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Abstract
Background: In a previous prospective study, the
risk of concussion and all injury was more than
threefold higher among Pee Wee ice hockey
players (ages 11–12 years) in a league that allows
bodychecking than among those in a league
that does not. We examined whether two years
of bodychecking experience in Pee Wee influenced the risk of concussion and other injury
among players in a Bantam league (ages 13–14)
compared with Bantam players introduced to
bodychecking for the first time at age 13.
Methods: We conducted a prospective cohort
study in volving hockey players aged 13–14
years in the top 30% of divisions of play in
their leagues. Sixty-eight teams from the
province of Alberta (n = 995), whose players
had two years of bodychecking experience in
Pee Wee, and 62 teams from the province of
Quebec (n = 976), whose players had no bodychecking experience in Pee Wee, participated.
We estimated incidence rate ratios (IRRs) for
injury and for concussion.
Results: There were 272 injuries (51 concussions) among the Bantam hockey players who
had bodychecking experience in Pee Wee and
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ates of participation in youth-level ice
hockey are high in North America. 1,2
There is growing concern regarding the
impact of concussion in this population.3−5 Bodychecking is the reported mechanism for 45%–
86% of injuries in youth ice hockey.5−11 Internationally, the age group at which bodychecking is
introduced varies. In Canada, bodychecking is
introduced in Pee Wee leagues (ages 11–12
years), except in the province of Quebec, where
it is introduced in Bantam (ages 13–14).12
The age at which bodychecking should be
introduced is controversial. We recently reported
that the risk of injury and concussion in a Pee Wee
league that allows bodychecking was more than
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244 injuries (49 concussions) among those
without such experience. The adjusted IRRs for
game-related injuries and concussion overall
between players with bodychecking experience in Pee Wee and those without it were as
follows: injury overall 0.85 (95% confidence
interval [CI] 0.63 to 1.16); concussion overall
0.84 (95% CI 0.48 to 1.48); and injury resulting
in more than seven days of time loss (i.e., time
between injury and return to play) 0.67 (95%
CI 0.46 to 0.99). The unadjusted IRR for concussion resulting in more than 10 days of time loss
was 0.60 (95% CI 0.26 to 1.41).
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Interpretation: The risk of injury resulting in
more than seven days of time loss from play
was reduced by 33% among Bantam hockey
players in a league where bodychecking was
allowed two years earlier in Pee Wee compared with Bantam players introduced to
bodychecking for the first time at age 13. In
light of the increased risk of concussion and
other injury among Pee Wee players in a
league where bodychecking is permitted, policy regarding the age at which hockey players
are introduced to bodychecking requires further consideration.

threefold higher than in a Pee Wee league that
does not allow bodychecking.9 Findings from systematic reviews support these findings.13,14
Injury rates may increase when players
begin to learn bodychecking, because it is a
new skill. If so, injury rates would be expected
to be higher among players without bodychecking experience in Pee Wee (i.e., those in Quebec) than among players introduced to bodychecking two years earlier in Pee Wee (e.g., in
Alberta). We examined whether the risk of concussion and other injury among hockey players
in Bantam leagues differed between players
with and those without bodychecking experience in Pee Wee.
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Methods
Study design and participants
We conducted a prospective cohort study over a
season of play (2008/09) one year after an initial
cohort study for which we had recruited Pee Wee
players (ages 11–12) in the same leagues.9 Our
current study population comprised Bantam
hockey players (ages 13–14) in the provinces of
Alberta and Quebec. Cohorts were defined by
whether they played in the Alberta league, which
allowed bodychecking in Pee Wee, or in the Quebec league, which introduced bodychecking only
in Bantam. The inclusion criteria were the same
as those in our earlier study9 except that players
were 13–14 years of age during the season of play
and were in the top 30% of level of play, where
bodychecking is allowed in both provinces.
Written informed consent was obtained from
each player and from his or her parent or
guardian, as per the ethics offices at the University of Calgary, University of Alberta, McGill
University, Université de Montréal and Laval
University.
A sample size of 1944 was determined necessary for a minimally important incidence rate ratio
(IRR) of 0.5 or greater reduction in harm, based
on an expected concussion rate of 1 per 1000
player-hours in the Alberta cohort, and adjusting
for clustering and an anticipated dropout rate of
10% (two-sided test, α = 0.05, β = 0.2).15
Data collection
The injury surveillance system was previously
validated in youth ice hockey and was consistent
with that used in our earlier cohort study involving Pee Wee players during the previous playing
season.6,9 The following four data-collection documents were used: a preseason baseline questionnaire, which included the Sport Concussion
Assessment Tool;16 a questionnaire about attitudes toward bodychecking;17 a weekly exposure
sheet documenting individual participation in
practices and games; and an injury report form.
All hockey-related injuries that required medical attention or that resulted in the inability to
complete a session or in time loss (i.e., time
between injury and return to play) were identified
by the team designate or therapist and recorded on
an injury report form. All players with an identified injury or suspected concussion were assessed
by a team therapist (i.e., physiotherapist, certified
athletic therapist or senior athletic therapy student) who had been trained by a study physician.
All players with a suspected concussion or time
loss from play of more than seven days were recommended for review by a study sports medicine
physician. Standardized follow-up and return-to-
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play guidelines, based on international concussion
consensus guidelines,18 were followed by all study
physicians and study therapists.
In addition, we collected information on other
previously suggested risk factors.9 These risk factors included year of play (first or second), previous injury in the past year, previous concussion
(ever), player’s weight, level of play (top 30% of
the Bantam study cohort playing AAA or AA
hockey in Alberta and AA in Quebec v. lower
70% of the cohort), position of player reported at
baseline (defence, forward or goalie) and attitudes toward bodychecking. 6 , 9 Weight was
dichotomized at the 25th percentile (52 kg)
because we considered that the smallest players
would be at greatest risk of injury. Attitude
toward bodychecking was dichotomized at the
75th percentile (score of 36 out of 55 on the
bodychecking questionnaire) because we considered that players with higher total scores (i.e., a
more positive attitude toward bodychecking)
would be at greatest risk of injury.
Outcome measures
The primary outcome measure was the incidence
of all injury and concussion among hockey players with and without previous bodychecking
experience in Pee Wee. The secondary outcome
measures were the incidence of injury resulting in
more than 7 days of time loss from hockey (i.e.,
not including slight and minimal injuries, based
on previous consensus agreement on injury definitions19) and the incidence of concussion resulting
in more than 10 days of time loss from hockey.
Concussions were included in the analysis if
they met the study definition of a reportable injury
based on the therapist’s assessment and the Sport
Concussion Assessment Tool and the definition of
concussion based on consensus guidelines.18 A 10day cut-off for time loss due to concussion was
chosen because it has been suggested as a marker
to retrospectively distinguish severity of concussion and has been supported in the literature for
male sport participants.16,20–24
Statistical analysis
Baseline characteristics were compared between
the two study cohorts and between injured and
uninjured players.
We estimated IRRs and 95% confidence intervals (CIs) for the following outcomes using Poisson regression analysis: injury overall, injury
resulting in more than seven days of time loss
from play and concussion overall. In each model,
we included player-hours as an offset, accounting
for clustering by team effect and adjusting for all
included covariables (year of play, previous
injury or concussion, size of player, position of
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player [centre, wing, defence or goalie] and attitudes toward bodychecking). Because of the
smaller event rates for concussion resulting in
time loss of more than 10 days from hockey, we
limited the Poisson regression analysis for this
outcome to univariable analyses (still accounting
for clustering effects by team). Given the expectation of effect modification by type of session
(game v. practice), we stratified analyses by this
variable for all injury definitions. An IRR greater
than 1.0 indicates an increased risk of concussion
or other injury.

Results
A total of 172 teams were approached to participate in the study (91 in Alberta and 81 in Quebec). A total of 130 teams participated: 68 in the
province of Alberta (n = 995; 605 in Calgary and
390 in Edmonton) and 62 teams in the province
of Quebec (n = 976; 591 in Montréal and 385 in
Québec City). Table 1 summarizes the baseline
characteristics of the study cohorts.
The median number of hours of game time
per player over the 2008/09 season was 51.9

Table 1: Baseline characteristics of 1971 hockey players in Bantam leagues (ages 13–14 years) with and without previous
bodychecking experience in Pee Wee leagues (ages 11–12 years), 2008/09
Injured

Characteristic

Not injured

Previous bodychecking
experience*
n = 223

No previous
bodychecking experience*
n = 203

222 (99.6)

200 (98.5)

768 (99.5)

1 (0.4)

3 (1.5)

4 (0.5)

Previous bodychecking
No previous
experience*
bodychecking experience*
n = 772
n = 773

Sex, no. (%)
Male
Female

766 (99.1)
7 (0.9)

Height, cm, mean (SD)

n = 217
168.2 (9.5)

n = 202
168.3 (8.4)

n = 753
167.5 (9.4)

n = 767
168.1 (8.3)

Weight, kg, mean (SD)

n = 219
58.6 (10.8)

n = 202
59.4 (9.8)

n = 750
57.3 (10.5)

n = 768
60.0 (10.1)

Year of play in Bantam
league, no. (%)
First year
Second year
Data missing

n = 223

n = 203

n = 772

n = 773

95 (42.6)

75 (36.9)

325 (42.1)

247 (32.0)

126 (56.5)

126 (62.1)

432 (56.0)

516 (66.8)

2 (0.9)

2 (1.0)

15 (1.9)

10 (1.3)

Level of play
Top 30%

117 (52.5)

75 (36.9)

262 (33.9)

233 (30.1)

Lower 70%

106 (47.5)

128 (63.1)

510 (66.1)

540 (69.9)

Forward

130 (58.3)

119 (58.6)

426 (55.2)

407 (52.7)

Defence

75 (33.6)

70 (34.5)

238 (30.8)

259 (33.5)

Goalie

15 (6.7)

13 (6.4)

95 (12.3)

101 (13.1)

3 (1.3)

1 (0.5)

13 (1.7)

6 (0.8)

Position of player

Data missing
Previous injury (past year)
Yes

98 (43.9)

73 (36.0)

243 (31.5)

222 (28.7)

No

123 (55.2)

128 (63.1)

520 (67.4)

544 (70.4)

2 (0.9)

2 (1.0)

9 (1.2)

7 (0.9)

Yes

75 (33.6)

47 (23.2)

214 (27.7)

117 (15.1)

No

143 (64.1)

155 (76.4)

539 (69.8)

643 (83.2)

5 (2.2)

1 (0.5)

19 (2.5)

13 (1.7)

n = 215
38.6 (6.0)

n = 191
36.9 (6.9)

n = 721
37.7 (6.2)

n = 724
36.4 (7.0)

Data missing
Previous concussion (ever)

Data missing
Attitude toward
bodychecking, mean
score (SD)†

Note: SD = standard deviation.
*In Pee Wee leagues.
†Total score possible = 55; a higher score indicates a more positive attitude toward bodychecking.
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A total of 272 injuries (51 concussions)
were reported during 96 907 player-hours
among the hockey players with previous bodychecking experience in Pee Wee. A total of
244 injuries (49 concussions) were reported
during 85 464 player-hours among players
without such bodychecking experience. The

(interquartile range [IQR] 41.2–75.2) hours
among the hockey players who had bodychecking experience in Pee Wee and 45.4 (IQR 34.5–
59.5) hours among those who did not have such
experience. The corresponding median number
of hours of practice time were 32.8 (IQR 24.8–
44.0) hours and 37.8 (IQR 29.0–50.1) hours.

Table 2: Game-related outcomes among 1971 hockey players in Bantam leagues (ages 13–14 years) with and without previous
bodychecking experience in Pee Wee leagues (ages 11–12 years), 2008/09
Outcome; previous bodychecking experience in Pee Wee leagues
Injury with > 7 days
of time loss*

Injury overall
Variable

Experience

No. of players

No experience

Experience

No experience

Concussion overall
Experience

No experience

Concussion with > 10 days
of time loss*
Experience

No experience

242

210

91

100

48

42

14

11

60 644

46 222

60 644

46 222

60 644

46 222

60 644

46 222

No. of injuries per
1000 player-hours
(95%CI)

3.99
(3.38 to 4.71)

4.54
(3.63 to 5.68)

1.52
(1.20 to 1.91)

2.17
(1.67 to 2.82)

0.79
(0.55 to 1.13)

0.91
(0.60 to 1.37)

0.18
(0.09 to 0.35)

0.30
(0.18 to 0.52)

Incidence rate
ratio† (95%CI)

0.88
(0.67 to 1.16)

ref

0.70
(0.49 to 0.99)

ref

0.87
(0.51 to 1.50)

ref

0.60
(0.26 to 1.41)

ref

No. of player-hours

Absolute risk
reduction (95% CI)

–0.55 (–1.35 to 0.24)

–0.65 (–1.18 to 0.13)

–0.12 (–0.47 to 0.24)

–0.12 (–0.31 to 0.07)

Note: CI = confidence interval, ref = reference group.
*Time loss = time between injury and return to play.
†Based on Poisson regression analysis offset for player-hours and adjusted for clustering by team only. An incidence rate ratio greater than 1.0 indicates an
increased risk of concussion or other injury.

Table 3: Risk factors associated with game-related concussion or other injury among 1971 hockey players in Bantam leagues
(ages 13–14 years) with and without previous bodychecking experience in Pee Wee leagues (ages 11–12 years), 2008/09
Outcome; adjusted incidence rate ratio* (95% CI)
Risk factor

Injury overall

Injury with
> 7 days time loss†

Concussion overall

Concussion with
> 10 days time loss†

Previous bodychecking experience
in Pee Wee league (v. none)

0.85 (0.63 to 1.16)

0.67 (0.46 to 0.99)

0.84 (0.48 to 1.48)

0.60 (0.26 to 1.41)

First year of play in Bantam
league (v. second year)

1.40 (1.10 to 1.80)

1.48 (1.06 to 2.07)

1.64 (0.99 to 2.69)

2.57 (1.04 to 6.36)

Previous injury in past year
(v. no previous injury)

1.39 (1.13 to 1.71)

1.91 (1.45 to 2.51)

NA

NA

Previous concussion ever
(v. no previous concussion)

NA

NA

1.87 (1.19 to 2.94)

2.40 (1.01 to 5.67)

Weight ≤ 52 kg (v. > 52 kg)

1.03 (0.79 to 1.33)

0.92 (0.62 to 1.35)

1.25 (0.71 to 2.21)

0.89 (0.38 to 2.12)

Level of play in top 30%
(v. lower 70%)

1.02 (0.75 to 1.38)

1.13 (0.78 to 1.64)

0.90 (0.52 to 1.56)

0.80 (0.35 to 1.79)

Defence position (v. forward)

0.88 (0.70 to 1.09)

0.89 (0.64 to 1.23)

0.84 (0.50 to 1.41)

0.94 (0.42 to 2.11)

Goalie position (v. forward)

0.34 (0.18 to 0.65)

0.35 (0.14 to 0.85)

0.45 (0.14 to 1.44)

0

More positive attitude toward
bodychecking (score ≥ 36/55) (v. less
positive attitude [score < 36.55])

1.01 (0.82 to 1.25)

0.99 (0.71 to 1.38)

1.10 (0.68 to 1.78)

0.92 (0.35 to 2.40)

Note: CI = confidence interval, NA = not applicable.
*Incidence rate ratios for all injury, all concussion and injury resulting in more than seven days of time loss from hockey† were based on Poisson regression analysis
offset for player-hours and adjusted for clustering by team and covariables (year of play, previous injury or concussion, player size, level of play, position of player and
attitude toward bodychecking). Incidence rate ratios for concussion resulting in more than 10 days of time loss† were based on Poisson regression analysis offset for
player-hours and adjusted for clustering by team only. An incidence rate ratio greater than 1.0 indicates an increased risk of concussion or other injury.
†Time loss = time between injury and return to play.
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rates of game-related injuries per 1000 playerhours were similar in the two study cohorts
(Table 2). The IRR between the study cohorts
for injury during practice hours was 1.00 (95%
CI 0.59 to 1.72).
Table 3 summarizes the results of the adjusted
multiple Poisson regression models for risk factors associated with game-related injury overall,
concussion overall and injury resulting in more
than 7 days of time loss from hockey, as well as
results of the unadjusted models for concussion
resulting in more than 10 days of time loss from
play. The IRRs for game-related injury between
players with bodychecking experience in Pee Wee
and those without it were 0.85 for injury overall,
0.84 for concussion overall and 0.60 for concussion resulting in more than 10 days of time loss;
95% CIs for each included the null value of 1.0,
which suggests that the observed differences
between the cohorts could have been due to
chance. For injury resulting in more than seven
days of time loss from play, the IRR of 0.67 (95%
CI 0.46 to 0.99) indicated a 33% reduction in the
risk of injury among the players who had bodychecking experience in Pee Wee.
Previous injury and previous concussion were
significant risk factors for injury and concussion,
respectively (Table 3). Compared with being in
the second year in the Bantam league, being in
the first year was associated with an increased
risk of injury overall, injury resulting in more
than 7 days of time loss from hockey and con-

cussion resulting in more than 10 days of time
loss from hockey. Compared with being a forward, being a goalie was associated with a lower
risk of injury overall and of injury resulting in
more than seven days of time loss from hockey.
Game-related rates of injury by mechanism
are summarized in Figure 1. The rate associated
with bodychecking was higher than any other
mechanism of injury in both study cohorts. The
rate of injury from bodychecking did not differ
significantly between the cohorts (IRR 0.82,
95% CI 0.59 to 1.15).
The head and shoulders were the most common locations of injury in both study cohorts
(Table 4). The top three reported types of injury
were contusion, concussion, and ligament sprain
or dislocation (Table 4).

Interpretation
In this prospective cohort study involving
hockey players in Bantam leagues (ages 13–14
years), we found that the risk of injury resulting
in more than seven days of time loss from play
was 33% lower among players with two years
of bodychecking experience in Pee Wee (ages
11–12) than among those without such bodychecking experience. The point estimates for the
game-related IRRs indicated a 15% lower risk
of injury overall, a 16% lower risk of concussion overall and a 40% lower risk of concussion
resulting in more than 10 days of time loss

Previous bodychecking
experience in Pee Wee league

Injuries per 1000 player-hours

4

Yes
No

3

2

1

0
Bodycheck

Incidental
contact

Intentional
contact

Environmental

No contact

Mechanism of injury
Figure 1: Game-related rates of injury per 1000 player-hours among 1971 hockey players in Bantam leagues
(ages 13–14 years) with and without two years of bodychecking experience in Pee Wee (ages 11–12), by
mechanism of injury, 2008/09. Error bars = 95% confidence intervals.
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among the players who had had bodychecking
experience in Pee Wee; the 95% CIs for these
estimates, however, included the null value of
1.0, which suggests that the observed differences between the cohorts could have been due
to chance.
In our earlier cohort study the previous year,
which involved players in Pee Wee leagues
(ages 11–12 years) in the top 60% of divisions,
the game-related rates of concussion and other
injury per 1000 player-hours were 4.20 (95% CI
3.49 to 5.07) for injury and 1.47 (95% 1.08 to
1.99) for concussion among players introduced
to bodychecking in Pee Wee.9 These rates are
similar to those among the Bantam players (ages
13–14) in the current study who had no bodychecking experience in Pee Wee. These findings
suggest that the rates of injury and concussion
are consistent among players when first introduced to bodychecking, whether in Pee Wee or
Bantam. Consideration should be given also to
the age at which a player is able to make an
informed decision about playing under these
conditions of increased risk, perhaps after they

have finished a critical physical growth period
that could be focused on skill development.
The rates of injury and concussion overall
among the Bantam hockey players in our current
study who had bodychecking experience in
Pee Wee are consistent with results from other
studies.6,25 Mechanisms, location and type of
injury were also consistent with findings of other
studies.6,11,25 A history of injury in the past year
increased the risk of injury, and a history of concussion increased the risk of concussion, similar
to findings of other reports.26 These risk factors
may be related to incomplete healing or rehabilitation or to susceptibility to injury based on
other factors (e.g., genetics, on-ice behaviours).
Smaller player size was not found to be a risk
factor among the players in the current study, in
contrast to our study involving younger players in
Pee Wee leagues.9
Limitations
Concussions were included if they met the study
definition of a reportable injury based on the
study therapist’s assessment and the Sport Con-

Table 4: Rates of game-related injuries per 1000 player-hours among hockey players in Bantam leagues
(ages 13–14 years) with and without previous bodychecking experience in Pee Wee leagues (ages 11–12
years), by location and type of injury, 2008/09
Rate per 1000 player-hours* (95% CI)
Previous bodychecking
experience†

No previous bodychecking
experience†

Head/face

0.79 (0.55 to 1.13)

0.95 (0.64 to 1.42)

Neck/throat

0.15 (0.08 to 0.28)

0.09 (0.03 to 0.28)

Shoulder/clavicle

0.79 (0.55 to 1.15)

0.74 (0.52 to 1.04)

Arm/elbow/forearm

0.35 (0.22 to 0.55)

0.17 (0.09 to 0.33)

Wrist/hand

0.46 (0.32 to 0.66)

0.58 (0.36 to 0.94)

Back/side

0.41 (0.27 to 0.64)

0.61 (0.36 to 1.01)

Ribs/abdomen/pelvis

0.15 (0.08 to 0.29)

0.30 (0.17 to 0.53)

Hip/groin/upper leg

0.49 (0.32 to 0.76)

0.39 (0.24 to 0.64)

Knee

0.48 (0.33 to 0.69)

0.63 (0.43 to 0.92)

Lower leg/ankle/foot

0.15 (0.07 to 0.29)

0.32 (0.19 to 0.56)

Contusion

0.94 (0.69 to 1.28)

1.06 (0.73 to 1.55)

Concussion

0.79 (0.55 to 1.13)

0.91 (0.60 to 1.37)

Joint/ligament sprain/dislocation

0.76 (0.55 to 1.04)

1.15 (0.82 to 1.60)

Fracture

0.69 (0.48 to 1.00)

0.69 (0.48 to 1.01)

Muscle strain/tendonitis

0.58 (0.38 to 0.87)

0.54 (0.37 to 0.80)

Abrasion/bleeding/burn/cut

0.05 (0.02 to 0.15)

0.04 (0.01 to 0.17)

Other

0.12 (0.05 to 0.26)

0.15 (0.06 to 0.37)

Location and type of injury
Location

Type

Note: CI = confidence interval.
*Rates of injury were based on Poisson regression analysis offset for player-hours and adjusted for clustering by team.
†In Pee Wee leagues.
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cussion Assessment Tool. It is a limitation,
however, that not all of the players were followed up with a physician. About 70% of the
players with a reported concussion (35/49 in
Alberta and 30/45 in Quebec) saw a physician.
Although the concussion rate may have been
underestimated, the number of missed concussions probably did not differ between the study
cohorts because the training for team therapists
was the same in both provinces.
Rules of play and qualifications of referees did
not differ between the provinces; however, there
was a reward system for fair play in Quebec,
based on the number of penalty minutes called by
referees. Although there was an emphasis on fair
play in Alberta, there was no official reward system. However, a study of the effect of a fair-play
reward system showed that rates of injury and the
observed number of penalties did not differ between a Bantam league that rewarded teams
through a fair-play point system for low penalty
minutes and a Bantam league with no reward system.27 In addition, in our previous study involving
Pee Wee hockey players (ages 11–12), where a
fair-play reward system was in place in Edmonton but not in Calgary, the rates of injury between
the two cities did not differ.9
Ideally, one group of hockey players in Pee
Wee should be recruited and followed for four
years to assess the change in rates of injury from
ages 11–12 to ages 13–14 in a single cohort. Some
players who were injured in the Pee Wee league in
Alberta, where bodychecking is allowed, may have
dropped out and not played in the Bantam league.
This “depletion of susceptibles” in Alberta may
have exaggerated differences in the rates of injury
overall and of injury resulting in more than seven
days of time loss from hockey observed in the current study; that is, the lower rates seen in Alberta
may be attributable to a “survivor” effect and not to
the protection conferred from bodychecking experience. This requires further investigation.
Conclusion
The risk of injury resulting in more than seven
days of time loss from play was reduced by
33% among Bantam ice hockey players (ages
13–14 years) who had two years of bodychecking experience in Pee Wee (ages 11–12) compared with Bantam players introduced to bodychecking for the first time at age 13. These
findings need to be interpreted in light of previous evidence of more than a threefold increased
risk of concussion and all injury among players
aged 11–12 years in a league where bodychecking is permitted. Policy regarding the age at
which hockey players are introduced to bodychecking requires further consideration.
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