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Abstract

Introduction: Sports-related concussions in children and youth are a significant health concern. There is increasing liter-

ature pertaining to levels of knowledge about concussion and the effects of educational interventions, but the literature has

not yet been synthesized for the subpopulation of children and youth. Therefore, the purpose of this review was to identify

and summarize the current state of the literature on concussion knowledge, and the effect of concussion education on the

knowledge, attitudes, and behaviors of children and youth who engage in sports.

Methods: A scoping review was conducted, guided by Joanna Briggs Institute methodology. Two databases, MEDLINE and

CINAHL (Cumulative Index to Nursing and Allied Health Literature), and reference lists were searched to identify relevant

studies that focused on children and youth less than 19 years of age who engage in sports. We also searched Google Scholar

for gray literature.

Results: Of the 21 articles that met inclusion criteria, 15 focused on levels of concussion knowledge, and 6 examined the

effects of educational interventions. Children and youths’ level of knowledge and exposure to prior concussion education

varied, although more of the studies found a lack of concussion knowledge. Educational interventions of various types

have been associated with short-term increases in knowledge and intention to report, but few of the studies found

sustained effects.

Conclusions: Findings highlight the need for improved concussion education for children and youth engaged in sports.

Findings also indicate a need for further research using more rigorous methods, and studies that examine subgroup differ-

ences in knowledge and factors that may moderate the effects of educational interventions.
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Introduction

Concussions are a major public health concern. The

Centers for Disease Control and Prevention has estimat-

ed that 3.4 million cases of sports-related concussions

occurred in the United States from 2001 to 2012, with

persons under 20 years accounting for roughly 70% of

concussions each year (Coronado et al., 2015). More

recent statistics indicate that between 1.1 and 1.9 million

concussions occur annually in children aged 18 years and

younger (Bryan et al., 2016). Physical and developmental

differences place children and youth at greater risk for

sustaining a concussion (Rajabali et al., 2012) and more

pronounced effects. Specifically, an immature central

nervous system, larger head-to-body ratio, thinner cra-

nial bones, larger subarachnoid space, and differences in

cerebral blood volume influence susceptibility to a con-
cussion. These differences contribute to greater cellular
damage in children and youth (Karlin, 2011), more com-
plex management after injury, and the likelihood of a
subsequent concussion (Norton et al., 2013).

Sports are a significant contributing factor to concus-
sion in children. The prevalence of concussions from
sports is so high that specific terminology has been devel-
oped: Sports-related concussion is now recognized as a
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traumatic brain injury caused by biomechanical energies
(McCrory et al., 2017). Eliminating concussions in
sports is impossible given the nature of sports but edu-
cation may be able to reduce the incidence of concussion
and its severity in child and youth athletes and counter
the problem of poor recognition and underreporting of
concussive injuries (Norton et al., 2013). Concussion-
related education is important for multiple reasons.
Increased knowledge about the critical nature of concus-
sion may contribute to decreased risk taking (Taylor &
Sanner, 2017), increased knowledge about the symptoms
of concussion, potential long-term consequences, and
heightened risk for a second concussion during a
period of vulnerability following concussion may con-
tribute to increased reporting and adherence to return
to play (RTP) protocols (Norton et al., 2013). The
importance of education was highlighted by the 5th

International Conference on Concussion in Sport consen-
sus statement, which outlines that there should be “ . . .
education on SRC [sports-related concussion] preven-
tion and management for teachers, staff, students and
parents . . . ” (McCrory et al., 2017, p. 844).

Two recent systematic reviews (Emery et al., 2017;
Taylor & Sanner, 2017) summarized the existing evi-
dence related to the effects of concussion education
and knowledge. Emery et al. (2017) investigated the
effectiveness of various prevention strategies in reducing
concussion risk in sport but found little evidence sup-
porting the use of education as a standalone strategy for
concussion prevention. However, the authors gave only
minor attention to educational interventions and did not
explore age-related differences though their review
included studies of children, adolescents, and adults. In
their review, Taylor and Sanner (2017) examined the
impact of concussion knowledge but limited their out-
comes to an intention to report concussion symptoms.
Only four articles were included in their review and the
age range of study participants was limited to high
school students. Despite the differences in these two
reviews, both provided some evidence of the importance
of knowledge and education targeted to the needs
of youth who engage in sports; this study builds on
those findings.

The aim of this study was to identify and summarize
the current state of the literature on level of concussion
knowledge and the effects of educational interventions
among children and youth who participate in sporting
activities. For the purpose of this study, a child is any
individual aged 5 to 11 years (Canadian Pediatric
Society, 2018), while a youth is any individual aged 12
18 years. The general research questions that guided this
scoping review were as follows: (a) What is the level of
concussion knowledge among children and youth
engaged in sports, and what factors are associated with
their knowledge? (b) What is the impact of educational

interventions on child and youth athletes’ concussion

knowledge, attitudes, and behaviors? Knowledge, for

the purpose of this study, is defined as the condition of

having information or of being learned (Merriam-

Webster Dictionary, 2018), whereas attitude encom-

passes the evaluation of an object or concept that is

either good or bad, liked or disliked (Ajzen &

Fishbein, 2000). Education pertains to the process of

delivering or acquiring knowledge through a variety of

methods including face-to-face presentations, education-

al videos, web-based resources, and outreach programs

(McCrory et al., 2017). It is expected that the findings of

this review will be helpful to health-care professionals,

public health organizations, and public policy makers

working with child and youth athletes, and other

researchers involved within this area.

Methods

We used a scoping review methodology guided by the

Joanna Briggs Institute (JBI, 2015) Methodology for JBI

Scoping Reviews to explore and summarize the literature

relevant to our two research questions. Scoping reviews

are appropriate when the body of literature is relatively

new and the goal is to map the literature or address

broad rather than specific questions (JBI, 2015).

Scoping reviews are also useful for summarizing existing

evidence from disparate types of studies. The objectives,

inclusion criteria, and methods for this scoping review

were specified in advance as documented in this study.

Data Sources and Search Strategy

Two electronic databases, MEDLINE and CINAHL

(Cumulative Index to Nursing and Allied Health

Literature), were searched to identify relevant studies

for review. A search for gray literature was conducted

in Google Scholar, up to page five; studies beyond this

did not pertain to the research questions. We also exam-

ined the reference lists of articles selected for review. The

search strategy and comprehensive list of search terms

were developed by the authors in consultation with the

university librarian. We searched on the following gen-

eral terms: brain concussion, education, knowledge, atti-

tude, child, and adolescence(t). The term “brain

concussion” was used to capture sports-related concus-

sions in the pediatric population as there are other forms

of mild traumatic brain injury that occur in this popu-

lation that are not sport induced. The search was con-

ducted in August 2018 with no limitation on publication

dates, as to yield all possible articles on the subject.

Table 1 identifies the specific search strategies used for

each database and search engine and number of hits.
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Inclusion and Exclusion Criteria

All research literature describing concussion knowledge

or the effects of concussion education among children

and youth who engage in sports was considered. The

inclusion criteria were (a) full-text empirical articles

with an abstract, (b) published in English, (c) studies

of athletes less than 19 years of age, and (d) reported

on at least one of knowledge, education, or their effects

pertaining to concussion. Systematic reviews, epidemio-

logical studies, and case studies were excluded. We also

excluded studies focused solely on child and youth ath-

letes’ reporting of concussion or their attitude toward

concussion. Two studies that were not specific to

young athletes but provided separate analysis for the

subgroup of children and adolescents were included in

the review.

Screening and Study Selection

The search strategy was conducted by one author (S. R.)

yielding 651 articles from the two databases for possible

inclusion in this review. No further articles were identi-

fied through the Google Scholar search or hand search-

ing of reference lists. After 44 duplicates were removed,

607 articles were reviewed for the appropriateness of

their titles and abstracts, which resulted in 571 articles

being removed. Thirty-six full text articles were assessed

by S. R., in consultation with the second author (S.D.),

for eligibility using the inclusion and exclusion criteria;

15 articles that did not meet the inclusion criteria were

excluded from the scoping review. Thus, 21 peer-

reviewed, empirical studies pertaining to concussion

knowledge and education in children and youth athletes

were included in this review (see Figure 1).

Data Extraction and Analysis

Descriptive data were extracted from the 21 selected

articles by both authors. The extracted data include pur-

pose of the study, setting and sample characteristics,

research design and methods, and reported findings.

The extracted data were discussed between both authors

until agreement was reached. These data are reported in
Tables 2 and 3, sorted alphabetically by author name
within each of the sections pertaining to research ques-

tions one (level of knowledge and associated factors) and
two (evaluation of educational interventions). Given
that this was a scoping review, the strengths and limita-

tions of the studies were not formally assessed (JBI,
2015). A descriptive approach was used to summarize
findings of the articles according to the questions of
this review.

Results

The 21 articles selected for this scoping review were pub-

lished between 2003 and 2017. Notably, 18 of the 21
studies had been published since 2011, suggesting that
that this is a relatively new area of research, Study

designs varied: Seventeen of the articles reported on
studies that used quantitative methods; two studies
used qualitative methods, and two used mixed methods.
Of the 17 quantitative studies, 13 were descriptive studies

with cross-sectional survey data, 3 used quasi-
experimental designs with pretest-posttest data, and 1
was a randomized controlled trial (RCT) with posttest

data only. Both of the mixed methods studies included
an RCT component. None of the experimental studies
collected posttest data beyond 4 months.

Thirteen of the 21 studies were from the United
States, 5 were from Canada, and there was 1 study
from each of England, Ireland, and New Zealand.

Sample sizes varied from 43 to 599 in the quantitative
studies and from 20 to 50 in the qualitative studies. The
mixed methods studies had 12 to 25 participants in

the qualitative aspects of the studies and up to 4,800
in the experimental aspects of their studies.
Participants in the studies were between 6 and 18 years
of age, although the majority of the studies focused on

high school aged participants. Only 13 studies identified
females as participants and all of these studies had a
higher percentage of male participants. Parents and

coaches were also included as participants in some of
the studies.

Table 1. Search Strategy and Number of Hits for Each Database.

Source Search strategy N

CINAHL (MH “Brain Concussionþ”) AND (MH “Knowledgeþ”) OR

(MH “Educationþ”) OR (MH “Attitudeþ”) AND (MH “Childþ”)

OR (MH “Adolescentþ”)

n¼ 340

MEDLINE

(EBSCOhost)

(MH “Brain Concussionþ”) AND (MH “Knowledge”) OR

(MH “Educationþ”) OR (MH “Attitudeþ”) AND (MH “Childþ”)

OR (MH “Adolescent”)

n¼ 311

Total N¼ 651

Note. CINAHL¼Cumulative Index to Nursing and Allied Health Literature; MH¼Mesh Heading.
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Level of Knowledge Among Children and Youth

Engaged in Sports

Fifteen of the articles in this review discussed levels of

concussion knowledge among children and youth who

engage in sports (see Table 2). Two of the studies used

qualitative designs (Chrisman et al., 2013; Kroshus et al.,

2017); the other 13 used quantitative methods—but

notably, all studies used convenience sampling.

Although findings varied, more of the studies found

that children and youth had limited concussion knowl-

edge or significant gaps in their knowledge. Findings

also indicate that there had been variation in the child-

ren’s and youths’ exposure to concussion education, but

there was no apparent link between knowledge and

having received formal concussion education, and no

trend in regard to publication date or country.
Studies conducted in the United States have yielded

mixed findings regarding level of concussion knowledge.

Three studies concluded that there was a satisfactory

(Sye et al., 2006) or high level of awareness (Chrisman

et al., 2013; Myrdal et al., 2017) about concussion and
its’ signs, symptoms, and dangers among the high school
age athletes. However, other studies have found a more
limited level of knowledge. For example, a study by
Cusimano et al. (2009) found that 25% to 50% of
Canadian youth hockey players were aware of only
one symptom or less of a concussion. In another
study, published in 2013, the majority of the high
school age athletes had heard of concussion, but only
one quarter demonstrated a basic understanding of a
concussion (Bloodgood et al., 2013). Similar results
were obtained in another large study published in
2014. Although 60% of participants had received
formal concussion education in class or online, and
54% had received education from their parents (with
only 25% of participants reporting that they had
received no education). Overall, participants displayed
a limited knowledge of signs, symptoms, and consequen-
ces of concussion (Cournoyer & Tripp, 2014). Two other
studies described the participants’ knowledge as fairly
high but with some significant gaps regarding common

CINAHL n=367 
Medline (EBSCO host) 

n=284 
Total N=651 

Literature included in 
scoping review N = 21: 

Qualitative n=2 
Quantitative n=17 

Mixed Methods n=2 

Full text literature assessed 
n=36 

Exclusions based on full text 
assessments n=15 

Study participants age not 
meeting inclusion criteria n=9 
Study concerned with factor 
other than 
knowledge/education n=4 
Incorrect article type (e.g., 
discussion, systematic review, 
etc.) n=2 

Unique citations from 
database n=607 

Duplicate citations removed n=44 

Excluded titles and abstracts that did 
not adhere to inclusion criteria n=571 

Additional records identified through 
other sources n=0 

•

•

•

Figure 1. Flowchart of Article Selection.
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e
ly
,
b
u
t
fe
w

p
ar
ti
ci
p
an
ts

co
rr
e
ct
ly
id
e
n
ti
fie
d
sy
m
p
to
m
s
su
ch

as
b
e
h
av
io
r

an
d
p
e
rs
o
n
al
it
y
ch
an
ge
,t
ro
u
b
le
fa
lli
n
g
as
le
e
p
,b
e
in
g

m
o
re

e
m
o
ti
o
n
al
,
an
d
b
e
in
g
n
e
rv
o
u
s
o
r
an
x
io
u
s.

(c
o
n
ti
n
u
e
d
)
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o
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o
u
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tr
y

P
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rp
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se

Sa
m
p
le

an
d
se
tt
in
g

R
e
se
ar
ch

d
e
si
gn

an
d
m
e
th
o
d
s

Fi
n
d
in
gs
:
k
n
o
w
le
d
ge

C
u
si
m
an
o
e
t
al
.
(2
0
0
9
)

C
an
ad
a

To
as
se
ss

m
in
o
r
h
o
ck
ey

p
ar
ti
ci
-

p
an
ts
’
k
n
o
w
le
d
ge

ab
o
u
t

co
n
cu
ss
io
n

N
¼
2
6
7

C
o
n
ve
n
ie
n
ce

sa
m
p
le

o
f
m
in
o
r

h
o
ck
ey

p
la
ye
rs
,
1
0
to

1
4
ye
ar
s

o
f
ag
e
.

N
¼
1
4
2

A
d
u
lt
s
(c
o
ac
h
e
s,
p
ar
e
n
ts
,

tr
ai
n
e
rs
)

Q
u
an
ti
ta
ti
ve
—
d
e
sc
ri
p
ti
ve

cr
o
ss
-

se
ct
io
n
al
d
at
a

In
p
e
rs
o
n
su
rv
ey

to
m
e
as
u
re
:

k
n
o
w
le
d
ge

�K
n
o
w
le
d
ge

va
ri
e
d
b
y
ag
e
.

�F
o
u
rt
e
e
n
-y
e
ar

o
ld

p
la
ye
rs

w
e
re

m
o
re

k
n
o
w
le
d
ge
-

ab
le

th
an

1
0
-y
e
ar

o
ld

p
la
ye
rs
,
an
d
e
lit
e
p
la
ye
rs

w
e
re

m
o
re

k
n
o
w
le
d
ge
ab
le

th
an

n
o
n
e
lit
e
p
la
ye
rs
,

b
u
t
m
an
y
p
ar
ti
ci
p
an
ts

h
ad

m
is
co
n
ce
p
ti
o
n
s
ab
o
u
t

co
n
cu
ss
io
n
s.

�M
o
re

1
0
-y
e
ar

o
ld
s
th
an

1
4
-y
e
ar

o
ld
s
d
id

n
o
t
k
n
o
w

h
o
w

a
co
n
cu
ss
io
n
o
cc
u
rr
e
d
(6
3
%

vs
.
2
5
%
).

�T
w
e
n
ty
-f
iv
e
p
e
rc
e
n
t
to

5
0
%

o
f
p
la
ye
rs

w
e
re

o
n
ly

aw
ar
e
o
f
o
n
e
sy
m
p
to
m

o
r
le
ss

o
f
a
co
n
cu
ss
io
n
,

an
d
al
m
o
st
h
al
f
o
f
p
la
ye
rs

(4
8
%
o
f
1
0
-y
e
ar

o
ld
s
an
d

4
4
%

o
f
1
4
-y
e
ar

o
ld
s)

m
is
id
e
n
ti
fie
d
co
n
cu
ss
io
n

tr
e
at
m
e
n
t.

D
e
la
h
u
n
ty

e
t
al
.
(2
0
1
5
)

Ir
e
la
n
d

To
as
se
ss

in
ci
d
e
n
ce

o
f
co
n
cu
s-

si
o
n
an
d
at
ti
tu
d
e
s
ab
o
u
t
co
n
-

cu
ss
io
n
in

Ir
is
h
sc
h
o
o
ls
’
ru
gb
y

u
n
io
n
p
la
ye
rs

N
¼
3
0
4

C
o
n
ve
n
ie
n
ce

sa
m
p
le

yo
u
n
g

ru
gb
y
p
la
ye
rs
,
1
2
to

1
8
ye
ar
s

o
f
ag
e
.

Q
u
an
ti
ta
ti
ve
—
d
e
sc
ri
p
ti
ve

cr
o
ss
-

se
ct
io
n
al
d
at
a

W
ri
tt
e
n
su
rv
ey

to
m
e
as
u
re
:

k
n
o
w
le
d
ge

an
d
at
ti
tu
d
e
s

�S
ix
ty
-o
n
e
p
e
rc
e
n
t
o
f
p
la
ye
rs

h
ad

re
ce
iv
e
d
so
m
e

in
fo
rm

at
io
n
ab
o
u
t
co
n
cu
ss
io
n
an
d
2
5
%

h
ad

sp
e
-

ci
fic

k
n
o
w
le
d
ge

ab
o
u
t
re
tu
rn
-t
o
-p
la
y
p
ro
to
co
ls
.

�A
m
aj
o
ri
ty

o
f
p
la
ye
rs

id
e
n
ti
fie
d
co
n
cu
ss
io
n
as

a

se
ri
o
u
s
h
e
al
th

ri
sk

(8
2
%
).

�M
o
re

p
la
ye
rs

w
it
h
p
as
t
d
ia
gn
o
si
s
w
it
h
a
co
n
cu
ss
io
n

re
p
o
rt
e
d
th
ey

w
o
u
ld

p
la
y
an

im
p
o
rt
an
t
m
at
ch

ev
e
n
if
th
ey

w
e
re

co
n
cu
ss
e
d
th
an

th
o
se

w
h
o
h
ad

n
ev
e
r
e
x
p
e
ri
e
n
ce
d
a
co
n
cu
ss
io
n
(8
2
%

vs
.
7
0
%
).

�M
o
st

p
ar
ti
ci
p
an
ts

(9
0
%
)
re
p
o
rt
e
d
th
at

th
ey

w
o
u
ld

b
e
n
e
fit

fr
o
m

fu
rt
h
e
r
co
n
cu
ss
io
n
e
d
u
ca
ti
o
n
,
w
it
h

m
o
st

p
re
fe
rr
in
g
a
b
o
o
k
le
t
(3
6
%
)
o
r
p
re
se
n
ta
ti
o
n

(4
5
%
).

K
e
ar
n
ey

&
Se
e
(2
0
1
7
)

E
n
gl
an
d

To
e
x
p
lo
re

th
e
k
n
o
w
le
d
ge

o
f,

an
d
at
ti
tu
d
e
s
to
w
ar
d
,
co
n
cu
s-

si
o
n
w
it
h
in

an
E
n
gl
is
h
yo
u
th

ru
gb
y
p
o
p
u
la
ti
o
n

N
¼
2
5
5

C
o
n
ve
n
ie
n
ce

sa
m
p
le

o
f
yo
u
n
g

ru
gb
y
p
la
ye
rs
,
1
1
to

1
7
ye
ar
s

o
f
ag
e
.

M
al
e
:
9
3
%

Fe
m
al
e
:
7
%

Q
u
an
ti
ta
ti
ve
—
d
e
sc
ri
p
ti
ve

cr
o
ss
-

se
ct
io
n
al
d
at
a

W
ri
tt
e
n
su
rv
ey

to
m
e
as
u
re
:

k
n
o
w
le
d
ge

an
d
at
ti
tu
d
e
s

�T
h
e
m
aj
o
ri
ty

o
f
p
ar
ti
ci
p
an
ts

w
e
re

ab
le
to

id
e
n
ti
fy
a

co
n
cu
ss
io
n
as

a
b
ra
in
in
ju
ry

(9
9
%
)
an
d
w
e
re

aw
ar
e

th
at

su
ff
e
ri
n
g
a
co
n
cu
ss
io
n
is
a
ri
sk

fo
r
an
o
th
e
r

(9
1
%
),
an
d
th
at

lo
si
n
g
co
n
sc
io
u
sn
e
ss

w
as

n
o
t

re
q
u
ir
e
d
to

su
ff
e
r
a
co
n
cu
ss
io
n
(8
2
%
).

�G
ap
s
in

k
n
o
w
le
d
ge
:
in
co
rr
e
ct

b
e
lie
f
th
at

co
n
cu
s-

si
o
n
co
u
ld
o
cc
u
r
o
n
ly
fr
o
m

a
h
it
to

th
e
h
e
ad

(8
0
%
)

an
d
b
e
in
g
ab
le

to
id
e
n
ti
fy

re
st

as
th
e
ap
p
ro
p
ri
at
e

tr
e
at
m
e
n
t
fo
r
co
n
cu
ss
io
n
(o
n
ly
2
%
).

�N
in
e
ty
-s
ev
e
n
p
e
rc
e
n
t
o
f
p
ar
ti
ci
p
an
ts
re
p
o
rt
e
d
th
ey

w
o
u
ld

te
ll
th
e
ir
co
ac
h
if
h
it
in

th
e
h
e
ad
,
b
u
t
2
0
%

re
p
o
rt
e
d
th
at

th
ey

w
o
u
ld

co
n
ti
n
u
e
to

p
la
y.
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d
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K
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t
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U
n
it
e
d
St
at
e
s

To
u
n
d
e
rs
ta
n
d
yo
u
n
g
ch
ild
re
n
’s

sc
o
p
e
o
f
k
n
o
w
le
d
ge

ab
o
u
t

co
n
cu
ss
io
n
an
d
id
e
n
ti
fy

w
h
at

th
ey

b
e
lie
ve

to
b
e
st
ra
te
gi
e
s

fo
r
ri
sk

re
d
u
ct
io
n

N
¼
2
0

C
o
n
ve
n
ie
n
ce

sa
m
p
le

o
f
ch
ild
re
n

6
to

8
ye
ar
s
o
f
ag
e
.

M
al
e
:
6
0
%

Fe
m
al
e
:
4
0
%

Q
u
al
it
at
iv
e
d
e
sc
ri
p
ti
ve

In
d
iv
id
u
al
in
te
rv
ie
w
s
to

as
se
ss

co
n
cu
ss
io
n
k
n
o
w
le
d
ge

�M
o
st

p
ar
ti
ci
p
an
ts

re
p
o
rt
e
d
h
av
in
g
h
e
ar
d
th
e
w
o
rd

co
n
cu
ss
io
n
an
d
h
ad

a
ge
n
e
ra
l
se
n
se

o
f
th
e
n
at
u
re

o
f
in
ju
ry
.

�H
al
f
th
e
ch
ild
re
n
k
n
ew

th
at

co
n
cu
ss
io
n
s
co
u
ld

b
e

in
cu
rr
e
d
th
ro
u
gh

sp
o
rt
.

�T
h
e
au
th
o
rs

co
n
cl
u
d
e
d
th
at

ch
ild
re
n
b
e
tw

e
e
n
6

an
d
8
ye
ar
s
o
f
ag
e
“t
e
n
d
to

h
av
e
a
re
as
o
n
ab
ly

ac
cu
ra
te
,
al
th
o
u
gh

lim
it
e
d
,
co
n
ce
p
ti
o
n
s
ab
o
u
t

co
n
cu
ss
io
n
s,
”
an
d
th
at

st
u
d
y
fin
d
in
gs

co
u
ld

b
e

u
se
d
to

in
fo
rm

th
e
d
ev
e
lo
p
m
e
n
t
o
f
ag
e
ap
p
ro
p
ri
-

at
e
e
d
u
ca
ti
o
n
al
in
te
rv
e
n
ti
o
n
s.

K
u
ro
w
sk
i
e
t
al
.
(2
0
1
4
)

U
n
it
e
d
St
at
e
s

To
id
e
n
ti
fy

fa
ct
o
rs

th
at

in
flu
e
n
ce

co
n
cu
ss
io
n
k
n
o
w
le
d
ge

an
d

se
lf-
re
p
o
rt
e
d
at
ti
tu
d
e
s
in

h
ig
h

sc
h
o
o
l
at
h
le
te
s

N
¼
4
9
6

C
o
n
ve
n
ie
n
ce

sa
m
p
le

o
f
h
ig
h

sc
h
o
o
l
at
h
le
te
s,
1
3
to

1
8
ye
ar
s

o
f
ag
e
.

M
al
e
:
7
7
.4
%

Fe
m
al
e
:
2
2
.6
%

Q
u
an
ti
ta
ti
ve
—
d
e
sc
ri
p
ti
ve

cr
o
ss
-

se
ct
io
n
al
d
at
a

W
ri
tt
e
n
su
rv
ey

to
m
e
as
u
re
:

k
n
o
w
le
d
ge
,
at
ti
tu
d
e
s,
b
e
h
av
-

io
ra
l
in
te
n
ti
o
n
s

�K
n
o
w
le
d
ge

an
d
at
ti
tu
d
e
s
(i
n
te
n
ti
o
n
to

re
p
o
rt
)

va
ri
e
d
b
y
ag
e
.

�O
ld
e
r
ag
e
,
fe
m
al
e
ge
n
d
e
r,
b
as
ke
tb
al
l
an
d
so
cc
e
r

p
ar
ti
ci
p
at
io
n
,
an
d
p
re
vi
o
u
s
co
n
cu
ss
io
n
e
d
u
ca
ti
o
n

w
e
re

as
so
ci
at
e
d
w
it
h
h
ig
h
e
r
le
ve
ls
o
f
k
n
o
w
le
d
ge
.

�Y
o
u
n
ge
r
ag
e
,
fe
m
al
e
ge
n
d
e
r,
an
d
so
cc
e
r
p
ar
ti
ci
p
a-

ti
o
n
w
e
re

as
so
ci
at
e
d
w
it
h
m
o
re

p
o
si
ti
ve

in
te
n
d
e
d

co
n
cu
ss
io
n
re
p
o
rt
in
g
b
e
h
av
io
rs
.

�H
ig
h
e
r
co
n
cu
ss
io
n
k
n
o
w
le
d
ge

w
as

n
o
t
as
so
ci
at
e
d

w
it
h
h
ig
h
e
r
in
te
n
d
e
d
se
lf-
re
p
o
rt
e
d
b
e
h
av
io
rs
.

(c
o
n
ti
n
u
e
d
)
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e
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ch
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n
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gs
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k
n
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le
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ge

M
ra
zi
k
e
t
al
.
(2
0
1
5
)

C
an
ad
a

To
ev
al
u
at
e
m
in
o
r
h
o
ck
ey

p
la
y-

e
rs
’
k
n
o
w
le
d
ge

an
d
at
ti
tu
d
e
s

to
w
ar
d
co
n
cu
ss
io
n

N
¼
1
8
3

C
o
n
ve
n
ie
n
ce

sa
m
p
le
o
f
5
7
m
in
o
r

h
o
ck
ey

p
la
ye
rs
,
1
1
to

1
7
ye
ar
s

o
f
ag
e
,
an
d
1
2
6
n
o
n
h
o
ck
ey

st
u
d
e
n
ts
,
1
1
to

1
5
ye
ar
s
o
f

ag
e
.

M
al
e
:
7
8
.5
%

Fe
m
al
e
:
2
2
.5
%

Q
u
an
ti
ta
ti
ve
—
d
e
sc
ri
p
ti
ve

cr
o
ss
-

se
ct
io
n
al
d
at
a

W
ri
tt
e
n
su
rv
ey

to
m
e
as
u
re
:

k
n
o
w
le
d
ge
,
at
ti
tu
d
e
s,
b
e
h
av
-

io
ra
l
in
te
n
ti
o
n
s

�K
n
o
w
le
d
ge

va
ri
e
d
b
y
ag
e
an
d
p
ar
ti
ci
p
at
io
n
in

h
o
ck
ey
.

�A
lm
o
st

al
l
p
la
ye
rs

h
ad

fo
u
n
d
at
io
n
al
co
n
cu
ss
io
n

k
n
o
w
le
d
ge

b
u
t
5
6
%

u
n
d
e
re
st
im
at
e
d
th
e
p
re
va
-

le
n
ce

an
d
3
0
%

la
ck
e
d
aw

ar
e
n
e
ss

o
f
re
tu
rn

to
p
la
y

p
ro
to
co
ls
.

�H
o
ck
ey

p
la
ye
rs

d
e
m
o
n
st
ra
te
d
si
gn
ifi
ca
n
tl
y
h
ig
h
e
r

k
n
o
w
le
d
ge

o
f
th
e
ca
u
se

an
d
p
re
va
le
n
ce

o
f
co
n
-

cu
ss
io
n
th
an

n
o
n
h
o
ck
ey

p
la
ye
rs
.

�Y
o
u
n
ge
r
h
o
ck
ey

p
la
ye
rs

w
e
re

le
ss

ab
le
to

co
rr
e
ct
ly

id
e
n
ti
fy

th
e
ca
u
se

o
f
co
n
cu
ss
io
n
s
th
an

o
ld
e
r

h
o
ck
ey

p
la
ye
rs
.

�D
e
sp
it
e
th
e
h
ig
h
le
ve
l
o
f
k
n
o
w
le
d
ge

ab
o
u
t

re
p
o
rt
in
g
an
d
ce
as
in
g
to

p
la
y
w
h
e
n
h
it
in

th
e
h
e
ad

(9
5
%
),
o
n
ly
7
8
%

st
at
e
d
th
at

th
ey

w
o
u
ld

st
o
p
an
d

re
p
o
rt

a
co
n
cu
ss
io
n
;
an
d
o
n
ly
4
3
%

o
f
th
o
se

w
h
o

h
ad

re
ce
iv
e
d
a
co
n
cu
ss
io
n
h
ad

st
o
p
p
e
d
p
la
yi
n
g
an
d

re
p
o
rt
e
d
it
.

�N
o
ge
n
d
e
r
d
iff
e
re
n
ce
s
in

k
n
o
w
le
d
ge

o
f
re
tu
rn

to

p
la
y
p
ro
to
co
ls
o
r
fo
llo
w
in
g
p
ro
to
co
l
w
h
e
n
co
n
-

cu
ss
e
d
,
al
th
o
u
gh

th
e
re
as
o
n
s
gi
ve
n
va
ri
e
d
b
y
ag
e

an
d
ge
n
d
e
r.

M
yr
d
al
e
t
al
.
(2
0
1
7
)

U
n
it
e
d
St
at
e
s

To
co
m
p
ar
e
k
n
o
w
le
d
ge
,
p
e
rc
e
p
-

ti
o
n
s
an
d
at
ti
tu
d
e
s
o
f
co
n
cu
s-

si
o
n
in

p
re
vi
o
u
sl
y
co
n
cu
ss
e
d

ve
rs
u
s
n
o
n
co
n
cu
ss
e
d
yo
u
th

so
cc
e
r
p
la
ye
rs

N
¼
9
0

C
o
n
ve
n
ie
n
ce

sa
m
p
le

o
f
yo
u
n
g

so
cc
e
r
p
la
ye
rs
,
1
4
to

1
8
ye
ar
s

o
f
ag
e
.

M
al
e
:
5
7
%

Fe
m
al
e
:
4
3
%

Q
u
an
ti
ta
ti
ve
—
d
e
sc
ri
p
ti
ve

cr
o
ss
-

se
ct
io
n
al
d
at
a

W
ri
tt
e
n
su
rv
ey

to
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signs and symptoms (Register-Mihalik et al., 2013;
Wallace et al., 2017).

Five studies found that children and youth lacked
knowledge about the correct treatment or RTP guide-
lines after sustaining a concussion. One study conducted
in Canada with minor hockey participants found that
almost half of the players misidentified proper concus-
sion treatment (Cusimano et al., 2009). A more recent
study, conducted in England in 2017, found that only
2% of the 11- to 17 year-old rugby players were able to
identify rest as an appropriate treatment for concussion
(Kearney & See, 2017). Three studies found significant
gaps in knowledge about RTP protocols. For example, a
study conducted in Ireland in 2015 found that although
61% of the rugby players had received some information
about concussion, only 25% had specific knowledge
about RTP protocols (Delahunty et al., 2015). A
Canadian study found that although most of the players
had foundational concussion knowledge, about one
third were not familiar with the RTP protocols
(Mrazik et al., 2015). These results are similar to an
older study that found that only half of the 477 partic-
ipants were aware of concussion guidelines concerning
RTP (Sye et al., 2006).

Some of the studies also examined factors that may be
associated with level of concussion knowledge: age,
gender, and history of concussion. Three studies found
that athletes aged 14 years and older had significantly
better scores on concussion knowledge than younger
athletes (Cusimano et al., 2009; Kurowski et al., 2014;
Mrazik et al., 2015) although Kroshus et al. (2017)
highlighted that some younger children had a reasonable
knowledge of concussion. Among the three studies that
examined gender differences, there were consistent find-
ings that females showed higher levels of concussion
knowledge than males (Kurowski et al., 2014; Myrdal
et al., 2017; Wallace et al., 2017). Finally, two studies
examined but failed to find an association between
having a history of concussion and increased concussion
knowledge (Myrdal et al., 2017; Register-Mihalik et al.,
2017).

Seven studies examined the relationships between
concussion knowledge and behavior or behavioral inten-
tions, also with mixed findings. Four studies found a gap
between youth’s knowledge and their intention to report
or to stop playing, or their actual behavior. For exam-
ple, Mrazik et al. (2015) found that although 95% of the
hockey players in their study knew that they should stop
playing and report a concussion, only 79% stated that
they would do so; and only 43% of those who had
received a concussion had stopped playing and reported
it. Similar results have been obtained other studies. A
2006 study (Sye et al., 2006) found that over a quarter of
the rugby players thought that a player should continue
in a game after a concussive injury, while in a more

recent smaller qualitative study, the majority of high
school varsity athletes stated that they would not stop
playing in a game even though most were knowledgeable
of the signs, symptoms, and dangers of a concussion
(Chrisman et al., 2013). A fourth study found no asso-
ciation between higher knowledge levels and intent to
report (Kurowski et al., 2014). In contrast, three studies
found that having had concussion education in the past
was associated with a greater likelihood of athletes
intending to report (Bramley et al., 2012; Kearney &
See, 2017) or actually reporting the occurrence of a con-
cussion or ceasing to play (Register-Mihalik et al., 2013).

There were some limitations to these studies. For
example, many studies used instruments that were not
specific to children and youth (i.e., Bramley et al., 2012;
Kurowski et al., 2014; Mrazik et al., 2015), raising ques-
tions about the construct and internal validity of the
studies. External validity may also have been weakened
due to convenience sampling.

The Impact of Educational Interventions on
Knowledge of Concussion

Six articles examined the effectiveness of various educa-
tional interventions as a means of improving concussion
knowledge (see Table 3). One was an RCT; three were
quasi-experimental studies (two used a single group
pretest-posttest design [which weakens study validity])
and two used mixed methods that included an RCT
component. The study by Glang et al. (2015) was the
strongest study in terms of sampling, with 4,800 ran-
domly selected youth participants from 25 schools; how-
ever, no long-term follow-up was conducted. Two of the
studies had sample sizes under 100 (Cook et al., 2003;
Eagles et al., 2016); the other three studies had sample
sizes of 267 (Cusimano et al., 2014), 496 (Kurowski
et al., 2015), and 599 (Bagley et al., 2012).

Although the educational interventions varied in
format from lecture-style presentations (Eagles et al.,
2016; Kurowski et al., 2015) to videos (Cook et al.,
2003; Cusimano et al., 2014), and online web programs
(Glang et al., 2015), as well as, curricula consisting of
interactive demonstrations, case studies, and personal
testimony (Bagley et al., 2012), findings were consistent.
In each of the six studies, there were positive effects
immediately following the intervention. Child and
youth athletes’ concussion knowledge either increased
after receiving an educational intervention (Bagley
et al., 2012; Eagles et al., 2016) or was higher in the
treatment group (Cook et al., 2003; Cusimano et al.,
2014; Glang et al., 2015; Kurowski et al., 2015). Age
differences were found in one study: Athletes 13 years
and older had significantly higher concussion knowledge
scores after an educational intervention than 9- and 10-
year-olds (Bagley et al., 2012). This was also the only
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study to investigate and find gender differences, showing
that female participants had higher knowledge scores
directly after an educational intervention than the male
participants (Bagley et al., 2012). In two of the four
studies with longer term follow-up, concussion knowl-
edge continued to be elevated 3 to 6months after the
educational intervention (Cook et al., 2003; Eagles
et al., 2016). However, studies by Cusimano et al.
(2014) and Kurowski et al. (2012) found that knowledge
had returned to pre-intervention levels at the time of the
2-month and postseason follow-up, respectively.

The Impact of Educational Interventions on Attitudes
and Behaviors

Five of the six intervention evaluation studies also
assessed changes in attitudes and behaviors (see
Table 3). Three of the studies investigated and found
significant positive effects immediately following the
educational intervention. In one study, attitude scores
for the younger Bantam players, but not the older
Midget players, increased from baseline to postpresenta-
tion (Eagles et al., 2016). In the other two studies, chil-
dren and youth in the intervention group were more
likely than those in the control group to indicate that
they would report a concussion after being hit in the
head and cease playing while symptomatic (Glang
et al., 2015; Kurowski et al., 2015). However, similar
to the mixed effects found for sustained knowledge,
three of the four studies that examined longer term
effects found that attitudes and behaviors had returned
to pre-intervention levels by 2 to 6months postinterven-
tion (Cusimano et al., 2014; Eagles et al., 2016;
Kurowski et al., 2015). Only one study found sustained
effects: The mixed methods study by Cook et al. (2003)
found that penalties related to high risk checking (i.e.,
those that can potentially cause a concussion) decreased
for the hockey players in the intervention group, sug-
gesting a positive change in behavior over the season.

Discussion

The purpose of this scoping review was to identify and
summarize the current state of the literature on concus-
sion knowledge and the effect of concussion education
on the knowledge, attitudes, and behaviors of children
and youth who engage in sports—a group that accounts
for more than two thirds of concussions each year
(Coronado et al., 2015). This is an important group to
target because of physical and developmental differences
that not only place them at greater risk for sustaining a
concussion but also for more pronounced effects and
more complex management after injury (Karlin, 2011;
Rajabali et al., 2012). Therefore, concussion prevention
is important among children and youth engaged in
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sports, but, to date, there has been limited attempts to
summarize the relevant literature.

Study findings showed considerable variation in chil-
dren and youths’ level of concussion knowledge and
exposure to prior concussion education, although more
of the studies found limitations or significant gaps in
concussion knowledge related to signs and symptoms,
appropriate treatment, or RTP protocols. Older youth
and females showed higher levels of knowledge than
younger children and males. In general, participants
who were 14 years or older had better knowledge than
those who were younger, indicating a particular need for
education among younger children who engage in
sports. The need to educate this subpopulation is further
emphasized by the fact that younger children (i.e., those
aged 5–9 years) have a similar, and in some cases higher,
incidence of concussive injury compared with older chil-
dren (Canadian Hospitals Injury Reporting and
Prevention Program, 2018). In addition, two studies
examined but failed to find an association between
having a history of concussion and increased concussion
knowledge which suggests that coaches, health-care pro-
viders, and parents may be overlooking an opportunity
for education. Increased knowledge was not necessarily
associated with better attitudes or safer behaviors as
four studies found a gap between youth’s knowledge
and their intention to report or to stop playing or their
actual behavior.

A number of concussion researchers have highlighted
the importance of education and knowledge. For exam-
ple, Miyashita et al. (2013) concluded that concussions
were underreported due to a lack of education. Other
researchers have discussed the relationships between
inadequate knowledge and the potential consequences
of underreporting (McCrea et al., 2004). The recent con-
sensus statement by McCrory et al. (2017) on concussion
in sports identified education as key for the prevention,
early identification, and management of sports related
concussion in child and adolescent athletes. However,
our findings indicate that, overall, educational interven-
tions have not had the desired effect. Although educa-
tional interventions of various types have been
associated with short-term increases in knowledge, atti-
tudes, and intention to report, few of the studies found
sustained effects. This suggests a need for improved edu-
cational interventions, which might include changes in
content, delivery, dosage, or timing. For example, rein-
forcements may be needed over time. Intervention stud-
ies have given little attention to age and gender
differences, with only one study reporting that older
participants and females had significantly higher knowl-
edge scores after an educational intervention than youn-
ger participants or males. Thus, there seems to be a gap
in research pertaining to specific educational strategies
that are most effective for various subgroups. Finally,

the gap between knowledge and behavioral intentions
and between education and sustained behavioral inten-
tions suggests that there are other factors that may have
a direct effect on attitudes and behaviors or may mod-
erate the effects of knowledge or education on attitudes
and behaviors.

Implications for Nursing

Despite the shortcomings found for educational inter-
ventions, the limitations in young athletes’ knowledge
and short-term positive effects of education reinforce
the potential importance of education at all three levels
of prevention (i.e., primary, secondary, and tertiary;
Park et al., 2008). Nurses are generally the first point
of contact for a concussed child in an emergency or pri-
mary care setting and are often part of the interdisciplin-
ary care team during recovery (Worley, 2019). Nurses
also play a prominent role in public health and school
settings, educating and interacting with children and
youth. This places nursing in a critical position to
obtain, translate, and implement concussion-related edu-
cation at all three levels of prevention to children and
youth. An intervention that prevents the trauma from
occurring is considered primary prevention. An example
of primary prevention is teaching the avoidance of risky
behaviors, as in the study by Cook et al. (2003) which
found that an intervention aimed at educating hockey
players about the dangers of high-risk checking resulted
in decreased penalties for such behaviors in the treat-
ment group compared with the control group. Efforts
at a secondary prevention level include preventive meas-
ures that lead to early diagnosis and prompt treatment
of a disease, illness, or injury to prevent more severe
problems from developing. Teaching children and
youth to cease playing and report a suspected concus-
sion is an example of secondary prevention. Nurses can
provide comprehensive education on what to do if a
child thinks they may be concussed before, during, and
after a concussive injury to ensure proper protocols are
followed (Norton et al., 2013). Finally, tertiary preven-
tion encompasses those preventive measures aimed at
rehabilitation and returning to daily life following sig-
nificant injury or disease, as in teaching RTP protocols
following a concussion.

Emery et al. (2017) found little evidence supporting
the use of education as a standalone strategy for concus-
sion prevention, concluding that education was better
suited as a secondary prevention strategy. Given our
findings that neither early identification (cease playing
and report) nor management (understanding and adher-
ing to RTP protocols) was strongly influenced by edu-
cational interventions, our study indicates a need for
improvements in educational interventions. The purpose
and available evidence for the educational intervention
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need to be considered when designing and providing
concussion education. One of the studies in our review
that found a longer term impact on knowledge had uti-
lized a multimodal approach to education (Eagles et al.,
2016), suggesting that a multipronged educational
approach may be more effective than singular strategies.
This multipronged approach consisted of PowerPoint
slides, videos, review questions, and personal testimony
(Eagles et al., 2016). The last of these approaches, per-
sonal testimony, is an undervalued approach, as sharing
one’s individual concussion experience may help other
children and youth appreciate the severity and risk of
sustaining a concussion (Kendall & Kendall, 2012).
Finally, our review has shown that there is a particular
need for effective education among younger children
that is currently not being fulfilled (Eagles et al., 2016).
Age appropriate content and approaches should be
developed by nurses, given they are aware of the wide
variation in development and learning styles within chil-
dren and youth.

Given the significant developmental differences
within the population of children and youth who
engage in sports, and the limited effectiveness of educa-
tional interventions to date, there is a need to identify
educational strategies that are most effective for various
age- and gender-specific subgroups. This should include
investigation of the comparative effectiveness of various
methods of delivery, dosage and timing, and content. It
is also important to consider other factors that may be
influencing concussion reporting behaviors or the effec-
tiveness of educational interventions within this group
(Kurowski et al., 2015). For example, future research
should investigate or control for the effects of type of
sport, school performance, socioeconomic status, and
other social factors on concussion reporting behavior
in children and youth participating in sports.

In addition to the need for more research, the field
also needs improvements in research methods. For
example, intervention studies should either employ
RCT designs or more rigorously designed quasi-
experimental studies. The number of intervention studies
in this review was limited, and two of the six studies had
used a single group pretest–posttest design which poses
numerous threats to study validity. The 15 nonexperi-
mental studies demonstrated a number of weaknesses.
First, external generalizability was weakened by a reli-
ance on convenience sampling, and there were gender
differentials in most of the samples, with more male
than female participants in both the nonexperimental
and intervention studies. Both age and gender analysis
are important if we are to understand what works best
for particular subgroups of children and youth. In addi-
tion, some of the studies had poor or unknown response
rates. For example, in one study, only 10% of the tar-
geted 1,669 athletes returned the mailed survey

(Register-Mihalik et al., 2013). Mailed surveys may not

be an ideal method of recruiting children and youth par-

ticipants compared with recruitment efforts through

coaches or team administrators. Finally, many studies

used instruments that were not specific to children and

youth, raising questions about the reliability and con-

struct validity of the studies. To gain a more accurate

understanding of knowledge and attitudes within these

subpopulations, future researchers should develop age-

and gender-specific tools informed by qualitative

research.

Limitations of the Review

Our review was limited to full text articles published in

English and the use of only two databases, which may

have resulted in our missing relevant studies. Some of

the study findings may be outdated as, in an effort to be

comprehensive, our sample of studies included those

published as early as 2003. As new legislation, policy,

and rules regarding concussion care have been imple-

mented globally since some of the data were collected,

prior findings may no longer generalize to current times.

Nonetheless, there was no noticeable trend related to

publication dates or to country.

Conclusion

This review has characterized the current evidence on the

level of concussion knowledge among children and

youth engaged in sports, the factors associated with

their knowledge, and the impact of educational interven-

tions on their concussion knowledge, attitudes, and

behaviors. Despite two systematic reviews previously

describing the evidence on education and knowledge in

concussion (Emery et al., 2017; Taylor & Sanner, 2017),

this review adds important findings to the literature.

Children and youth who are engaged in sports and at

risk for concussion have limited concussion knowledge,

and educational interventions have not been having the

desired effect. Our scoping review highlights the need for

improved concussion education for children and youth,

at all levels of prevention, and for further research using

more rigorous methods. Studies are needed that examine

subgroup differences in knowledge and factors that may

moderate the effects of educational interventions. It is

also important to determine whether education is suit-

able as a single mechanism for injury prevention or if it is

better utilized in unison with other strategies. Overall,

our review indicates that concussion education is a rela-

tively new field of study, and there are limitations to the

existing body of research. Nonetheless, our findings have

relevance for health-care professionals, public health

organizations, and public policy makers working with
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child and youth athletes, and other researchers involved

within this area.
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