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Abstract

Objective: Since concussion is the most common injury in ice hockey, the objective of the current study was to elucidate risk factors, specific
mechanisms, and clinical presentations of concussion in men’s and women'’s ice hockey.

Methods: Ice hockey players from 5 institutions participating in the Concussion Assessment, Research, and Education Consortium were eligible
for the current study. Participants who sustained a concussion outside of this sport were excluded. There were 332 (250 males, 82 females)
athletes who participated in ice hockey, and 47 (36 males, 11 females) who sustained a concussion.

Results: Previous concussion (odds ratio (OR) =2.00; 95% confidence interval (95% CI): 1.02-3.91) was associated with increased incident con-
cussion odds, while wearing a mouthguard was protective against incident concussion (OR =0.43; 95%CI: 0.22-0.85). Overall, concussion
mechanisms did not significantly differ between sexes. There were specific differences in how concussions presented clinically across male and
female ice hockey players, however. Females (9.09%) were less likely than males (41.67%) to have a delayed symptom onset (p = 0.045). Addi-
tionally, females took significantly longer to reach asymptomatic (p =0.015) and return-to-play clearance (p =0.005). Within the first 2 weeks
post-concussion, 86.11% of males reached asymptomatic, while only 45.50% of females reached the same phase of recovery. Most males
(91.67%) were cleared for return to play within 3 weeks of their concussion, compared to less than half (45.50%) of females.

Conclusion: The current study proposes possible risk factors, mechanisms, and clinical profiles to be validated in future concussions studies with
larger female sample sizes. Understanding specific risk factors, concussion mechanisms, and clinical profiles of concussion in collegiate ice
hockey may generate ideas for future concussion prevention or intervention studies.
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Detailed description of Division I ice hockey concussions
1. Introduction

Concussion is the most commonly reported injury in ice
hockey,' with an estimated rate of 0.74 concussions per 1000
athlete exposures.” Understanding concussion risk factors and
mechanisms of injury can generate rule changes to potentially
reduce ice hockey concussion incidence. However, most of the
research investigating concussion risk factors and mechanisms
of injury in ice hockey have exclusively looked at male profes-
sional® or predominately male elite amateur ice hockey play-
ers.”° Despite the fact that women’s ice hockey is a rapidly
expanding sport, growing at a rate 6.5 times faster than men’s
ice hockey,” few studies have evaluated ice hockey concussion
mechanisms among both male and female athletes."*’ With
increasing female participation in ice hockey, it is important to
evaluate whether there are differences in concussion mecha-
nisms and clinical presentations between the sexes.

Often, in comparable sports (e.g., soccer and basketball), female
athletes have a higher concussion incidence than their male coun-
terparts.'’ However, despite rule differences between women’s
and men’s ice hockey, males and females have similar concussion
rates in the sport.'’ Factors other than sex are thought to contribute
to concussion risk, e.g., previous concussion, which has been
shown to increase subsequent risk.'' Unfortunately, the only study
that includes both male and female ice hockey players was con-
ducted on youth athletes.' Attention deficit hyperactivity disorder
(ADHD) has been linked to a history of concussion in collegiate
athletes'” and shown to increase the risk for subsequent concus-
sion,'* but it has not been examined in ice hockey players specifi-
cally. More aggressive behavior has been found to have mixed
associations with concussion risk in ice hockey.'' Also, while there
is mixed evidence for the function of mouthguards in preventing
concussions, a recent case-control study of youth and mostly male
ice hockey players found that mouthguard use was associated with
a 64% reduction in concussion risk."” Understanding which factors
are associated with concussion risk in ice hockey will be important
for identifying individuals or groups who are more prone to con-
cussion as well as environments that are riskier.

There are different rules of participation and competition in
men’s and women’s ice hockey. Specifically, body checking is
illegal in women’s ice hockey but is permitted in men’s.
Because player-to-player contact is the primary mechanism of
concussion in most contact sports,”'® the disallowance of
body checking in women’s ice hockey suggests that the inci-
dence of concussion would be lower than in men’s. However,
we know that female and male ice hockey players sustain con-
cussions at similar rates.”® Given these facts, it is crucial to
identify other concussion mechanisms that may help generate
sex-specific prevention strategies.

Research has also shown potential differences in how con-
cussions clinically present between the sexes and in concussion-
related outcomes. Females are more likely to report a concus-
sion,'” endorse different symptoms post-concussion,'*'” and to
report more symptoms post-concussion’’ and at baseline.”'~**
Understanding the differences in how concussions present
is critical since concussion diagnosis often depends on
self-reported signs and/or subjective symptoms.” While it is
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reasonable to expect that the differences in clinical presentation
would be observed for each sport, this has not been specifically
examined in ice hockey. Furthermore, there are mixed findings
with respect to differential recovery duration across sexes.”* When
looking at only ice hockey athletes, there was no difference in the
rate of prolonged recovery across sexes.'” While Wasserman and
colleagues'”’ examined differences in the proportion of men’s vs.
women’s ice hockey players who took more than 4 weeks to
become asymptomatic or ready to return to play (RTP), they were
unable to look more granularly at number of recovery days across
sexes. Thus, it is unknown whether there are sex differences in
clinical presentation of concussion in collegiate hockey.

There were 3 primary aims to the present study. First, we eval-
uated which baseline factors were associated with incident con-
cussion risk in ice hockey. We hypothesized that females, when
controlling for other concussion risk factors, would have
increased concussion risk. Specifically, prior concussion,'’
ADHD," and greater sensation-seeking behavior'' would be
associated with increased concussion risk, given the findings of
previous studies. We further hypothesized that mouthguard use
would be associated with reduced concussion risk, given the
more recent evidence from youth ice hockey of mouthguard pro-
tection.'” The second aim was descriptive, examining concussion
mechanisms among a collegiate ice hockey population and com-
paring the findings to previously published data from professional
and elite (i.e., Olympic team) ice hockey players. The third aim
was descriptive, examining the role of sex on the mechanisms
and clinical presentations of concussion in ice hockey. We
hypothesized that, given the rule differences in men’s and wom-
en’s ice hockey, concussion mechanisms would vary by sex. Fur-
thermore, we hypothesized that clinical presentations would vary
across male and female ice hockey players.

2. Materials and methods

As a part of the Concussion Assessment, Research, and Edu-
cation (CARE) Consortium, 29 universities took part in a multi-
site prospective cohort study investigating the natural history of
concussion. More detailed CARE study methodology has been
described in an earlier article.”> The current study included
CARE baseline and post-concussion data collected between 2014
and 2017. Prior to data collection, each institution’s local institu-
tional review board (United States Military Academy, United
States Air Force Academy, University of Michigan, Princeton
University, and University of Wisconsin) and the United States
Army Human Research Protections Office approved the study
protocol, and all participants provided written informed consent.

2.1. Participants

Varsity ice hockey players from the 5 CARE institutions that
sponsor ice hockey (5 men’s teams and 2 women’s teams) were
included in the current study. If an athlete sustained more than one
concussion, only the first concussion was included in the analyses.
Only ice hockey-related concussions were included in the current
analysis. If any concussion was reported outside of an ice hockey
game or practice, it was excluded.
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2.2. Concussion risk factors

Based on the literature, possible concussion risk factors
included sex, any previous concussions, ADHD, Brief Sensa-
tion Seeking Scale (BSSS) scores,” playing position, and
mouthguard use. At baseline, each athlete completed a ques-
tionnaire regarding their demographics, medical history, and
sport information, as well as the BSSS. Each athlete’s previous
concussion history was dichotomized into (a) no prior concus-
sions and (b) 1 or more prior concussions. Athletes
self-reported whether or not they have been diagnosed with
Attention Deficit Disorder (ADD)/ADHD. The BSSS is an
8-item inventory that asks about adventure experience seeking
along with boredom and disinhibition in order to quantify sen-
sation seeking.”® Sensation seeking is thought to be associated
with risk-taking behavior,”’ and confirmatory factor analyses
have yielded good comparative fit indices and Cronbach’s « of
0.74-0.79.>° Sport information included questions about an
athlete’s current varsity sport, playing position, prior years of
participation, and current helmet and mouthguard equipment.

2.3. Concussion injury characteristics

Because we were interested in sex differences in concussion
mechanism, setting, timing, and clinical presentation, we
extracted relevant variables from the first post-injury assessment
regarding injury characteristics. For mechanism of injury, we
considered whether a player was injured by player-to-player con-
tact (i.e., helmet or body), player-to-ice contact, player-to-equip-
ment contact (i.e., stick, boards, puck), other, multiple items
listed, or no items listed."” We also considered the reported
head impact location resulting in injury, including hits to the
back, front, side, top, multiple locations listed, or no locations
listed. Note that helmeted head impact sensors were not used in
this study and, therefore, head impact location is based on injury
report alone. For injury setting, we considered whether the injury
occurred during a practice or game. If the player was injured dur-
ing a game, we considered whether it occurred at a home or
away venue. For timing, we considered whether the injury
occurred during the early, middle, or late season; and if a player
was injured during competition, we considered whether it
occurred during the 1st, 2nd, or 3rd period.

For clinical presentation, we considered whether or not the
athlete was immediately removed from play at the time of the
concussion, and whether or not they reported the injury late
(due either to delayed reporting or delayed symptom onset;
yes/no). We also considered whether or not the athlete suffered
from loss of consciousness (yes/no), altered mental status (yes/
no), post-traumatic amnesia (yes/no), or retrograde amnesia
(yes/no). Finally, we examined the number of days until
asymptomatic and the number of days until clearance for unre-
stricted RTP (i.e., total time loss). Asymptomatic was deter-
mined by the athlete’s treating clinician at each site. The
CARE study defined asymptomatic as the time when the ath-
lete is cleared by the clinician to begin the RTP progression.
The date of determination was recorded in the CARE database.
The number of days between concussive injury and asymptom-
atic date was reported as time until asymptomatic.
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2.4. Statistics

We compared concussion risk factors between ice hockey
players who sustained an incident concussion and those who
did not (Table 1). Outcome measures included the a priori
concussion risk factors (i.e., sex, any previous concussions,
BSSS score, mouthguard use, ADD/ADHD, and position) as
well as age, height, weight, and years of ice hockey participa-
tion. Continuous variables were evaluated for normality using
the Shapiro—Wilk test. If the variable was considered normal,
a f test was used; if not, non-parametric tests were used. The
x> tests were used to evaluate association across categorical
variables. In cases where cells had less than 5 counts, the Fish-
er’s exact test was used. Cramer’s v are reported in Table 1.
Next, we used logistic regression to evaluate which risk factors
were associated with incident of concussion. Since there were
47 concussions in the dataset, the typical one in 10 rule would
limit 4 predictor variables.”® However, since the rule can be
relaxed when variables are pre-specified,”” we included all 6
factors in the model. To further reduce bias we calculated
bootstrapped 95% confidence intervals (95%CIs) using 500
repetitions. Odds ratios (ORs) with 95%CIs are presented.

Missing values were excluded from the analysis. In univari-
ate analyses, participants with missing values were excluded
(reported in Tables 1, 3—5). In the multivariate logistic analy-
sis, participants were removed if they were missing any data
for sex, prior concussion, ADHD, sensation seeking, or
mouthguard use. Of the 332 participants (n =47 concussed),
262 participants (n =33 concussed) were included in the full
model and 298 participants (n =44 concussed) were included
in the reduced model.

We compared baseline characteristics and concussion mech-
anism, setting, timing, and clinical presentation between male
and female ice hockey players who sustained a concussion.
Continuous variables were evaluated for normality using the
Shapiro—Wilk test. If the variable was considered normal, a
t test was used; if not, non-parametric tests were used. We used
% tests to evaluate association across categorical variables. In
cases where cells had less than 5 counts, the Fisher’s exact test
was used. Cramer’s v are reported in Table 1.

To evaluate time until asymptomatic and time until RTP
clearance, a survival analysis was used. In cases where athletes
were missing data on time until asymptomatic or time until RTP
clearance, the data were censored based on the date when they
were extracted from the database (December 31, 2017); if the
athlete’s expected graduation date was prior to December 31,
2017, the expected graduation date was used. Kaplan—Meier plots
with log-rank tests evaluated time until asymptomatic and time
until RTP clearance between sexes.

If a non-parametric test, Fisher’s exact test, or log-rank
test was used, it is indicated in Tables 1—5. All analyses
were conducted in R language Version 3.6.1 (R Foundation
for Statistical Computing, Vienna, Austria). Alpha was set
at 0.05 for all statistical tests. All post hoc comparisons
were corrected for multiple comparisons using the Bonfer-
roni method if the main effect was significant and there
were more than 2 comparison groups.
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Table 1
Ice hockey player baseline characteristics by incident concussion.
No concussion Concussed Overall o .
(n=285) (n=47) (n=332) Test statistic 4 Effect size
Sex (n (%))
Female 71(24.91) 11 (23.40) 82 (24.70) £(1)=0.05 0.824 v=0.01
Male 214 (75.09) 36 (76.60) 250 (75.30)
Age (year)
Mean + SD 20.22 £ 1.55 20.09 £ 1.44 20.20 £+ 1.53 W=6889.00 0.749* r=0.02
Median (Q1, Q3) 20.00 (19.00, 21.00) 20.00 (19.00, 21.00) 20.00 (19.00, 21.00)
Mass (kg)
Mean £+ SD 81.68 +10.16 82.47+£9.73 81.80 + 10.09 W=6598.50 0.901* r=0.01
Median (Q1, Q3) 83.01 (74.84, 88.45) 82.55(74.84, 88.22) 83.01 (74.84, 88.45)
Missing (n (%)) 1(0.35) 0(0) 1(0.30)
Height (m)
Mean £+ SD 1.79 £0.09 1.79 £ 0.07 1.79 £ 0.09 W=6934.00 0.668" r=0.02
Median (Q1, Q3) 1.80 (1.73, 1.85) 1.80 (1.75, 1.84) 1.80 (1.73, 1.85)
Missing (n (%)) 1(0.35) 0(0) 1(0.30)
Playing position (n (%))
Forward 156 (54.74) 27 (57.45) 183 (55.12) (2)=1.78 0.410° v=0.07
Defense 84 (29.47) 16 (34.04) 100 (30.12)
Goalie 45 (15.79) 4 (8.51) 49 (14.76)
Years participated in ice hockey
Mean £+ SD 14.96 £ 2.65 15.36 £2.29 15.02 £ 2.60 W=5596.50 0.283% r=0.06
Median (Q1, Q3) 15.00 (14.00, 16.00) 16.00 (14.00, 17.00) 15.00 (14.00, 17.00)
Missing (n (%)) 9(3.16) 2 (4.26) 11(3.31)
Do you wear a mouthguard? (n (%))
No 113 (39.65) 26 (55.32) 139 (41.87) x(1)=3.29 0.069 v=0.10
Yes 142 (49.82) 18 (38.30) 160 (48.19)
Missing 30(10.53) 3(6.38) 33(9.94)
Any prior concussions? (n (%))*
No prior concussions 158 (55.44) 18 (38.30) 176 (53.01) xK(1)=4.98 0.026 v=0.11
Has prior concussions 125 (43.86) 29 (61.70) 154 (46.39)
Missing 2(0.70) 0(0) 2 (0.60)
Number of prior concussions*
Mean £+ SD 0.63 £0.86 1.02 £ 1.05 0.69 £ 0.90 W=15225.50 0.009* r=0.14
Median (Q1, Q3) 0.00 (0.00, 1.00) 1.00 (0.00, 2.00) 0.00 (0.00, 1.00)
Missing (n (%)) 2(0.70) 0(0) 2(0.60)
Diagnosed with ADHD (r (%))
No 256 (89.82) 45 (95.74) 301 (90.66) K(1)=1.66 0.332° v=0.05
Yes 20 (7.02) 1(2.13) 21(6.33)
Missing 9(3.16) 1(2.13) 10 (3.01)
BSSS Score
Mean + SD 3.16 £ 0.65 3.15 £ 0.66 3.16 £ 0.65 W=3967.50 0.860" r=0.01
Median (Q1, Q3) 3.13(2.75, 3.62) 3.25(2.81,3.63) 3.13(2.75, 3.63)
Missing (n (%)) 54 (18.95) 12 (25.53) 66 (19.88)

Note: r stands for Wilcoxon effect size; v stands for Cramer’s v.

# Mann—Whitney U test.

® Fisher’s Exact test.
* p<0.05.

Abbreviations: ADHD = attention deficit hyperactivity disorder; BSSS = Brief Sensation Seeking Scale; Q1 =the 1st quartile; Q3 =the 3rd quartile.

3. Results

Between 2014 and 2017, there were 332 athletes who par-

ticipated in ice hockey; 47 sustained a concussion while
enrolled in the CARE Consortium study. Full participant char-
acteristics are reported in Table 1.

3.1. Concussion risk factors

The a priori concussion risk factors of sex, any previous con-
cussions, BSSS, mouthguard use, ADD/ADHD, and position
were first evaluated by univariate analyses. Only prior concussion
and number of prior concussions were associated with incident

concussion (Table 1). A prior concussion increased the odds of
an incident concussion 2-fold (OR=2.03; 95%CI: 1.04-4.08).
Additionally, those who suffered an incident concussion had sig-
nificantly more prior concussions. There was a trend for mouth-
guard use to be protective against incident concussion
(OR =0.55; 95%CI: 0.27-1.11), but it was not statistically signif-
icant (p=0.069). Sex, BSSS score, ADD/ADHD, and playing
positions were not associated with incident concussion.

The full logistic model included sex, any previous concus-
sions, BSSS, mouthguard use, ADD/ADHD, and position. Full
model results are presented in Table 2.
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Table 2

Results of the full logistic regression model estimating concussion risk.

Variable Coefficient Z statistic p Odds ratio (95%CI?%)
Sex =male 0.31 0.81 0.416 1.36 (0.64-2.87)
(ref. = female)

Prior concussion 0.69 2.03 0.043 2.00 (1.02-3.91)
(ref. =no prior concussion)

BSSS score -0.15 -0.57 0.566 0.86 (0.51-1.45)
Mouthguard = yes -0.84 -245 0.014 0.43 (0.22-0.85)
(ref. =no)

ADHD =yes -0.44 -0.83 0.405 0.64 (0.22-1.82)
(ref. =no)

Position = defense -0.03 -0.10 0.924 0.97 (0.48-1.96)
(ref. = forward)

Position = goalie -0.51 -1.10 0.269 0.60 (0.24-1.49)

(ref. = forward)

# Bootstrapped 95% confidence intervals (95%CIs) using 500 repetitions.
Abbreviations: ADHD = attention deficit hyperactivity disorder; BSSS = Brief Sensation Seeking Scale; CI = confidence interval; ref. = reference.

Table 3
Concussed ice hockey participant baseline characteristics by sex.
Female Male Overall L .
(n=11) (n=36) (n=47) Test statistic p Effect size
Age (year) W=99.50 0.011* r=0.37
Mean £+ SD 19.09 £ 1.38* 20.39 £ 1.34 20.09 £ 1.44
Median (Q1, Q3) 19.00 (18.00, 20.00) 21.00 (19.00, 21.00) 20.00 (19.00, 21.00)
Mass (kg)
Mean £+ SD 71.83 £ 5.62% 85.72 + 8.31 82.47+9.73 #45)=-5.17 <0.001 d=-1.96
Median (Q1, Q3) 72.57 (66.00, 74.84) 85.05(79.38, 91.40) 82.55(74.84, 88.22)
Height (m)
Mean £+ SD 1.72 £ 0.06* 1.82 £0.06 1.79 £ 0.07 #45)=—-4.83 <0.001 d=-1.69
Median (Q1, Q3) 1.73 (1.68, 1.75) 1.80(1.78, 1.85) 1.80(1.75, 1.84)
Playing position (n (%))
Forward 4 (36.36) 23 (63.89) 27 (57.45) x(2)=17.07 0.026° v=0.39
Defense 4(36.36) 12 (33.33) 16 (34.04)
Goalie 3(27.27)* 1(2.78) 4(8.51)
Years participated in ice hockey
Mean £+ SD 13.90 £ 2.89% 15.77+ 1.94 15.36 £2.29 W=93.50 0.025* r=0.34
Median (Q1, Q3) 14.00 (13.00, 15.50) 16.00 (15.00, 17.00) 16.00 (14.00, 17.00)
Missing (n (%)) 1(9.09) 1(2.78) 2(4.26)
Do you wear a mouthguard? (n (%))
No 7 (63.64) 19 (52.78) 26 (55.32) K(1)=1.63 0.201° v=0.14
Yes 2 (18.18) 16 (44.44) 18 (38.30)
Missing 2(18.18) 1(2.78) 3(6.38)
Any prior concussions? (n (%))
No prior concussions 4(36.36) 14 (38.89) 18 (38.30) x(1)=0.02 0.688" v < 0.01
Has prior concussions 7 (63.64) 22 (61.11) 29 (61.70)
Number of prior concussions
Mean + SD 1.09 £ 1.04 1.00 £ 1.07 1.02 £1.05 W=211.50 0.731* r=0.05
Median (Q1, Q3) 1.00 (0.00, 2.00) 1.00 (0.00, 1.25) 1.00 (0.00, 2.00)
Diagnosed with ADHD (n (%))
No 10 (90.91) 35(97.22) 45 (95.74) x(1)=0.28 0.783° v < 0.01
Yes 0(0) 1(2.78) 1(2.13)
Missing 1(9.09) 0(0) 1(2.13)
BSSS Score
Mean £+ SD 3.08 £0.70 3.17 £ 0.66 3.15 +0.66 #(33)=—-0.34 0.733 d=-0.14
Median (Q1, Q3) 3.06 (2.72,3.25) 3.25(2.94,3.63) 3.25(2.81,3.63)
Missing (n (%)) 3(27.27) 9 (25.00) 12 (25.53)

Notes: The total percentage of playing position in female is not 100% because of rounding. v stands for Cramer’s v; r stands for Wilcoxon effect size; d stands for

Cohen’s d.

? Mann—Whitney U test.

® Fisher’s exact test.

* p < 0.05, compared with male.

Abbreviations: ADHD = attention deficit hyperactivity disorder; BSSS = Brief Sensation Seeking Scale; Q1 = the 1st quartile; Q3 = the 3rd quartile.
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Table 4
Ice hockey concussion timing, mechanisms, and settings by sex (n (%)).
Female Male Overall o .
(n=11) (n=36) (n=47) Test statistic p Effect size
Regular season
Pre-season (August—September) 0(0) 1(2.78) 1(2.13) x4(2)=0.32 0.990" v=0.08
Regular season (October—February) 10 (90.91) 32 (88.89) 42 (89.36)
Post-season (March) 1(9.09) 3(8.33) 4(8.51)
When in season
Early (August—November) 8(72.73) 18 (50.00) 26 (55.32) X(2)=3.46 0.155° v=0.27
Mid (December—January) 1(9.09) 14 (38.89) 15(31.91)
Late (February—March) 2(18.18) 4 (11.11) 6(12.77)
Collided with
No collision listed 2(18.18) 1(2.78) 3(6.38) x2(6)=5.95 0.374° v=0.36
Helmet 1(9.09) 4(11.11) 5(10.64)
Player 3(27.27) 14 (38.89) 17 (36.17)
Ice 1(9.09) 1(2.78) 2(4.26)
Equipment 2(18.18) 3(8.33) 5(10.64)
Others 1(9.09) 5(13.89) 6(12.77)
Multiple items listed 1(9.09) 8(22.22) 9 (19.15)
Head impact location
Back 4(36.36) 7(19.44) 11(23.40) x(4)=2.24 0.765" v=0.22
Front 1(9.09) 7(19.44) 8(17.02)
Multiple 2(18.18) 4(11.11) 6 (12.77)
Side 3(27.27) 13 (36.11) 16 (34.04)
Unknown 1(9.09) 5(13.89) 6(12.77)
Session type
Game 6 (54.55) 29 (80.56) 35(74.47) x*(1)=3.00 0.083 v=0.19
Practice 5(45.45) 7(19.44) 12 (25.53)
Which period in game
1P 2(33.33) 3(10.34) 5(14.29) K(3)=2.54 0.468" v=0.27
2P 1(16.67) 11(37.93) 12 (34.29)
3P 1(16.67) 6 (20.69) 7 (20.00)
Missing 2(33.33) 9(31.03) 11 (31.34)
Home or away game
Away 4 (66.67) 15 (51.72) 19 (54.29) x(1)=0.45 0.418" v=0.04
Home 2(33.33) 14 (48.28) 16 (45.71)

Note: The total percentage of some variables is not 100% because of rounding.
& TFisher’s exact test; v stands for Cramer’s v.
Abbreviations: 1P = the 1st period; 2P = the 2nd period; 3P = the 3rd period.

Prior concussion and mouthguard use were the only signifi-
cant estimators of concussion. History of at least one prior con-
cussion was significantly associated with incident concussion
(Z=2.03; p=0.043). Having a prior concussion was associ-
ated with 2 times the odds of concussion compared to those
without a prior concussion (OR=2.00, 95%CI: 1.02-3.91).
Athletes who reported using a mouthguard during their base-
line assessment had 57% reduced odds of concussion com-
pared to athletes who did use a mouthguard (OR=0.43;
95%CI: 0.22-0.85) (Fig. 1).

To determine whether mouthguard use was a surrogate mea-
sure for risk-taking behavior, we compared BSSS scores among
ice hockey players who reported using a mouthguard vs. those
who did not. There was no significant difference in BSSS scores
(W=28783.50; p=0.741) across mouthguard usage groups.

3.2. Ice hockey concussion characteristics between sexes

Between 2014 and 2017, there were 47 (36 males, 11 females)
ice hockey players who sustained a concussion. Male ice hockey
players were significantly older (p=0.011), taller (»p < 0.001),

and heavier (p < 0.001) than female players. In terms of hockey-
specific characteristics, there were fewer concussions among
male goalies (p =0.026) than female goalies, and males had more
years of ice hockey participation (p =0.025) than did their female
counterparts. There were no other significant differences between
sexes (p > 0.05) (Table 3).

Overall, the concussion mechanism, setting, and timing did
not significantly differ between sexes (Table 4). While most
concussions occurred during the regular season, October was
the single month with the greatest proportion of concussions
(n=17; 36.17%), indicating that concussions tend to occur early
in the regular season. However, it is notable that while the vast
majority of male concussions occurred during games (80.56%),
only 54.55% of female concussions occurred during games.
When looking at the collision and reported head impact location
data during practices only, there were no differences in collision
types (p > 0.05) or head impact locations by sex (p > 0.05).

When examining the clinical features of ice hockey con-
cussions, male and females presented similarly with only a
few specific differences (Table 5). There were significant
sex differences in likelihood of delayed symptom onset and



168 K.L. Van Pelt et al.
Table 5
Clinical characteristics of ice hockey concussions by sex (# (%)).
Female Male Overall e .
(n=11) (n=36) (n=47) Test statistic P Effect size
Injury reported immediately
No 2(18.18) 14 (38.89) 16 (34.04) X(1)=1.58 0.955 v=0.14
Yes 6 (54.55) 14 (38.89) 20 (42.55)
Missing 3(27.27) 8(22.22) 11 (23.40)
Immediately removed from play
No 5(45.45) 18 (50.00) 23 (48.94) £(1)=0.03 0.999 v < 0.01
Yes 5(45.45) 16 (44.44) 21 (44.68)
Missing 1(9.09) 2 (5.56) 3(6.38)
Declared normal after 15 min
No 9(81.82) 22 (61.11) 31 (65.96) X(2)=127 0.658 v=0.17
Not immediately identified 1(9.09) 8(22.22) 9(19.15)
Yes 1(9.09) 4 (11.11) 5(10.64)
Missing 0(0) 2 (5.56) 2 (4.26)
Delayed symptom onset
No 10 (90.91) 21(58.33) 31 (65.96) x4(1)=3.98 0.045 v=0.24
Yes 1(9.09) 15 (41.67) 16 (34.04)
Continued play same day
No 9(81.82) 22 (61.11) 31 (65.96) x(1)=137 0.215 v=0.12
Yes 2(18.18) 13 (36.11) 15(31.91)
Missing 0(0) 1(2.78) 1(2.13)
Altered mental status
No 7 (63.64) 16 (44.44) 23 (48.94) K(1)=124 0.221 v=0.11
Yes 4(36.36) 20 (55.56) 24 (51.06)
Loss of consciousness
No 11 (100) 36 (100) 47 (100) — —
Yes 0(0) 0(0) 0(0)
Post-traumatic amnesia
No 11 (100) 33 (91.67) 44 (93.62) x(1)=0.98 0.440 v=0.04
Yes 0(0) 3(8.33) 3(6.38)
Retrograde amnesia
No 11 (100) 31(86.11) 42 (89.36) Kr(1)=138 0.321 v=0.08
Yes 0(0) 4 (11.11) 4(8.51)
Missing 0(0) 1(2.78) 1(2.13)
Time until asymptomatic (censoring)
Censored 4(36.36) 3(8.33) 7 (14.89)
Asymptomatic 7 (63.64) 33 (91.67) 40 (85.11)
Time until asymptomatic (day)
Median (Q1, Q3) 18.50 (7.75, 219.60) 6.85(2.43,10.03) 7.80 (4.15, 12.80) Z=5.87 0.015 9=0.35
Time to full RTP (censoring)
Censored 3(27.27) 1(2.78) 4(8.51)
RTP 8(72.73) 35(97.22) 43 (91.49)
Time until RTP (day)
Median (Q1, Q3) 27.40 (11.60, 51.26) 10.95 (7.95, 15.90) 12.20 (8.70, 18.75) Z=8.09 0.005 9=0.41

Notes: The percentage of some variables is not 100% because of rounding. v stands for Cramer’s v; Z stands for log-rank test; ¢ stands for Cohen’s phi.

Abbreviations: Q1 = the 1st quartile; Q3 = the 3rd quartile; RTP = return to play.

recovery. Females (9.09%) were less likely than males
(41.67%) to have a delayed symptom onset (p=0.045)
(Table 5). Additionally, females took significantly longer to
reach asymptomatic (p=0.015) and RTP clearance
(»=0.005) (Table 5; Fig. 2). Compared to males, females
took a median of 12 more days until asymptomatic and a
median of 16 more days to reach full RTP (Table 5; Fig. 2).
When looking at the first 2 weeks post-concussion, 86.11%
of males reached asymptomatic, while only 45.50% of
females reached the asymptomatic phase of recovery. For
overall recovery, most males (91.67%) were cleared for
RTP within 3 weeks of their concussion, compared to less
than half (45.50%) of females.

4. Discussion

Results from the current study identified specific concus-
sion risk factors in ice hockey and indicated there were limited
differences in concussion mechanisms or characteristics
between sexes. Ice hockey players who had a concussion his-
tory had a 100% increased odds for another injury during the
study period. Meanwhile, those ice hockey players who wore a
mouthguard decreased their odds for concussion by 57%.
While there were no significant differences in the mechanisms
of concussions sustained during ice hockey for males vs.
females, there were 2 notable trends. First, most of the male
concussions occurred in midseason, while the vast majority of
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Fig. 1. Factors associated with incident concussion risk (odds ratios (OR)
and 95%Cls). The OR is presented on the logarithmic scale. CI = confidence
interval.

female concussions occurred in the early season. Second,
while most male ice hockey concussions occurred during
games as opposed to practices, females had a similar propor-
tion of concussions occur in games and practices. The finding
is interesting because practices, in comparison to games,
should be structured to minimize contact. This suggests modi-
fications in coaching may be able to reduce concussion inci-
dence in female ice hockey players by reducing contact during
practice. Notably, there were no differences in impact location
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play clearance by sex: (A) survival analysis for time until asymptomatic
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with 95%CI. Log-rank analyses of p values are provided. Median survival
is indicated by the horizontal and vertical dashed lines. CI=confidence
interval.
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or collision type between male and female ice hockey players
despite different rules and game play. Finally, in terms of clini-
cal differences, females were less likely than males to have a
delayed symptom onset, but they took significantly longer to
reach asymptomatic and RTP.

The present study supports existing evidence that identifies
concussion history as a concussion risk factor.'' Furthermore,
it extends and supports the findings of a previous study that
showed mouthguards reduce concussion risk,'> which had
been in conflict with at least 2 other reports.’’' While in
youth ice hockey players mouthguards were associated with a
49%—69% lower odds of concussion, ' there had been no sig-
nificant effect observed in professional hockey players.”' The
current study not only found a protective effect, but the effect
size it found was of similar magnitude to that observed in
youth hockey players.'” Since mouthguard use is recom-
mended in collegiate ice hockey, using a mouthguard might
indicate lower levels of risk-taking behavior, a variable that
may itself explain why concussion risk was reduced among
players who reported using a mouthguard. Therefore, we also
examined the association between BSSS scores and mouth-
guard use. Since there was no significant difference in BSSS
scores whether or not an ice hockey player used a mouthguard,
this suggests the effect of wearing a mouthguard may reduce
concussion risk via other mechanisms.

Overall, concussion mechanisms were similar to those
found in previous investigations of ice hockey players.® The
current study found that 89% of concussions occur during the
regular season, and it adds to the literature by identifying Octo-
ber as the month with the greatest proportion of concussions.
Next, most concussions in the current study were due to colli-
sion with another player. Collision with another player was
also the most common cause of concussions in other colle-
giate"* and professional’ ice hockey studies. However, unlike
in previous collegiate studies,” we found that concussions due
to player contact were not more common in men’s than in
women’s ice hockey. That said, given our smaller sample size,
the effect may not be detectible due to low power.

The current study demonstrated that the greatest proportion
of ice hockey concussions occurred in game situations, which
is consistent with the results from prior studies of concussions
in ice hockey'’ and other collision sports. Unlike in profes-
sional ice hockey, where most concussions occur in the first
period,” we found no significant association between period
and concussion. While concussions were more common during
the st period in women’s ice hockey and during the 2nd and
3rd periods in men’s ice hockey, the association between sex
and period of play during which the concussion occurred did
not rise to the level of statistical significance. However, this
analysis may have been limited due to small sample size. We
also found that while most concussions occurred during
games, women’s ice hockey had a higher proportion of con-
cussions occur during practice than did men’s ice hockey. The
observed proportion of women’s ice hockey concussions dur-
ing practice was approximately 20% higher than reported in
previous studies of collegiate ice hockey.® Again, due to small
sample sizes, especially with respect to women’s ice hockey
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concussions, this difference should be interpreted cautiously.
Preliminary investigation of collision and reported head
impact locations did not reveal any particular explanation for
the higher number of concussions in practice. Future investiga-
tions should determine whether this finding is replicable and
work to identify the cause of practice concussions in order to
educate coaches as to how to run safer practices.

In terms of clinical characteristics, the current study found
that males and females were equally likely to report their con-
cussion immediately. In this way, the study echoes the conclu-
sion of Asken and colleagues’™ while expanding it to
collegiate ice hockey. Still, males were more likely to experi-
ence delayed symptom onset. This is notable because Olson
and colleagues™ found no difference in delayed symptom
onset across males and females in their study of delayed symp-
tom onset in a concussed pediatric population. Given the asso-
ciation between delayed symptom onset and immediate
reporting,’” male ice hockey players in the current study may
have said their symptoms were delayed in order to continue
playing. Previous education initiatives to improve knowledge
and behavior with respect to concussion risk have found there
was no increase in knowledge and little decrease in an individ-
ual’s intention to play with a concussion.’* Since past inter-
ventions do not appear to have improved concussion reporting
behavior in collegiate ice hockey players, other interventions
should be considered to improve reporting. Informing players
of the more immediate consequences of their behavior (e.g.,
that their recovery could be longer if they delay reporting” or
that they could see decreased performance when playing with
a concussion”’) may have a beneficial effect.

The current study found that females took significantly lon-
ger to reach asymptomatic and RTP clearance. Differences in
statistical tests and methods for evaluating recovery time, as
well as the small sample size in the current study, could
explain the difference in results between this finding and that
of Wasserman and colleagues.'’ However, there might also be
psychological, physiological, and clinical management factors
that contribute to the longer recoveries observed for females in
the current study. Females are more likely to report more con-
cussion symptoms, even at baseline.”’ Therefore, if clinicians
do not account for the higher symptom reporting rate, females
may take longer to reach asymptomatic due to differences in
clinical management. In addition, females demonstrate
impaired parasympathetic activity post-concussion,”® which
may signal a prolonged injury response. Most likely the cause
of prolonged recovery in female ice hockey players is due to a
mix of psychological, physiological, and management causes.
However, future studies should investigate whether female ice
hockey players are RTP late or male players are returning pre-
maturely.

The current study is not without limitation. The relatively
small sample size made multivariate analyses inappropriate
and also restricted our power, which might be why some previ-
ous findings could not be replicated. The small sample size
was most relevant with respect to male and female compari-
sons of ice hockey concussions. With fewer women’s than
men’s ice hockey teams involved in the CARE Consortium

K.L. Van Pelt et al.

and the NCAA overall, fewer concussions occurred in female
players, thereby reducing the sample size in the current study
quite dramatically. The small number of comparisons avail-
able, especially relative to concussion mechanisms and charac-
teristics, could have increased the chances of observing a false
positive. The effect sizes should be considered when interpret-
ing the results.

Another limitation of the current study is that it only evaluated
diagnosed concussions. Since up to 30% of concussions go unre-
ported and undiagnosed,' " there could be a large portion of
concussion mechanisms and clinical features that were not cap-
tured. Additionally, our measure of mouthguard use, which was
determined during the pre-season baseline assessment, may not
reflect actual mouthguard use. Actual mouthguard use and adher-
ence at the time of injury, along with the type of mouthguard
(custom fitted vs. generic), would also have been useful informa-
tion. However, previous studies have found good agreement
between pre-season self-reported mouthguard use and actual
mouthguard using during play,”” indicating that athletes most
likely behave the way they report at baseline. While females
were found to be less likely to have delayed symptom onset, this
could also be confounded by delayed reporting. Future studies
with larger female samples should evaluate the relationship
between delayed reporting, delayed symptom onset, and sex.
Finally, the current study did not collect exposure data or head
impact exposure data, which would have been useful in offering
strong predictors of concussion.””

5. Conclusion

Previous concussion and not using a mouthguard are associ-
ated with substantially increased concussion risk in collegiate
ice hockey. Overall, there were no substantial differences in
concussion mechanisms between male and female ice hockey
players, although there were specific differences in how con-
cussions presented clinically. Female ice hockey players took
longer than their male counterparts to become asymptomatic
and to be cleared for full RTP. Understanding specific risk fac-
tors, concussion mechanisms, and clinical profiles of concus-
sion in collegiate ice hockey may generate ideas for future
concussion prevention or intervention studies.
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