-
turn to sport strategy.®® A qualified HCP should monitor
the return to sport process, with medical clearance be-
fore return to any activities with risk of contact, collision,
or fall.

Although focused mostly on career-ending decisions related
to SRC in adults, this systematic review also discussed retire-
ment in children and adolescents participating in contact
and collision sport. Children and adolescent athletes pro-
gressing to the next age group level in contact or collision
sports, or to higher levels of competition, including participa-
tion in elite pathway programs and/or open-age competi-
tions, may be at greater risk of concussion with increased
training loads, exposure to players of a larger size, and
higher velocity of impacts.®®

The cognitively immature child or adolescent athlete
may not yet be capable of adequately understanding the
relative risks and benefits of participating in contact or
collision sports. Parents and guardians may not be unanimous
in their recommendations or influenced by multiple factors,
including cultural and socioeconomic background, expecta-
tions for the child’s future professional sports capabilities, vi-
carious benefits from the child’s sporting achievements, and
anxieties.

Decisions on when to cease participation in contact or
collision sports are typically complex and multifaceted.
The systematic review examined the contraindications to
children and adolescent athletes entering or continuing
with contact or collision sports85 and, as none of the
studies directly examined the issue of retirement and/or
discontinuation from contact or collision sports, included
studies that assessed factors associated with (1) pro-
longed recovery after SRC and/or (2) increased risk of
concussion. Results across studies were heterogenous,
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and although not specific to children, the most consistent
factors associated with prolonged recovery were longer
time to presentation, total number and/or severity of
symptoms at initial presentation, sleep disturbance, and
symptom provocation with vestibular ocular motor test-
ing and, for increased risk of concussion, history of previ-
ous concussion was the most consistent risk factor. Only
2 studies specifically examined children and only 14 ex-
amined adolescents. Major limitations of the studies in-
cluded significant heterogeneity in study methodologies,
definitions of “prolonged symptoms,” age distribution,
and selection bias with few high-quality cohort studies.

Limitations common to all the systematic reviews in-
cluded a lack of studies in the 5 to 12-year age group, re-
sults not being stratified by age in studies with mixed
age populations, and potential selection bias in studies
with patients presenting to specialty clinic settings. Addi-
tionally, many studies of children with concussion were
excluded from the systematic reviews because they did
not meet the criteria of majority SRC. Many studies in-
cluded predominantly male athletes and most studies
were from North America, limiting generalizability. Defi-
nitions of clinical recovery varied across studies, making
comparisons difficult. Increased media attention, awareness
of concussion, and concurrent concussion education pro-
grams may have influenced concussion reporting rates for
children, adolescents, and their parents, and may have af-
fected study results when evaluating concussion prevention
strategies longitudinally.

Globally, approximately 10% of children and adolescents
are estimated to have a disability,®® and participation in
physical activity and sport within this population is on
the rise.?” Several of the more common types of develop-
mental and childhood-onset disability (eg, spina bifida,
cerebral palsy) impact functioning of the central nervous
system and likely lead to differences in how an individual
is impacted by concussion. Given the distinct paucity of
research evaluating the concussion experience in the pe-
diatric para athlete, the Concussion in Para Sport Group
developed a Position Statement®® to summarize the avail-
able literature, as well as expert opinion, related to the
recognition, assessment, and management of concussion
in the para athlete across the lifespan, inclusive of the
pediatric athlete.

The Concussion in Para Sport Group Statement noted that
children and adolescents with disabilities may uniquely ben-
efit from preseason baseline testing given the variable nature
of their disability and thus, atypical presenting concussion
signs or symptoms. Additionally, individuals with a history
of central nervous system injury may require more careful
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evaluation and an extended period of initial rest after SRC.
Testing for concussion may require modifications, such as
use of arm ergometry, as opposed to a treadmill or station-
ary bike, with return to sport protocols tailored to include
use of the individual’s personal adaptive equipment. The
most commonly used SRC assessment tools (eg, Child SCAT)
are not validated in the pediatric para athlete population,
who require an even more individualized approach. More re-
search is needed to understand the impact of concussion on
children and adolescents with disabilities.

The application of the extant child and adolescent re-
search in SRC to clinical management is fraught with con-
ceptual, methodological, and translational challenges that
have significant ethical import. The concept of childhood
is itself vague and contested and has no unequivocal le-
gal or moral border with adolescence, which in turn has
no absolute border with adulthood.?’ The borders are in-
fluenced by a range of biopsychosocial factors that are
not subject to universal agreement. In most western
medical contexts, distinctions between children, adoles-
cent, and adult populations are mostly artificial or arbi-
trary.’® More specifically, sport medicine professionals
often work with a binary pediatric or adult distinction.
However, evidence for brain developmental changes in
childhood indicate the important difference between chil-
dren (=12 years) and adolescents (=12 years).’ Al-
though there is more SRC research for later adolescents
that can help inform shared-decision making than for
early adolescents, there is greater ambiguity around their
competence to consent to research and treatment. Con-
versely, there is greater clarity on ethical processes with
children. Due to children’s lack of, or merely emerging, ca-
pacity, and their physiologic vulnerability because of devel-
opmental considerations, parents or other proxy decision-
makers are therefore required on ethical and legal grounds.
Paradoxically, less specific research is available on children
with SRC to guide informed decisions.”

Additionally, there is a general paucity of childhood
clinical trials,”® to the point where they have been described
as “therapeutic orphans” in research.’* The lack of clinical
trials is mirrored both in pediatric medical ethics research®
and in childhood sport medicine research, as highlighted by
the Concussion Consensus Statement.® Indeed, the empirical
research and extant recommendations pertaining to pediatric
SRC in the systematic reviews conducted as part of the
Amsterdam consensus are dominated by findings from ado-
lescents, in some cases predominantly focused on males (eg,
prevention and acute detection of concussion).®*® However,
a substantial body of relevant research on children, as well
as adolescents, is available that did not meet the methodo-
logical requirement to focus primarily on SRC, as opposed to
concussion from all causes, as reflected in the Amsterdam
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Consensus methodology.®>?°71% Moreover, evidence-based
clinical practice guidelines for pediatric concussion are
available for consultation. These points serve as a general
ethical precaution on the interpretation of the empirical re-
search relevant to nonadult populations.

A general ethical foundation is that clinicians must work
from what evidence arises in both sport and nonsport con-
texts to inform clinical care. Thus, in the absence of univer-
sally agreed principles to guide application, it is frequent to
resort to a focus on good (ie, reasoned, transparent, and ac-
countable) processes. In the medical ethics lexicon, this is re-
ferred to as Accountability for Reasonableness.'°® Thus, with
concussed pediatric patients, good practice may simply de-
mand a transparent process whereby clinicians, using the
information cited in the Consensus Statement, including
guidance offered for tools such as the Child SCAT6'7 and
Child SCOAT6,'% and using other relevant research with ap-
propriate inferential justification, can satisfy Accountability
for Reasonableness.'® This would be underpinned by a
broadly precautionary approach'®® given children’s and ado-
lescent’s inherent status as vulnerable populations with pro-
tected characteristics (ie, according to the differing global
contexts of care, this may include liberal notions such as the
right of children and adolescents to an open future).!*%1!
This approach must be balanced with careful considerations
of the notable health-related benefits of sport and physical
activity. In particular, sports that modify training and compe-
tition based on age and developmental considerations*?
may be considered as better satisfying the precautionary ap-
proach than those that do not. Notwithstanding these accom-
modations, the importance of brain health and development
in children will require greater than normal precautions in
relation to sports regulation and practices. In that regard,
children and adolescents require consideration of a return-
to-learn strategy, as detailed in the Consensus Statement®
and the systematic review informing it,°> which should take
precedence over return to sport.

The Amsterdam process included updates of the Concussion
Recognition Tool (CRT6)****** and the Sport Concussion As-
sessment Tools (SCAT6 and Child SCAT6),*°711>117 and de-
velopment of a new set of tools, the Sport Concussion Office
Assessment Tool (SCOAT6 and Child SCOATS6)5>%108118
(Fig 1), the evidence for which was discussed earlier. The
CRT®6 is designed for the layperson to recognize concussion
symptoms and signs in children, adolescents, and adults and
provides advice regarding removal from play, immediate
management, and “red flags.” Widespread use of CRT6 by
parents, coaches, teachers, and referees involved at any level
with pediatric athletes across all sports is encouraged.

The SCAT6 (adolescents and adults)'*® and Child SCAT6”
(ages 8-12 years) tools have been developed for HCPs for use
in the acute period postconcussion.
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CRT6" @

Concussion Recognition Tool
To Help Identify Concussion in Children, Adolescents and Adults

SCAT6"

Sport Concussion Assessment Tool
For Adolescents (13 years +) & Adults

child SCAT6™

Sport Concussion Assessment Tool
For Children Ages 8 to 12 Years

SCOAT6"

Sport Concussion Office Assessment Tool
For Adults & Adolescents (13 years +)

child SCOAT6™

Sport Concussion Office Assessment Tool
For Children Ages 8 to 12 Years

FIGURE 1

The Tools developed for use by the lay person (CRT6), and for health
care professionals in the acute period (SCAT6 and Child SCAT6) and
subacute period (SCOAT6 and Child SCOATS). Free downloads of all the
tools available at https://bjsm.bmj.com/content/57/11.

The SCOAT6>* (13+ years) and Child SCOAT6™ (8-12
years) tools were developed for HCPs for subacute assess-
ment in the office environment and promote a multimodal
assessment of the concussed athlete, including detailed clini-
cal history, symptom evaluation, cognitive tests, orthostatic
vital signs, cervical spine assessment, neurologic examina-
tion, balance assessment, timed tandem gait, complex tan-
dem gait, dual-task tandem gait, visio-vestibular examination,
sleep assessment, mental health screen, and graded aerobic
exercise tests. The Child SCOAT6 includes age-appropriate
versions of each of the test components. Specific additions
or changes relative to the Child SCOAT6 include:

e Additional symptoms for child and parent report that
capture multiple subacute domains.

e An age-appropriate measure of cognitive reaction time
(ie, the Symbol Digit Modalities Test).

e Validated pediatric measures of (i) orthostatic tachycardia,
(ii) orthostatic intolerance, (iii) visio-vestibular function,
and (iv) child mental health and sleep questionnaires.

The tools also include summary tables for return-to-
school and return-to-sport strategies, with additional ex-
planatory notes.

All the tools are available as free downloads.>>%!#115117.119

Future Directions

The systematic reviews highlight the paucity of age-specific re-
search in children and the need for more research in the 5 to
12-year age group, particularly in children <8 years, in all

PEDIATRICS Volume 153, number 1, January 2024

areas of SRC. Future research evaluating concussion and head
impact prevention strategies targeting sport-specific equip-
ment, rule changes, training strategies, and management strat-
egies is needed in children, and especially in girls. Other
required research includes patient reported outcomes, specific
objective outcomes, and operationally defined functional meas-
ures of recovery; comparisons of general versus targeted treat-
ments; recording of specific treatment subcomponents, timing,
frequency, duration, or intensity and combinations of treat-
ments; and measurement of factors such as sex, gender,
ethnicity, socioeconomic status, and para athlete-specific con-
siderations. Additional research evaluating return to school
and academic supports after SRC is needed, as well as studies
of modifying factors for recovery and for returning to school
and sport, and modifying factors in younger age groups, in-
cluding mechanisms of injury. Accomplishing this goal may ne-
cessitate changing how SRC is defined and recognized in
younger age groups. Studies that include mixed age popula-
tions should stratify results by age and sex whenever possible.
Future research must be methodologically sound, including
standardized definitions and evidence-based metrics. The Child
SCAT6 and Child SCOAT6 require research and validation in
different clinical and cultural settings.

CONCLUSIONS

The 6th International Consensus Conference on Concussion
in Sport, the associated systematic reviews, and the Consen-
sus Statement have provided significant updates on SRC in
athletes of all ages. This paper highlights the key findings
pertaining to children and adolescents, including prevention,
sideline screening, office assessment, rest and exercise, reha-
bilitation, persisting symptoms, recovery, return to school
and to sport, retirement, the para sport athlete, and ethical
considerations, in addition to the important tools for the
acute and subacute periods, with versions of each relevant
to the adolescent and child. The clinical care of concussion
in children and adolescents has improved significantly since
the initial Concussion in Sport Group meeting at the turn of
this century; however, the paucity of studies in younger chil-
dren and lack of studies that are stratified by age to better
understand the specific modifications to concussion care in
pediatric athletes indicates the urgent requirement for more
SRC research dedicated to children.

ABBREVIATIONS

CRT6: Concussion Recognition Tool 6

HCP: health care professional

NMT: neuromuscular training

PA: physical activity

SCAT®6: Sport Concussion Assessment Tool 6
SCOAT®6: Sport Concussion Office Assessment Tool 6
SRC: sport-related concussion
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