Policy change eliminating body checking in non-elite
ice hockey leads to a threefold reduction in injury
and concussion risk in 11- and 12-year-old players
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ABSTRACT

Background In ice hockey, body checking is associated
with an increased risk of injury. In 2011, provincial
policy change disallowed body checking in non-elite Pee
Wee (ages 11-12 years) leagues.

Objective To compare the risk of injury and
concussion between non-elite Pee Wee ice hockey
players in leagues where body checking is permitted
(2011-12 Alberta, Canada) and leagues where policy
change disallowed body checking (2011-12 Ontario,
Canada).

Method Non-elite Pee Wee players (lower 70%) from
Alberta (n=590) and Ontario (n=281) and elite Pee Wee
players (upper 30%) from Alberta (n=294) and Ontario
(n=166) were recruited to participate in a cohort study.
Baseline information, injury and exposure data was
collected using validated injury surveillance.

Results Based on multiple Poisson regression analyses
(adjusted for clustering by team, exposure hours, year of
play, history of injury/concussion, level of play, position
and body checking attitude), the incidence rate ratio
(IRR) associated with policy allowing body checking was
2.97 (95% Cl 1.33 to 6.61) for all game injury and
2.83 (95% Cl 1.09 to 7.31) for concussion. There were
no differences between provinces in concussion
[IRR=1.50 (95% CI 0.84 to 2.68)] or injury risk
[IRR=1.22 (95% Cl 0.69 to 2.16)] in elite levels of play
where both provinces allowed body checking.
Conclusions The rate of injury and concussion were
threefold greater in non-elite Pee Wee ice hockey players
in leagues where body checking was permitted. The rate
of injury and concussion did not differ between
provinces in elite levels, where body checking was
allowed.

INTRODUCTION
Ice hockey is one of Canada’s most popular winter
sports for youth, with over a half million players
registered with Hockey Canada in the 2011-2012
season.' Participation in sports such as hockey is
positively associated with motor skill develop-
ment,” higher self-esteem® and increases in per-
ceived health and life satisfaction.* However,
hockey also has a high risk of injury.’ ¢ A study
conducted over the 2007-2008 Pee Wee (ages
11-12 years) ice hockey season in Alberta reported
a game injury rate of 4.20/1000 player-hours.”
Alarmingly, concussion was the most common
injury with a rate of 1.47/1000 player-hours in Pee
Wee body checking leagues.”

Body checking is a principle defensive tactic
commonly used in ice hockey, whereby a player

propels their body towards a player carrying the
puck in order to separate the player from the puck.
This movement is usually in a different direction
than the puck carrier.® Policy surrounding the age
of introduction to body checking is perceived as a
controversial topic. However, a review examining
the risk factors for injury in youth hockey identified
body checking as the single most consistent risk
factor.” Correspondingly, a previous study of Pee
Wee ice hockey players reported that elite players
exposed to body checking had a 3.3-fold higher
rate of injury and 3.9-fold higher rate of concus-
sion than players in a league where policy disallow-
ing body checking had been in place for 20 years.”
In addition, body checking experience in Pee Wee
was not found to be protective of all injury or con-
cussion in the Bantam age group (ages 13-14
years).'? In response to the increasing evidence of
the association between policy allowing body
checking and injury risk, Ontario’s Hockey
Federation (OHF) disallowed body checking in all
age divisions of House League and Select hockey
(non-elite lower 70% by division of play) in the
2011-2012 season, providing an opportunity for a
comparative study of injury rates in these two
cohorts.

Understanding how policy changes affect all
injury and concussion risk in youth sport at all
levels of play is essential for future evidence-
informed policy regarding injury prevention.
Therefore, the primary objective of this study was
to determine if the risk of all injury and concussion
specifically differed for non-elite Pee Wee ice
hockey players in leagues where body checking was
permitted (Alberta) compared with leagues where a
recent policy change disallowed body checking
(Ontario).

METHODS

Study design and subjects

A cohort study was conducted during the 2011-
2012 ice hockey season. The study population
included Pee Wee players (ages 11-12 years) from
Calgary (Alberta) and the Greater Toronto Area
(Ontario). Cohorts were categorised based on their
exposure to rules that permitted or disallowed body
checking. The primary comparison was made
between non-elite players (ie, lower 70% by div-
ision of play) from Ontario, where body checking
was disallowed, and Alberta where body checking
was allowed. Specifically, the Ontario cohort
included players from House League and Select
divisions and the Alberta cohort included players
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from divisions 4 to 11. In order to examine provincial differ-
ences, elite players (upper 30% by division of play) where body
checking was permitted in both provinces were also recruited.
Recruitment was conducted in the Greater Toronto Hockey
League (GTHL), North York Hockey League (NYHL) and
Mississauga Hockey League (MHL) in Toronto and Hockey
Calgary. Teams participating in girls-only Pee Wee leagues were
excluded. A sample size calculation was based on previous study
concussion rates” powered with an incidence rate ratio (IRR)=3
(concussion rate=1.47/1000 player-hours in Alberta, adjusting
for cluster and anticipated 10% drop-out rate (0=0.05,
B=0.20)). A sample size of 30 teams in non-elite and 30 teams
in elite levels of play would be required per province. Calgary
utilised an inclusive recruitment strategy in which all league pre-
sidents were approached for participation. In Ontario, eligible
teams in three associations were entered into a spreadsheet, the
team order was then randomised and teams were approached to
participate in this newly randomised order. Teams are entitled to
a maximum of 19 players, but vary in numbers.® Individual par-
ticipants from teams recruited could choose to consent to the
study.

Procedures
A previously validated injury surveillance system validated in
youth ice hockey from the Canadian Intercollegiate Sport Injury

Registry (CISIR) was used.” 7 "' At the beginning of the season,
players completed a baseline questionnaire that captured demo-
graphic and risk factor information, including a preference
towards body checking survey. During the season, team desig-
nates (parent volunteer) completed weekly exposure sheets
(player participation forms). Exposure data were imputed based
on the mean game and practice hours in the weeks that the
team had complete weekly exposure data for teams missing
occasional weeks of exposure data. If an injury occurred (includ-
ing all suspected concussions) the details injury were collected
using an Injury Report Form (IRF). The IRF included details on
the mechanism of injury (ie, body checking, other intentional
contact, unintentional contact, contact with environment (ie,
puck, boards, net) without any contact with another player, no
contact), time, date, session type, time loss and medical
follow-up. A physiotherapist or certified athletic therapist
reviewed all IRFs. For the purpose of this study, an injury was
defined as any injury that required medical attention, resulted in
the inability to complete the session and/or required the child to
miss at least 1 day of activity. Injuries that resulted in >7 days of
time loss were defined as severe injuries. All suspected concus-
sions were referred to a sports medicine physician associated
with the study for medical follow-up. Suspected concussions
that were not assessed by a physician were included in injury
estimates if they met the concussion definition based on the

Table 1 Baseline characteristics comparing non-elite and elite Pee Wee (11-12 years) Hockey Players in Alberta and Ontario, 2011-2012
Non-elite Elite
Alberta Ontario Alberta Ontario
Sex
Male 553 (93.73) 274 (97.51) 281 (95.58) 165 (99.40)
Female 28 (4.75) 6 (2.14) 8 2.72) 1 (0.60)
Missing data, n (%) 9 (1.53) 1 (0.36) 5 (1.70) 0 (0)
Height, mean (SD), cm 150.41 (8.78) 152.68 (10.18) 154.82 (8.80) 152.67 (8.23)
Missing data, n (%) 165 (27.97) 69 (24.56) 49 (16.67) 22 (13.25)
Weight, mean (SD), kg 42.41 (9.13) 45.23 (10.96) 44.87 (8.26) 43.84 (8.24)
Missing data, n (%) 148 (25.08) 57 (20.28) 49 (16.67) 21 (12.65)
Year of play
First 359 (60.85) 101 (35.94) 9 (31.97) 66 (39.76)
Second 230 (38.98) 179 (63.70) 193 (65.65) 96 (57.83)
Missing data, n (%) 1 0.17) 1 (0.36) 7 (2.38) 4 (2.41)
Level of play
Select/4-7 295 (50.00) 191 (67.97) - -
House/8-11 295 (50.00) 90 (32.03)
Position
Forward 322 (54.58) 143 (50.89) 159 (54.08) 89 (53.61)
Defense 181 (30.68) 84 (29.89) 92 (31.29) 54 (32.53)
Goalie 59 (10.00) 25 (8.90) 35 (11.90) 17 (10.24)
Missing data, n (%) 28 (4.75) 29 (10.32) 8 2.72) 6 (3.61)
Previous injury*
No 525 (88.98) 234 (83.27) 230 (78.23) 142 (85.54)
Yes 51 (8.64) 22 (7.83) 55 (18.71) 16 (9.64)
Missing data, n (%) 14 (2.37) 25 (8.90) 9 (3.06) 8 (4.82)
Previous concussion
No 479 (81.19) 239 (85.05) 214 (72.79) 124 (74.70)
Yes 108 (18.31) 30 (10.68) 76 (25.85) 38 (22.89)
Missing data, n (%) 3 (0.51) 12 (4.27) 4 (1.36) 4 (2.41)
Attitude towards body checking total score, mean(SD), XX/55 items 35.43 (5.95) 24.87 (5.75) 37.72 (5.88) 33.76 (5.60)
Missing data, n (%) 36 (6.10) 39 (13.88) 20 (6.80) 31 (18.67)

*Participants with previous injuries had a self-reported history of one or more injuries over the last year that required medical attention or resulted in time loss from activity. Previous

concussions were not included in the measurement of previous injuries.
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practiced an average of 42.96 h while elite players from Ontario
practiced 53.89 h.

There were a total of 120 injuries (77 concussions) reported
by non-elite Pee Wee players in Alberta in 44 682.08 player
exposure hours and 19 injuries (11 concussions) per 17 272.5
player exposure hours in Ontario (games and practices com-
bined). The injury rates and unadjusted IRRs specific to
game-related injuries among non-elite players are summarised in
table 2. Injuries that met the injury definition included: cuts,
joint swelling, ligament sprains, fractures, muscle strains and
concussions. Of the 101 game injuries sustained by non-elite
players in Alberta, 37.6% resulted in >7 days of time loss and
were categorised as severe injuries accordingly. In Ontario,
57.1% of the 14 injuries were categorised as severe. Some of
the suspected concussions that met the injury definition were
not assessed by a physician. The proportion of game-related
concussions among non-elite players assessed by a physician was
64.2% (95% CI 52.4% to 76.0%) in Alberta and 87.5% (95%
CI 57.9% to 100%) in Ontario.

Table 3 summarises the results of the risk factor analysis for
non-elite players. When adjusted for year of play, previous
history of injury/concussion, level of play, position and attitude
towards body checking; policy allowing body checking (Alberta)
was significantly associated with a greater rate of all injury
(IRR=2.97, 95% CI 1.33 to 6.61) and concussion (IRR=2.83,
95% CI 1.09 to 7.31). The model was based on a Poisson
regression model with robust SE adjusted for clustering by team.
There were 735 participants with complete data included in the
estimation of the adjusted IRR for injury and 753 participants
included in the estimation of the adjusted IRR for concussion.

Sensitivity analyses were performed to assess both previous
non-concussive injuries in the last year and history of concussion
for each outcome. These adjustments did not change the results
in a practical or significant way. Therefore, the final statistical
model included previous injury (no concussion) in the last year
for the outcome of injury and previous concussion for the
outcome of concussion. Player height and weight were initially
included in the model but were removed due to multicollinear-
ity with year of play. Being in the first year of play as well as
having a history of concussion was associated with a significant
increase in the rate of concussion.

Elite players (upper 30% by division of play) in Ontario and
Alberta (players in both provinces exposed to body checking
2011/2012 season) had similar injury and concussion rates
(table 4). There were 385 participants with complete data
included in estimating the adjusted IRR for injury and 393 parti-
cipants included in estimating the adjusted IRR for concussion.
The proportion of suspected game-related concussions that were
assessed by a physician among elite athletes was 88.9% (95% CI
78.1% to 99.7%) in Alberta and 84.6% (95% CI 61.9% to
100%) in Ontario. Time loss following a suspected concussion
for both elite and non-elite players depended on whether or not
a player saw a physician (table 5).

Figure 1 displays game injury rate (IR) by mechanism. Eight
of the 101 injuries in Alberta and five of the 14 injuries in
Ontario had no mechanism on the injury report form. In
Alberta (body checking permitted in non-elite), the primary
mechanism of injury was body checking (body checking
IR=2.66 (95% CI 2.13 to 3.40) injuries per 1000 player-hours).
The primary mechanism of injury in the Ontario non-elite

Table 3 Risk factor analyses for game-related injury, concussion and severe concussion in non-elite Pee Wee ice hockey in Alberta and Ontario

(2011-2012)

Severe injury

Severe concussion

Risk factor All injury (>7 days of time loss) Concussion (>10 days of time loss)
Province
Alberta 2.97 (1.33 t0 6.61) 1.72 (0.75 to 3.95) 2.83 (1.09 to 7.31) 1.99 (0.60 to 6.68)
Ontario 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Year of play
First 1.80 (1.10 to 2.93) 0.92 (0.54 to 1.57) 3.06 (1.52 to 6.15) 1.35 (0.60 to 3.04)
Second 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Previous injury
Yes 1.63 (0.80 to 3.28) 1.51 (0.64 to 3.57) NA NA
No 1 (Reference) 1 (Reference) NA NA
Previous concussion
Yes NA NA 3.16 (1.86 to 5.39) 2.68 (1.28 to 6.00)
No NA NA 1 (Reference) 1 (Reference)
Level of play
Select (4-7) 1.28 (0.81 to 2.00) 1.95 (1.02 to 3.73) 1.36 (0.82 to 2.25) 2.30 (0.87 to 6.05)
House (8-11) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Position
Defense 0.98 (0.61 to 1.56) 0.65 (0.33 to 1.26) 0.57 (0.32 t0 1.02) 0.45 (0.17 to 1.16)
Goalie 0.09 (0.01 to 0.67) <0.001* 0.22 (0.05 to 1.05) <0.001*
Forward 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Attitudes towards body checking
High (>36/55) 0.72 (0.46 t0 1.13) 0.91 (0.47 t0 1.77) 0.76 (0.43 to 1.33) 0.84 (0.37 to 1.89)

Low (<36/55)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

Incidence rate ratios based on Poisson regression analysis offset for exposure hours and adjusted for clustering by team and covariates (year of play, previous injury or concussion, level

of play, position of play, and attitudes towards body checking).

Severe incidence rate ratios based on Poisson regression analysis offset for exposure hours and adjusted only for clustering by team, owing to fewer injuries.
*Values very close to 0 due to the small amount of severe concussion and severe injuries.

NA, not applicable.
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cohort (non-checking) was unintentional contact (unintentional
contact IR=0.57 (95% CI 0.26 to 1.25) injuries per 1000
player-hours). The body checking IR among the elite players
from Alberta and Ontario was similar (body checking IR=2.36
(95% CI 1.56 to 3.55) and 2.11 (95% CI 1.06 to 4.07) per
1000 player-hours, respectively).

DISCUSSION

This is the first study to evaluate a body checking policy change
that disallowed body checking in non-elite youth ice hockey,
immediately following that policy change. Among Pee Wee
non-elite hockey players there was a threefold greater rate of
injury and concussion associated with playing in a league that
permitted body checking (Alberta) when compared with a
league where policy change no longer permitted body checking
(Ontario). Body checking was also identified as the most
common mechanism of injury in non-elite players playing in
body checking leagues. These results extend previous reports of
the risk associated with policy allowing body checking among
Pee Wee hockey players at all levels of play.”

Pee Wee players in body checking leagues in Alberta during
the 2007-2008 hockey season had a threefold greater risk of all
injury and a fourfold greater risk of concussion than players in
Quebec where body checking was not permitted. This previous
study differs in that the non-body checking comparison prov-
ince was Quebec where policy disallowing body checking had
been in place for over 20 years. Consistent with this, a previous
meta-analysis including four studies examining body checking as
a risk factor for concussion demonstrated a combined greater
risk in leagues allowing body checking (OR=1.71 (95% CI 1.2
to 2.44)).°

The game-related concussion rate (# concussions/1000 game-
hours) appears to have increased in Alberta (concussion
rate=2.78), in comparison to the previously reported rate in
2007/2008 (concussion rate=1.47).” This may be associated
with a greater awareness and reporting of concussions in youth
ice hockey. This trend is also seen in the no-body checking
cohort where the concussion rate in Ontario was 0.91, in com-
parison to the previously reported rate in 2007/2008 in Quebec
(concussion rate=0.39).

There were similar rates of injury and concussion among elite
players (top 30% of divisions) from both provinces exposed to
body checking. This suggests province is not associated with
differences in all injury or concussion data capture. However,
elite players in Alberta did have a greater rate of more severe
concussion (>10 days of time loss), than players in Ontario.
This may suggest a true difference in concussion severity or
could be due to other factors such as slight differences in the
physician availability and management of concussion between
the two provinces despite standardisation of return-to-play
protocol based on the international consensus on sport concus-
sion at the time of the study."?

Non-elite players from Alberta demonstrated a stronger pref-
erence towards body checking than players from Ontario.
Similar differences were reported in a study by Emery et al”
comparing players from Alberta and Quebec. Fraser et al'®
examined the initial experiences with body checking of players
aged 11-12 years from Ontario using semistructured interviews.
The interviews suggested players appear to associate the intro-
duction of body checking with aggression, power, invincibility
and fear, whereby, some players play tough and some players
shift their focus away from winning the puck and towards
taking the body.'"> This may explain a greater preference
towards body checking in non-elite players from Alberta where
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Table 5 Number of calendar-days lost from suspected game-related concussion according to whether or not participants saw a physician

Non-elite Elite

Alberta Ontario Alberta Ontario
Outcome n Median Range n Median Range n Median Range n Median Range
Days missed: 67 5 (0-107) 8 12.5 (3-62) 36 12.5 (0-60) 13 10.5 (0.5-21)
All concussions
Days missed: 43 9 (0-107) 7 18 (3-62) 32 13 (1-60) 9 7 (1-22)
Saw a physician
Days missed: 23 1 (0-22) 1 5 4 1 (0-44) 0
Did not see a physician
Missing information 1 0 0 4

a greater proportion of players were previously exposed to body
checking than Ontario, or alternatively selection bias related to
players who did not prefer body checking discontinuing partici-
pation. The preference towards body checking was similar
among elite players (exposed to body checking) from both pro-
vinces in this study.

Limitations

This study had some limitations. A greater proportion of teams
in Alberta agreed to participate compared to Ontario. However,
the main reason for refusal in both provinces was the inability
to identify a team designate. Injury rates are based on the injury
report form being initiated by the team designate and followed
up with referral to a study physician or physiotherapist/athletic
therapist if injury lasted for >7 days, representing a slight devi-
ation from previous studies” ° where a physiotherapist/athletic
therapist would follow-up with teams on a weekly basis. This is
reflective of the resources available to non-elite teams who may
not have access to healthcare professionals and may have
resulted in an underestimation of the injuries. However, both
provinces used the same criteria for injury definition and

therefore it is unlikely that this reporting bias would have
affected the provinces differently.

The fact that some participants chose to not use the referral
to the study physician or seek other medical assessment follow-
ing a suspected concussion is a limitation of our study. In these
cases, suspected concussions were included if they met the con-
cussion definition based on the study therapists’ review of the
injury report form. The proportion of suspected concussions
among non-elite players assessed by a physician was lower in
Alberta than Ontario (64.2%, 95% CI 52.4% to 76.0% vs
87.5%, 95% CI 57.9% to 100%). While this is not a significant
difference, it could lead to a slight overestimate of the IRR if
the injury form by the designate was inaccurate. Demographics
and baseline risk factors are based on self-report, which may
lead to non-differential misclassification bias, though this is not
really a concern given that we found significant differences
between the non-elite cohorts. It is unlikely our results are influ-
enced by other factors that would cause an increase in the rate
of injuries in Alberta. The elite team point estimate of the IRR
indicated no practical or statistically significant difference
between Alberta and Ontario for all injuries (adjusted IRR 0.98;
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95% CI 0.53 to 2.96) and concussions specifically (adjusted IRR
1.22; 95% CI 0.61 to 2.46).

CONCLUSION

Playing in a league that permits body checking is associated with
a threefold increase in the rate of injury (including concussion)
among non-elite ice hockey players aged 11-12 years. This
research will inform future studies evaluating the effectiveness
of the 2013 national policy change by Hockey Canada (elimin-
ating body checking at all levels of play in Pee Wee) in prevent-
ing injuries and concussions across all levels of play in Pee Wee
and the implications of such policy change for older age groups.
Hockey remains a collision sport with several inherent features
that increase athletes’ susceptibility to injury. Future studies that
explore other potentially modifiable factors that contribute to
injury/concussion risk are important to reduce the risk of con-
cussion among youth ice hockey players.

What are the findings?

» Pee Wee (11 and 12 years) ice hockey players in Pee Wee
leagues that permit body checking are at a threefold greater
risk of all injuries and concussion compared with similar
players in leagues where body checking policy change has
disallowed body checking in non-elite levels of play.

» A policy change that disallowed body checking in non-elite
Pee Wee ice hockey was associated with a significantly
lower the risk of concussion in this population.

» Further research is necessary to evaluate the recent national
policy change disallowing body checking at all levels of play
in Pee Wee.

How might it impact on clinical practice in the future?

» This research highlights the reduced public health burden of
concussion and injury in non-elite 11 and 12 year old ice
hockey when policy disallows body checking.

» This study informs the potential public health implications
for future policy change in more elite levels of play and
older age groups.

Twitter Follow work being done by Sport Injury Prevention Research Centre at
@SIPRC_
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