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abstractBACKGROUND: Ice hockey is a fast-paced collision sport that entails both intentional (ie, body 

checking) and incidental contact that may involve the head. The objective of this study was 

to determine the incidence of concussions in relation to games/practices and age among 

competition-level youth ice hockey players (ages 12–18 years).

METHODS: Participants included 397 youth ice hockey players from Western Pennsylvania; 

Boston, Massachusetts; and Birmingham, Alabama, during the 2012–2013 and 2013–

2014 youth ice hockey seasons. Incidence rates (IRs) and incidence rate ratios (IRRs) of 

concussion were calculated for games/practices and age groups.

RESULTS: A total of 23 369 (12 784 practice/10 585 game) athletic exposures (AEs) involving 

37 medically diagnosed concussions occurred. More than 40% of concussions involved 

illegal contact. The combined IR for games and practices was 1.58 concussions per 1000 

AEs. The IRR was 2.86 times (95% confidence interval 0.68–4.42) higher during games 

(2.49 per 1000 AEs) than practices (1.04 per 1000 AEs).

CONCLUSIONS: The overall IR for concussion in youth ice hockey was comparable to those 

reported in other youth collision sports. The game-to-practice IRR was lower than 

previously reported in ice hockey and other youth sports, although more concussions per 

exposure occurred in games compared with practices. Younger players had a higher rate of 

concussions than older players.
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WHAT’S KNOWN ON THIS SUBJECT: Participation in 

youth ice hockey has doubled in the past 20 years 

and there is growing concern about concussions 

in this sport. However, concussion incidence rates 

among ice hockey participants have only been 

reported for scholastic student-athletes.

WHAT THIS STUDY ADDS: This study reports 

incidence rates for concussions during practice and 

games across age groups for youth ice hockey.
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Sport-related concussion (SRC) is 

considered a serious public health 

concern in the United States and 

worldwide. Youth athletes between 

the ages of 5 and 18 account for 

65% of all sports and recreation-

related head injuries treated in US 

emergency departments,1 with a 

62% increase in concussion-related 

visits between 2001 and 2009.2 

Concussions comprise ∼13% of all 

sport-related injuries compared with 

only 5% 2 decades ago.3

Increased awareness and incidence 

of SRC4 have accompanied the 

steady rise in youth sports 

participation across the past 20 

years.5 Participation rates in youth 

ice hockey have doubled over the 

past 2 decades,6 with ∼350 000 

participants in the United States.7 

Ice hockey is a fast-paced collision 

sport that entails both intentional 

(ie, body checking) and incidental 

contact that may involve the head. 

A recent epidemiologic study 

examining concussion rates across 

20 high school sports revealed boys’ 

ice hockey had the second-highest 

incidence rate (0.54 per 1000 athletic 

exposures [AE]), and concussions 

represented a greater proportion of 

total injuries among boys’ ice hockey 

(22.2%) compared with all other 

sports (13%).8 This study also found 

that concussions were 13 times more 

likely to occur during competition 

than practice. In a study of male 

youth ice hockey players aged 11 

to 12 years, however, researchers 

reported that the concussion incident 

rate (IR) in games only was 1.47 per 

1000 AEs.9 This higher concussion IR 

was likely due to the inclusion of only 

game-related data in the study of 11- 

to 12-year-olds.

To our knowledge, researchers 

have yet to compare concussion IRs 

of games to practices in youth ice 

hockey players of varying skill level. 

We recently reported a nearly 26-fold 

increase in concussion IRs in games 

compared with practices among 

468 youth football players aged 8 

to 12 years.5 In the same study, we 

reported that concussion IRs in older 

(11–12 years) players were 2.72 

times higher than for younger (8–10 

years) players.10 It is likely that 

similar findings would be supported 

among youth ice hockey players. The 

primary purpose of this study was 

to prospectively examine concussion 

IRs in a multisite cohort of male and 

female youth ice hockey players aged 

12 to 18 years across a competitive 

season, and to compare IRs in games 

and practices, and between younger 

(12–14) and older (15–18) players.

METHODS

A prospective cohort study was 

conducted during 2 competitive ice 

hockey seasons between September 

2012 and April 2014. A total of 401 

of 449 (89.3% participation rate) 

youth ice hockey players aged 12 

to 18 years (mean 14.23, SD 2.00) 

participated in the study. Data 

were collected for a cohort of 165 

players between September 2012 

and April 2013. Data were collected 

for an additional independent 

cohort of 236 players between 

September 2013 and April 2014. 

Players were recruited from 3 sites: 

Western Pennsylvania (n = 343), 

Boston, Massachusetts (n = 31), 

and Birmingham, Alabama (n = 27). 

Thirty-one teams (11 high school, 

10 midget, 7 bantam, and 3 peewee) 

participating in 9 youth ice hockey 

leagues (3 high school, 2 AAA, and 

4 AA/A) were involved in the study. 

The 3 peewee-level teams (n = 37) 

and the 4 girls teams (n = 67) were 

the only nonchecking teams in the 

study. Inclusion criteria included the 

following: age 12 to 18 years, written 

informed consent (parent) and assent 

(child), players participating only 

in the sport of ice hockey (during 

the study period), and league and 

coach agreement to participate 

in the study. Exclusion criteria 

included the following: self-reported 

history of brain surgery, history 

of moderate or severe traumatic 

brain injury (ie, Glasgow Coma 

Scale <13 or positive neuroimaging 

[computed tomography, MRI] 

findings), neurologic or psychiatric 

disorder, and current concussion or a 

concussion in the past 6 months.

A concussion was defined as any mild 

closed head injury involving altered 

cognitive functioning (eg, confusion, 

memory loss, disorientation), or 

signs/symptoms (eg, headache, 

dizziness, balance problems, nausea), 

or brief loss of consciousness of no 

longer than 1 minute after a direct 

or indirect blow to the head.11,12 We 

decided a priori that head injuries 

involving structural damage or 

abnormality (eg, skull fracture, 

subdural hematoma, other lesions) 

would be treated emergently and 

excluded from the research study; 

however, none of the injuries in this 

study resulted in structural damage 

or abnormality.

Procedures

The study was approved by the 

University of Pittsburgh and Boston 

Children’s Hospital institutional 

review board committees. The 

Alabama site was not an academic 

site and was therefore included 

under the University of Pittsburgh’s 

institutional review board protocol. 

Administrative approval was 

obtained from organization and 

team representatives before the 

recruitment of participants from the 

Pittsburgh, Boston, and Birmingham 

sites in either the fall of 2012 or fall 

of 2013. After informational consent 

meetings, all participants completed 

written informed parental consent 

and child assent.

Team representatives (ie, coach or 

designated parent) were trained 

by the research team to collect and 

report player exposure, defined as 

participation by a player in a game 

or practice. Team representatives 

were contacted 2 to 3 times per week 

throughout the season to determine if 

any suspected concussions occurred. 

2



PEDIATRICS Volume  137 , number  2 ,  February 2016 

We provided concussion education 

and study-specific training to these 

individuals before the start of the 

study. During games and practices, 

licensed medical professionals (eg, 

emergency medical technician, 

athletic trainer, physician) were 

present and assessed and managed 

all injuries in accordance with each 

league’s and ice rink’s policies (eg, 

brief on-ice evaluation of signs and 

symptoms with follow-up in-clinic 

clinical examination, symptom 

reports, and neurocognitive 

testing). Medical professionals (eg, 

pediatrician, neuropsychologist, 

primary care physician) conducted 

follow-up evaluations of players with 

suspected concussions. Researchers 

then followed up with coaches 

and parents to record additional 

information for confirmed diagnosed 

concussions. We obtained additional 

information about each injury, 

including injury mechanism (ie, 

player-to-player contact, penalty, 

contact with ice) from medical 

professionals, coaches, and parents 

when available. Only players with a 

concussion that was diagnosed by 

a licensed medical professional by 

using the criteria described earlier 

were recorded as a concussion for 

this study.

Statistical Analyses

Player exposure data were tabulated 

for each participant and used to 

calculate overall incidence rates per 

1000 exposures with 95% confidence 

intervals (CIs) for both practices 

and games. Incidence rate ratios 

(IRRs) with 95% CIs comparing 

the rates of concussion in games to 

practice, between the 12- to 14- and 

15- to 18-year age groups were 

also calculated. Mantel-Haenszel χ2 

analyses with odds ratios were used 

to compare the odds of a concussion 

for 12- to 14- to 15- to 18-year-olds. 

A statistical significance level of P ≤ 

.05 was used for all analyses in this 

study. SPSS version 22 (IBM SPSS 

Statistics, IBM Corporation, Chicago, 

IL) was used for all analyses.

RESULTS

Demographics

Thirty-one youth ice hockey teams 

(27 male, 4 female) were asked to 

participate in this study. A total 

of 401 (89.3%) of 449 possible 

participants aged 12 to 18 years 

participated in the study. Forty-eight 

players declined to participate in 

the study because of disinterest, 

perceived time constraints 

associated with participating in 

the study, refusal of parent to sign 

consent form, or inability to attend 

informational and testing sessions. 

Complete self-reported demographic 

data were available for 397 (99%) 

of the 401 participants (see Table 

1). Parents assisted youth in 

providing demographic information 

and history, as needed. A total of 

159 (40.1%) of 397 participants 

were in the 12- to 14-year and 238 

(59.9%) of 397 were in the 15- to 

18-year age groups. Most (n = 330, 

83.1%) participants were boys. 

Participants in the 15- to 18-year-

old age group were significantly 

(P < .05) older, taller, and heavier; 

and reported more previous 

concussions than those in the 12- to 

14-year-old age group and nonelite 

competition levels, respectively. 

There were 292 participants 

(73.5%) who did not have a self-

reported history of diagnosed 

concussion, 74 participants (18.6%) 

had a history of 1 concussion, 25 

participants (6.3%) had a history of 

2 concussions, 3 participants (0.8%) 

had a history of 3 concussions, and 3 

participants (0.8%) had a history of 

4 concussions. A total of 104 (26.2%) 

participants were in nonchecking 

leagues. There were no differences 

in the proportion of players in 

nonchecking leagues between the 2 

age groups. The proportion of games 

in the 12- to 14-year age group 

(49.4%) was 1.13 times (χ2 = 75.4, 

95% CI 1.10–1.17, P < .01) higher 

than in the 15- to 18-year-old age 

group (44.0%).

Concussions in Games and Practices

Overall there were 23 369 total 

(12 784 practice/10 585 game) 

exposures recorded during the 

study. A total of 37 (9.3%) of the 397 

participants incurred a medically 

diagnosed concussion during 

the study period. There were 11 

(29.7%) concussions that occurred 

in practices and 26 (70.3%) in 

games. No players sustained multiple 

concussions during the study. Among 

players who had a concussion, 23 

(62.2%) had no history of previous 

concussion, 9 (24.3%) had a history 
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TABLE 1  Summary of Demographic Information for Participants by Age Group and Competition Level 

(n = 397)

Age Total, n = 397

12–14, n = 159 15–18, n = 238

Age, y, mean (SD) 12.79 (1.12) 16.25 (1.03)* 14.73 (1.99)

Girls, n (%) 24 (15.1) 43 (18.1) 67 (16.9)

Height, cm, mean (SD) 158.59 (10.13) 174.46 (11.06)* 167.40 (12.52)

Weight, kg, mean (SD) 50.10 (11.82) 69.59 (11.99)* 61.00 (15.60)

No. previous concussions, mean (SD) 0.27 (0.57) 0.48 (0.93)* 0.39 (0.79)

Learning disorder, n (%) 2 (1.3) 9 (3.8) 11 (2.8)

ADD/ADHD, n (%) 6 (3.8) 12 (5.0) 18 (4.5)

Migraine/headache, n (%) 18 (11.3) 33 (13.9) 51 (12.8)

Games, n (%) 2785 (49.4)** 7800 (44.0) 10 585 (45.3)

Checking not allowed, n (%) 37 (23.3) 67 (28.2) 104 (26.2)

Western Pennsylvania site, n (%) 142 (89.3) 218 (84.2) 104 (26.2)

Boston, Massachusetts, site, n (%) 10 (6.3) 21 (8.8) 31 (7.8)

Birmingham, Alabama, site, n (%) 7 (4.4) 20 (8.4) 104 (26.2)

* P < .05; **P < .01.
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of 1 concussion, and 5 (13.5%) 

had a history of ≥2 concussions. 

All identified mechanisms of 

injury involved player-to-player 

contact and more than half (n = 19) 

involved secondary contact with the 

boards. A total of 43% (n = 16) of 

the concussion injury mechanisms 

involved illegal contact resulting in 

a penalty. The combined concussion 

incidence rate for games and 

practices was 1.58 concussions per 

1000 exposures (95% CI 1.13–2.16). 

The IR was higher during games 

(2.46/1000 AEs; 95% CI 1.64–3.55) 

than during practices (1.17/1000 

AEs; 95% CI 0.68–1.89). The IRR for 

concussions in games to practices 

was 2.86 (95% CI 1.43–6.01, P = .01).

Concussions in 12- to 14- and 15- to 
18-Year-Old Age Groups

Regarding age, there were 5638 

total (2853 practice, 2785 game) 

exposures for the 12- to 14-year-olds 

(n = 159), during which 16 medically 

diagnosed concussions occurred. 

There were 17 731 total (9931 

practice, 7800 game) exposures for 

the 15- to 18-year-old age group (n 

= 238), during which 21 medically 

diagnosed concussions occurred. 

The combined concussion IR for 

practices and games in the 12- to 

14-year old age group was 2.84 per 

1000 (95% CI 1.68–4.51) exposures, 

and the combined concussion IR for 

practices and games in the 15- to 

18-year-old age group was 1.18 per 

1000 exposures (95% CI 0.75–1.78). 

The combined practice and game IRR 

of concussions for 12- to 14-year olds 

compared with 15- to 18-year-olds 

was 2.40 (95% CI 1.23–4.61, P = .01).

DISCUSSION

The current study prospectively 

examined concussions and their 

association to age in male and 

female youth ice hockey players 

aged 12 to 18 years. The concussion 

IR of 1.58/1000 exposures in 

our sample of youth ice hockey 

players aged 12 to 18 years was 

comparable to rates reported for 

other youth sports.8,10,13–15 In fact, 

in a recent study of youth football 

players, researchers reported a 

total concussion IR of 1.76/1000 

exposures,10 which is similar to the 

rate reported in the current study. 

In the current study, players had 

nearly 3 times more concussions per 

exposure in games compared with 

practices. This game-to-practice 

IRR suggests that games are more 

risky for concussion than practices; 

however, the IRR in the current 

study is lower than those previously 

reported in ice hockey (eg, IRR= 

13.20) and other sports.8,14 This 

finding may be due in part to the 

equitable medical coverage during 

practices and games, which may 

have increased the identification of 

concussions in practice in the current 

study compared with previous 

studies. However, this finding also 

may have been the result of more 

“gamelike” contact and play during 

practice in the current sample of 

youth ice hockey players.

All reported concussions in the 

current study resulted from player-

to-player contact (ie, checking or 

collision). This finding is consistent 

with a recent study conducted on 

professional hockey players,16 in 

which 88% of concussions from 

2006 to 2010 resulted from contact 

with an opponent. A significant 

percentage (43%) of concussion-

causing impacts in the current 

study were also the result of illegal 

contact, which supports the need 

for more stringent enforcement of 

penalties for illegal contact in youth 

ice hockey to mitigate this behavior, 

especially when involving a player’s 

head. Similarly, to avoid illegal and 

aggressive or risky play, the most 

recent policy from the American 

Academy of Pediatrics Council on 

Sports Medicine and Fitness suggests 

delaying introduction of checking 

until age 15.17 Youth leagues that 

permit body checking have higher 

concussion rate than those do not,18 

and a rule change to prohibit body 

checking was shown to decrease 

the incidence of concussion after 2 

years.19,20

In the current study, the concussion 

IR for 12- to 14-year-olds were 2.4 

times higher than for 15- to 18-year-

olds. This finding is in contrast to 

research in other youth sports, such 

as football, which reported higher 

concussion IRs in 11- to 12-year-

olds compared with 8- to 10-year-

olds.10 In their study examining 

concussions in youth football, Kontos 

and colleagues10 concluded that the 

increase IR in older athletes could 

be attributed to those athletes being 

bigger, faster, and stronger and 

engaging in more tackling than their 

younger counterparts. The overlap 

in age groups with higher concussion 

IRs in these 2 studies suggests that 

concussion risk may increase from 

childhood to early adolescence 

(age 12–14 years) and then drop 

off again in later adolescence. One 

reason for this increased risk in early 

adolescence may be the disparity 

in size, strength, and speed across 

boys at this time.21 In addition, the 

introduction of checking at age 13 

may result in injuries due to poor 

checking technique and lack of 

awareness on the ice, leading to more 

collisions. However, it is important 

to note that research comparing 

high school and college athletes has 

supported a more linear increase in 

concussion with age.13,22 As such, 

future research should compare 

younger and older adolescents to 

determine if younger adolescents 

are at increased risk for concussion, 

and if so, determine which factors 

may play a role in this finding. 

Additional factors, such as game play 

characteristics and rules changes, 

should also be examined.

The current study had several 

limitations. The sample size was 

small for an epidemiologic study. 

The sample included only players 

from the greater Pittsburgh, Boston, 

and Birmingham areas, and thus, the 
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findings may not be generalizable to 

all locales. We collected data in only 

2 independent competitive seasons 

and did not calculate playing time 

for each player, so all game and 

practice exposures were treated the 

same. We were unable to determine 

if the playing style of each league or 

team contributed to the incidence 

of concussion, as this is difficult to 

quantify. Concussion history was 

documented based on self-report, 

and as such may not be completely 

accurate. Interestingly, this cohort 

of athletes had a relatively high rate 

of previous concussions, potentially 

limiting the generalizability of our 

findings. Additionally, different 

medical professionals were in charge 

of diagnosing and documenting 

concussions at each site, potentially 

leading to bias and inconsistencies in 

the numbers of concussions reported.

CONCLUSIONS

The concussion IR of 1.58 per 1000 

AEs in our sample of youth ice 

hockey players aged 12 to 18 years 

was comparable to rates reported 

for other youth collision sports. The 

game-to-practice IRR was lower 

than those previously reported in 

ice hockey and other youth sports, 

although 2.9 times more concussions 

per exposure occurred in games 

compared with practices.Younger 

players (eg, 12--14 year olds) had 

a higher rate of concussions than 

older players (eg, 15--18 year olds). 

Future research should compare 

younger and older adolescents, male 

and female cohorts, and investigate 

further the possible risk factors for 

discrepancies in concussion rates, 

such as checking policies and illegal 

contact.

REFERENCES

  1.  Centers for Disease Control and 

Prevention (CDC). Nonfatal traumatic 

brain injuries from sports and 

recreation activities—United States, 

2001–2005. MMWR Morb Mortal Wkly 

Rep. 2007;56(29):733–737

  2.  Bakhos LL, Lockhart GR, Myers R, 

Linakis JG. Emergency department 

visits for concussion in young child 

athletes. Pediatrics. 2010;126(3). 

Available at: www. pediatrics. org/ cgi/ 

content/ full/ 126/ 3/ e550

  3.  Powell JW, Barber-Foss KD. Traumatic 

brain injury in high school athletes. 

JAMA. 1999;282(10):958–963

  4.  Rosenthal JA, Foraker RE, Collins CL, 

Comstock RD. National high school 

athlete concussion rates from 2005–

2006 to 2011–2012. Am J Sports Med. 

2014;42(7):1710–1715

  5.  National Council on Youth Sports. 

Report on trends and participation 

in organized youth sports. Available 

at: www. ncys. org/ publications/ 

2008- sports- participation- study. php. 

Published 2008. Accessed March 17, 2015

  6.  Gwin J, Chu J, McAllister T, Greenwald 

R. In-situ measures of head impact 

acceleration in NCAA Division I men’s 

ice hockey: implications for ASTM 

F1045 and other ice hockey helmets 

standards. J ASTM Int. 2009;6(6):1–10

  7.  Brainard LL, Beckwith JG, Chu JJ, 

et al. Gender differences in head 

impacts sustained by collegiate ice 

hockey players. Med Sci Sports Exerc. 

2012;44(2):297–304

  8.  Marar M, McIlvain NM, Fields SK, 

Comstock RD. Epidemiology of 

concussions among United States 

high school athletes in 20 sports. Am J 

Sports Med. 2012;40(4):747–755

  9.  Emery CA, Kang J, Schneider KJ, 

Meeuwisse WH. Risk of injury and 

concussion associated with team 

performance and penalty minutes 

in competitive youth ice hockey. Br J 

Sports Med. 2011;45(16):1289–1293

  10.  Kontos AP, Elbin RJ, Fazio-Sumrock 

VC, et al. Incidence of sports-related 

concussion among youth football 

players aged 8–12 years. J Pediatr. 

2013;163(3):717–720

  11.  Injury Prevention & Control: Traumatic 

Brain Injury. Concussion and Mild 

TBI. Available at: http:// www. cdc. gov/ 

TraumaticBrainInj ury/ . Accessed 

October 10, 2015

  12.  McCrory P, Meeuwisse WH, Aubry 

M, et al. Consensus statement 

on concussion in sport: the 4th 

International Conference on 

Concussion in Sport held in Zurich, 

November 2012. Br J Sports Med. 

2013;47(5):250–258

  13.  Gessel LM, Fields SK, Collins CL, 

Dick RW, Comstock RD. Concussions 

among United States high school 

and collegiate athletes. J Athl Train. 

2007;42(4):495–503

  14.  Echlin PS, Tator CH, Cusimano MD, et 

al. A prospective study of physician-

observed concussions during junior 

ice hockey: implications for incidence 

rates. Neurosurg Focus. 2010;29(5):E4

5

ABBREVIATIONS

AE:  athletic exposures

CI:  confidence interval

IR:  incidence rates

IRR:  incidence rate ratios

philanthropic support from the National Hockey League Alumni Association. Dr Collins is a cofounder of, and consultant for, ImPACT Applications. The other 

authors have indicated they have no fi nancial relationships relevant to this article to disclose.

FUNDING: Supported in part by a grant to the University of Pittsburgh through the National Institute on Deafness and Other Communication Disorders 

(1K01DC012332–01A1) to Dr Kontos, and through a research contract between the University of Pittsburgh and Bauer Performance Sports, Ltd. with Dr Kontos 

and Dr Collins. Funded by the National Institutes of Health (NIH).

POTENTIAL CONFLICT OF INTEREST: Dr Collins is a cofounder of, and consultant for, ImPACT Applications. The other authors have indicated they have no potential 

confl icts of interest to disclose.



 KONTOS et al 

  15.  Hinton RY, Lincoln AE, Almquist 

JL, Douoguih WA, Sharma KM. 

Epidemiology of lacrosse injuries in 

high school-aged girls and boys: a 

3-year prospective study. Am J Sports 

Med. 2005;33(9):1305–1314

  16.  Hutchison MG, Comper P, Meeuwisse 

WH, Echemendia RJ. An observational 

method to code concussions in the 

National Hockey League (NHL): the 

heads-up checklist. Br J Sports Med. 

2014;48(2):125–129

  17.  Brooks A, Loud KJ, Brenner JS, et 

al; Council on Sports Medicine and 

Fitness. Reducing injury risk from body 

checking in boys’ youth ice hockey. 

Pediatrics. 2014;133(6):1151–1157

  18.  Blake T, Hagel BE, Emery CA. Does 

intentional or unintentional contact 

in youth ice hockey result in 

more injuries? Clin J Sport Med. 

2012;22(4):377–378

  19.  Emery C, Kang J, Shrier I, et al. Risk of 

injury associated with bodychecking 

experience among youth hockey 

players. CMAJ. 2011;183(11):1249–1256

  20.  Emery CA, Meeuwisse WH. Injury rates, 

risk factors, and mechanisms of injury 

in minor hockey. Am J Sports Med. 

2006;34(12):1960–1969

  21.  Katzmarzyk PT, Srinivasan SR, Chen W, 

Malina RM, Bouchard C, Berenson GS. 

Body mass index, waist circumference, 

and clustering of cardiovascular 

disease risk factors in a biracial 

sample of children and adolescents. 

Pediatrics. 2004;114(2). Available at: 

www. pediatrics. org/ cgi/ content/ full/ 

114/ 2/ e198

  22.  Lincoln AE, Caswell SV, Almquist JL, 

Dunn RE, Norris JB, Hinton RY. Trends 

in concussion incidence in high school 

sports: a prospective 11-year study. 

Am J Sports Med. 2011;39(5):958–963

6




