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Effectiveness of interventions to reduce aggression
and injuries among ice hockey players: a systematic review

Michael D. Cusimano MD PhD, Sofia Nastis BSc, Laura Zuccaro BHSc

— ABSTRACT

Background: The increasing incidence of
injuries related to playing ice hockey is an
important public health issue. We conducted a
systematic review to evaluate the effectiveness
of interventions designed to reduce injuries
related to aggressive acts in ice hockey.

Methods: We identified relevant articles by
searching electronic databases from their in-
ception through July 2012, by using Internet
search engines, and by manually searching
sports medicine journals, the book series Safety
in fce Hockey and reference lists of included
articles. We included studies that evaluated
interventions to reduce aggression-related
injuries and reported ratings of aggressive
behaviour or rates of penalties or injuries.

Results: We identified 18 eligible studies.
Most involved players in minor hockey
leagues. Of 13 studies that evaluated changes
in mandatory rules intended to lessen aggres-

sion (most commonly the restriction of body-
checking), 11 observed a reduction in penalty
or injury rates associated with rule changes,
and 9 of these showed a statistically signifi-
cant decrease. The mean number of penalties
decreased by 1.2-5.9 per game, and injury
rates decreased 3- to 12-fold. All 3 studies of
educational interventions showed a reduction
in penalty rates, but they were not powered
or designed to show a change in injury rates.
In 2 studies of cognitive behavioural interven-
tions, reductions in aggressive behaviours
were observed.

Interpretation: Changes to mandatory rules
were associated with reductions in penalties
for aggressive acts and in injuries related to
aggression among ice hockey players. Effects of
educational and cognitive behavioural inter-
ventions on injury rates are less clear. Well-
designed studies of multifaceted strategies
that combine such approaches are required.

ver the last 15 years, the incidence of

brain and spinal cord injuries among

ice hockey players has increased.' A
recent study involving players in junior leagues
found that, in the 2009/10 hockey season, the
incidence of game-related concussions was 7
times higher than the highest rate previously
reported in 1998/99.° Brain injuries frequently
result from aggressive bodychecking® and
account for 15% of injuries among players 9-16
years of age.”” In a study of a community-based
hockey program involving boys aged 9-15
years, hostile aggressive acts, which have an
intention to do harm," were the primary cause of
injury in one-third of games in which an injury
resulted.” Among high school students in Min-
nesota who played varsity ice hockey, those who
played to relieve aggression were 4 times more
likely than other players to experience a concus-
sion.” These findings highlight the association
between aggressive behaviour and injury in ice
hockey. However, little is known about what can

© 2013 Canadian Medical Association or its licensors

be done to reduce this behaviour to create a
safer environment for the sport.

Existing reviews about reducing injury in
sport have primarily assessed equipment or risk
factors associated with injury.”" Recent system-
atic reviews highlighted the risks of bodycheck-
ing and renewed calls for policies to disallow
bodychecking among youth playing ice
hockey.** We conducted a systematic review to
assess the effectiveness of interventions designed
to reduce aggressive acts and related injuries
among ice hockey players. We were particularly
Interested in evaluating the effectiveness of rule
changes, educational interventions and behav-
ioural modification in reducing aggressive acts
and related injuries.

Methods

Data sources
We searched 8 electronic databases for poten-
tially relevant articles published from the time
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of the database’s inception through July 2012:
MEDLINE (using the search engines Ovid
[from 1950] and PubMed [from 1948]), Embase
(from 1980), CINAHL (from 1981), Journals @
Scholars Portal (from 1960), the Cochrane
Library (from 1980), PsycINFO (from 1987)
and Web of Science (from 1976). For each
search, we used a combination of Medical Sub-
ject Headings (MeSH) and key words, including
“hockey,” “ice hockey,” “aggression,” “vio-
lence,” “anger,” “injury,” “wounds and injuries,”
“Injury prevention,” “‘prevention studies,” “inter-
vention,” “Intervention studies,” “prevention,”
“reducing,” “protection” and “education.”
(Details of the search strategy are provided in
Appendix 1, available at www.cmaj.ca/lookup
/suppl/doi:10.1503/cmaj.112017/-/DCT). Search
terms were modified based on search results to
generate increasingly inclusive sets of poten-
tially relevant articles. We did not restrict these
searches by language, publication year or publi-
cation status.

We also used the Internet search engines
Yahoo!, Google, Google Scholar and Dogpile,
with the same search terms as those listed above.
We manually searched for related articles in 4

sports medicine journals (American Journal of

Sports Medicine, British Journal of Sports Medi-

Records identified through
database searches
n=223

Records identified through
other searches
n=43

——— Excluded n=179
* Duplicates

i

Records screened (titles

and abstracts)
n=87

——  Excluded n =58

Y

Full-text articles assessed

for eligibility
n=29

 Excluded n=11
* Mot conducted in an ice
hockey setting n=4
= Mo intervention n=5
* Qualitative feedback only n =1
« No comparison group n=1

h 4

in systematic review

Studies included

n=18

Figure 1: Selection of articles for inclusion in the systematic review.
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cine, Injury Prevention, and Sports Medicine, all
of which commonly publish articles related to
ice hockey and injury prevention) from 2000 to
2010, all 5 volumes of Safety in Ice Hockey;" "
and the bibliographies of all included studies. We
reviewed the titles and abstracts of potentially
relevant articles to identify studies that met our
selection criteria (Figure 1).

Study selection

We included studies of interventions applied
directly to the hockey coaches or players that
attempted to reduce aggressive behaviours in ice
hockey, had a comparison group (cross-sectional,
case—control, cohort, before—after, quasi-
experimental and randomized controlled trial
designs were all considered), and measured
injuries, penalties or ratings of aggressive behav-
lour as outcomes. We excluded studies that
applied to other types of hockey, involved only
the use of protective equipment or were not con-
ducted 1n an ice hockey setting.

Data extraction and synthesis

Two of us (S.N. and L.Z.) independently reviewed
the articles of the included studies and extracted
the data; the third author (M.D.C.) confirmed that
the extraction of data was complete. We obtained
data on the study design, the study population, the
hypothesis or research question, the outcome
measures, the study methods, the statistical analy-
ses, the results and the conclusions. We assessed
the methodologic quality of each study based on a
checklist created by Downs and Black."

The individual studies had considerable het-
erogeneity and varied by interventions, outcome
measures and definitions of exposure. This het-
erogeneity precluded the ability to perform a
meta-analysis.

Results

Included studies
Of the 29 full-text manuscripts retrieved for pre-
liminary consideration, 18 were selected for
inclusion 1n our review. We excluded 11 articles
because the study did not assess aggression or
injury related to players in an actual ice hockey
setting (n = 4), there was no intervention (n = 3),
only qualitative feedback from coaches was
reported, or the study had no comparison group.
(The citations of the excluded studies are pro-
vided in Appendix 2, available at www.cmaj.ca
flookup/suppl/doi: 10.1503/cmaj.112017/-/DCI).
Of the 18 included studies, 13 assessed the
effectiveness of changes in mandatory league
rules," ™" 3 assessed the effectiveness of educa-
tional interventions,™ and 2 assessed the effec-



tiveness of psychosocial interventions.”* Thir-
teen of the studies included youth players in
minor leagues. One study involved players in
Canada and the United States, 13 studies were
completed solely in Canada, and 4 were com-
pleted in the United States. Characteristics of the
included studies are summarized in Table 1.

Quality assessment

Details of our assessment of the methodologic
quality of the studies based on the criteria of
Downs and Black™ are provided in Appendix 3
(available at www.cmaj.ca/lookup/suppl/doi
:10.1503/cmaj.112017/-/DC1). In brief, several
studies” =1 drew on large samples, such
as all hospital visits in multiple Canadian
provinces. In some studies, confounding vari-
ables were difficult to control because of their
retrospective or observational nature;”**" and
only one of the studies was randomized.” No
studies looked at broader outcomes such as the
effects of injury on participation rates in hockey
or advancement of players to higher or elite lev-
els of play.

Effect of interventions
The effects of the interventions on aggressive

acts and related injuries are summarized in
Table 2.

Rule changes

Thirteen studies evaluated changes in mandatory
rules intended to curb aggressive behaviour and
subsequent injury."”* Three studies examined
the Fair Play Program.”"*'* This program in-
cludes sportsmanship as a component of the final
standings, adapted from an experimental pro-
gram created by Edmond Vaz.”” Points are
awarded to teams at the end of every season or
tournament for staying below a pre-established
limit of team penalties per game.” Nine studies
investigated bodychecking rules.'******"=*! The
remaining study examined legal punishment for
aggressive illegal acts in professional hockey.”

The 3 studies of the Fair Play Program noted
an overall decrease in the number or severity of
penalties,”*"* and one also reported a decrease
In njury rates.”

Most of the 9 studies evaluating the enforce-
ment of rules prohibiting bodychecking ob-
served reductions in penalties, injuries or both,
and in many studies these differences were sta-
tistically significant. Seven of the 9 studies
showed decreased injury rates," 573 Typi-
cal of this group of studies, Regnier and col-
leagues' noted more penalties In games in
which bodychecking was allowed, along with a
higher risk of serious injury among Peewee

players (age 11-12 years). Macpherson and col-
leagues™ found that injury rates in boys’ minor
hockey in Ontario and Quebec were higher in
leagues in which bodychecking was allowed
than in leagues in which it was not allowed. The
players in leagues that allowed bodychecking
were also more likely to experience a concus-
sion or fracture. Among older players (age 14—
15 years), all of whom were in leagues that
allowed bodychecking, checking-related injuries
were more common among those who had pre-
vious experience with it (Ontario leagues) than
among those introduced to bodychecking for the
first time (Quebec leagues); this difference sug-
gests a protective effect of delaying the intro-
duction of bodychecking. On the contrary,
Kukaswadia and colleagues’ retrospective co-
hort study noted a beneficial effect of introduc-
ing bodychecking at an earlier age, but it ex-
cluded a large number of possible cases to
control for confounding variables.”

One study examined the impact of legal pun-
ishment on the frequency of aggressive behav-
iour across the National Hockey League
(NHL).”* After the Bertuzzi incident (a widely
publicized incident of highly aggressive and
injurious behaviour for which player Todd
Bertuzzi received a high-profile legal charge),
there was an insignificant reduction in the overall
frequency of aggressive behaviour but a signifi-
cant decrease In specific acts of aggression
(fighting and game misconduct infractions).

Educational interventions

All 3 studies that evaluated the effectiveness of
educational interventions showed a reduction in
penalties, but they were not powered or designed
to show a change in injury rates.™ *

In the only randomized controlled trial
included in our review, Cook and colleagues™
evaluated the effectiveness of ThinkFirst Cana-
da’s Smart Hockey video, which encourages
respectful play to avoid injury and educates
players and coaches about the diagnosis and
treatment of concussion. This small study
showed a decrease in the number of bodycheck-
ing-related penalties and the occurrence of
aggressive and negligent behaviour, but it did
not measure injury rates.

In a before—after study, Trudel and col-
leagues evaluated an intervention from the
1980s that introduced coaches to methods for
properly teaching hockey skills through both
video and training sessions.”™ The authors
reported a significant decrease in the number of
penalties per game in only 1 of the 4 leagues
that adopted the strategy and showed that the
proportion of major injuries related to body-
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RESEARCH

Table 2 (part 1 of 3): Description of study outcomes, by type of intervention

Intervention;
study

Effect on penalties for aggressive acts

Effect on injury rate

Rule changes

Regﬂj:ir * Intervention group (bodychecking not allowed): Mean 9.1 ¢ Intervention group: 7 injuries {1 fracture) in 263 games
et al. penalties per game in the regular season, 6.8 per game during « Comparison group: 26 injuries (14 fractures) in 315 games; 1
tournaments fracture per 22.5 games; injury rate was 12 times greater than
« Comparison group (bodychecking allowed): Mean 12.4 penalties in intervention group (p value not reported)
per game in the regular season, 8.2 per game during * 88% of all fractures were related to bodychecking {p value not
tournaments reported)
+ Penalties for hostile aggressive behaviour were more frequent in
games played with bodychecking than in those played without
bodychecking (average increase 2.9 and 1.6 penalties per game
for regular season and tournament play, respectively) (p < 0.05)
Marcotte Intervention group (Fair Play rules) Not reported
M
et al. e Peewee league: Mean 4.5 penalties per team per game, and 1.2
major penalties per team per season; 1 fewer penalty per game
on average than in comparison group (p value not reported)
# Bantam league: Mean 7.8 penalties per team per game; fewer
penalties than in comparison group (p value not reported)
* Bantam league: 30% fewer major penalties and 25% fewer game
suspensions than in comparison group (p value not reported)
Comparison group (regular play)
+ Peewee league: Mean 5.7 penalties per team per game, and
6.4 major penalties per team per season
e Bantam league: Mean 8.4 penalties per team per game
Roberts = Intervention group (Fair Play rules): 7.1 penalties per game ¢ Intervention group: 5.7 notable injuries (> 1 d of play lost, facial
21 4 ¥
et al. e Comparison group (regular play): 13.0 penalties per game; laceration or concussion) per 1000 player-exposures
there were 4 times more penalties related to rough play than o Comparison group: 27.6 notable injuries per 1000 player-
in the intervention group (p value not reported) exposures
* Ratio of notable injuries per 1000 player-exposures in regular
games to such injuries in games following Fair Play rules was
nearly 5:1 (p value not reported)
Watson ¢ Intervention group: 669 body-contact penalties per game and ¢ [ntervention group: 16 head/neck injuries per 1000 player-
et al.” 498 stick-related penalties per game after introduction of rule games and 16 back injuries per 1000 player-games
disallowing checking from behind o Comparison group: 26 head/neck injuries per 1000 player-games
e Comparison group: 762 body-contact penalties per game and and 21 back injuries per 1000 player-games
695 stick-related penalties per game before introduction of  Rates of head/neck and back injuries decreased significantly
the rule after introduction of the rule (p < 0.001)
¢ Significantly lower rates for body-contact and stick-related
penalties after introduction of the rule (p < 0.001)
Brun?jlle * Intervention group (Fair Play rules): 3195 transgressions recorded  Not reported
et al. + Comparison group (regular play): 8076 transgressions recorded
* Significantly fewer penalties per game in the intervention
group (p < 0.01)
MEEPPETSD“ Not reported e Intervention group:; 1730 (37%) of 4736 hockey-related injuries
et al.’ were in Quebec, where bodychecking was not allowed until
Bantam level (14-15 yr)
* Comparison group: 3006 (63%) of 4736 hockey-related injuries
were in Ontario, where bodychecking was introduced at the
Peewee level (12-13 yr), and at the Atom level in competitive
leagues (10-11 yr) in certain jurisdictions
e Most of the injuries (3618 [76.4%]) occurred in games where
bodychecking was allowed
e Players aged 10-13 yr in leagues that allowed bodychecking were
at increased risk of a bodychecking-related injury (OR 2.65, 95%
Cl 2.21-3.18); they were also at increased risk of concussion (OR
1.53, 95% Cl 0.93-2.52) or possibly a fracture (OR 1.20, 95%
Cl 1.00-1.47)
Hagel Not reported e Intervention group (bodychecking not allowed): 40.6 injuries
et al.” per 1000 players; 33 (40.2%) of players had severe injuries
e Comparison group (bodychecking allowed): 85.5 per 1000
players; 77 (51.0%) of players had severe injuries
¢ The overall injury rate was significantly greater in the
comparison group than in the intervention group (rate ratio
1.9, 95% Cl 1.4-2.6); the rate of severe injuries was more than
2 times greater in the comparison group (rate ratio 2.4, 95%
Cl 1.6-3.6)
E64 CMAJ, January 8, 2013, 185(1)




RESEARCH

Table 2 (part 2 of 3): Description of study outcomes, by type of intervention

Intervention;
study Effect on penalties for aggressive acts Effect on injury rate

Gee et al.”™ » Intervention group (after the Bertuzzi incident); Mean 5.2 Not reported
aggressive infractions per game, 60 fighting infractions and
2 game-misconduct infractions

o Comparison group (before the incident): Mean 6.5 aggressive
infractions per game, 91 fighting infractions, and 22 game-
misconduct infractions

* Slight but nonsignificant reduction in the frequency of
aggressive behaviours after the incident (p = 0.3)

» When individual acts of aggression (e.g., slashing, fighting)
were examined independently, infractions for fighting and

game misconduct significantly decreased after the incident
(p < 0.05)

Emery Not reported e Intervention group (bodychecking not allowed): 1.37 injuries
et al.” per 100 players per season (95% C| 0.17-4.89); 0.43 injuries per
100 player-hours

« Comparison group (bodychecking allowed): 24.64 injuries per
100 players per season (95% Cl 17.71-32.69); 3.16 injuries per
100 player-hours

» Relative risk of injury considering exposure-hours was 4.89
(95% Cl 1.54-24.9) in the comparison group; however, attitudes
toward bodychecking, empathy and aggression did not
influence injury rates

Emery Not reported * |ntervention group (bodychecking not allowed): 91 injuries (23
et al.” concussions) reported during 82 099 player exposure-hours

e Comparison group (bodychecking allowed): 241 injuries (78
concussions) reported during 85 077 player exposure-hours

* The risk of any game-related injury and of concussion or other
severe injury was 3-fold greater (95% Cl 2.31-4.60) in the
comparison group than in the intervention group

Kukaswadia  Not reported ¢ Intervention group: Before the rule change (to lower the age

et al.” when bodychecking is introduced), the overall injury rate was
59.9 injuries per 1000 player-years (95% Cl 55.4-64.4)

e Comparison group: After the rule change, the rate was 49.1
injuries per 1000 player-years (95% Cl 44.8-53.3)

= Contrary to hypothesis, the overall injury rate decreased after
the rule change (p value not reported); the overall rate of injury
and concomitant neurotraumatic events did not increase
(p value not reported)

Cusimano Not reported ¢ |ntervention group: Before the rule change (to lower the age when
et al.” bodychecking is introduced from the Peewee level to the Atom
level), there were 1617 injuries overall {158 at the Atom level)

o Comparison group: After the rule change, there were 2843
injuries overall (243 at the Atom level)

* The odds of a bodychecking-related injury were significantly

increased after the rule change in all divisions (OR 1.26, 95%
Cl 1.16-1.38) and at the Atom level (OR 2.20, 95% CI 1.70-2.84)

* Rates of injuries involving the head and neck (OR 1.52, 95%
Cl 1.26-1.84) and shoulder and arm (OR 1.18, 95% Cl 1.04-1.35)
increased most substantially

Emery Not reported * |Intervention group: 272 injuries (51 concussions) were reported
et al.’ during 96 907 player-hours among players with previous
bodychecking experience

* Comparison group: 244 injuries (49 concussions) were reported
during 85 464 player-hours among players without previous
bodychecking experience

+ The adjusted incidence rate ratio for game-related injury and
concussion overall between players with previous bodychecking
experience and those without it were as follows: injury overall
0.85 (95% Cl 0.63-1.16), concussion overall 0.84 (95% Cl 0.48-
1.48) and injury resulting in more than 7 d of lost play 0.67
(95% Cl 0.46-0.99)

# The rate of injury resulting in loss of on-ice time was reduced by
33% among players who had 2 years of bodychecking
experience compared with players who had no previous
bodychecking experience

CMAJ, January 8, 2013, 185(1) E65



RESEARCH

Table 2 (part 3 of 3): Description of study outcomes, by type of intervention

Intervention;
study Effect on penalties for aggressive acts Effect on injury rate

Educational interventions

Trudel et al.¥ e |ntervention group: After use of the self-supervision strategy for ¢ Intervention group: Two leagues using the strategy
coaches, only 1 of the 4 Quebec third-tier leagues showed a significant experienced a mean decrease in the no. of minor injuries
reduction in the number of penalties per game (mean 9.0 before v. 8.1 per game per teamn (Ottawa top tier: mean 0.6 before v. 0.5
after strategy; p < 0.001). In terms of minor aggression penalties per after strategy; Ottawa third tier: mean 0.8 before v. 0.6
game, this Quebec league showed a significant reduction (mean 5.9 after strategy); the other 2 leagues using the strategy
before v. 5.4 after strategy; p = 0.02); however, the Ottawa top-tier experienced a mean increase in minor injuries per game per
league showed a significant increase (mean 4.7 before v. 5.2 after team (Quebec top tier: mean 1.0 before v. 1.6 after strategy;
strategy; p = 0.02). The Quebec top-tier and Ottawa third-tier leagues Quebec third tier: mean 1.1 before v. 1.7 after strategy)
showed no significant difference with the strategy » Comparison group: The Franc-Sud third-tier league had a

e Comparison group: The Franc-5ud third-tier Quebec league showed a mean of 1.4 minor injuries per game in the 1988/89 season
significant decrease in the number of penalties per game the next year 4 The proportion of major injuries related to bodychecking
without using the strategy (mean 8.4 per game in 1987/88 season v. decreased from 75.0% to 68.7% after the strategy

7.4 per game in 1988/89 season; p = 0.009); this team showed no
significant change in the no. of minor aggression penalties per game

e Significant decrease in no. of penalties only in the Quebec third-tier ek Bociichetl nd sxas dhe min s ase of Sl kEE RS

Ie:-agi:.u.e = 0.000 _ . _ o during both seasons (in 46.2% of injuries in the 1987/88
e Significant decrease in no. of minor aggressive penalties in the season and 46.7% in the 1988/89 season)

Quebec third-tier league (p < 0.02), but significant increase in
Ottawa top-tier league (p < 0.02)

» The strategy had no significant effect on the no. of minor
injuries in all leagues

Cook et al.™

Intervention group (Smart Hockey video): The total no. of penalties per Not reported
game did not change significantly among players after they watched

the video (p value not reported); however, the mean (£ SEM) no. of

penalties per 1000 player-hours decreased significantly (p < 0.05) for

cross-checking penalties (from 23.7 £ 1.3 t0 13.0 £ 3.4) and for

penalties for checking from behind (from 38.4 £ 3.7t0 7.6 £ 0.7)

e« Comparison group (no video): The mean (£ SEM) no. of penalties per
1000 player-hours significantly (p < 0.05) decreased for interference
penalties (from 50.0 £ 5.0 to 28.4 £ 5.7) and increased for holding
penalties (from 12.5+ 2.5t0 22.7 £ 0.0)

» Overall, the total no. of penalties did not change significantly after
watching the video (p value not reported)

Smith et al." e Intervention group: In the 2007/08 season, 4 yr after HEP was Not reported
implemented, the mean no. of penalties per 100 games was 310 tactical
penalties, 205 minor penalties, 15 major penalties and 40 other penalties

* Comparison group: In the 2004/05 season, the first season after HEP
was implemented, the mean no. of penalties per 100 games was
230 tactical penalties, 275 minor penalties, 80 major penalties and
140 other penalties

e The penalty rate decreased across all 4 seasons in all 4 sectors
(tactical, minor, major, other) (p value not reported)

*» The percentage of Fair Play points increased across all 4 seasons (p
value not reported)

Psychosocial interventions

Mattesi” ¢ Intervention group: During the aggression-management training, the Not reported
no. of penalty minutes per game was 1.67 for player 1, 0.00 for player
2 and 0.286 for player 3; after the intervention, the mean no. per
game was 1.32 for player 1, 0.947 for player 2 and 1.0 for player 3

e Comparison group: Before the training, the mean no. of penalty minutes
per game was 2.00 for player 1, 1.4 for player 2 and 1.18 for player 3

s Each player had a reduction in penalty minutes during and after the
training; overall, the percentage of penalty minutes decreased after
the training (p value not reported)

Lauer et al.” e Intervention group: After the Playing Clean and Tough Hockey Not reported
Program, the mean no. of aggressive acts per game was 3.92 for
player 1, 3.90 for player 2 and 4.90 for player 3; for major
aggressive acts, the mean no. per game was 1.00 for player 1, 1.70
for player 2 and 2.70 for player 3

« Comparison group: At baseline, the mean no. of aggressive acts per
game was 4.00 for player 1, 4.42 for player 2 and 6.75 for player 3;
for major aggressive acts, the mean no. per game was 1.25 for
player 1, 2.25 for player 2 and 4.58 for player 3

e Qverall, the ability to manage emotions increased and aggressive-
behaviour variables decreased after the program for 2 of the 3
participants (p value not reported)

Note: Cl = confidence interval, HEP = Hockey Education Program, OR = odds ratio, SEM = standard error of the mean.
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checking dropped from 75.0% to 68.7% after
the intervention.

Smith and colleagues performed a before—
after study of the Hockey Education Program —
the most multifaceted of the educational interven-
tions designed to ensure youth players develop
sportsmanship, skills and a Fair Play approach to
the game.” They found that the mean number of
penalties per 100 games decreased in all 4
penalty sectors (tactical, minor, major and other)
and that the percentage of Fair Play points
increased throughout the 4 seasons studied.™

Psychosocial interventions

Two articles reported the effects of cognitive
behavioural strategies used with individual hockey
players to prevent their aggressive behaviour, but
neither reported on the effects of such interven-
tions on injuries.”™ Mattesi reported an overall
decrease in the percentage of penalty minutes
after his aggression-management training was
implemented among 3 players.” In the study by
Lauer and colleagues,” the Playing Tough and
Clean Hockey Program was found to help 2 of the
3 players enhance their ability to manage their
emotions and decrease their aggressive behaviour.

Interpretation

In our review of the hiterature, we found that inter-
ventions based on rule changes showed the great-
est likelihood of making ice hockey safer for
youth. The introduction of the Fair Play Program
in several Canadian and American ice hockey
leagues has succeeded in reducing penalties; how-
ever, only 1 of the 3 studies of the program that we
reviewed evaluated injury rates, and it showed a
decline.”' Educational and psychosocial
approaches were found to reduce aggression-
related high-risk behaviours. Although existing
studies of these approaches lacked the power to
show reductions in injury rates, these interventions
show promise.

Rule changes essentially alter the culture of a
sport and clearly define acceptable behaviour for
all stakeholders (players, coaches, parents and
officials) simultaneously. Although educational
interventions, such as the Smart Hockey video,
can do this to a certain extent, their effectiveness
depends on the involvement and simultaneous
change in attitudes and behaviour of all stake-
holders. For this involvement and change to
occur, educational interventions need to be
implemented consistently, associated with an
intrinsic reward for the change and have wide-
spread universal application. Such an effect
occurred at the New Zealand Rugby Union:
when rule changes were implemented along

with mandatory nationwide educational pro-
grams for injury prevention at all levels, the
number of neurologic injuries decreased signifi-
cantly.” More research 1s needed regarding
mandatory rule changes combined with well-
designed educational interventions implemented
at a national level.

Introducing the Fair Play Program in con-
junction with educational interventions and
enforced rules holds promise in reducing
injuries related to aggressive behaviour. Critics
of the Fair Play Program’s practice of having a
pre-established limit of team penalties per game
argue that it may encourage teams to believe
they are entitled to fill their penalty quotas and
that it may limit the number of penalties refer-
ees call in high-stakes games.” Removing quotas
from the Fair Play Program and introducing
stricter penalties for high-risk behaviours (e.g.,
hits to the head and bodychecking from behind),
with a loss of points in the overall standings,
may also improve the effectiveness of such sys-
tems.” The Fair Play Program is already an
accepted part of a minority of hockey organiza-
tions, so it could be a means by which to ulti-
mately alter hockey culture.

A change toward different rules and their
strict enforcement combined with universal edu-
cation, structural changes in hockey governance,
financial and other incentives for safe play and
disincentives for unsafe play holds promise for
curbing aggression-related injury.

Limitations

Most of the studies we reviewed were retrospec-
tive in nature. Although attempts were made in
some studies to control for confounding factors,
this 1s difficult to accomplish without randomiza-
tion. The cardinal issues associated with selec-
tion bias, information bias and confounding with
case—control and cohort studies need to be care-
fully considered. Randomization 1s a key to
addressing these limitations in future studies of
the effects of interventions that attempt to reduce
aggression-related hockey injuries.

Variability in outcomes was another limita-
tion. Some studies reported on penalty minutes,
others measured injury reduction, and some
reported on both. None of the studies assessed
outcomes such as attrition from the sport or any
positive aspects of aggression. The studies of
educational and psychosocial interventions gen-
erally had smaller samples and were not de-
signed to measure injury reduction.

Feasibility was not specifically addressed in
any of the studies. However, studies that evaluated
rule changes reported that the implementation of
rule changes was achieved across large numbers of
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players. Cognitive behavioural approaches are
time and resource intensive and likely of limited
widespread acceptability. Experience from rugby
has shown that educational approaches are in
between these extremes but that universal nation-
wide implementation is possible.”™ None of the
studies assessed the cost-effectiveness of interven-
tions — a characteristic closely associated with
feasibility. Use of computer technology in future
interventions, for example through the Web™ and
smartphone applications, could make widespread
implementation more cost-effective and feasible.

We were unable to identify any interventions
based on economic incentives or disincentives,
such as changes in fines, insurance premiums or
salaries. A complete assessment of how to make
ice hockey safer should include implementation
and evaluation of such interventions.

All of the studies included in our review were
from North America. Future research should also
come from other countries.

Finally, we did not identity studies of legislative
changes. However, research into bicycle safety has
shown that such changes have the potential to alter
behaviour and reduce injury rates."

Conclusion

Several studies included in our review showed
that changes to rules to limit the exposure of
youth to bodychecking were associated with
reduced rates of injury among ice hockey play-
ers. Other interventions, including the Fair Play
Program, educational interventions and cognitive
behavioural modification, had positive etfects on
reducing aggressive acts; however, more re-
search 1s needed to determine whether these
approaches reduce injury rates on their own.
Well-designed multifaceted strategies that com-
bine such approaches hold promise and should
be the topic of future research.
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