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Original Article

The influence of education in decision
making concerning athlete’s return to
sport following a concussion injury:
A systematic review

Victoria Waterworth , Alexander Procyk, Elisa Canetti,
Wayne Hing and Suzanne Gough

Abstract

Objectives: Concussions have emerged as one of the most prevalent and controversial injuries sustained within the

sporting context. The objective of this review was to determine the influence that education has on decision making

concerning athlete’s return to sport following a concussion injury and if the risk is worth it in the eyes of the athletes.

Study design: Systematic review.

Methods: A rapid literature review was performed in PubMed, CINAHL, SPORTDiscus, Embase and Web of Science

looking for articles that discussed concussions and any three of the four following search terms: (a) decision making, (b)

education/knowledge, (c) sport/return to sport and (d) risk.

Results: Sixteen of 1243 articles were included in this review based on eligibility criteria. Ten were cohort studies, four

were cross-sectional studies and two were qualitative research. There was a good agreement between the authors for

all studies when determining risk of bias, presenting a Cohen’s j of 0.901 (95% CI, 0.834, 0.968), p< 0.001.

Conclusion: Education can make a difference in athlete’s decision making process to return to sport; however, their

awareness of the health risks that they put themselves in by returning to sport too soon is clouded by other external and

internal factors. What is not fully understood is why do they put themselves at this risk? Further studies should explore

athletes’ risk aversion behaviour and how it impacts their decision to return to sport following a concussion.
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Introduction

Concussions have emerged as one of the most prevalent

and controversial injuries sustained within the sporting

context, with years of research going into how to

manage athletes’ post-concussion injury and their

return to sport (RTS) journey.1–3 Many countries

around the world have specific procedures, guidelines

and laws on how to guide an athlete through this jour-

ney, with much of the current research centring around

the medical personnel and coaches’ perspectives on

deciding an athlete’s readiness to RTS. However, a

large majority of athletes are still finding ways to defy

medical advice and deciding when to RTS themselves.4

Little research has been done regarding the decision

making process of the athlete’s themselves and how
they evaluate their own personal health risks when
deciding to RTS. Concern has surfaced around the
conflicting education that these athletes have been
receiving and how their basic knowledge of concussions
impacts their decision making going forward in sport-
ing endeavours, putting themselves at increased risk.
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A concussion is referred to as a traumatic biome-
chanical force to the head or body that creates a com-
plex pathophysiological process that affects the brain
and is often interchangeably referred to as a mild trau-
matic brain injury (mTBI).5–7 Different mechanisms of
injury occur in sustaining a concussion, including
forced blunt trauma to the head or whiplash of the
head or neck during incidental or purposeful collisions
within the sport.5,8 Of the approximately 57 million
people who experience a mTBI each year, 20% are
suggested to be secondary to physical activity and
sports.5 Athletes who do RTS with an undiagnosed
or misdiagnosed concussion are at risk of second
impact syndrome, which could lead to brain herniation
and possible death.9 Other potential health risks from
sustaining numerous concussions include alterations to
cognitive functioning and the mental health of athletes
later in life, as well as an increased risk for neurode-
generative brain disorders.9,10

In sports, a concussion is considered a common and
sometimes frequent injury, depending on the nature of
the sport itself. Making an initial diagnosis is difficult
due to the vast array of concussion symptoms, causing
problems for RTS decision for the athletes as there is
no standalone gold standard assessment tool and a
shortage of objective findings.5,8,11 As stated in the
most recent consensus statement on concussion in
sport, which was presented at the 5th International
conference on concussion in sport held in Berlin, an
individual should be removed from playing field and
should not be allowed to return on the day of injury.7

Different outcome measures have been developed to
improve the sideline diagnosis of concussions including
the Cantu Grading Scale and the Sport Concussion
Assessment Tool-3 (SCAT-3) or more recently the
SCAT-5.5-8,12 These outcome measures assess
the symptoms that the athlete might be displaying on
the field, but there is an inherent lack of assessments
evaluating the risk of putting the athlete back in the
field of play after sustaining this type of injury.

The idea of how risk averse the athlete is and how
they evaluate the risk of concussions is a topic that is
not well researched. Risk aversion within the human
decision making model has been studied mostly in the
economic field, where it is defined as human behaviour
that tries to reduce uncertainty as much as possible
when faced with a decision of unknown parameters.13

Some of the main theories behind explaining risk aver-
sion include the expected utility theory, which describes
the decision making process as axioms of the decision
making individual being analogous of any other ratio-
nal person making the same decision.13 Another theory
is the prospect theory, which describes a subjective
value placed on options for the individual, and that
the decision will be made based on an individual’s

perception that the probability of loss is steeper than
the appropriate gains for the results of the decision.13,14

Conversely, another coveted theory regarding decision
making is the nudge theory which uses the idea of pos-
itive reinforcement and indirect influences to elicit a
positive decision made by the individual.15 Nudge
theory lacks, though, the subjective response of the
athletes themselves and how they evaluate risk which
the expected utility theory and prospect theory consider
more in their approaches.15

The decision making process of an athlete returning
to sport post-concussion is two-fold; encompassing the
physical effect of the injury and their knowledge of
the injury itself. Even with a clear understanding
of the symptoms that come with having a concussion,
athletes treat them more like a musculoskeletal injury,
with both their descriptions and management, affecting
the athlete’s capacity to take into consideration the
long-term effects that follow a concussion injury.16

The pressure to compete or perform at a specific level
takes over, influencing an athlete’s understanding of
what risk they are putting themselves in by
RTS.2,3,17,18 In a cohort study by Bramley et al.,
there was a significant difference in high school
soccer players reporting a concussion to their coach
during a championship game versus a regular game,
suggesting that different scenarios might drive different
processing of risk within adolescent athletes.2 The dif-
ferences in game importance may potentially change
how an athlete risks their health, leading to more edu-
cation required for athletes to understand how their
decisions can affect them in not only their current
game, but in their everyday lives.

This study aims to systematically review the current
existing literature on the effects of education and
knowledge on the decision to RTS following a concus-
sion. Our overarching research question is broken into
two aspects: firstly, can education make a difference to
athletes’ decision making process when returning to
sports following a concussion injury and secondly,
are they aware of the health risk they face by returning
to sport too soon following injury?

Methods

This study was directed by consideration of the
Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) statement.19

A rapid literature review was performed on 22
August 2018 to help determine the final search strategy.
A final article search was performed on 24 August
2018. Databases that were used include PubMed,
CINAHL, SPORTDiscus, Embase and Web of
Science. The key search terms used in each of these
databases can be found in Table 1. In addition, articles
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were also hand selected based on review of included
articles’ reference lists, identifying additional studies
that met inclusion criteria. These articles were sub-
jected to the same eligibility criteria. Two authors
(AP and VW) of this study worked collaboratively on
the search strategies and the screening process based on
the eligibility criteria.

Initial criteria for inclusion of articles were done based
on titles and/or abstracts having included concussions as
part of its focus, as well as including three out of the four
following subjects: (a) decision making, (b) education/
knowledge, (c) RTS/sports and (d) risk. The inclusion
criteria for the remainder of this review consisted of

full-length research articles in English written after the
year 2009 which focused on cohort studies, cross-
sectional studies, or qualitative research. Studies were
included if they explored human subjects only, particu-
larly current or past athletes, either male or female, with
no limitation on age range, sport or geographic location.

Exclusion criteria applied during study selections
were as follow: articles that were not full-length or
had no abstracts, and only available in languages
other than English; other publication types that are
not cohort, cross-sectional or qualitative research,
such as reviews, book chapters, conference abstracts
and randomised control trials; studies that identified

Table 1. Search strategies and databases.

Database Date searched Key search terms Results

PubMed 24 Aug 2018 (athlete* OR team OR sport* OR competitive OR recreational OR

“Athletes”[Mesh]) AND (“Return to sport” OR “return to play” OR

“Return to Sport”[Mesh]) AND (Injur* OR Concussion* OR “head

trauma” OR “brain injury” OR health OR “quality of life” OR “Brain

Concussion”[Mesh]) AND (“risk aversion” OR risk* OR “Health Risk

Behaviors”[Mesh]) AND (knowledge OR information OR education

OR decision* OR “Health Knowledge, Attitudes, Practice”[Mesh] OR

“Clinical Decision-Making”[Mesh])

351

CINAHL 24 Aug 2018 ((athlete* OR team OR sport* OR competitive OR recreational OR (MH

“Athletesþ”)) AND (“Return to sport” OR “return to play” OR (MH

“Return to Sportþ”)) AND (Injur* OR Concussion* OR “head

trauma” OR “brain injury” OR health OR “quality of life” OR (MH

“Brain Concussionþ”)) AND (“risk aversion” OR risk* OR (MH

“Health Risk Behaviorsþ”)) AND (knowledge OR information OR

education OR decision* OR (MH “Health Knowledge, Attitudes,

Practiceþ”) OR (MH “Clinical Decision-Makingþ”))

115

SPORTDiscus 24 Aug 2018 ((athlete* OR team OR sport* OR competitive OR recreational OR (MH

“Athletesþ”)) AND (“Return to sport” OR “return to play” OR (MH

“Return to Sportþ”)) AND (Injur* OR Concussion* OR “head

trauma” OR “brain injury” OR health OR “quality of life” OR (MH

“Brain Concussionþ”)) AND (“risk aversion” OR risk* OR (MH

“Health Risk Behaviorsþ”)) AND (knowledge OR information OR

education OR decision* OR (MH “Health Knowledge, Attitudes,

Practiceþ”) OR (MH “Clinical Decision-Makingþ”))

172

Embase 24 Aug 2018 ((athlete* OR team OR sport* OR competitive OR recreational OR

‘Athletes’/exp) AND (“Return to sport” OR “return to play” OR

‘Return to Sport’/exp) AND (Injur* OR Concussion* OR “head

trauma” OR “brain injury” OR health OR “quality of life” OR ‘Brain

Concussion’/exp) AND (“risk aversion” OR risk* OR ‘Health Risk

Behaviors’/exp) AND (knowledge OR information OR education OR

decision* OR ‘Health Knowledge, Attitudes, Practice’/exp OR ’Clinical

Decision-Making’/exp))

376

Web of

Science

24 Aug 2018 ((athlete* OR team OR sport* OR competitive OR recreational OR

Athletes) AND (“Return to sport” OR “return to play” OR “Return

to Sport”) AND (Injur* OR Concussion* OR “head trauma” OR

“brain injury” OR health OR “quality of life” OR “Brain Concussion”)

AND (“risk aversion” OR risk* OR “Health Risk Behaviors”) AND

(knowledge OR information OR education OR decision* OR “Health

Knowledge, Attitudes, Practice” OR “Clinical Decision-Making”))

214
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RTS for other musculoskeletal injuries only; subjects
that were either animal or human subjects who were
only coaches, trainers or parents of the athletes; and
publication dates before 2009.

Each study was reviewed by two of the authors (AP
and VW) of this review and results were cross-matched
for consensus. The Joanna Briggs Institute (JBI)
Critical Appraisal Checklist for Cohort Studies,
Analytical Cross-Sectional Studies and Qualitative
Research20,21 were used to critically assess the risk of
bias in the studies selected based on the eligibility cri-
teria. Respectively the critical appraisal tools consisted
of a series of questions with regards to the study design.
Each item was judged based on inclusion within the
study being appraised with the following criteria:
‘yes’, ‘no’, ‘unclear’. All items scored ‘yes’ received a
value of 1, where all items scored ‘no’ or ‘unclear’ were
scored 0. The raw scores for each appraisal tool are: 11
for cohort studies, 8 for cross-sectional studies and 10
for qualitative research. No modifications were made
to any of the JBI appraisal tools. These scores were
compared between the two authors (AP and VW)
and analysed for inter-rater reliability with Cohen’s
kappa (j) through IBM SPSS Statistics.22,23 Any dis-
crepancies in agreement were discussed by the two
authors (AP and VW) first before a consensus
was reached.

A reference management software (EndNote)24 was
used to import search results. Two reviewers (AP and
VW) screened the results separately, before collaborat-
ing after the final stage of screening. Duplicate records
were removed before screening titles and abstracts for
inclusion and exclusion of the relevant studies. After
initial screening, full-texts were then obtained for fur-
ther analysis. Based on the remaining items in the eli-
gibility criteria, the final selection process of screening
for study types, participants and year was completed.
Disagreements regarding eligibility were discussed
between the two reviewers (AP and VW) and resolved
by consensus or with assistance from additional
authors support (WH and SG), documenting reasons
for the studies exclusion.

The data from the selected articles were extracted
and tabulated based on the following information:
author/year, study design, purpose, demographics,
interventions used and results. Two reviewers (AP
and VW) individually reviewed each included article
based on eligibility criteria before combining extracted
results.

Results

The results of the search strategy and screening process
are shown as a PRISMA flow diagram in Figure 1. The
electronic database search produced a total of 1228

records, with an additional 15 articles identified search-
ing references of already eligible articles. Table 1 shows
the databases used with the search strategies listed and
the results obtained from each database.

From these articles, 597 were identified as dupli-
cates, leaving 646 articles left for the screening process.
Ninety-eight articles met the initial inclusion criteria
for title or abstract of the search term concussion
plus three out of the four other search terms: (a) deci-
sion making, (b) education/knowledge, (c) RTS/sports,
or (d) risk. Full article eligibility produced 71 results, in
which 16 articles met the final eligibility criteria.

Of the 16 articles included, 10 were cohort
studies,1,2,25–32 4 were cross-sectional studies3,17,33,34

and 2 were qualitative research studies.16,18 Seven stud-
ies were based on the United States of America,1–
3,16,26,29,32 two in Australia28,30 and Canada,25,34 and
one in Ireland17 and Italy33 respectively. High school
aged students1–3,17,28,29 and University aged stu-
dents16,27,28,31,32,34 were both represented in six studies
each, while athletes older than 25 years of
age26,28,30,32,33 were in five articles and one article
looked at adolescents.25 Six articles considered male
and female athletes or participants,2,3,16,25,29,31 while
five examined males only1,26,27,30,33 and one looked at
females only.32 A wide variety of sports were examined,
including rugby,17,28,30,33 ice hockey25–27,32 and multi-
sports3,29,31,34 with four articles each, and American
football1 and soccer2 with one each. Seven studies
focused on the athletes’ knowledge and attitude
towards concussions;1,3,16–18,25,33 four looked at the
side effects that come with concussions and how the
athletes deal with them;26,27,31,34 three looked at an
athlete’s RTS following a concussion injury,28,30,32

and two articles explored how education can affect
athletes’ decision making process.2,29

The Cohen’s j analysis was run to determine if there
was agreement between the two authors’ judgement on
the risk of bias for all cohort studies, cross-sectional
studies, and qualitative reviews based on their individ-
ual appraising through the JBI tools.20,21,23 There was a
good agreement between the two authors for all stud-
ies, x¼ 0.901 (95% CI, 0.834, 0.968), p< 0.001. A con-
sensus was met between the two authors following
initial analysis and clarification of criteria where dis-
cretions were found. Table 2 represents the consensus
and final results reached by the authors during apprais-
al. The final JBI raw scores are presented in Table 3.

Common weaknesses in the cohort and cross-
sectional JBI checklist included questions dealing
with confounding factors. Often the articles did not
clearly state the strategies used for factors that were
limiting their studies, leading to a score of “0” being
given 92% of the time, based on the results in question
5 of cohort and question 6 of cross-sectional studies.20
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quan�ta�ve synthesis
(Systema�c Review)

(n =16)

Figure 1. PRISMA flow diagram. Adopted from: Moher et al.19

Table 2. JBI critical appraisal checklist for cohort studies, cross-sectional studies and qualitative research.20,21

JBI critical appraisal checklist for cohort studies

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11

Anderson et al.1 N N UC Y N Y UC N N N Y

Bramley et al.2 Y Y UC Y N Y UC N N N Y

Cusimano25 N N UC UC UC Y UC N N N Y

Echemendia et al.26 Y UC Y Y UC Y Y Y Y UC Y

Echlin et al.27 Y Y Y UC UC UC Y Y Y UC N

Hollis et al.28 N N Y Y Y UC UC Y Y UC Y

Kurowski et al.29 Y Y Y UC UC UC Y Y Y UC Y

Makdissi et al.30 Y Y Y Y UC Y Y Y UC UC Y

Merritt et al.31 Y Y Y Y UC Y UC N N N Y

Tuominen et al.32 N N UC UC UC Y Y Y UC UC Y

JBI critical appraisal checklist for cross-sectional studies

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

Boffano et al.33 UC Y UC Y UC UC Y Y

Brown et al.34 Y Y Y Y UC UC Y Y

Delahunty et al.17 UC Y Y UC UC UC Y Y

Miyashita et al.3 UC Y UC UC UC UC UC Y

JBI critical appraisal checklist for qualitative research

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

Roiger et al.18 Y UC Y Y Y N N Y UC Y

Torres Colon et al.16 Y Y Y UC Y Y Y Y UC Y

Y: yes; N: no; UC: unclear; JBI: Joanna Briggs Institute.
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re
cu
rr
e
n
t
co
n
cu
s-

si
o
n
w
it
h
in

2
te
am

s
o
f
ju
n
io
r
ic
e

h
o
ck
ey

p
la
ye
rs

d
u
ri
n
g
1
re
gu
la
r

se
as
o
n
(3
6
ga
m
e
s)
,
u
ti
lis
in
g
th
e

co
n
cu
ss
io
n
d
e
fin
it
io
n
an
d
R
T
S

p
ro
to
co
l.

6
7
m
al
e
p
ar
ti
ci
p
an
ts

(a
ge

ra
n
ge
:

1
6
–
2
1
).

Ju
n
io
r
ic
e
h
o
ck
ey

p
la
ye
rs

fr
o
m

2

te
am

s
(T
e
am

A
an
d
Te
am

B
).

Te
am

A
w
as

o
b
se
rv
e
d
d
u
ri
n
g
3
4
/3
6

re
gu
la
r
se
as
o
n
ga
m
e
s
w
h
e
re

Te
am

B
w
as

o
b
se
rv
e
d
d
u
ri
n
g
2
1
o
f
3
6

re
gu
la
r
se
as
o
n
ga
m
e
s.
C
o
n
cu
ss
io
n

w
as

cl
in
ic
al
ly
d
ia
gn
o
se
d
u
ti
lis
in
g
an

o
b
se
rv
e
d
o
r
se
lf-
re
p
o
rt
e
d
m
e
ch
a-

n
is
m
,
im
m
e
d
ia
te

o
r
d
e
la
ye
d
n
eu
-

ro
lo
gi
ca
l
si
gn
s,
o
r
sy
m
p
to
m
s
an
d

ab
n
o
rm

al
SC

A
T
2
o
r
Im

PA
C
T
te
st

re
su
lt
s.

C
o
n
cu
ss
io
n
su
rv
ei
lla
n
ce

w
as

co
n
-

d
u
ct
e
d
at

e
ac
h
re
gu
la
r
se
as
o
n

ga
m
e
o
f
th
e
p
ar
ti
ci
p
at
in
g
te
am

s
b
y

1
in
d
ep
e
n
d
en
t
p
hy
si
ci
an

an
d
1
to

3

in
d
e
p
en
d
e
n
t,
n
o
n
p
hy
si
ci
an

o
b
se
rv
e
rs
.

Tw
e
n
ty
-o
n
e
co
n
cu
ss
io
n
s
w
e
re

p
hy
si
-

ci
an

o
b
se
rv
e
d
o
r
se
lf-
re
p
o
rt
e
d

an
d
su
b
se
q
u
e
n
tl
y
p
hy
si
ci
an

d
ia
g-

n
o
se
d
in

5
2
p
hy
si
ci
an
-o
b
se
rv
e
d

re
gu
la
r
se
as
o
n
ga
m
e
s,
yi
el
d
in
g
an

in
ci
d
e
n
ce

o
f
2
1
.5
2
co
n
cu
ss
io
n
s

p
e
r
1
0
0
0
at
h
le
te

e
x
p
o
su
re
s.
A

co
n
cu
ss
io
n
w
as

d
ia
gn
o
se
d
in

1
9

(3
6
.5
%
)
o
f
5
2
o
b
se
rv
e
d
ga
m
e
s.
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d
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2
0
1
2
2
8

C
o
h
o
rt

st
u
d
y

6
/1
1

R
e
p
o
rt
s
th
e
p
ro
p
o
rt
io
n
o
f
co
m
m
u
-

n
it
y
ru
gb
y
u
n
io
n
p
la
ye
rs

co
m
p
ly
in
g

w
it
h
p
o
st
-c
o
n
cu
ss
io
n
R
T
S
re
gu
la
-

ti
o
n
s
an
d
th
e
se
lf-
re
p
o
rt
e
d
le
ve
lo

f

R
T
S
ad
vi
ce

p
ro
vi
d
e
d
to

th
e
m

1
9
5
8
m
al
e
p
ar
ti
ci
p
an
ts

(a
ge

ra
n
ge
:

1
5
–
4
8
).

C
o
m
m
u
n
it
y
R
u
gb
y
U
n
io
n
P
la
ye
rs
.

Sy
d
n
ey
,
A
u
st
ra
lia
.

A
t
b
as
e
lin
e
,
e
ac
h
p
la
ye
r
co
m
p
le
te
d
a

se
lf-
ad
m
in
is
te
re
d
q
u
e
st
io
n
n
ai
re

o
n

ag
e
,
co
m
p
e
ti
ti
o
n
le
ve
l
an
d
a
1
9
-

it
e
m

se
n
sa
ti
o
n
-s
e
e
k
in
g
sc
al
e

as
se
ss
in
g
im
p
u
ls
iv
e
b
e
h
av
io
u
r,

p
la
ye
r
ch
ar
ac
te
ri
st
ic
s
(i
.e
.,
ru
gb
y

e
x
p
e
ri
e
n
ce
,
p
la
yi
n
g
p
o
si
ti
o
n
,

tr
ai
n
in
g
vo
lu
m
e
an
d
p
ro
te
ct
iv
e

e
q
u
ip
m
en
t
u
se
),
an
d
th
e
n
u
m
b
e
r

o
f
co
n
cu
ss
io
n
s
in

th
e
p
re
vi
o
u
s
1
2

m
o
n
th
s.
In
ju
ry

re
p
o
rt

fo
rm

s

re
la
ti
n
g
to

e
ac
h
p
la
ye
r’
s
co
n
cu
s-

si
o
n
w
e
re

co
m
p
le
te
d
an
d
fo
r-

w
ar
d
e
d
to

th
e
re
se
ar
ch
e
rs

af
te
r

th
e
ga
m
e
.

T
h
e
m
ai
n
o
u
tc
o
m
e
o
f
m
ea
su
re

w
as

th
e
n
u
m
b
e
r
o
f
d
ay
s
ac
cr
u
e
d
(p
o
st
-

co
n
cu
ss
io
n
)
u
n
ti
l
th
e
p
la
ye
r

re
tu
rn
e
d
to

p
la
y
(e
it
h
er

co
m
p
e
ti
-

ti
o
n
ga
m
e
p
la
y
o
r
a
re
gu
la
r
te
am

tr
ai
n
in
g
se
ss
io
n
),
an
d
th
is
e
st
im
at
e

w
as

ca
lc
u
la
te
d
fr
o
m

th
e
d
at
e
th
e

co
n
cu
ss
io
n
w
as

su
st
ai
n
e
d
u
n
ti
l
th
e

fir
st

re
gu
la
r
te
am

tr
ai
n
in
g
se
ss
io
n

o
r
co
m
p
e
ti
ti
o
n
ga
m
e
th
e
p
la
ye
r

w
as

n
ex
t
ac
ti
ve
ly
in
vo
lv
e
d
in
.

Te
n
p
er

ce
n
t
o
f
th
e
co
h
o
rt

su
st
ai
n
e
d

o
n
e
o
r
m
o
re

co
n
cu
ss
io
n
s
(r
an
ge

1
–
4
)
d
u
ri
n
g
th
e
o
b
se
rv
at
io
n
al

p
e
ri
o
d
o
f
th
e
st
u
d
y,
w
it
h
a
to
ta
l
o
f

2
1
5
co
n
cu
ss
io
n
s
su
st
ai
n
e
d
o
ve
ra
ll.

M
e
d
ia
n
n
u
m
b
er

o
f
d
ay
s
u
n
ti
l
p
la
y-

e
rs

re
tu
rn
e
d
to

e
it
h
e
r
co
m
p
e
ti
-

ti
o
n
ga
m
e
p
la
y
o
r
a
re
gu
la
r
te
am

tr
ai
n
in
g
se
ss
io
n
fo
llo
w
in
g
th
e
ir

fir
st

co
n
cu
ss
io
n
w
as

3
;
8
7
%

o
f

co
n
cu
ss
e
d
p
la
ye
rs

re
tu
rn
e
d
to

e
it
h
e
r
co
m
p
e
ti
ti
o
n
ga
m
e
p
la
y
o
r
a

re
gu
la
r
te
am

tr
ai
n
in
g
se
ss
io
n

w
it
h
in

1
w
e
ek
,
9
1
%
b
y
th
e
se
co
n
d

w
e
e
k
an
d
9
5
%

b
y
th
e
th
ir
d
w
e
e
k
.

A
cc
o
rd
in
g
to

th
e
p
la
ye
rs

w
h
o

re
ce
iv
e
d
ad
vi
ce
,
o
ve
r
th
re
e
-q
u
ar
-

te
rs

re
ce
iv
e
d
ad
vi
ce

th
at

d
id

n
o
t

co
m
p
ly
w
it
h
th
e
re
gu
la
ti
o
n
3
-

w
e
e
k
st
an
d
-d
o
w
n
p
er
io
d
,
an
d
o
f

th
e
re
m
ai
n
in
g
at
h
le
te
s
w
h
o

re
ce
iv
e
d
ad
vi
ce

co
m
p
lia
n
t
w
it
h
th
e

re
gu
la
ti
o
n
,
al
l
w
e
n
t
ag
ai
n
st

w
h
at

w
as

ad
vi
se
d
an
d
w
e
re

n
o
n
-c
o
m
-

p
lia
n
t
in

re
tu
rn
in
g
to

p
la
y

p
re
m
at
u
re
ly
.

K
u
ro
w
sk
i
e
t
al
.,

2
0
1
5
2
9

C
o
h
o
rt

st
u
d
y

7
/1
1

P
re
se
as
o
n
e
d
u
ca
ti
o
n
w
o
u
ld

le
ad

to

b
et
te
r
k
n
o
w
le
d
ge

an
d
se
lf-

re
p
o
rt
e
d
at
ti
tu
d
e
s,
an
d
b
et
te
r

re
p
o
rt
in
g
o
f
co
n
cu
ss
io
n
sy
m
p
to
m
s

d
u
ri
n
g
th
e
se
as
o
n
co
m
p
ar
e
d
to

a

co
n
tr
o
l
gr
o
u
p.

4
9
6
m
al
e
an
d
fe
m
al
e
p
ar
ti
ci
p
an
ts

(G
ra
d
e
s
9
–
1
2
,
e
d
u
ca
ti
o
n
gr
o
u
p
:

n
¼
2
3
4
,
co
n
tr
o
l
gr
o
u
p
:
n
¼
2
6
2
).

M
u
lt
ip
le

sp
o
rt
s:
fo
o
tb
al
l,
so
cc
e
r,
b
as
-

ke
tb
al
l
an
d
w
re
st
lin
g,
C
in
ci
n
n
at
i,

O
H
,
U
SA

.

Q
u
e
st
io
n
n
ai
re

ad
m
in
is
te
re
d
d
u
ri
n
g

th
e
p
re
se
as
o
n
o
f
al
l
re
sp
e
ct
iv
e

sp
o
rt
s
to

as
se
ss

an
at
h
le
te
’s

k
n
o
w
le
d
ge

o
f
co
n
cu
ss
io
n
an
d

at
ti
tu
d
es
/
b
e
h
av
io
u
rs

ab
o
u
t
th
e
ir

w
ill
in
gn
e
ss

to
re
p
o
rt

o
r
st
o
p

ac
ti
vi
ty

af
te
r
su
st
ai
n
in
g
a
co
n
cu
s-

si
o
n
an
d
o
th
e
r
in
ju
ri
e
s
d
u
ri
n
g
p
la
y.

In
th
e
e
d
u
ca
ti
o
n
gr
o
u
p,

a
2
0
-m

in

e
d
u
ca
ti
o
n
al
le
ct
u
re

to
p
ar
ti
ci
p
an
ts

w
as

gi
ve
n
im
m
e
d
ia
te
ly
af
te
r
th
ey

co
m
p
le
te
d
th
e
p
re
se
as
o
n
su
rv
ey
.

T
h
e
le
ct
u
re

in
cl
u
d
e
d
co
n
te
n
t
o
n

th
e
d
e
fin
it
io
n
o
f
co
n
cu
ss
io
n
,
S&

S,

cu
rr
e
n
t
co
n
cu
ss
io
n
gu
id
e
lin
e
s
an
d

R
T
S
re
co
m
m
e
n
d
at
io
n
s.

O
f
th
e
in
d
iv
id
u
al
s
re
p
o
rt
in
g
sy
m
p
-

to
m
s,
th
er
e
w
e
re

fe
w
e
r
at
h
le
te
s
in

th
e
e
d
u
ca
ti
o
n
sc
h
o
o
l
3
1
/4
3
(7
2
%
)

th
an

th
e
co
n
tr
o
l
sc
h
o
o
l
6
8
/7
7

(8
8
%
)
th
at

re
p
o
rt
e
d
th
ey

co
n
ti
n
-

u
e
d
p
la
yi
n
g.
O
f
th
e
in
d
iv
id
u
al
s

d
ia
gn
o
se
d
w
it
h
a
co
n
cu
ss
io
n
,
a

si
m
ila
r
n
u
m
b
er

in
th
e
e
d
u
ca
ti
o
n
3
/

1
1
(2
7
%
)
an
d
co
n
tr
o
l
sc
h
o
o
ls
3
/1
3

(2
3
%
)
re
p
o
rt
e
d
re
tu
rn
in
g
to

p
la
y

b
e
fo
re

th
e
ir
sy
m
p
to
m
s
h
ad

re
so
lv
e
d
.
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3
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C
o
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st
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d
y

8
/1
1

D
e
te
rm

in
e
w
h
e
th
e
r
a
co
n
cu
ss
e
d

p
la
ye
r
re
tu
rn
e
d
to

p
la
y
u
si
n
g
an

in
d
iv
id
u
al
cl
in
ic
al
m
an
ag
e
m
en
t

st
ra
te
gy

is
at

ri
sk

o
f
im
p
ai
re
d

p
er
fo
rm

an
ce

o
r
in
cr
ea
se
d
ri
sk

o
f

in
ju
ry

o
r
co
n
cu
ss
io
n
o
n
th
e
ir

re
tu
rn

to
co
m
p
et
it
io
n

1
5
8
m
al
e
p
ar
ti
ci
p
an
ts

A
ll
e
lit
e
p
ro
fe
ss
io
n
al
p
la
ye
rs

p
ar
ti
ci
-

p
at
in
g
in

th
e
A
FL

in
A
u
st
ra
lia
.

P
la
ye
rs

w
e
re

re
fe
rr
e
d
in
to

th
e
st
u
d
y

w
h
e
n
th
ey

h
ad

e
x
p
e
ri
e
n
ce
d
a

co
n
cu
ss
iv
e
in
ju
ry

w
h
ile

p
la
yi
n
g

fo
o
tb
al
l
in

an
A
FL

co
m
p
e
ti
ti
o
n

b
e
tw

e
en

2
0
0
0
an
d
2
0
0
3
(4

se
a-

so
n
s)
.

O
n
ce

a
p
la
ye
r
w
as

id
e
n
ti
fie
d
as

h
av
in
g

su
st
ai
n
e
d
a
co
n
cu
ss
iv
e
in
ju
ry
,
d
at
a

o
n
al
l
o
u
tc
o
m
e
m
e
as
u
re
s
w
e
re

co
lle
ct
ed

fo
r
3
A
FL

ga
m
e
s
p
re
-

ce
d
in
g
in
ju
ry

an
d
th
e
p
la
ye
r’
s
fir
st

3
co
n
se
cu
ti
ve

A
FL

ga
m
e
s
af
te
r

in
ju
ry
.

Fo
r
e
ac
h
co
n
cu
ss
e
d
p
la
ye
r,
co
n
tr
o
l

p
la
ye
rs

w
e
re

se
le
ct
e
d
fr
o
m

th
e

n
o
n
-i
n
ju
re
d
p
la
yi
n
g
p
o
p
u
la
ti
o
n
o
f

th
e
sa
m
e
te
am

p
la
yi
n
g
in

th
e
sa
m
e

ga
m
e
s.
C
o
n
tr
o
ls
w
e
re

m
at
ch
e
d

fo
r
p
la
yi
n
g
p
o
si
ti
o
n
,
ag
e
an
d
si
ze
.

A
n
al
ys
is
o
f
th
e
p
e
rf
o
rm

an
ce

st
at
is
ti
cs

an
d
in
ju
ry

ra
te
s
d
e
m
o
n
st
ra
te
d
n
o

d
iff
e
re
n
ce
s
b
et
w
e
e
n
u
si
n
g
1
ga
m
e

o
r
3
ga
m
e
s
p
re
-
an
d
p
o
st
-i
n
ju
ry
.

W
h
en

o
n
ly
a
si
n
gl
e
ga
m
e
w
as

u
se
d
,
a
la
rg
e
r
p
ro
p
o
rt
io
n
o
f
th
e

co
n
cu
ss
e
d
p
la
ye
r
gr
o
u
p
co
u
ld

b
e

in
cl
u
d
ed

in
th
e
an
al
ys
is
,
th
e
re
b
y

re
d
u
ci
n
g
an
y
p
o
te
n
ti
al
fo
r
se
le
c-

ti
o
n
b
ia
s.
Te
n
p
la
ye
rs

w
e
re

in
ju
re
d

in
th
e
ir
fir
st

ga
m
e
b
ac
k
af
te
r

co
n
cu
ss
io
n
.

M
e
rr
it
t
e
t
al
.,

2
0
1
4
3
1

C
o
h
o
rt

st
u
d
y

6
/1
1

C
h
ar
ac
te
ri
se

th
e
sy
m
p
to
m
s
th
at

at
h
le
te
s’
sa
n
ct
io
n
at

b
as
e
lin
e
b
y

d
e
te
rm

in
in
g
th
e
fa
ct
o
r
st
ru
ct
u
re

o
f
th
e
P
C
SS

at
b
as
e
lin
e
.

Id
e
n
ti
fy

p
re
m
o
rb
id
/p
re
in
ju
ry

ch
ar
ac
-

te
ri
st
ic
s
th
at

ar
e
p
re
d
ic
ti
ve

o
f

p
o
st
-c
o
n
cu
ss
io
n
sy
m
p
to
m

re
p
o
rt
in
g.

7
5
7
m
al
e
an
d
fe
m
al
e
p
ar
ti
ci
p
an
ts

(C
o
lle
ge

at
h
le
te
s;
b
as
e
lin
e
:

n
¼
7
0
2
,
p
o
st
-c
o
n
cu
ss
io
n
:
n
¼
5
5
).

E
n
ro
lle
d
in

an
o
n
go
in
g
co
n
cu
ss
io
n

m
an
ag
e
m
e
n
t
p
ro
gr
am

m
e
b
e
tw

e
e
n

2
0
0
4
an
d
2
0
1
3
.

A
ll
at
h
le
te
s
w
e
re

ad
m
in
is
te
re
d
b
as
e
-

lin
e
n
eu
ro
p
sy
ch
o
lo
gi
ca
l
te
st
s,

co
n
si
st
in
g
o
f
b
o
th

n
e
u
ro
co
gn
it
iv
e

an
d
n
eu
ro
-b
e
h
av
io
u
ra
l
m
e
as
u
re
s

(P
C
SS
),
p
ri
o
r
to

th
ei
r
p
ar
ti
ci
p
at
io
n

in
va
rs
it
y
at
h
le
ti
cs
.
T
h
e
m
ai
n
o
u
t-

co
m
e
m
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Questions dealing with follow-up and strategies to
address incomplete follow-ups also were given a score
of “0” for the overwhelming lack of acknowledgement
within the cohort study articles. The qualitative
research presented some areas requiring more clarifica-
tion within the articles, specifically when it came to
ethical approval.

All 16 articles were reviewed and information
extracted included: author/year, study design, purpose,
demographics (including number of participants, male/
female, age, sports played, and region), interventions
used in the study, and the relevant results. Table 3
provides a summary of all the extracted data, as well
as the JBI critical appraisal scores.

Discussion

The difference that education can make to an athlete’s
decision making process when returning to sport is
complex. This review determined only two previous
studies that focused on the difference that education
can make with athletes’ decision making process with
regards to a concussion injury. The cross-sectional
study by Miyashita et al.,3 evaluated how education
can help athletes understand what a concussion is, find-
ing a significant difference in the education group when
it came to realising what an undiagnosed concussion
can look like. This finding supports that education can
make a difference in the decision to RTS; however, it is
limited to the understanding of the condition itself, and
the extent to which athletes understand how it will
impact their future health. There is a strong consensus
that athletes who played either ice hockey or rugby
understood that symptoms of a concussion may
include dizziness, memory loss and headaches, and
does not always involve a loss of consciousness.1,16

However, some studies still reported that up to 40%
of the sporting populations tend to be unaware of any
concussion symptoms or only have knowledge of one
symptom.25,33 This lack of knowledge represents a
weakness still present in athletes understanding of
this injury and questions the type of education athletes
are receiving to inform them of all the signs and symp-
toms that they should be aware of following this injury.
Of the six studies that explored athletes’ knowledge,
only one recognised that athletes understand the risk
of re-injury or death if a second concussion occurs.1

With this small representation of knowledge confound-
ed to one article, it suggests that further research
should be conducted to look at the content that is
included in athletes’ education of concussion injuries
and their awareness of what this injury can mean to
their health.

Kurowski et al.29 also focused on preseason
education and how it can impact knowledge and

self-reporting of concussion injuries in their cohort
study from 2015. They found that despite the educa-
tion, fewer athletes who received the education would
report their symptoms and continue playing compared
to the control group, returning to play before their
symptoms had resolved regardless of receiving educa-
tion.29 This demonstrates that there is more at play
than just athletes’ understanding of concussion injuries
that can affect their decision making process. Athletes
have many factors to focus on including current symp-
toms, game situations, external pressures and personal
drive, to name a few. It needs to be understood that
making these decisions is complicated, as the knowl-
edge of concussions needs to be weighed against the
risk of returning and the significance of the sport
itself.16 Perceived importance of a game plays an
important role in RTS decisions, which could outweigh
the decision to stop playing if faced with a concussion
injury.3 Athletes report that they would play through
an injury to win a game or participate in an important
match, where a small percentage of athletes indicate
that the game importance should not be a driving
factor to RTS.1,3,17 This demonstrates that even with
education, athletes drive to play and athletic identity
could override their decisions, putting themselves in
risky situations that could lead to further complica-
tions later in their athletic career. If this drive to keep
playing overshadows education provided to athletes
about concussions, then what needs to be examined
further is why do they put their health at risk and con-
tinue playing?

There is a lack of clarity as to why athletes take this
kind of health risks. From the two studies that did look
at risk, it was recognised that concussions did pose a
serious risk to the athletes;1,17 however, neither
explored the influential factors affecting the athlete’s
decisions to take such risk. There is a paucity of studies
that have investigated risk aversion in athletes, which is
important for medical practitioners and team support
personnel to understand to help guide these athletes in
their RTS decision making process. This limitation in
the research is imperative as it does not allow us to fully
understand why athletes take these kinds of risks in
sports following a concussion.

Conclusions

The decision making process associated with RTS fol-
lowing a concussion injury is inherently complex. The
impact of education provided to athletes in order to
inform decisions to RTS and the athletes’ knowledge
of associated health risks is currently limited. This sys-
tematic review highlights that athletes may benefit from
the provision of education regarding immediate health
risks and the potential of developing post-concussion
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related conditions. This review also emphasises a gap in
the research when understanding the risks that athletes
take by RTS prematurely following a concussion
injury. The concept of risk aversion is an area that
has a paucity of research within the sports and injury
rehabilitation field. Future studies are warranted to
explore the complexity of athletes’ decision making
processes and influential factors relating to RTS fol-
lowing a concussion injury.

Practical implications

• Understanding the complexity of factors influencing
athletes’ decisions to RTS post-concussion injury is
central to the development of educational resources
for athletes to minimise long-term health risks.

• Gaining a greater awareness of risk aversion and
risk seeking tendencies of athletes will help health-
care professionals understand the potential impact
these have on an athletes’ decision to RTS following
a concussion injury.

• The provision of the education pertaining to the
health-related impact concussion injury may influ-
ence an athletes’ decision to RTS.
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