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ABSTRACT
Introduction:  ice hockey is a popular global sport with growing participation for boys and girls 
yet remains a high-risk sport for injury. While the evidence for some risk factors, such as 
bodychecking policy is well established, other risk factors such as player sex have been 
understudied. the objectives of this study were to examine factors associated with rates of 
game-related injury, game-related injury resulting in >7  days of time-loss, and practice-related 
injury in youth ice hockey.
Materials and methods:  safe2Play was a five-year prospective cohort study (2013–2018). all 
injuries were identified using validated injury surveillance methodology. Multilevel Poisson 
regression (adjusting for cluster by team and including multiple imputation of missing covariates) 
was used to estimate incidence rate ratios (iRRs) for player sex, age group, bodychecking policy, 
year of play, level of play, weight, previous injury within last 12  months, previous lifetime 
concussion history, and position.
Results:  a total of 4418 male and female ice hockey players (representing 6584 player-seasons) 
participating in under-13 (ages 11–12), under-15 (ages 13–14) and under-18 (ages 15–17) age 
groups were recruited. there were 1184 game-related and 182 practice-related injuries. Factors 
associated with game-related injury included female sex (iRR = 1.57; 95% ci: 1.18–2.08), previous 
injury (iRR = 1.46; 95% ci: 1.26–1.70) and lifetime concussion history (iRR = 1.41; 95% ci: 1.23–
1.62). Goaltenders had a lower rate of injury (iRR = 0.54; 95% ci: 0.40–0.72) relative to forwards, 
as did players exposed to policy disallowing bodychecking in games (iRR = 0.44; 95% ci: 0.35–
0.55). Female sex (iRR = 1.90; 95% ci: 1.10–3.28) and lifetime concussion history were also 
significantly associated with practice-related injury (iRR = 1.53; 95% ci: 1.08–2.18).
Conclusions:  Based on data from a large 5-year canadian youth ice hockey longitudinal cohort, 
several factors associated with injury were identified. Future injury prevention strategies should 
consider age, sex, previous concussion and injury history, and body checking leagues. Future 
research in female youth ice hockey including female-only leagues should be a priority to inform 
prevention strategies in this understudied population.

Introduction

ice hockey is a popular winter sport and has grown in 
participation globally, particularly for females, over the 
past decade [1,2]. there are many known benefits to 
participating in sport such as improved physical, social 

and mental health benefits [3]. Unfortunately, partici-
pation in ice hockey is associated with a high burden 
of injury [4–6]. in canada, ice hockey accounts for over 
10% of all youth sport-related injuries [5]. concussion 
incidence rates in ice hockey are among the highest in 
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youth sports [4], accounting for between 18 and 66% 
of all ice hockey-related injuries [7–10].

Previous youth ice hockey studies have identified risk 
factors for injury such as policy permitting bodychecking 
[9–16]. this research has informed policy disallowing 
bodychecking in games in the under-13 age group (ages 
11–12) nationally in the Usa and canada (Usa hockey 
2011; hockey canada 2013), as well as in non-elite levels 
of play in older age categories (ages 13–17) [7,10,13,14]. 
these policy changes have prevented thousands of inju-
ries to date and subsequently contributed to consider-
able health care cost savings [7,10,13,14,17–19]. While 
the evidence is strong for bodychecking policy and 
some other risk factors, like previous injury and concus-
sion history, the evidence for other factors such as sex, 
weight, level of play, and player position is inconsistent 
or understudied. this may be due in part to differing 
injury definitions, methodological discrepancies and 
inconsistent reporting [12]. Further, the literature to date 
has primarily focused on game-related injury with little 
attention to practice-related injury.

safe2Play was a large 5-year prospective cohort 
study in canadian youth ice hockey players and pro-
vides an ideal opportunity to examine factors associ-
ated with injury for games and practices. as such, the 
purpose of this study was to examine the association 
between several potential risk factors for game-related 
injury, game-related injury resulting in >7  days of 
time-loss, and practice-related injury rates in youth ice 
hockey players aged 11–17.

Materials and methods

Design

safe2Play was a 5-year prospective cohort study con-
ducted from 2013/14 to 2017/18 in two western 
canada provinces (alberta and British columbia). the 
cohort included male and female players from all lev-
els of play in under-13 (ages 11–12), under-15 (ages 
13–14) and under-18 (ages 15–17) age groups. this 
included players in leagues either allowing or disallow-
ing bodychecking. eligible females played in either 
‘female-only’ leagues, where policy does not permit 
bodychecking at any age group or level of play, or on 
primarily male-participant teams where bodychecking 
policy was league dependent. the cohort utilised an 
inclusive sampling approach where all regional hockey 
associations were invited to participate. individual 
teams were then contacted from those associations 
that agreed to participate. teams were included if they 
agreed to participate and could identify a person will-
ing to report weekly player participation and any 

injuries in games and practices. all players from eligi-
ble teams could participate if they provided written 
informed consent (player or parent) and had no previ-
ous injury or illness that prevented full participation at 
the beginning of the playing season. the recruitment 
process details have been previously published 
[10,13,14]. as this was a secondary data analysis, there 
was no a priori sample size calculation. sample size 
details from the original study have been previously 
published [8]. ethical approval was received from 
research ethics boards at the University of calgary 
(ethics iD: ReB14-0348 and ReB14-2209), University of 
alberta (ethics iD: ReB Pro00024093) and the University 
of British columbia (ethics iD: cW14-0304/h14-01894).

Procedures

the previously validated youth ice hockey injury sur-
veillance methodology included a preseason baseline 
questionnaire, recording of weekly playing exposure in 
games and practices, and injury details [20]. each team 
designate (typically the team manager) collected 
weekly playing exposure and identified players with 
injuries. injuries must have resulted in medical atten-
tion, the inability to complete a session, or time-loss 
from playing to be included. a study athletic therapist 
and/or physiotherapist confirmed the information on 
all injuries that were reported by the team designate. 
Further details of the validated injury surveillance sys-
tem have been previously published [9,10,13,17]. 
Players with a suspected concussion were referred to a 
study sport medicine physician within 72 h for diagno-
sis and management. concussion definition and a 
standardised follow-up and return to play protocol 
based on the 4th (2013–2016) and 5th (2017–2018) 
international conferences on concussion in sport 
(Zurich 2013 and Berlin 2016 consensus statements) 
was followed by all study physicians [21,22]. to ensure 
consistency across diagnosis and return to sport pro-
cesses as per the latest international statement on 
concussion in sport [21,22], meetings with study phy-
sicians were held at the start of each season. study 
therapists validating the injury report forms also com-
pleted standardised training at the start of each season.

the outcomes of interest for this study were the 
incidence of game-related injury, game-related injury 
that resulted in >7  days of time-loss, and all 
practice-related injuries. the seven-day cut-point for 
injury has been supported in the literature to differ-
entiate between more severe injury and allows for 
comparison with previous youth ice hockey studies 
[7,9,10,13,15,16,20,23,24]. since most concussions 
typically resolve within 4  weeks in youth [21,22],  
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a sensitivity analysis was also conducted restricting 
injury that resulted in >7  days of time loss to muscu-
loskeletal injury only (i.e. excluding concussion).

Statistical analyses

the baseline characteristics of the cohort were 
described by age group and injury status. When 
weekly playing exposure was missing, an estimation 
approach based on weekly means was performed 
within participant, team, or city and division of play. 
this technique is a recommended method for dealing 
with missing playing exposure in youth ice hockey and 
is supported by several previous studies [7,10,13,25]. 
crude rates of game-related injury, game-related injury 
resulting in >7 days of time-loss, and all practice-related 
injuries (offset for game-hours for game-related injury 
and practice-hours for practice-related injury) were 
estimated for each age group with 95% Poisson confi-
dence intervals adjusted for cluster by team. For each 
age group, crude game and practice-related injury 
rates were calculated by injury location and type with 
either exact Poisson 95% cis (when injury numbers 
<10) or adjusted for clustering by team (numbers ≥10).

separate multiple multilevel Poisson regression mod-
els were used to evaluate potential risk factors associ-
ated with each injury outcome. each model was adjusted 
for the following important covariates as suggested by 
previous youth ice hockey studies [7,8,10,12–16]: age 
group (under-13, under-15, under-18), bodychecking 
policy (permitted, not permitted), year of play (1st, 2nd 
or 3rd), level of play (elite divisions of play (top 20–30% 
by division of play depending on age group), sub-elite 
(lower 70–80%)), sex (male, female), player weight (kg), 
previous injury in the last 12  months (yes, no), previous 
lifetime concussion history (yes, no) and player position 
(forward, defence, goalie). Non-linearity of weight was 
explored by itself and with an interaction term within 
each age group (α  =  0.05). Player exposure hours were 
used as an offset in each model (game-hours for 
game-related outcomes and practice-hours for the prac-
tice outcome), and a random effect at the team level 
was examined to account for clustering. Missing covari-
ate data were imputed using multiple imputation using 
chained equations with 30 imputations completed. all 
analyses were completed using stata MP (release 17; 
with copyright license) [26].

Results

the safe2Play cohort recruited a total of 4418 players. 
Of those, 1344 participated in more than one season 
of play and resulted in a combined 6584 player-seasons. 

the median number of players recruited per team was 
14 (range: 2–20). there were also an additional 1027 
individual players (representing 1308 player-seasons) 
that were the only members of a team to participate. 
the median number of weeks players were followed 
was 20 (range: 2–31) and varied depending on when 
they were recruited during the playing season. Most 
players (84.6%; 5565/6581) had at least one week of 
game exposure estimated. the median number of 
game weeks imputed per player was 3 (first quartile: 1, 
third quartile: 14).

table 1 summarises the baseline characteristics of 
the player-seasons by age group and injury status. Of 
interest, ‘female-only’ leagues had a higher proportion 
of injured players (119/431; 27.6%) than females play-
ing on predominantly male-based teams (22/168; 13.1%).

table 2 summarises the injury outcomes for each 
age group. the proportion of game-related injuries 
that resulted in >7  days of time-loss was similar for 
those under-13 (79/138; 57.2%), under-15 (359/594; 
60.4%) and under-18 (304/452; 67.3%). the rates of 
game-related injury and game-related injury resulting 
in >7  days of time-loss was highest in the under-18 
age group followed by under-15 and lowest in 
under-13. the rates of practice-related injury were 
markedly lower compared with game-related rates but 
still highest in the under-18 age group.

the most common game-related injury location was 
the head/face for each age group (table 3). the shoul-
der/clavicle was the next most common region of injury 
for players under-18 and under-15, and these rates 
were markedly higher compared with those under-13. 
concussion was the most common game-related injury 
type for each age group. the rates of more severe 
injury types such as joint sprains/dislocations and  
fractures were also notably higher in under-18 and 
under-15 groups compared with those under-13. When 
practice-related injury details were known, the head/
face was the most common region of injury for all age 
groups and concussion was the most common injury 
type (table 4).

the results of the multiple multilevel Poisson regres-
sion models evaluating each outcome are summarised 
in table 5. there was no evidence of non-linearity with 
weight by itself or within any age group. Female play-
ers had a significantly higher rate of injury (incidence 
rate ratio (iRR)  =  1.57; 95% ci: 1.18–2.08) and injury 
resulting in >7  days of time-loss (iRR = 1.66; 95% ci: 
1.19–2.32) than male players (despite 431/599 female 
players in leagues disallowing body checking). Policy 
not permitting bodychecking was associated with a 
56% lower rate of injury (iRR = 0.44; 95% ci: 0.35–0.55) 
and a 59% lower rate of injury resulting in >7  days of 
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time-loss (iRR = 0.41; 95% ci: 0.31–0.54). having a pre-
vious injury within the last 12  months and lifetime 
concussion history were both associated with higher 
rates of injury and injury with >7  days of time-loss. 
Relative to forwards, goaltenders had a lower rate of 
injury (iRR = 0.54; 95% ci: 0.40–0.72) and injury with 
>7  days of time-loss (iRR = 0.63; 95% ci: 0.45–0.89), 
while there was no difference in injury rates between 
forwards and defensive players. Relative to the 
under-13 age group, under-18 age groups had higher 
rates of game-related injury (iRR = 1.23; 95% ci: 0.89–
1.70) and injury resulting in >7  days of time-loss (iRR 
= 1.45; 95% ci: 0.99–2.13), but these results were not 
statistically significant. Year of play, level of play, and 
player weight were not associated with either 
game-related outcomes. Female sex (iRR = 1.90; 95% 
ci: 1.10–3.28) and lifetime concussion history (iRR = 
1.55; 95% ci: 1.09–2.20) were the only factors signifi-
cantly associated with a higher rate of practice-related 
injury. When comparing the estimates of the models 
between all injury resulting in >7  days of time-loss 
with the sensitivity analysis restricting to only muscu-
loskeletal injury with >7  days of time loss (table s1 in 
supplemental content), the results were generally con-
sistent. Of note in the musculoskeletal restricted 
model, under-18 players had significantly higher rates 
relative to under-13 players, while the effects for 
females (relative to males) and those with a previous 
concussion history were no longer statistically 

Table 2. summary of injury outcomes for under-13, under-15 
and under-18 youth ice hockey players.

Under-13 Under-15 Under-18

number of 
game-related 
injuries

138 594 452

number of 
game-related 
injuries with 
>7  days of 
time-loss

79 359 304

Player game 
participation 
hours

59891.21 128321.3 80505.3

Game-related injury 
rate, injuries per 
1000 player 
game-hours 
(95% ci)a

2.30 (1.91, 2.78) 4.63 (4.12, 5.20) 5.61 (4.86, 6.48)

Game-related injury 
rate with 
>7  days of 
time-loss, injuries 
per 1000 player 
game-hours 
(95% ci)a

1.32 (1.07, 1.63) 2.80 (2.45, 3.20) 3.78 (3.25, 4.39)

number of 
practice-related 
injuries

35 79 68

Player practice 
participation 
hours

53765.45 120814.4 75368.29

Practice-related 
injury rate, 
injuries per 1000 
player 
practice-hours 
(95% ci)a

0.65 (0.47, 0.91) 0.65 (0.51, 0.84) 0.90 (0.68, 1.20)

acrude rates with 95% Poisson cis adjusted for cluster by team (offset by 
game or practice hours).

Table 3. number and rates of game-related injuries per 1000 player game-hours among under-13, under-15 and under-18 youth 
ice hockey players by injury type and location.

Under-13 Under-15 Under-18

number (/138) Ratea (95% ci) number (/594) Ratea (95% ci) number (/452) Ratea (95% ci)

injury location
 Head/face 88 1.47 (1.17, 1.85) 290 2.26 (1.96, 2.61) 185 2.30 (1.95, 2.71)
 neck/throat 3 0.05 (0.01, 0.15) 18 0.14 (0.09, 0.22) 8 0.10 (0.04, 0.20)
 shoulder/clavicle 4 0.07 (0.02, 0.17) 55 0.43 (0.32, 0.58) 64 0.80 (0.61, 1.04)
 Upper arm/elbow/

forearm
6 0.10 (0.04, 0.22) 20 0.16 (0.10, 0.25) 11 0.14 (0.07, 0.26)

 Wrist/hand 4 0.07 (0.02, 0.17) 42 0.33 (0.23, 0.46) 38 0.47 (0.33, 0.67)
 Back/side 4 0.07 (0.02, 0.17) 17 0.13 (0.08, 0.23) 17 0.21 (0.13, 0.35)
 chest/ribs/abdomen 3 0.05 (0.01, 0.15) 13 0.10 (0.06, 0.18) 6 0.07 (0.03, 0.19)
 Pelvis/hips/groin/

upper leg
4 0.07 (0.02, 0.17) 25 0.19 (0.12, 0.31) 26 0.32 (0.18, 0.57)

 Knee 7 0.12 (0.05, 0.24) 32 0.25 (0.17, 0.36) 36 0.45 (0.30, 0.66)
 lower leg/ankle/foot 9 0.15 (0.07, 0.29) 25 0.19 (0.13, 0.29) 19 0.24 (0.14, 0.39)
 other 1 0.02 (0.00, 0.09) 4 0.03 (0.01, 0.08) 2 0.02 (0.00, 0.09)
 Missing/unknown 5 0.08 (0.03, 0.19) 53 0.41 (0.29, 0.58) 40 0.50 (0.35, 0.70)
injury type
 contusion 19 0.32 (0.19, 0.53) 47 0.37 (0.27, 0.50) 33 0.41 (0.27, 0.63)
 concussion 86 1.44 (1.14, 1.81) 287 2.24 (1.94, 2.58) 181 2.25 (1.90, 2.66)
 Joint/ligament sprain/

dislocation
12 0.20 (0.11, 0.36) 60 0.47 (0.35, 0.62) 76 0.94 (0.71, 1.25)

 fracture 5 0.08 (0.03, 0.19) 75 0.58 (0.45, 0.76) 56 0.70 (0.50, 0.96)
 Muscle strain/

tendinitis
7 0.12 (0.05, 0.24) 53 0.41 (0.30, 0.57) 40 0.50 (0.36, 0.69)

 Abrasion/bleeding/
burn/cut/blister

1 0.02 (0.00, 0.09) 3 0.02 (0.00, 0.07) 5 0.06 (0.02, 0.14)

 other 0 0.00 (0.00, 0.06) 7 0.05 (0.02, 0.11) 6 0.07 (0.03, 0.16)
 Missing/unknown 8 0.13 (0.06, 0.26) 62 0.48 (0.36, 0.65) 55 0.68 (0.51, 0.91)
acrude rates per 1000 game-hours with 95% cis adjusted for cluster by team. exact cis were calculated when number was less than 10.

https://doi.org/10.1080/07853890.2024.2385024
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significant (but point estimates remained higher for 
those groups). the point estimate for sub-elite players 
was below 1 (suggesting lower rates of more severe 
musculoskeletal injury) but remained non-significant.

Discussion

this study investigated potential risk factors associated 
with rates of game and practice-related injury in 
canadian youth ice hockey players using data from a 
large, prospective cohort. consistent with other stud-
ies, our results suggest that one of the strongest fac-
tors associated with game-related injury rates is policy 
permitting bodychecking [7,10–14,27]. collectively, the 
substantial evidence demonstrating lower game-related 
injury rates following policy disallowing bodychecking 
suggests significant public health impact. Research 
examining injury risk after policy restricting body-
checking has shown no overall unintended injury con-
sequences related to fewer years of bodychecking 
experience for adolescent players in leagues permit-
ting bodychecking [9,15,16]. this counters the argu-
ment made in the ice hockey community that 
bodychecking should be implemented earlier to pro-
tect players from injury when they are older.

Our results suggest that females had a 57% greater 
rate of game-related injury, a 66% greater rate of 
game-related injury resulting in >7  days of time-loss, 

and a 90% greater rate of practice-related injury rela-
tive to male players. a higher proportion of females 
who participated in ‘female-only’ leagues were injured 
relative to females playing in leagues on predomi-
nately male-based teams. Potentially, differences may 
exist between the sociocultural context of females 
playing in male-dominated leagues and females in 
‘female-only’ leagues related to injury reporting or dif-
ferences within gameplay affecting risk of injury [28]. 
While ‘female-only’ leagues do not permit bodycheck-
ing at any age or level of play, these leagues have 
been noted to have high levels of body contact (i.e. 
positional play that includes angling players into the 
boards) which, when combined with the fast speeds of 
play, may result in inadvertent collisions and opportu-
nities for injury [29]. Future studies are needed to bet-
ter understand why females are at greater risk of injury 
to inform prevention programs [28].

Players with a previous injury history in the last 
12  months and a lifetime history of concussion had 
significantly higher rates of game-related injury and 
injury with >7  days of time-loss. this finding is consis-
tent with several previous youth ice hockey studies as 
well as research in other sports [7–10,15,16,22,30]. also 
of note was that players with a lifetime concussion his-
tory had a significant 55% higher rate of practice-related 
injury. Goalies had a significantly lower rate of both 
game-related injury outcomes relative to forwards, 

Table 4. number and rates of practice-related injuries per 1000 player practice-hours among under-13, under-15 and under-18 
youth ice hockey players by injury type and location.

Under-13 Under-15 Under-18

number (/35) Ratea (95% ci) number (/79) Ratea (95% ci) number (/68) Ratea (95% ci)

injury location
 Head/face 20 0.37 (0.25, 0.56) 35 0.29 (0.21, 0.40) 10 0.13 (0.07, 0.26)
 neck/throat 1 0.02 (0.00, 0.10) 0 0.00 (0.00, 0.03) 0 0.00 (0.00, 0.05)
 shoulder/clavicle 0 0.00 (0.00, 0.07) 4 0.03 (0.01, 0.08) 9 0.12 (0.05, 0.23)
 Upper arm/elbow/

forearm
0 0.00 (0.00, 0.07) 1 0.01 (0.00, 0.05) 2 0.03 (0.00, 0.10)

 Wrist/hand 2 0.04 (0.00, 0.13) 8 0.07 (0.03, 0.13) 9 0.12 (0.05, 0.23)
 Back/side 0 0.00 (0.00, 0.07) 0 0.00 (0.00, 0.03) 3 0.04 (0.01, 0.12)
 chest/ribs/abdomen 0 0.00 (0.00, 0.07) 0 0.00 (0.00, 0.03) 2 0.03 (0.00, 0.10)
 Pelvis/hips/groin/

upper leg
6 0.11 (0.04, 0.24) 2 0.07 (0.00, 0.06) 5 0.07 (0.02, 0.15)

 Knee 2 0.04 (0.00, 0.13) 6 0.05 (0.02, 0.11) 6 0.08 (0.03, 0.17)
 lower leg/ankle/foot 1 0.02 (0.00, 0.10) 3 0.02 (0.01, 0.07) 6 0.08 (0.03, 0.17)
 other 0 0.00 (0.00, 0.07) 0 0.00 (0.00, 0.03) 0 0.00 (0.00, 0.05)
 Missing/unknown 3 0.06 (0.01, 0.16) 20 0.17 (0.10, 0.28) 16 0.21 (0.10, 0.45)
injury type
 contusion 5 0.09 (0.03, 0.22) 6 0.05 (0.02, 0.11) 5 0.07 (0.02, 0.15)
 concussion 20 0.37 (0.25, 0.56) 33 0.27 (0.20, 0.38) 10 0.13 (0.07, 0.26)
 Joint/ligament sprain/

dislocation
0 0.00 (0.00, 0.07) 10 0.08 (0.04, 0.18) 14 0.19 (0.10, 0.35)

 fracture 1 0.02 (0.00, 0.10) 5 0.04 (0.01, 0.10) 9 0.12 (0.05, 0.23)
 Muscle strain/

tendinitis
7 0.13 (0.05, 0.27) 3 0.02 (0.01, 0.07) 8 0.11 (0.05, 0.21)

 Abrasion/bleeding/
burn/cut/blister

0 0.00 (0.00, 0.07) 1 0.01 (0.00, 0.05) 1 0.01 (0.00, 0.07)

 other 0 0.00 (0.00, 0.07) 1 0.01 (0.00, 0.05) 0 0.00 (0.00, 0.05)
 Missing/unknown 2 0.04 (0.00, 0.13) 20 0.17 (0.10, 0.28) 21 0.28 (0.14, 0.54)
acrude rates per 1000 practice-hours with 95% cis adjusted for cluster by team. exact cis were calculated when number was less than 10.
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similar to the results of prior studies [7,8,10,12–14,16]. 
While under-18 leagues did not have significantly 
higher rates of injury than under-13 leagues, the trend 
of higher injury rates in increasingly older age groups 
is consistent with previous studies [8,10,13,14].

Year of play, level of play, and player weight were 
not related with any injury outcomes in the current 
study. First year players in under-13 leagues have 
been suggested to have a higher risk of injury rela-
tive to second year players [8,10], but year of play 
was not significantly associated in older age groups 
[13,14]. studies have varied on whether level of play 
is associated with injury risk and for which levels 
[7,9,10,12,15,16,20]. this may be related to different 
populations between studies and categorisations of 
level of play. Previous studies suggest that injury 
rates were highest for players in the lowest weight 
category [7,12], while other studies suggest an 

increased risk in heavier players [13]. For the under-15 
age group, higher point estimates for all injury and 
concussion outcomes were seen for lighter and 
heavier categories relative to the middle category 
[16], but this relationship was not seen in under-18 
players [15]. these conflicting findings may be due to 
different populations of interest and different cate-
gorisations or analysis of weight (i.e. examined con-
tinuously or categorically).

the estimates from the model that was restricted to 
only musculoskeletal injury with >7  days of time loss 
were largely consistent with the model examining all 
injury with >7  days of time loss (i.e. including concus-
sion). these findings are also generally consistent with 
concussion specific outcomes in this cohort; however, 
sub-elite players were associated with higher rates of 
concussion outcomes [31], but not injury rates in the 
current study. Players in the under-18 age group had 
a significantly higher rate of musculoskeletal injury 
with >7  days of time loss than under-13 and under-15 
(iRR = 1.60; 95% ci: 1.13–2.26, as obtained from linear 
combinations from the restricted model), but age 
group was not related to game-related concussion 
outcomes [31]. Factors related to other specific injury 
types or locations remain an opportunity for further 
evaluation.

limitations of the safe2Play cohort include self-reporting 
of covariate data, which may change over the course of 
the season (e.g. position of play). as previously suggested, 
several factors may affect the return to play decision after 
an injury such as importance of the game, motivation, 
player personality characteristics and parental influence 
[13,14]. each of these may affect the precision of the iRR 
estimates of the injury outcome based on time-loss. 
survivor bias is possible in sport-related longitudinal 
cohorts when players stop their sport participation after 
an injury leading to loss to follow-up in the cohort. the 
players that continue to participate may have a lower 
underlying risk profile than those that stopped playing 
and this remains an area for future research [9,15]. 
selection bias is possible based on teams not willing to 
participate; however, the main reason for non-participation 
was the inability to identify someone on the team willing 
to record playing exposure and injury details. as such, it 
is unlikely that non-participation would be related to any 
exposure variable and injury outcomes. the multiple mul-
tilevel models included a random effect at a team level to 
account for clustering effects but did not include a ran-
dom effect at the individual level. While models account-
ing for both levels of random effects were attempted, 
these crossed-effects are known for their prohibitively 
long computational times when adjusting for several 
covariates [32].

Table 5. Adjusted incidence rate ratios for injury outcomes in 
youth ice hockey players.

incidence rate ratio (95% ci)

Potential risk 
factor

Game-related 
injury

Game-related 
injury >7 days of 

time-loss
Practice-related 

injury

Age group
 Under-13 1 (reference) 1 (reference) 1 (reference)
 Under-15 1.06 (0.78, 1.41) 1.07 (0.76, 1.51) 0.81 (0.46, 1.43)
 Under-18 1.23 (0.89, 1.70) 1.45 (0.99, 2.13) 0.90 (0.45, 1.78)
Bodychecking 

policy
 Permitted 1 (reference) 1 (reference) 1 (reference)
 not 

permitted
0.44 (0.35, 0.55)† 0.41 (0.31, 0.54)† 0.84 (0.51, 1.40)

Year of play
 first 1 (reference) 1 (reference) 1 (reference)
 second 1.00 (0.87, 1.15) 1.07 (0.90, 1.27) 1.06 (0.76, 1.49)
 Third 1.01 (0.75, 1.36) 1.05 (0.74, 1.49) 1.28 (0.66, 2.48)
level of play
 elite (top 

20–30%)
1 (reference) 1 (reference) 1 (reference)

 sub-elite 
(lower 
70–80%)

1.07 (0.90, 1.29) 1.15 (0.94, 1.41) 1.19 (0.82, 1.73)

sex
 Male 1 (reference) 1 (reference) 1 (reference)
 female 1.57 (1.18, 2.08)† 1.66 (1.19, 2.32)† 1.90 (1.10, 3.28)†

Player weight 1.00 (0.99, 1.00) 0.99 (0.98, 1.00) 1.00 (0.98, 1.02)
Previous injury 

in the last 
yeara

 no 1 (reference) 1 (reference) 1 (reference)
 Yes 1.46 (1.26, 1.70)† 1.44 (1.18, 1.75)† 1.26 (0.87, 1.82)
Previous 

concussionb
 no 1 (reference) 1 (reference) 1 (reference)
 Yes 1.41 (1.23, 1.62)† 1.50 (1.27, 1.78)† 1.55 (1.09, 2.20)†

Position
 forward 1 (reference) 1 (reference) 1 (reference)
 defense 1.00 (0.87, 1.14) 1.05 (0.89, 1.25) 0.93 (0.65, 1.34)
 Goalie 0.54 (0.40, 0.72)† 0.63 (0.45, 0.89)† 1.09 (0.65, 1.83)
aThe covariate ‘previous injury in the last year’ includes any concussion 
that occurred in the previous 12  months.
bThe covariate ‘previous concussion’ includes any concussion without a 
date limit.
†statistically significant at p  <  .05.
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Conclusions

Based on data from a large 5-year longitudinal cohort in 
canadian youth ice hockey, several factors were associ-
ated with game-related injury and injury resulting in 
>7  days of time-loss. the factors associated with higher 
injury rates included being female, playing in older age 
groups, having a history of injury within the previous 
12  months, and a lifetime history of concussion. Factors 
associated with a lower rate of injury included the goal-
tender position and playing in leagues where policy dis-
allowed bodychecking. Bodychecking policy continues to 
be the most reported modifiable risk factor in youth ice 
hockey and policy disallowing bodychecking can have 
the greatest public health impact in reducing the burden 
of injury. Future research in ice hockey should target 
females and female-specific injury prevention strategies.
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