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Objective To investigate the association between physical maturity and risk of prolonged concussion symptoms
in adolescent ice hockey players.
Study design Prospective cohort study of 145 patients ages 13-18 years with concussion referred to 3
hospital-affiliated sportsmedicine clinics between September 1, 2012 andMarch 31, 2015. Concussion evaluations
included Post Concussive Symptom Score, neurologic examination, and postinjury computerized neurocognitive
testing. Pubertal development at initial visit was assessed by the Pubertal Developmental Scale. Duration of
concussion symptoms (days) was the main outcome. Statistical comparisons were conducted using Student t
test, Wilcoxon rank sum, and logistic regression.
Results Mean symptom duration was 44.5 � 48.7 days. Nearly one-half (48.3%) of all players enrolled had pro-
longed concussion symptoms ($28 days); most (86.9%) had symptom resolution by 90 days. Among males, less
physically mature adolescents took longer to recover than more physically mature players (54.5 days vs 33.4 days;
P = .004). “Early” Pubertal Category Score was the strongest predictor of prolonged symptoms (OR = 4.29, 95%CI
1.24-14.85; P = .021) among males. Among females, heavier weight increased the odds of experiencing prolonged
symptoms (OR 1.07, 95% CI 1.00-1.14; P = .039).
Conclusions Among adolescent ice hockey players, early-pubertal stage is independently associatedwith longer
recovery from concussion in males, and heavier weight is associated with longer concussion recovery in females.
Until further studies determine valid physical maturity indicators, peripubertal collision sport athletes should
compete in leagues grouped by relative age and be discouraged from “playing up” on varsity teams. (J Pediatr
2016;171:234-9).

C
oncussion has been reported to be themost common youth ice hockey injury, representingmore than 15% of all injuries
in 9- to 16-year-old players1,2 and nearly 25% of injuries among boys’ high school players.3 Unlike other contact-
collision scholastic sportswith a high incidence of concussion, high school ice hockey lacks stratification by age grouping,

largely because of prohibitive costs associated with equipment, transportation, and ice time incurred with fielding varsity, junior
varsity (JV), and/or freshman teams.4-6 Consequently, it is not uncommon at the varsity level for younger, less physically mature
players to oppose older players with increased strength, power, and speed (Video; available at www.jpeds.com).
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Although recent rule changes have been implemented in an effort to decrease
contact to the head and neck, reduce risk of injury related to body checking, and
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ing remains legal among male adolescents in youth and high school ice hockey.
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A recent study comparing youth hockey in 2 Canadian prov-
inces showed a 3-fold increased risk of all game-related in-
juries in the categories of concussion, severe injury (time
loss >7 days), and severe concussion (time loss >10 days)
in leagues that permitted body checking compared with
leagues that prohibit body checking at the same age level.11

These findings relating to concussion, coupled with previous
studies reporting that smaller player size and lighter player
weight independently are risk factors for injury in youth ice
hockey,11-13 and a recent study14 reporting menarche as a
risk factor for injury in female ice hockey players, led our
research team to examine concussion in high school ice hock-
ey. Although previous research has investigated risk of
concussive injury within a given relative age group of youth
hockey players,11,15 to our knowledge, no research has pro-
spectively investigated concussion injury of high school ice
hockey players—a unique population that has participants
between ages 13 and 18 years of age in varying stages of phys-
ical maturity. Therefore, we conducted a prospective cohort
study of high school ice hockey players seen in 3 outpatient
specialty concussion clinics to investigate the association be-
tween physical maturity and risk of prolonged concussion
symptoms ($28 days) and identify other potential predictors
of prolonged concussion symptoms among ice hockey
players aged 13-18 years old.
Methods

We included ice hockey players (males and females) age 13-
18 years seen in outpatient sports concussion clinics at 3
regional medical centers, Rhode Island Hospital, Boston
Children’s Hospital, and South Shore Hospital (Weymouth,
MA), with in-season concussions sustained during an ice
hockey game or practice during the scholastic year
(September-June). Average concussion visits per year at
each institution are as follows: > 400 (Rhode IslandHospital),
>3700 (Boston Children’s Hospital), and >275 (South Shore
Hospital). Players were excluded if they had a prior concus-
sion within 6 months of presentation, had $3 prior diag-
nosed concussions, and, among high school ice hockey
subjects, participated at a level other than varsity, as few
New England public high schools field JV and/or freshman
teams. Demographic, anthropometric, and injury data were
collected at the time of the initial postconcussion evaluation
and included age, year in school, weight, height, stage of pu-
bertal development, player position, injury sustained in high
school vs youth league play (Junior,Midget 18U,Midget 16U,
Bantam 14U, and comparable female age categories—U19,
U18, U16, U14), practice vs competition. Male players and
female players were analyzed separately because: (1) pubertal
developmental changes vary considerably between the sexes
when compared with chronologic ages; and (2) only a minor-
ity of female players play boys’ high school ice hockey or coed
youth hockey in New England, resulting in different expo-
sures between males and females, including exposure to
body checking. Post Concussion Symptom Score (PCSS)
was measured at initial and follow-up assessments using a
standardized, 22-item concussion symptom list (7-point Lik-
ert scale graded 0-6 on severity).16 Pre-injury, baseline (when
available), and postinjury neurocognitive function was as-
sessed with computerized neurocognitive testing (ImPACT)
and used in decision-making regarding return to school
and return to play for injured student-athletes. The main
outcome variable was duration of concussion symptoms in
days. Written informed consent and assent to participate
was obtained. Institutional review board approval was
granted from Rhode Island Hospital.
Concussion was defined according to the definition pro-

posed by the International Conference on Concussion in
Sport,17 such that hockey players experiencing trauma to
the head followed by the signs and symptoms of concussion
included in the PCSS were diagnosed with a concussion.
Symptom resolution was defined according to currently
accepted criteria18-20; athletes were instructed to rate only
those symptoms that started at their time of injury and
were still present within 24 hours before clinic visit. Date of
symptom resolution was defined as the day that the
student-athlete self-reported no longer experiencing symp-
toms from their concussion. Time to symptom resolution
(in days) following concussion was collected for males and
females, and symptom duration was compared for each sex
after dividing players into early and late stages of pubertal
development. As prior studies have demonstrated that
>90% of concussions in high school athletes competing in
collision sports have resolved by 28 days,16 the authors
selected 28 days as the cutoff for prolonged concussion for
the purpose of this study.
The Pubertal Development Scale (PDS), a validated pu-

berty rating scale developed by Petersen et al21 that allows
self-assessment of 5 items of physical development (growth
in height, body hair, skin changes, facial hair, and voice
changes for boys; breast development and menses for girls)
using a questionnaire rather than pictorial representations
or physical examination, was completed for each study
participant. A Puberty Category Score was computed using
3 indices of pubertal change determined by the rating scale
developers to be most salient for each sex. Either “early”
(pre-, early, and midpubescent) or “late” (advanced, postpu-
bescent) pubertal development stages were assigned to each
study participant. An in-depth summary of the PDS, an
explanation of the Puberty Category Score computation,
and an example of the PDS used in this study are provided
in Appendices 1 and 2 (available at www.jpeds.com).

Statistical Analyses
Continuous variables are presented as means � SD and
were compared using Student t test if normally distributed.
Nonnormal data were compared using Wilcoxon rank sum
and are presented as medians (IQR). Multivariate logistic
regression analysis was performed to generate aORs
demonstrating the association between risk of prolonged
concussion symptoms and 7 predictor variables: age,
weight, height, Puberty Category Score, PCSS, player
235
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position, and year in school. Prior to analysis, the indepen-
dent variables age, weight, and height were assessed for
collinearity using a tolerance value of <0.10 and a variance
inflation factor of >10 as cut-off points.22 No collinearity
was observed, as all tolerance values were 0.56 or greater,
and all variance inflation factors were 1.86 or less. Data
analysis was performed by using SPSS v 20.0 (SPSS Inc/
IBM, Chicago, Illinois). P values of <.05 were considered
statistically significant.

Results

Overall, 196 adolescent ice hockey players participated in the
study. Complete data was collected on 145 players over 3 sea-
sons (Figure 1; available at www.jpeds.com). Male (n = 101)
and female (n = 44) hockey players were similar in age, but
male players were, in general, taller, heavier, and at an
earlier stage of pubertal development than female players
(Table I).
Table I. Subgroups of adolescent ice hockey players

Player characteristics

Adolescent male ice hockey players (n =

No. (%) Mean ± SD

Age (y) - 15.4 � 1.5 1
Weight (lb) - 145.8 � 28.4 8
Height (in) - 67.6 � 3.9 5
PDS score - 13.9 � 3.5
Low 67 (66.3)
High 34 (33.7)

Pubertal Category Score - 8.3 � 2.3
Early 45 (44.6)
Late 56 (55.4)

Prior concussions
None 49 (48.5)
1 36 (35.6)
2 16 (15.8)

Level of play
Varsity 34 (33.7)
Middle School 1 (1.0)
Travel

Bantam (U14) 36 (35.6)
Midget (U16) 12 (11.9)
Midget (U18) 15 (14.9)
(U19) -
Junior 3 (3.0)
Girls only -
Co-ed -

Year in school
7th grade 9 (8.9)
8th grade 18 (17.8)
Freshman 26 (25.7)
Sophomore 22 (21.8)
Junior 14 (13.9)
Senior 12 (11.9)

Position
Center 17 (17.0)
Wing 55 (55.0)
Defense 23 (23.0)
Goalie 5 (5.0)

Exposure
Game 90 (89.1)
Practice 11 (10.9)

Duration of symptoms (d) 42.8 � 44.0
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The majority (63.4%) of players enrolled within 21 days of
injury. Fifty-one percent reported they had sustained a prior
concussion. The mean duration of concussion symptoms was
44.5 � 48.7 days. Nearly one-half (48.3%) of players had
concussion symptoms for $28 days, with 35.2% of players
experiencing concussion symptoms for 28-90 days
(Figure 2). Most (84.8%) concussions occurred during
games. More than one-half (68.1%) of concussions were
sustained by wings and centers.

Male Players (n = 101)
Male players in the “early” pubertal category had a longer
symptom duration than those in the “late” pubertal category
(54.5 vs 33.4 days, P = .004). Among the male players,
weight, Puberty Category Score, and initial PCSS were each
independently associated with symptoms for $28 days;
“early” Pubertal Category Score had the strongest association
with prolonged concussion symptoms (Table II). Heavier
weight was associated with decreased odds of experiencing
101) Adolescent female ice hockey players (n = 44)

Range No. (%) Mean ± SD Range

3.0-18.5 - 15.2 � 1.4 13.1-18.1
7.6-212.0 - 129.2 � 26.7 80.9-205.5
8.0-76.0 - 63.8 � 4.4 51.5-74.6
4.0-20.0 - 17.2 � 3.5 7.0-23.0

8 (18.2)
36 (81.8)

2.0-12.0 - 9.5 � 2.4 5.0-12.0
5 (11.4)
39 (88.6)

22 (50.0)
18 (40.9)
4 (9.1)

25 (56.8)
-

14 (31.8)
1 (2.3)
3 (6.8)
1 (2.3)

-
42 (95.5)
2 (4.5)

2 (4.5)
13 (30.2)
11 (25.0)
8 (18.2)
6 (13.6)
4 (9.1)

4 (9.1)
22 (50.0)
12 (27.3)
6 (13.6)

33 (75.0)
11 (25.0)

2.0-204.0 48.3 � 58.5 4.0-324.0

Kriz et al
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Figure 2. Duration of concussion symptoms among adoles-
cent male and female ice hockey players, scholastic seasons
2012-2013 through 2014-2015. One U14 female player
experienced symptoms for 324 days.
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prolonged symptoms, and higher PCSSs on initial
presentation were associated with increased odds of
experiencing prolonged symptoms (Table II).

Among 74 male players attending high school (both scho-
lastic and youth league players), 9/26 (34.6%) of freshman
male ice hockey players had “late pubertal” self-assessment
scores; none were postpubertal; 16/22 (72.7%) of sopho-
more, 12/14 (85.7%) of junior, and 12/12 (100%) of senior
males had “late pubertal” self-assessment scores.

Female Players (n = 44)
More than one-half of female athletes played on the varsity
team (Table I); nearly all (95.5%) played in girls only
leagues. Most (88.6%) female players were in the “late”
pubertal category, signified by achievement of menarche.
Table II. Adolescent male subgroup: Independent effect
of potential predictor variables on odds of persistent
concussive symptoms for more than 28 days

Potential predictor variables aOR (95% CI) P value

Age (y) 1.32 (0.61-2.88) .484
Weight (lbs) 0.96 (0.93-0.99) .008
Height (in) 1.14 (0.95-1.37) .155
Pubertal Category Score (early vs late) 4.29 (1.24-14.85) .021
PCSS 1.04 (1.01-1.06) .003
Defense/goalie vs center/wing 0.49 (0.16-1.51) .214
10th-12th grade vs 7th-9th grade 1.50 (0.17-13.69) .718

Physical Maturity and Concussion Symptom Duration among Ad
Heavier weight increased the probability of experiencing
prolonged concussion among females (aOR 1.07, 95% CI,
1.00-1.14 [Table III]). Female wings and centers were 5
times more likely to experience prolonged concussion than
defensemen and goalies, a trend that approached but did
not achieve statistical significance (P = .097).
Discussion

Using a validated pubertal development self-assessment scale
to investigate disparities in age, size, and physical maturity
level among adolescent ice hockey players with concussion,
we found that pubertal development stage was independently
associated with increased risk of prolonged symptoms from
concussion among male adolescent ice hockey players. Our
results indicate that pre-, early, and midpubescent males
have a significantly longer duration of concussion symptoms
compared with advanced and postpubescent males. Further-
more, lighter weight among males and heavier weight among
females increased the probability of experiencing prolonged
concussion.
Although our finding of lighter-weight males experiencing

prolonged concussion is consistent with prior studies investi-
gating risk factors for injury in youth ice hockey players,11-13

our finding of heavier-weight females experiencing pro-
longed concussion is a novel result. Upon further investiga-
tion, our author group determined that in 2 of these 3
youth ice hockey studies, >98% and 100% of study partici-
pants were male, respectively.11,12 Study demographics,
including sex, were unable to be obtained for the third
study.13 As heavier-weight females experiencing prolonged
concussion was an unexpected finding in our study and the
aOR for heavier weight as an independent variable for adoles-
cent females was only 1.07 (95% CI 1.00-1.14), it is quite
possible that this result has more statistical than clinical sig-
nificance.
In addition, our findings corroborate the concern ex-

pressed in prior sport-related concussion consensus and po-
sition statements’ that adolescents might have longer
recoveries from concussions than adults.17,23-26 Overall, there
is limited data regarding the typical duration of concussion
symptoms in adolescent collision sport athletes. Collins
et al16 studied 136 high school football players 13-19 years
old (mean age 15.9-16.3 years) who sustained concussions
(pre- and in-season) over 3 seasons. The mean number of
days to recover and return to play was between 10 and 13,
and approximately 90% of players experienced recovery at
28 days. Field et al27 studied 39 high school varsity athletes
(35 football and 4 soccer players) 14-18 years old (mean
age 15.9 years) who sustained concussions and found that
when compared with matched control subjects as well as col-
lege athletes with concussion, these high school athletes had
significant memory impairment for at least 7 days after
injury; neuropsychological evaluation was not conducted
beyond 7 days postinjury. Prior studies have examined age
and weight as independent risk factors for injury in youth
olescent Ice Hockey Players 237



Table III. Adolescent female subgroup: Independent
effect of potential predictor variables on odds of
persistent concussive symptoms for more than 28 days

Potential predictor variables aOR (95% CI) P value

Age (y) 0.38 (0.09-1.51) .167
Weight (lb) 1.07 (1.00-1.14) .039
Height (in) 0.77 (0.56-1.08) .130
Pubertal Category Score (early vs late) 0.24 (0.07-8.73) .436
PCSS 1.02 (0.97-1.07) .442
Defense/goalie vs center/wing 4.99 (0.75-33.26) .097
10th-12th grade vs 7th-9th grade 0.36 (0.01-10.44) .555
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ice hockey,11-13 as well as the association between injury risk
and physical maturity in youth American football and soc-
cer.28-30 The Consensus Statement on Concussion in Sport
from the 4th International Conference on Concussion in
Sport held in Zurich in 2012, which can be applied to adoles-
cents 13 years and older according to its authors, states that
the recovery of concussion occurs in a 7-10 day period in
the majority of cases (80%-90%), although recovery may
be longer in children and adolescents.17

Using a validated pubertal self-assessment questionnaire,
we found that only 9/26 (34.6%) of freshman male ice hockey
players had “late pubertal” self-assessment scores; none were
postpubertal. Although the small size of this subgroup pre-
vents reliable statistical analysis, these findings are nonetheless
noteworthy, and prompt further research pertaining to the
maturational status of adolescents participating in high school
collision sports. Our results challenge recent expert opinion,
which suggests collision sport participation be postponed un-
til freshman year/age 14 years,31 as 65.4% of freshman males
were in early stages of pubertal development. Even though
admittedly grade and age-based cut-offs are arbitrary, our re-
sults highlight the importance of future studies among peripu-
bertal males to determine which measures (eg, bone age, % of
predicted mature height, body mass index, pubertal self-
assessment questionnaires) independently or collectively will
reliably predict skeletal/physical maturity—a proposed
marker for initiation of collision sport participation. Until re-
sults of such studies are available, our findings support a
continued effort by state interscholastic leagues to provide
peripubertal collision sport athletes competition in leagues
grouped by relative age (eg, freshman, JV) and discourage
the permission of highly skilled, peripubertal collision sport
athletes to “play up” at the varsity level with postpubertal com-
petitors 3-4 years their senior. Additionally, in accordance
with recommendations from the American Academy of Pedi-
atrics,32 we encourage youth hockey organizations to provide
the option of nonchecking divisions at the Bantam andMidget
levels for players who remain in earlier stages of pubertal
development, players who are undersized, players have signif-
icant concussion histories precluding them from participating
in collision sport participation, or for players $13 years old
seeking safer alternatives to body checking leagues.

Our study must be considered in light of several limita-
tions. Only 44.1% of adolescent players enrolled within
238
10 days of their injury. This delay in presentation is common
in specialty clinics, as the majority of patients are initially
evaluated by athletic trainers, primary care physicians, emer-
gency physicians, and urgent care providers, before being
referred to subspecialty clinics for concussion management
if symptoms persist. Thus, our study results may be less
generalizable to community practices. In addition, although
the Pubertal Developmental Scale questionnaire used in this
study to estimate players’ physical maturity status has
shown agreement within one stage of pubertal development
in 85%-100% of reported assessments,33 most studies using
self-administration of the PDS rather than an interview
have generally been small and undertaken within clinic or
home settings.34 Finally, compared with other studies assess-
ing concussion symptom duration in contact- and collision-
sport adolescent athletes, our study population of ice hockey
players experienced significantly longer concussion symptom
durations. We attribute this finding to the association be-
tween referral patterns and specialty clinics, as over one-
third (36.6%) of study participants presented >21 days
from their injury. n
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Appendix 1

Pubertal Development Scale
The Pubertal Development Scale (PDS) is an adaptation of an
interview-based puberty rating scale developed by Petersen
et al1 for use in school-based early adolescent studies. The
reliability and validity of this scale to measure adolescent’s
pubertal status without invasive techniques or pictorial rep-
resentations has been assessed by multiple studies and inves-
tigators.2-6 Although exact agreement between adolescents
and physicians for Tanner staging and the PDS has been
moderate (45%-81%) with 2 exceptions (86%-93% by
Duke et al7; 27% for male genital development by Schloss-
berger et al8), agreement within one stage has been excellent
(85%-100%).3 The PDS is an advantageous tool in clinical
research settings where pubertal status is required, but assess-
ing Tanner staging (through either direct examinations or
pictorial representations) is not feasible or too invasive/un-
comfortable for the study participant.

The Petersen PDS includes scores for each of 5 items rating
physical development (height; body hair; skin changes; voice
changes, and facial hair for boys; breast development and
menses for girls), an overall maturation measure, and a cat-
egorical maturation score (the Puberty Category Score) de-
signed to be similar to Tanner staging categories.

An introductory statement to the adolescent is given prior
to completion of the self-rating scale. Questions specific for
male and female pubertal/physical development are included
in the PDS. A version of the PDS adapted for our study is
included in Appendix 2 (Appendix Table).

Puberty Category Score
Puberty Category Scores are computed using the criteria of
Crockett et al,9 which have been summarized below.
Although the PDS uses 5 items to rate physical development,
3 indices of pubertal change are thought to bemost salient for
each sex:

For girls, body hair growth, breast development, and
menarche scores from the Petersen PDS are tallied, resulting
in a Puberty Category Score. Because menarche is known to
be a fairly late event in the pubertal process, girls reporting
menstruation were considered late pubertal or postpubertal.
Breast development and body hair growth were given less
weight than menarche: prepubertal = 3, early puberty = 3
and no menarche; midpubertal = 4 and no menarche; late
puberty = #7 and menarche; and postpubertal = 8 and
menarche.

For the purpose of our study, we distinguished “late” pu-
bertal development for girls as a Puberty Category Score of
#7 and menarche or $8 and menarche.

For boys, body hair growth, voice change, and facial hair
growth scores from the Petersen PDS are tallied, resulting
in a Puberty Category Score. No discrete, defining pubertal
event comparable with menarche in girls exists for boys.
Instead, these 3 indices occur gradually over a period of
time. Pubertal Category Scores for boys are classified as fol-
lows: prepubertal = 3; early pubertal = 4-5 (no 3-point re-
sponses); midpubertal = 6-8 (no 4-points); late
pubertal = 9-11; and postpubertal = 12.
For the purpose of our study, we chose a Puberty Category

Score of #8 as “early” and $9 as “late” for boys’ pubertal
development.

Appendix 2

Pubertal Development Self-Rating Scale (Appendix
Table)
Introduction: The next questions are about changes that
may be happening to your body. These changes normally
happen to youth and adolescents at different ages. In our
study, we are attempting to determine whether there is a
correlation between severity of concussive injury and the
stage of pubertal development/physical maturity an athlete
is currently in. Please try to answer these questions as hon-
estly and accurately as you can. If you do not understand a
question or do not know the answer, just mark “I do not
know.”
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Appendix Table. Pubertal Developmental Self-Rating Scale

Question Response options Point value

1. Would you say that your growth in height: has not yet begun to spurt 1
has barely started 2
is definitely underway 3
seems completed 4
I don’t know

2. And how about the growth of your body hair?
(“Body hair” means hair any place other than your head, such as under your arms.)
Would you say that your body hair growth: has not yet begun to grow 1

has barely started to grow 2
is definitely underway 3
seems completed 4
I don’t know

3. Have you noticed any skin changes, especially pimples? skin has not yet started changing 1
skin has barely started changing 2
skin changes are definitely underway 3
skin changes seem complete 4
I don’t know

FORM FOR BOYS:
4. Have you noticed a deepening of your voice? voice has not yet started changing 1

voice has barely started changing 2
voice changes are definitely underway 3
voice changes seem complete 4
I don’t know

5. Have you begun to grow hair on your face? facial hair has not yet started growing 1
facial hair has barely started growing 2
facial hair growth has definitely started 3
facial hair growth seems complete 4
I don’t know

FORM FOR GIRLS:
4. Have you noticed that your breasts have begun to grow? have not yet started growing 1

have barely started growing 2
breast growth is definitely underway 3
breast growth seems complete 4
I don’t know

5a. Have you begun to menstruate (started to have your period)? yes 4
no 1

5b. If yes, how old were you when you started to menstruate? age in years ____

196 players 13-18 years with SRC 
sustained during scholas�c or 

travel ice hockey

145 (74%) players enrolled with 
complete data

101 male players 44 female players

34 varsity
1 middle school

66 travel 25 varsity 19 travel

Players Excluded
11 JV players

10 players lost to follow-up
4 players with incomplete data

8 players declined
18 players with addi�onal 

concussion within 6 months

Figure 1. Selection process for study inclusion. SRC, sport-related concussion.
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