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BACKGROUND: High school (HS) sport-related concussions (SRCs) remain a public health
concern in the United States.
OBJECTIVE: To describe patterns in symptomprevalence, symptom resolution time (SRT),
and return-to-play time (RTP) for SRCs sustained in 20 HS sports during the 2013/14-2017/18
academic years.
METHODS: A convenience sample of athletic trainers reported concussion information to
the HS RIOTM surveillance system. Symptom prevalence, average number of symptoms,
and SRT and RTP distributions were examined and compared by event type (practice,
competition), injury mechanism (person contact, nonperson contact), sex, and contact
level (collision, high contact, and low contact) with chi-square tests and Wilcoxon rank-
sum tests.
RESULTS: Among all SRCs (n = 9542), headache (94.5%), dizziness (73.8%), and diffi-
culty concentrating (56.0%) were commonly reported symptoms. On average, 4.7 ± 2.4
symptoms were reported per SRC. Overall, 51.3% had symptoms resolve in <7 d, yet only
7.9% had RTP < 7 d. Differential prevalence of amnesia was seen between practice and
competition-related SRCs (8.8%vs 13.0%; P< .001); nonperson-contact andperson-contact
SRCs (9.3% vs 12.7%; P < .001); and female and male SRCs in low-contact sports (5.8% vs
17.5%; P< .001). Differential prevalence of loss of consciousnesswas seen between practice
and game-related SRCs (1.3% vs 3.2%; P < .001); and female and male SRCs in high contact
sports (1.2% vs 4.0%; P < .001). Differential longer SRT (>21 d) was seen between new and
recurrent SRCs (9.4% vs 15.9%; P < .001).
CONCLUSION: Headache was the most commonly reported symptom. Notable group
differences in the prevalence of amnesia, loss of consciousness, and SRTmay be associated
with more severe SRCs, warranting further attention.
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S port-related concussions (SRCs) are a
major public health concern.1-4 Particular
attention has focused on concussions in

youth and high school (HS) athlete popula-

ABBREVIATIONS: AT, athletic trainer; HS, high
school; IQR, interquartile range; LOC, loss of
consciousness; NATA, National Athletic Trainers’
Association; RTP, return-to-play time; SRC, sport-
related concussion; SRT, symptom resolution
time
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tions.5,6 Existing research has aided in devel-
oping safety policies and preventive measures,7
though routine epidemiological updates are
needed to capture the evolving scope of SRCs in
HS sports.8 With that said, there exist few large-
sample studies examining concussion symptom
prevalence, and outcomes such as symptom
resolution times (SRT) and return-to-play times
(RTP) following concussions, in this population.
Symptom presentations are important consid-

erations as SRCs are diagnosed through symptom
endorsement, and initial symptom burden has
been previously linked with injury prognosis
and recovery.9,10 Athletes can present with a
wide array of complaints,11-16 and emerging

NEUROSURGERY VOLUME 87 | NUMBER 3 | SEPTEMBER 2020 | 573

http://orcid.org/0000-0003-2951-2942
mailto:avinashc@datalyscenter.org
https://academic.oup.com/neuros/article-lookup/doi/10.1093/neuros/nyaa091
https://academic.oup.com/neurosurgery/article-lookup/doi/10.1093/neuros/nyaa091#supplementary-data


CHANDRAN ET AL

evidence points to sex- and event-type differences in symptom
presentation,17 as well as to sex differences in symptom severity at
onset amongHS athletes.18 Moreover, sex differences in SRT have
also been reported in youth athletes.6,19 Accordingly, the purpose
of this descriptive epidemiological study was to describe patterns
in symptom prevalence, SRT, and RTP for HS SRCs during the
2013/14-2017/18 academic years. It was hypothesized that differ-
ential symptom prevalence and outcomes would be observed by
event type and injury mechanism, as well as between female and
male SRCs.

METHODS

Data originated from the National High School Sports-Related Injury
Surveillance System (HSRIOTM), an internet-based sports injury surveil-
lance system, during the 2013/14-2017/18 academic years. The study
was deemed exempt by the Colorado Multiple Institutional Review
Board, Aurora, Colorado, as it utilized surveillance data. The method-
ology of the surveillance system has been described previously, and is
summarized below.20

Sample
HSs with at least one National Athletic Trainers’ Association (NATA)-

affiliated certified athletic trainer (AT) were invited to participate in this
study, and data were collected in 2 panels. Participating schools were
classified into 8 strata based on school characteristics. In the first panel, a
random sample of 100 schools were recruited annually from these strata,
to report data for nine sports (boys’ football, wrestling, soccer, basketball,
and baseball; girls’ volleyball, soccer, basketball, and softball). Those
schools not selected in the national sample were still able to participate as
part of an expanded convenience sample (ie, the second data collection
panel). This expanded sample included schools recruited annually that
reported data for any of the 9 previously mentioned sports as well as
additional sports that were less commonly sponsored (eg, boys’ cross
country, ice hockey, lacrosse, swimming, and track and field; girls’ cross
country, field hockey, lacrosse, swimming, and track and field; and cheer-
leading). ATs at schools selected for the nationally representative sample
were also able to contribute data to the second panel by reporting for
sports other than the 9 original sports of interest. Data from both panels
were utilized in this study.

The 20 sports included in this study were as follows: boys’ football,
wrestling, soccer, basketball, baseball, cross country, ice hockey, lacrosse,
swimming/diving, and track and field, girls’ volleyball, soccer, basketball,
softball, cross country, field hockey, lacrosse, swimming/diving, and track
and field; and cheerleading.

Data Collection and Definitions
ATs at participating schools reported injury data to HS RIOTM on

a weekly basis. For each SRC, ATs completed a report that included
information on injury characteristics such as event type (practice,
competition), injury mechanism, and whether the injury was recurrent
(determined in some cases based on self-reported SRCs from previous
seasons or non-HS sport settings). ATs also provided data on clini-
cally observed/assessed symptom presentation, SRT (days between when
the athlete first reported concussion symptoms and when all assessed
concussion symptoms had dissipated), and RTP (number of days
between injury and return to activity at a level that would allow compe-

tition). SRT and RTP were both recorded as ordinal variables within HS
RIOTM (see Table 1 for detailed definitions). ATs were able to update the
reported information throughout the course of the reporting period of a
season.

A reportable SRC (1) resulted from participation in a school-
sanctioned practice or competition, and (2) requiredmedical attention by
a trainedmedical professional (such as an AT or physician). All diagnosed
SRCs were reported regardless of time loss following the injury. Injuries
occurring outside of practice and competition (such as during weight
training) were excluded.

Concussion consensus statements were available to medical staff
during the entirety of the study period,11,21 and diagnoses were made
by the onsite trained medical professional. ATs are trained to detect
and diagnose injuries; previous research has found ATs to have high
agreement with physicians in diagnosing injuries and to provide higher-
quality data compared with nonmedically trained individuals such as
coaches or players.22,23 Internal validity checks of data collected within
HS RIOTM have routinely found sensitivity, specificity, and positive
predictive and negative predictive values above 90%.24

Statistical Analysis
Data were analyzed to examine the proportion of SRCs presenting

with each reported symptom, the number of concussion symptoms
reported per SRC, and distributions of SRT and RTP. For SRT and
RTP, we were interested in the proportions of SRCs with SRT <7
and >21 d, and the proportions of SRCs with RTP <7 and >21 d
(this included SRCs that resulted in a season or career medical disqual-
ification). The cut-points for SRT and RTP were established based
on the recorded categorizations of both variables within HS RIOTM

(Table 1), as well as clinical indications of atypical recovery times in this
population.

After descriptive analyses of all outcomes, we compared SRCs by
event type (practice vs competition- including cheer performance); injury
mechanism (person contact (contact with another person) vs nonperson
contact (surface or equipment contact)); and injury history (new vs
recurrent). We also examined sex and contact level concurrently through
stratum-specific analyses that compared boys vs girls SRCs in high
contact sports (ie, boys’ soccer, basketball; girls’ soccer, basketball, field
hockey, lacrosse); boys vs girls SRCs in low/no contact sports (ie, boys’
baseball, swimming, cross country, track; and girls’ volleyball, softball,
swimming, cross country, track); and collision sports (ie, boy’s football,
wrestling, ice hockey, lacrosse) vs all other sports SRCs, among boys. We
excluded SRCs with other/missing mechanisms (n = 424) and missing
injury history (n = 79).

Chi-square tests (or Fisher’s exact tests when χ2 assumptions were
violated) were used to examine differential symptom prevalence, and
differential proportions of SRT and RTP outcomes. Wilcoxon rank-
sum tests were used to examine differential symptom counts. Statistical
significance was evaluated at the 0.001 level, accounting for the multiple
comparisons involved. All analyses were conducted using SAS 9.4 (SAS
Institute, Cary, North Carolina).

RESULTS

Overall, 9542 SRCs were reported during the 2013/14-2017/
18 academic years. On average, 4.7 ± 2.4 (median = 4.0,
interquartile range [IQR]= 3.0-6.0) symptoms were reported per
SRC. The most commonly reported symptoms were headache
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TABLE 1. Definitions ofMainOutcomesof Interest, AccompaniedbyEstimatedMeasures of Interest, ComparisonsMade, andStatistical Analyses
Used for Examinations of Concussions Among High School Athletes in 20 Sports, 2013/14-2017/18 Academic Years

Outcome Definition Measure of interest

Symptom presentation A list of symptoms (amnesia, difficulty concentrating,
confusion/disorientation, dizziness/unsteadiness,
headache, hyperexcitability, irritability, loss of
consciousness, nausea, tinnitus, light sensitivity, noise
sensitivity, foggy, and potential ‘other’ symptoms)
were evaluated for all SRCs (dichotomized as yes/no).
Multiple symptoms could be reported for each SRC. As
clinicians were presented with the aforementioned
subset of options for symptom selection, all reported
concussions were retained for analysis even if no
associated symptoms were reported

Calculated as the proportion of SRCs reported with a
given symptom among all SRCs

Symptom count Overall count of symptoms reported (from 15
symptoms options)

Discrete symptom count

Symptom Resolution Time (SRT) The time between when the athlete first reported
concussion symptoms and when all assessed
concussion symptoms had dissipated (ordinally
recorded within HS RIOTM)

Proportions of SRCs with values of SRT <7 and >21 d
(SRT was recorded as less than 15 min, 15-29 min,
30-59 min, 1-11 h, 12-23 h, 1-2 d, 3-6 d, 7-9 d, 10-21 d, 22 d
or more, within the surveillance system. Categories
were combined for analysis)

Return-to-play time (RTP) Defined as the number of days between injury and
return to activity at a level that would allow
competition (ordinally recorded within HS RIOTM)

Proportions of SRCs with values of RTP <7 and >21 d.
For RTP >21 d, SRCs that resulted in a medical
disqualification (for the season or career) were
included. (RTP was recorded as less than 1, 1-2, 3-6, 7-9,
10-21, 22 d or more, medical disqualification for season,
medical disqualification for career, athlete chooses
not to continue, athlete released from team (no
medical disqualification), season ended before athlete
returned to activity, within the surveillance system.
Categories were combined for analysis)

(94.5%), dizziness (73.8%), difficulty concentrating (56.0%),
and light sensitivity (52.6%) (Table 2). These symptoms were also
commonly reported within each of the 20 sports examined (see
Table, Supplemental Digital Content, for further details).
Most SRCs had SRT < 7 d (51.3%); 6.3% had SRT > 21 d.

Conversely, 7.9% of SRCs hadRTP< 7 d; 9.9%hadRTP> 21 d.
We observed no temporal trends in SRT and RTP, and distribu-
tions of both remained relatively constant over the study period
(Figures 1 and 2).
Comparisons by event type, injury mechanism, concussion

history, and sex/contact level are only presented below if
findings were statistically significant (details are presented in
Tables 2-5).

Symptoms by Event Type
Most SRCs were reported during competition (63.7%)

(Table 2). Compared to practice-related SRCs, higher proportions
of competition-related SRCs had reported amnesia (13.0% vs
8.8%; P< .001) and loss of consciousness (LOC) (3.2% vs 1.3%;
P < .001). Also, the proportion of SRCs resulting in RTP > 21 d
was higher in practice than that in competitions (11.5% vs 9.0%;
P < .001).

Symptoms by Injury Mechanism
Among all SRCs reported, most were due to person-contact

mechanisms (62.2%) (Table 3). Compared to nonperson-contact
SRCs, a higher proportion of person-contact SRCs had reported
amnesia (12.7% vs 9.3%; P< .001) and confusion/disorientation
(38.7% vs 34.4%; P < .001).

Symptoms by Concussion History
Overall, 8.3% of SRCs reported were recurrent (Table 4).

Compared to new SRCs, a higher proportion of recurrent SRCs
had SRT > 21 d (12.0% vs 5.8%; P < .001). Similarly, a higher
proportion of recurrent SRCs had RTP > 21 d (15.9% vs 9.4%;
P < .001).

Symptoms by Sex and Contact Level
Most SRCs originated from boys’ collision sports (n = 5279),

followed by girls’ high contact sports (n = 2009), and boys’ high
contact sports (n = 904) (Table 5).

Sex Differences Among High Contact Sports
Among high contact sports, a higher proportion of female

SRCs than male SRCs had reported irritability (15.3% vs 9.7%;
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TABLE 2. Comparisons of Concussion Symptom Prevalence, Symptom Resolution Time, Return-to-Play Time, and Symptom Counts Between
Practice and Competition-Related SRCs Among High School Athletes in 20 Sports, 2013/14-2017/18 Academic Years

Event

Symptom prevalence, % (95% CI) Overall Practice Competition P valuea

Amnesia 11.5 (10.8,12.1) 8.8 (7.8,9.7) 13.0 (12.1,13.8) <.001
Confusion/disorientation 37.2 (36.2,38.1) 36.4 (34.8,38.0) 37.6 (36.4,38.8) .25
Difficulty concentrating 56.0 (55.0,57.0) 56.0 (54.3,57.6) 56.0 (54.7, 57.2) .98
Dizziness/unsteadiness 73.8 (72.9,74.7) 74.8 (73.3,76.2) 73.2 (72.1,74.3) .10
Drowsiness 32.7 (31.8,33.7) 34.6 (33.0,36.2) 31.6 (30.5,32.8) .003
Foggy 19.2 (33.8,35.7) 18.6 (17.3,19.9) 19.5 (18.5,20.5) .27
Headache 94.5 (94.1,95.0) 95.4 (94.7,96.1) 94.0 (93.4,94.6) .003
Hyperexcitability 2.1 (1.8,2.4) 1.5 (1.1,1.9) 2.5 (2.1,2.9) .001
Irritability 13.3 (12.6,14.0) 13.3 (12.1,14.4) 13.3 (12.5,14.2) .92
Light sensitivity 52.6 (51.6,53.6) 52.9 (51.3,54.6) 52.5 (51.2,53.7) .66
Loss of consciousness 2.5 (2.2,2.8) 1.3 (0.9,1.7) 3.2 (2.7,3.6) <.001
Nausea 28.3 (27.4,29.2) 29.8 (28.2,31.3) 27.4 (26.3,28.6) .02
Noise sensitivity 34.7 (33.8,35.7) 33.4 (31.8,34.9) 35.5 (34.3,36.7) .03
Tinnitus 6.4 (5.9,6.9) 6.6 (5.8,7.5) 6.3 (5.7,6.9) .51
Other 8.3 (7.7,8.8) 8.1 (7.2,9.0) 8.4 (7.7,9.1) .64
Symptom resolution time, %

<7 d 51.3 (50.3,52.3) 49.8 (48.2,51.5) 52.1 (50.8,53.3) .04
>21 d 6.3 (5.8,6.8) 7.1 (6.2,7.9) 5.8 (5.2,6.4) .02

Return-to-play time, %
<7 d 7.9 (7.4,8.4) 7.3 (6.4,8.1) 8.2 (7.6,8.9) .09
>21 db 9.9 (9.3,10.5) 11.5 (10.5,12.6) 9.0 (8.2,9.7) <.001

Symptommean 4.7 4.7 4.7
±SD 2.4 2.3 2.4
Median 4.0 4.0 4.0 .72
IQR 3.0-6.0 3.0-6.0 3.0-6.0
Total (n) 9542 3463 6079 n/a

aP-values correspond to χ 2 tests (or Fisher’s exact tests when χ 2 assumptions were violated) for comparing (practice vs competition) symptom prevalences and proportions for
symptom resolution time and return-to-play time; and Wilcoxon rank-sum tests comparing symptom counts.
bIncludes SRCs resulting in medical disqualification for the season or career.
Note: Statistical significancewas evaluated at the .001 level, accounting for themultiple comparisons involved. Also, as clinicianswerepresentedwith a subset of options for symptom
selection, all reported concussions were retained for analysis even if no associated symptoms were reported.

P< .001) (Table 5); in contrast, a higher proportion ofmale SRCs
than female SRCs had reported LOC (4.0% vs 1.2%; P < .001).
Also, a higher proportion of male SRCs than female SRCs had
SRT < 7 d (58.5% vs 47.7%; P < .001); in contrast, a higher
proportion of female SRCs than male SRCs had SRT > 21 d
(7.3% vs 3.7%; P < .001). Similarly, a higher proportion of
female SRCs than male SRCs had RTP > 21 d (9.8% vs 6.0%;
P < .001).

Sex Differences Among Low/No Contact Sports
Among low/no contact sports, a higher proportion of male

SRCs than female SRCs had reported amnesia (17.5% vs 5.8%;
P < .001) (Table 5).

Comparing Collision Sports to All Other Sports Among Boys
Compared to SRCs in collision sports, a higher proportion of

SRCs in noncollision sports had SRT < 7 d (59.2% vs 51.7%;

P < .001); in contrast, compared to SRCs in noncollision sports,
a higher proportion of SRCs in collision sports had SRT > 21 d
(6.1% vs 3.5%; P< .001). Similarly, a higher proportion of SRCs
in collision sports, as compared with SRCs in noncollision sports,
had RTP > 21 d (10.2% vs 6.3%; P < .001).

DISCUSSION

In this sample of HS SRCs, we observed that headaches,
dizziness, and difficulty concentrating were the most commonly
reported symptoms. This is consistent with the existing SRC liter-
ature in this,17,25 as well as other age cohorts.26 In half of all
reported SRCs, symptoms resolved in <7 d; however, only 8%
of SRCs resulted in RTP of <7 d. This potentially indicates a
cautious, multifactorial approach to RTP and a clinical propensity
for completing RTP protocols, even after symptoms have dissi-
pated. Given that RTP protocols are typically initiated 5 to 7 d
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FIGURE 1. Temporal trends in concussion symptom resolution time among high school athletes.

after symptom resolution, greater alignment between SRT and
RTP would be particularly unexpected within the <7 d category.
No temporal trends in RTP were seen, which may indicate stabi-
lizing clinical practice. This may be due to the fact that by
2014 (start of the study period), every US state had adopted
some legislation addressing concussion management.27 Differ-
ential symptom prevalence was most notable for amnesia and
LOC, and group differences in SRT and RTP were also most
often observed for the longer SRT and RTP categories. We
observed statistically significant differences in the prevalence of
the aforementioned symptoms by event type, injury mechanism,
and sex. We observed differential proportions of longer SRT by
injury history, sex, and sport type, as well as differential propor-
tions of longer RTP by event type, injury history, sex, and sport
type. Considering the potential implications of these symptoms
and outcomes, the observed group differences warrant further
attention and discussion.

Differential Prevalence of Amnesia and LOC
Amnesia and LOC are 2 severe SRC symptoms. They require

immediate referral for further care, and have been associated
with prolonged recovery.28 Therefore, it is important to closely
examine the prevalence of, and group differences associated
with these symptoms. We observed differential proportions of
amnesia by event type (higher in competition-related SRCs),
injury mechanism (higher in person-contact SRCs), and sex in
low/no contact sports (higher inmale SRCs). These results suggest
that intrinsic factors, extrinsic factors, and inciting mechanisms
are associated with the presentation of these symptoms. The

prevalence of amnesia observed within male SRCs in low/no
contact sports is particularly noteworthy and may suggest a differ-
ential role of injurymechanism in determining SRC presentations
between sport classes. Admittedly, such inferences are limited
by the nature of surveillance data. However, it is important to
examine the interaction between sport type and injurymechanism
in driving SRC symptom presentations in this population.
We also observed differential proportions of LOC by event type

(higher in competition-related SRCs), and sex in high contact
sports (higher in male SRCs). The higher prevalence of LOC in
competition-related and male SRCs mirrors the results observed
for amnesia. While it may be important to temper etiological
inferences given the available data, the higher prevalence of one
or both of these symptoms in SRCs occurring during compe-
tition, from person contact, and in male sports suggest that
symptoms of greater severity may be observed more commonly
in these contexts. Although significant progress has been made
in mitigating practice-related concussions, the potential severity
of competition-related concussions may warrant further exami-
nation. Albeit with mixed results, there already exist examples
of policies implemented to restrict player contact in different
sports (such as limited checking in hockey and safer tackling
in football).29,30 Future interventions motivated by reducing
the apparent severity of competition-related and person contact-
resultant SRCs could target coaching and refereeing education
in HS sports, wherein both parties can maintain high vigilance
during potential player-to-player collisions. Further research into
these observed patterns may be used to inform the development
of such interventions.
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FIGURE 2. Temporal trends in return-to-play time following SRCs among high school athletes. Season ending refers to cases
when the competitive season ended before the athlete returned to activity.

Differential Proportions of Longer SRT
Determinants of longer SRT require careful examination

considering the risk of postconcussion syndrome, where
symptoms last greater than 1 mo.31,32 We observed differential
proportions of longer SRT by injury history (higher in recurrent
SRCs), by sex in high contact sports (higher in female SRCs), and
by sport type in boys (higher in collision sport SRCs). Longer
SRT following recurrent concussions in comparison with new
concussions is unsurprising given the existing literature.2 While
the observed sex differences are also consistent with the existing
literature,33,34 the etiology of these sex differences remains to
be reconciled. As lower SRC self-reporting intentions have been
previously observed in male athletes,35-37 it is yet reasonable to
suggest that this result is at least partially attributable to sex differ-
ences in reporting behaviors. Differences in longer SRT between
collision and other sports among male SRCs may be indicative of
the role of sport-specific exposures on injury prognosis. Further
research on context-specific exposures is required to understand
this paradigm.

Differential Proportions of Longer RTP
We observed differential proportions of longer RTP by event

type (higher in practice), injury history (higher in recurrent),
sex in high contact SRCs (higher in female SRCs), and sport
type in boys SRCs (higher in collision sport SRCs). Akin to

SRT, it is reasonable to suggest that longer RTP indicates an
injury of greater severity. The differences by event type in
proportions of longer RTP are noteworthy, and inconsistent
with expectations considering the existing literature connecting
competition-related injuries with longer RTP.38 These results
indicate that while progress has been made in mitigating practice-
related concussions, further monitoring and closer evaluation
of SRCs in practice events may be needed. Sex differences in
longer RTP following SRCs are consistent with expectations
given the SRT results discussed above, as well as existing liter-
ature,39 and illustrate the need for further multifactorial examina-
tions of RTP following concussions in order to reconcile mecha-
nistic frameworks underpinning the observed results. In future
studies, it is also important to consider the potential effects of
differential reporting behaviors. Furthermore, the differences in
longer RTP between collision and other sports among male SRCs
may indicate that collision sports require a more cautious RTP
approach, and that the relatively higher proportion of collision
sport SRCs resulting in longer RTP reflect caution in clinical
practice. Therefore, clinical decision making may warrant further
attention in this regard.

Delving into the Explanatory Variables
These results form the basis for crafting etiological hypotheses

and for future studies examining concussion etiology. We
observed that mechanistic, intrinsic, and extrinsic factors were
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TABLE 3. Comparisons of Concussion Symptom Prevalence, Symptom Resolution Time, Return-to-Play Time, and Symptom Counts Between
Nonperson-Contact and Person-Contact-Resultant SRCs Among High School Athletes in 20 Sports, 2013/14-2017/18 Academic Years

Mechanism

Symptom prevalence, % (95% CI) Nonperson contacta Person contact P valueb

Amnesia 9.3 (8.3,10.3) 12.7 (11.9,13.6) <.001
Confusion/disorientation 34.4 (32.7,36.0) 38.7 (37.5,40.0) <.001
Difficulty concentrating 54.1 (52.4,55.9) 57.0 (55.7,58.2) .009
Dizziness/unsteadiness 74.7 (73.2,76.2) 74.0 (72.9,75.1) .47
Drowsiness 32.8 (31.2,34.5) 32.7 (31.5,33.9) .88
Foggy 19.6 (18.2,21.0) 18.9 (17.9,19.9) .39
Headache 95.4 (94.6,96.1) 94.7 (94.2,95.3) .18
Hyperexcitability 1.7 (1.3,2.1) 2.4 (2.0,2.8) .03
Irritability 13.4 (12.2,14.6) 13.2 (12.3,14.0) .76
Light sensitivity 53.2 (51.5,55.0) 52.8 (51.5,54.1) .71
Loss of consciousness 2.5 (1.9,3.0) 2.5 (2.1,2.9) .80
Nausea 28.6 (27.0,30.2) 28.3 (27.1,29.4) .72
Noise sensitivity 35.9 (34.3,37.6) 34.1 (32.9,35.3) .08
Tinnitus 5.6 (4.8,6.4) 7.0 (6.3,7.6) .01
Other 7.3 (6.4,8.2) 8.6 (7.9,9.3) .03
Symptom resolution time, %

<7 d 49.9 (48.2,51.7) 52.4 (51.2,53.7) .02
>21 d 6.7(5.8,7.5) 5.9 (5.3,6.5) .15

Return-to-play time, %
<7 d 8.2 (7.3,9.2) 7.8 (7.1,8.5) .48
>21 dc 10.2 (9.1,11.2) 9.7 (9.0,10.5) .50

Symptommean 4.7 4.8
±SD 2.4 2.4
Median 4.0 4.0 .09
IQR 3.0-6.0 3.0-6.0
Total (n) 3177 5941 n/a

aNonperson contact includes SRCs due to surface contact or equipment contact.
bP-values correspond to χ 2 tests (or Fisher’s exact tests when χ 2 assumptions were violated) for comparing symptom prevalences and proportions for symptom resolution time
and return-to-play time; and Wilcoxon rank-sum tests comparing symptom counts.
cIncludes SRCs resulting in medical disqualification for the season or career.
Note: Statistical significance was evaluated at the 0.001 level, accounting for the multiple comparisons involved. Also, as clinicians were presented with a subset of options for
symptom selection, all reported concussions were retained for analysis even if no associated symptoms were reported.

differently associated with concussion symptom presentations
and outcomes. For example, sex differences in severe symptom
presentations and outcomes highlight the need for examining
their etiologic underpinnings. While cerebrovascular, hormonal,
and musculoskeletal factors have been previously speculated to be
responsible for sex differences in concussion outcomes,40-42 there
is an urgent need for further research to verify these hypotheses.
The higher severity of person-contact-resultant SRCs and SRCs
in collision sports highlight the need to better understand the
mechanisms influencing SRC presentations and outcomes. For
instance, the impacts occurring in collision sports may be of
greater force magnitudes, as compared with other sports. The
idea that varying injury mechanisms pose differential mechanical
loads is also intuitive, and may motivate further studies of head
impact biomechanics in this population. While injury surveil-
lance has been critical in identifying patterns of SRCs in large

samples, the explanatory variables examined warrant further
investigation.

Limitations and Related Considerations
We acknowledge several limitations to this analysis. Firstly,

as only ATs with NATA affiliations contributed data into HS
RIOTM, we note that the external validity of our findings is
restricted. We also acknowledge the potential for misclassifi-
cation of concussion due to between-clinician heterogeneity in
diagnoses.We nonetheless anticipateminimalmisclassification, as
all diagnoses were made by trained clinicians. However, given that
injury data were reported on a weekly basis, the potential for recall
bias in reporting cannot be ruled out. Similarly, we acknowledge
that the injury history data reported in this study are limited
by the self-reported nature of this variable. We also note that
surveillance mechanisms do not capture detailed data on intrinsic
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TABLE4. ComparisonsofConcussionSymptomPrevalence, SymptomResolutionTime,Return-to-PlayTime, andSymptomCountsBetweenNew
and Recurrent SRCs Among High School Athletes in 20 Sports, 2013/14-2017/18 Academic Years

History

Symptom prevalence, % (95% CI) Recurrent New P valuea

Amnesia 11.6 (9.3,13.8) 11.5 (10.8,12.2) .95
Confusion/disorientation 36.6 (33.3,40.0) 37.2 (36.2,38.2) .74
Difficulty concentrating 54.1 (50.6,57.6) 56.2 (55.2,57.3) .25
Dizziness/unsteadiness 73.8 (70.8,76.9) 73.9 (72.9,74.8) .99
Drowsiness 30.9 (27.7,34.2) 32.9 (31.9,33.9) .26
Foggy 18.9 (16.1,21.6) 19.2 (18.4,20.1) .80
Headache 95.4 (93.9,96.8) 94.5 (94.0,94.9) .29
Hyperexcitability 1.9 (0.9,2.8) 2.2 (1.8,2.5) .63
Irritability 14.5 (12.0,16.9) 13.2 (12.5,13.9) .31
Light sensitivity 53.3 (49.9,56.8) 52.6 (51.5,53.6) .68
Loss of consciousness 2.3 (1.2,3.3) 2.5 (2.2,2.8) .66
Nausea 29.8 (26.6,33.0) 28.1 (27.2,29.1) .31
Noise sensitivity 36.9 (33.5,40.2) 34.6 (33.6,35.6) .19
Tinnitus 6.2 (4.5,7.8) 6.4 (5.9,7.0) .76
Other 9.3 (7.3,11.3) 8.2 (7.6,8.8) .27
Symptom resolution time, %

<7 d 47.4 (44.0,50.9) 51.6 (50.6,52.7) .02
>21 d 12.0 (9.7,14.2) 5.8 (5.3,6.2) <.001

Return-to-play time, %
<7 d 7.6 (5.7,9.4) 7.9 (7.3,8.5) .72
>21 db 15.9 (13.3,18.4) 9.4 (8.7,10.0) <.001

Symptommean 4.8 4.7
±SD 2.3 2.4
Median 4.0 4.0 .69
IQR 3.0-6.0 3.0-6.0
Total (n) 795 8668 n/a

aP-values correspond to χ 2 tests (or Fisher’s exact tests when χ 2 assumptions were violated) for comparing symptom prevalences and proportions for symptom resolution time
and return-to-play time; and Wilcoxon rank-sum tests comparing symptom counts.
bIncludes SRCs resulting in medical disqualification for the season or career.
Note: Statistical significance was evaluated at the 0.001 level, accounting for the multiple comparisons involved. Also, as clinicians were presented with a subset of options for
symptom selection, all reported concussions were retained for analysis even if no associated symptoms were reported.

(athlete-specific) or mechanistic (impact location, impact force,
etc) factors, which limits our ability to test etiologic hypotheses.
Furthermore, as symptoms are captured dichotomously, we are
also unable to discuss symptom burden. Also, as SRT and RTP are
captured as ordinal variables inHSRIOTM, the precision in evalu-
ating the time course of the injury is restricted. Given the nature of
surveillance data, we are also unable to provide additional details
on the RTP process, or to discuss the clinical decision-making
surrounding RTP. Similarly, as SRT captured the time taken for all
symptoms for a given SRC to resolve, we are unable to determine
symptom-specific resolution time and identify patterns related
to prolonged presentations of specific symptoms. We also note
that we are unable to discuss instances where symptoms may
have returned after having once resolved completely. Finally, we
note that while our conservative threshold for evaluating statis-
tical significance preserves the overall familywise error rate, we

acknowledge that we resultantly are vulnerable to greater likeli-
hoods of type II error on any given comparison. However, we
maintain that our threshold helps ensure that statistically signif-
icant results observed here are also practically (or clinically)
meaningful.

CONCLUSION

The most commonly observed SRC symptoms among HS
athletes were headaches, dizziness, and light sensitivity. Differ-
ential symptom prevalence was most notably observed for
amnesia and LOC. Differential proportions of SRC outcomes
were most notably observed for SRT and RTP >21 d. In future
studies, there is a need for targeted investigations of the group
differences observed here.

580 | VOLUME 87 | NUMBER 3 | SEPTEMBER 2020 www.neurosurgery-online.com



HIGH SCHOOL SPORT-RELATED CONCUSSION SYMPTOMS

TA
BL

E
5.

Co
m
pa

ri
so

ns
of

Co
nc

us
si
on

Sy
m
pt
om

Pr
ev

al
en

ce
,S

ym
pt
om

Re
so

lu
ti
on

Ti
m
e,

Re
tu
rn
-t
o-
Pl
ay

Ti
m
e,

an
d
Sy

m
pt
om

Co
un

ts
by

Se
x,

an
d
Sp

or
t
Ty

pe
A
m
on

g
H
ig
h

Sc
ho

ol
A
th
le
te
s
in

20
Sp

or
ts
,2
01
3/
14
-2
01
7/
18

A
ca
de

m
ic
Ye

ar
s

H
ig
h
co

nt
ac
ts

po
rt
sa

Lo
w
/n
o
co

nt
ac
ts

po
rt
sb

Bo
ys

c

Sy
m
pt
om

pr
ev

al
en

ce
,%

(9
5%

CI
)

G
ir
ls

Bo
ys

P
va

lu
ed

G
ir
ls

Bo
ys

P
va

lu
ed

Co
lli
si
on

A
ll
ot
he

r
P
va

lu
ed

A
m
ne

si
a

8.
5
(7
.2
,9
.7
)

11
.1
(9
.0
,13
.1)

.0
3

5.
8
(4
.1,
7.
5)

17
.5
(1
2.
0,
23
.0
)

<
.0
01

13
.4
(1
2.
5,
14
.4
)

12
.1
(1
0.
2,
14
.1)

.2
5

Co
nf
us
io
n/
di
so
rie

nt
at
io
n

32
.6
(3
0.
6,
34
.7
)

34
.7
(3
1.6

,3
7.
8)

.2
6

33
.6
(3
0.
1,3
7.
0)

42
.6
(3
5.
5,
49

.8
)

.0
2

40
.0
(3
8.
6,
41
.3
)

36
.1
(3
3.
2,
38
.9
)

.0
2

D
iffi

cu
lty

co
nc
en

tr
at
in
g

54
.6
(5
2.
4,
56
.7
)

53
.4
(5
0.
2,
56
.7
)

.5
7

53
.9
(5
0.
3,
57
.5
)

53
.0
(4
5.
8,
60

.2
)

.8
2

57
.8
(5
6.
4,
59
.1)

53
.4
(5
0.
4,
56
.3
)

.0
08

D
iz
zi
ne

ss
/u
ns
te
ad

in
es
s

74
.0
(7
2.
1,7
5.
9)

72
.7
(6
9.
8,
75
.6
)

.4
5

77
.4
(7
4.
4,
80

.5
)

78
.7
(7
2.
8,
84

.6
)

.7
2

73
.0
(7
1.8

,74
.2
)

73
.7
(7
1.1
,7
6.
3)

.6
6

D
ro
w
si
ne

ss
34
.5
(3
2.
5,
36
.6
)

32
.9
(2
9.
8,
35
.9
)

.3
7

34
.5
(3
1.1
,3
8.
0)

30
.1
(2
3.
4,
36
.7
)

.2
5

32
.1
(3
0.
9,
33
.4
)

32
.4
(2
9.
6,
35
.2
)

.8
8

Fo
gg

y
18
.2
(1
6.
5,
19
.9
)

18
.5
(1
5.
9,
21
.0
)

.8
7

19
.0
(1
6.
1,2
1.8

)
18
.6
(1
2.
9,
24
.2
)

.9
0

19
.6
(1
8.
5,
20
.7
)

18
.5
(1
6.
2,
20
.8
)

.4
1

H
ea
da

ch
e

96
.2
(9
5.
4,
97
.1)

95
.5
(9
4.
1,9

6.
8)

.3
4

96
.7
(9
5.
4,
98

.0
)

95
.1
(9
1.9

,9
8.
2)

.3
0

93
.3
(9
2.
7,
94

.0
)

95
.4
(9
4.
2,
96

.6
)

.0
1

H
yp

er
ex
ci
ta
bi
lit
y

1.6
(1
.1,
2.
2)

1.8
(0
.9
,2
.6
)

.8
1

1.0
(0
.3
,1.
7)

2.
7
(0
.4
,5
.1)

.0
7

2.
5
(2
.1,
2.
9)

1.9
(1
.1,
2.
8)

.2
5

Irr
ita

bi
lit
y

15
.3
(1
3.
7,
16
.9
)

9.
7
(7
.8
,11
.7
)

<
.0
01

11
.8
(9
.5
,14

.2
)

13
.1
(8
.2
,18

.0
)

.6
3

13
.5
(1
2.
6,
14
.5
)

10
.3
(8
.5
,12
.1)

.0
04

Li
gh

ts
en

si
tiv

ity
56
.3
(5
4.
1,5
8.
5)

52
.1
(4
8.
8,
55
.4
)

.0
4

52
.8
(4
9.
2,
56
.4
)

53
.0
(4
5.
8,
60

.2
)

.9
6

51
.2
(4
9.
8,
52
.5
)

52
.3
(4
9.
3,
55
.2
)

.5
2

Lo
ss

of
co
ns
ci
ou

sn
es
s

1.2
(0
.7
,1.
7)

4.
0
(2
.7
,5
.3
)

<
.0
01

1.2
(0
.4
,2
.0
)

5.
5
(2
.2
,8
.8
)

.0
02

3.
0
(2
.5
,3
.4
)

4.
2
(3
.0
,5
.4
)

.0
3

N
au

se
a

28
.8
(2
6.
8,
30
.8
)

23
.5
(2
0.
7,
26
.2
)

.0
03

29
.8
(2
6.
5,
33
.2
)

29
.5
(2
2.
9,
36
.1)

.9
3

28
.7
(2
7.
4,
29
.9
)

24
.5
(2
1.9

,2
7.
0)

.0
05

N
oi
se

se
ns
iti
vi
ty

38
.0
(3
5.
9,
40

.2
)

35
.7
(3
2.
6,
38
.9
)

.2
4

40
.3
(3
6.
7,
43
.9
)

29
.5
(2
2.
9,
36
.1)

.0
07

32
.7
(3
1.4

,3
3.
9)

34
.7
(3
1.9

,3
7.
5)

.2
0

Ti
nn

itu
s

5.
6
(4
.6
,6
.6
)

7.
2
(5
.5
,8
.9
)

.10
5.
0
(3
.4
,6
.5
)

8.
7
(4
.7
,12
.8
)

.0
5

6.
9
(6
.2
,7
.6
)

7.
5
(5
.9
,9
.0
)

.5
0

O
th
er

7.
7
(6
.5
,8
.9
)

8.
1(
6.
3,
9.
9)

.74
8.
4
(6
.4
,10

.4
)

7.
7
(3
.8
,11
.5
)

.7
5

8.
5
(7
.8
,9
.3
)

8.
0
(6
.4
,9
.6
)

.5
7

Sy
m
pt
om

re
so
lu
tio

n
tim

e,
%

<
7
d

47
.7
(4
5.
6,
49

.9
)

58
.5
(5
5.
3,
61
.7
)

<
.0
01

50
.9
(4
7.
3,
54
.5
)

62
.3
(5
5.
3,
69

.3
)

.0
06

51
.7
(5
0.
4,
53
.1)

59
.2
(5
6.
2,
62
.1)

<
.0
01

>
21
d

7.
3
(6
.1,
8.
4)

3.
7
(2
.4
,4
.9
)

<
.0
01

8.
4
(6
.4
,10

.4
)

2.
7
(0
.4
,5
.1)

.0
08

6.
1(
5.
4,
6.
7)

3.
5
(2
.4
,4
.6
)

<
.0
01

Re
tu
rn
-t
o-
pl
ay

tim
e,
%

<
7
d

7.
8
(6
.6
,8
.9
)

9.
9
(7
.9
,11
.8
)

.0
6

9.
5
(7
.4
,11
.6
)

7.
7
(3
.8
,11
.5
)

.4
4

7.
6
(6
.9
,8
.3
)

9.
5
(7
.7
,11
.2
)

.0
3

>
21
de

9.
8
(8
.5
,11
.1)

6.
0
(4
.4
,7
.5
)

<
.0
01

10
.5
(8
.2
,12
.7
)

7.
7
(3
.8
,11
.5
)

.2
6

10
.2
(9
.4
,11
.0
)

6.
3
(4
.8
,7
.7
)

<
.0
01

Sy
m
pt
om

m
ea
n

4.
7

4.
6

4.
7

4.
9

4.
8

4.
6

±S
D

2.
4

2.
3

2.
3

2.
4

2.
4

2.
4

M
ed

ia
n

4.
0

4.
0

.11
4.
0

5.
0

.5
8

5.
0

4.
0

.0
7

IQ
R

3.
0-
6.
0

3.
0-
6.
0

3.
0-
6.
0

3.
0-
7.
0

3.
0-
6.
0

3.
0-
6.
0

To
ta
l(
n)

20
09

90
4

n/
a

72
7

18
3

n/
a

52
79

10
87

n/
a

a C
or
re
sp
on

ds
to

co
m
pa

ris
on

s
of

m
al
e
an

d
fe
m
al
e
SR

Cs
in

hi
gh

co
nt
ac
ts
po

rt
s
(h
ig
h
co
nt
ac
t:
bo

ys
/g
irl
s—

so
cc
er

an
d
ba

sk
et
ba

ll,
gi
rls
—
fie

ld
ho

ck
ey

an
d
la
cr
os
se
).

b
Co

rr
es
po

nd
s
to

co
m
pa

ris
on

s
of

m
al
e
an

d
fe
m
al
e
SR

Cs
in

lo
w
/n
o
co
nt
ac
ts
po

rt
s
(lo

w
co
nt
ac
t:
bo

ys
/g
irl
s—

sw
im

&
di
ve
,t
ra
ck

&
fie

ld
,a
nd

cr
os
s
co
un

tr
y,
bo

ys
—

ba
se
ba

ll,
gi
rls
—
vo

lle
yb

al
la
nd

so
ft
ba

ll)
.

c C
or
re
sp
on

ds
to

co
m
pa

ris
on

s
be

tw
ee

n
SR

Cs
in

co
lli
si
on

(c
ol
lis
io
n:
bo

ys
—
fo
ot
ba

ll,
w
re
st
lin

g,
ic
e
ho

ck
ey
,a
nd

la
cr
os
se
)a
nd

no
nc
ol
lis
io
n
sp
or
ts
am

on
g
bo

ys
.

d
P-
va
lu
es

co
rr
es
po

nd
to

χ
2
te
st
s(
or

Fi
sh
er
’s
ex
ac
tt
es
ts
w
he

n
χ
2
as
su
m
pt
io
ns

w
er
e
vi
ol
at
ed

)f
or

co
m
pa

rin
g
sy
m
pt
om

pr
ev
al
en

ce
sa

nd
pr
op

or
tio

ns
fo
rs
ym

pt
om

re
so
lu
tio

n
tim

e
an

d
re
tu
rn
-t
o-
pl
ay

tim
e;
an

d
W
ilc
ox
on

ra
nk

-s
um

te
st
s
co
m
pa

rin
g
sy
m
pt
om

co
un

ts
.

e
In
cl
ud

es
SR

Cs
re
su
lti
ng

in
m
ed

ic
al
di
sq
ua

lifi
ca
tio

n
fo
rt
he

se
as
on

or
ca
re
er
.

N
ot
e:

St
at
is
tic

al
si
gn

ifi
ca
nc
e
w
as

ev
al
ua

te
d
at

th
e
0.
00

1
le
ve
l,
ac
co
un

tin
g
fo
r
th
e
m
ul
tip

le
co
m
pa

ris
on

s
in
vo

lv
ed

.A
ls
o,

as
cl
in
ic
ia
ns

w
er
e
pr
es
en

te
d
w
ith

a
su
bs
et

of
op

tio
ns

fo
r
sy
m
pt
om

se
le
ct
io
n,

al
lr
ep

or
te
d

co
nc

us
si
on

s
w
er
e
re
ta
in
ed

fo
ra

na
ly
si
s
ev
en

if
no

as
so
ci
at
ed

sy
m
pt
om

s
w
er
e
re
po

rt
ed

.

NEUROSURGERY VOLUME 87 | NUMBER 3 | SEPTEMBER 2020 | 581



CHANDRAN ET AL

Disclosures
We disclose the content of this report represents data collection from High

School Reporting Information Online (HS RIOTM). These data were provided
by Dr R. Dawn Comstock of the Colorado School of Public Health and
University of Colorado School of Medicine. HS RIOTM was funded in part by
the Centers for Disease Control and Prevention (grant nos. R49/CE000674-01
and R49/CE001172-01) and the National Center for Research Resources (award
no. KL2 RR025754). The authors also acknowledge the research funding contri-
butions of the NFHS, National Operating Committee on Standards for Athletic
Equipment (NOCSAE), DonJoy Orthotics, and EyeBlack. The content of this
report is solely the responsibility of the authors and does not necessarily represent
the official views of the funding organizations.

REFERENCES
1. Bryan MA, Rowhani-Rahbar A, Comstock RD, Rivara F. Sports- and recreation-

related concussions in US youth. Pediatrics. 2016;138(1):e20154635.
2. Guskiewicz K, Mccrea M, Marshall SW, et al. Cumulative effects associated with

recurrent concussion in collegiate football players the NCAA concussion study.
J Am Med Assoc. 2003;290(19):2549-2555.

3. Guskiewicz KM, Marshall SW, Bailes J, et al. Association between recurrent
concussion and late-life cognitive impairment in retired professional football
players. Neurosurgery. 2005;57(4):719-726.

4. Guskiewicz KM, Marshall SW, Bailes J, et al. Recurrent concussion and risk
of depression in retired professional football players. Med Sci Sports Exerc.
2007;39(6):903-909.

5. Marar M, McIlvain NM, Fields SK, Comstock RD. Epidemiology of concus-
sions among united states high school athletes in 20 sports. Am J Sports Med.
2012;40(4):747-755.

6. O’Connor K, Baker M, Dalton S, Dompier T, Broglio S, Kerr Z. Epidemiology
of sport-related concussions in high school athletes: National Athletic Treatment,
Injury and Outcomes Network (NATION), 2011-2012 through 2013-2014.
J Athl Train. 2017;52(3):175-185.

7. Lee Green J. Legal Perspectives, Recommendations on State Concussion
Laws. https://www.nfhs.org/articles/legal-perspectives-recommendations-on-state-
concussion-laws/. 2014. Accessed March 3, 2019.

8. van Mechelen W, Hlobil H, Kemper HCG. Incidence, severity, aetiology and
prevention of sports injuries: a review of concepts. Sport Med. 1992;14(2):
82-99.

9. Howell DR, O’Brien MJ, Beasley MA, Mannix RC, Meehan WP. Initial somatic
symptoms are associated with prolonged symptom duration following concussion
in adolescents. Acta Paediatr Int J Paediatr. 2016;105(9):e426-e432.

10. Meehan WP, Mannix R, Monuteaux MC, Stein CJ, Bachur RG. Early
symptom burden predicts recovery after sport-related concussion. Neurology.
2014;83(24):2204-2210.
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COMMENT

C oncussionmanagement has been an evolving landscape over the past
two decades. Prior to the 2001 consensus guidelines on concussion,1

systematic protocols for concussion management were rarely used,2-3
and same day or next day return to play was commonplace.4-5 Since
that time, several organizations have released guidelines advocating for
a symptom-free waiting period and more gradual return to play guide-
lines.6-9 Following the implementation of these guidelines, symptom
duration, length of the symptom-free waiting period, and days to return
to play increased in collegiate athletes, suggesting more conservative
concussion management.10 The authors provide updated data regarding

patterns in symptom prevalence, symptom resolution time, and return-
to-play time for sport-related concussions across 20 high school sports
during the 2013/14-2017/18 seasons.

Jaclyn B. Caccese
Newark, Delaware
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