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Evidence synthesis tool
SPORT:
Ice Hockey
Injury Mechanisms:
Incidence/Prevalence
Youth Hockey
Common injuries that occur
in youth ice hockey are
sprains/strains and
contusions (Benson &
Meeuwisse, 2005); however,
concussions have been
estimated to represent 1866% of all youth injuries that
result in time loss from
activity or medical attention
(Black, Hagel, PalaciosDerflingher, Schneider, &
Emery, 2017).
The incidence of concussion
in youth ice hockey is
1.20/1000 athletic exposures
(AEs) (95% CI 1.00-1.31)
(Pfister, Pfister, Hagel, Ghali,
& Ronksley, 2016). Minor
players are most likely to be
injured to the upper
extremities (23-55%),
followed by the spine/trunk
(13-32.8), head (7-30%), and
lower extremity (21-27%)
(Benson & Meeuwisse,
2005).

Target Group:

Youth, Junior and Professional Level

Common Injuries in hockey include strains/sprains, contusions and concussions. Body checking, stick contact, and puck contact are the primary
mechanisms of injury.
Risk/Protective Factors
Interventions
Implementation/Evaluation
Resources
Youth Hockey Players
Playing Environment (Games vs.
Practices, Body Checking League)
Participation in games versus
practices was associated with an
increased risk of injury. Playing in
a body checking league was also
associated with 2.5-3-fold
increased risk of all game-related
injury and concussion (Benson &
Meeuwisse, 2005; Emery, Hagel,
Decloe, & Carly, 2010; C. Emery &
Meeuwisse, 2006; Kerr et al.,
2015; McKay et al., 2014; Black et
al., 2016; Black et al., 2017).
Injury History
Players with a history of injury are
at an increased risk for future
injury (Emery, Hagel, et al., 2010;
Emery, Kang, et al., 2010; Emery &
Meeuwisse, 2006).
Pre-season symptom reports
Preseason report of neck pain and
headache on the Sport Concussion
Assessment Tool (SCAT) has been
reported as a risk factor for
concussion (Schneider,
Meeuwisse, Kang, Schneider, &

Youth Rule Change Mandating
Full facial Equipment
Mandating full facial protection in
youth hockey has been shown to
decrease the incidence of head
and facial injuries (Black, Eliason,
Patton, & Emery, 2017). Full facial
protection is more effective than
half-shield visors in preventing
facial injuries (RR=2.31; 95% CI
1.53-3.48) (Asplund, Bettcher, &
Borchers, 2009; Black, Patton,
Eliason, & Emery, 2017;
Meeuwisse, 2002), and may also
reduce concussion severity
(Benson, Hamilton, Meeuwisse,
McCrory, & Dvorak, 2009).
Youth Body Checking Policy
Changes
Removal of body checking has
been associated with a reduction
in the number of injuries
including concussions (Benson et
al., 2013; Black et al., 2017; Black
et al., 2016; Cusimano, Nastis, &
Zuccaro, 2013), and an evaluation
of Hockey Canada’s national body
checking policy change resulted
in a 50% reduction in the injury
rate and 64% reduction in the

There were no studies found that
examined the implementation or
evaluation of hockey
interventions.

Hockey Canada Concussion
Awareness App:
https://www.hockeycanada.ca/enca/mobile-apps
Hockey Canada Concussion
Awareness:
https://www.hockeycanada.ca/enca/hockeyprograms/safety/concussions
Hockey Canada Concussion Card:
http://cdn.agilitycms.com/hockeycanada/HockeyPrograms/Safety/Concussion/Dow
nloads/concussion_card_e.pdf
Hockey Canada Checking Skills:
https://www.hockeycanada.ca/enca/hockeyprograms/coaching/checking
Parachute Canada’s ThinkFirst
Smart Hockey:
http://www.parachutecanada.org/
programs/topic/C66
Concussion Awareness Training
Tool: http://www.cattonline.com/
USA Hockey Heads Up, Don’t

Emery, 2013).
Junior/Collegiate Level
Hockey
At the junior level, the lower
extremity was most likely to
be injured (24.9-33.7%),
followed by the upper
extremity (9.6-35.4%), the
head (14.4-28%), and the
spine/trunk (6-14.9%)
(Benson & Meeuwisse,
2005).
The game-related injury rate
at the collegiate level was
estimated between 9.1918.69/1000 AEs in males and
6.1-12.1 in females (Agel &
Harvey, 2010; Flik, Lyman, &
Marx, 2005; Kerr et al., 2015;
Schick & Meeuwisse, 2003).
Junior players competing in
men’s world ice hockey
championships have an injury
rate of 11.0/1000 AEs in
games (39.8/1000 playergame hours) (Tuominen,
Stuart, Aubry, Kannus, &
Parkkari, 2017).
Professional Level
At the professional male
level, the head was the most
commonly injured specific
body region (16.8%),
although when grouped
together, the thigh (14.0%)

Athletic Identity
Elite Bantam and Midget players
(AAA, AA, A) who score below the
th
25 percentile in athletic identity
were at an increased risk of first
injury (IRR: 1.53; 95%CI 1.05th
2.22), but scoring above the 25
percentile was associated with
increased risk of subsequent
injury (IRR: 2.28; 95%CI 1.01-6.04)
(McKay, Campbell, Meeuwisse, &
Emery, 2013).
Mouth Guard Use
The use of mouth guards has been
shown to prevent dental injuries
and possibly allow for faster
return to play following
concussion (Black, Patton, et al.,
2017).
Professional Hockey players
Post-concussion Symptoms
After diagnosis of concussion,
reporting of post-concussion
headache, low energy or fatigue,
amnesia, and abnormal
neurological examination were
significant predictors of time loss
from sport (Benson et al., 2011).
Position
Defenceman are more likely to
report a game-related time-loss
injury compared to forwards, but

concussion rate in 11-12 year
olds (Black et al., 2017).
In an evaluation of the costeffectiveness of removing body
checking from youth ice hockey,
healthcare costs where policy
allowed body checking was over
2.5 times higher compared to
areas where there is no body
checking (Lacny et al., 2014).
The removal of body checking has
been estimated to save $200,000
CAD in healthcare costs per
season in Alberta Pee Wee
players (Lacny et al., 2014).
Fair Play Programs
Programs designed to decrease
violence in youth ice hockey and
promote fair play and
development lead to a reduction
in hits to the head and from
behind (Benson et al., 2013;
Smith et al., 2016). Comparing
regular rules to a program that
promoted fair play rules was
associated with a reduced
number of time-loss injuries,
including concussions (Benson et
al., 2013; Cusimano et al., 2013).

Duck:
http://www.usahockey.com/page/
show/1011484-heads-up-hockey

and knee (13.0%) accounted
for a greater percentage
when considered as the
lower extremity (McKay,
Tufts, Shaffer, & Meeuwisse,
2014).
The overall regular season
incidence density was
15.6/1000 AE. The incidence
of concussion in the National
Hockey League was 1.8/1000
player-hours (Benson,
Meeuwisse, Rizos, Kang, &
Burke, 2011), and 1.4/1000
player-games in men’s world
championship play (1.9/1000
player-games in A-pool play
only) (Tuominen, Stuart,
Aubry, Kannus, & Parkkari,
2015). Female players
competing in world
championships and the
Olympic Games have an
injury rate of 6.4/1000
player-games (22.0/1000
player-game hours)
(Tuominen et al., 2016).
Works Cited:
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Benson, B., & Meeuwisse, W.
(2005). Ice hockey injuries

forwards, specifically, centreman,
are more likely to suffer a
concussion compared to other
positions (Hutchison, Comper,
Meeuwisse, & Echemendia, 2015;
Tuominen et al., 2015). Being a
goaltender, injured on the road,
and mechanism of injury being a
body check are all predictors of an
injury leading to time loss greater
than five games (McKay et al.,
2014).
Off-season Training
Low levels of off-season sportspecific training and previous
injury have been identified as risk
factors for groin injury (Emery &
Meeuwisse, 2001).
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Review of Sport Injury Burden, Risk Factors and Prevention
Ice Hockey
Incidence and Prevalence
It has been noted the injury rates in ice hockey are difficult to summarize in either a single
approximation or as a range due differences in study design, sample populations at risk of injury
(e.g., associations, leagues, age groups, equipment rules, officiating rules), sources of injury
collection (players, therapists, team designates, physicians, emergency departments), methods
of measuring exposure (estimation vs. direct observation; player hours, athlete exposures), and
methods of calculating injury rates (injuries per 1,000 athletic exposures - AEs, per 1000 playerhours, prevalence per 100 players) (Benson & Meeuwisse, 2005). Ice hockey accounts for
approximately 10% of all youth sport-related injuries in Canada (Emery & Tyreman, 2009; Emery,
Meeuwisse, & McAllister, 2006), and is reported as the second leading cause of injury reported
to Canadian emergency departments among 13 sports reviewed (Fridman, Fraser-Thomas,
McFaull, & Macpherson, 2013). Ice hockey injuries account for more injuries than lacrosse or
field hockey in the United States (Yard & Comstock, 2006), and the number of injuries presenting
to US emergency departments from ice hockey, increased from 1990-2006, likely due to an
increase in popularity over this time frame (Deits, Yard, Collins, Fields, & Comstock, 2010).
Common injuries that occur in youth ice hockey are sprains/strains and contusions
(Benson & Meeuwisse, 2005); however, concussions have been estimated to represent 18-66%
of all youth injuries (Black, Hagel, Palacios-Derflingher, Schneider, & Emery, 2017). A systematic
review estimated the incidence of concussion in youth ice hockey to be 1.20 injuries per 1000
AEs (95% CI 1.00-1.31) (Pfister, Pfister, Hagel, Ghali, & Ronksley, 2016). Minor players are more
likely to be injured to the upper extremities (23-55%), followed by the spine/trunk (13-32.8%),
head (7-30%), and lower extremity (21-27%). The primary reported mechanisms for injury in ice
hockey are body checking, stick contact, and puck contact (Benson & Meeuwisse, 2005). The
overall injury rate among 9-17 year olds is 30 injuries per 100 players per season (95% CI 27.233), or 4.1 injuries per 1000 player-hours (95% CI 3.7-4.6) (Emery & Meeuwisse, 2006). The risk of
injury increases with age group, with Midget players (15-17 years old) having the highest risk of
injury (6.07/1000 player-hours), followed by Bantam (ages 13-14; 4.16/1000 player-hours), Pee
Wee (ages 11-12; 3.32/1000 player-hours), and Atom (ages 9-10; 1.12/1000 player-hours).
Higher divisions of play also tend to have higher injury rates compared to lower divisions of play
(Emery & Meeuwisse, 2006).
In female only leagues, the overall injury rate per 1000 player-hours by age group is: 1.9
(95% CI 1.4-2.7) in Midget, 1.0 in Bantam (95% CI 0.5-1.8), 1.5 in Pee Wee (95% CI 0.4-5.0), and
1.0 in Atom (95% CI 0.3-3.0) (Decloe, Meeuwisse, Hagel, & Emery, 2014). Comparing the types of
injuries between males and females, it was noted that female players sustain more soft tissue
injuries [Female (F):39.8% vs. Male (M):32.6%] and sprains/strains (F:21.1% vs. M:17.6%) than
males, and males experienced more fractures (M:27.1% vs. F:18.2%), shoulder injuries (M:45.2%
vs. 39.2%), and injuries due to body checking (M:42.8% vs. F:25.7%) (female-only leagues do not
allow body checking) (Forward et al., 2014). Across both sexes within Canada, the overall injury

rate was approximately 40 injuries per 100 participants per year among surveyed junior high
students (ages 12-15 years) (Emery & Tyreman, 2009), and 36 injuries per 100 participants per
year among surveyed Canadian high school students (ages 14-19 years) (Emery et al., 2006).
Another study estimated the overall injury rate in high school players to be 2.32 injuries per 1000
AEs, with the rate of injury higher among games (5.63/1000 AEs) than practices (0.72/1000 AEs)
(Matic et al., 2015). High school players were most commonly injured to the head (14.8-31%),
followed by the lower extremity (20.6-37%), upper extremity (3.4-29%), and spine/trunk (7.417.2%) (Benson & Meeuwisse, 2005).
At the junior level, the lower extremity is the area most likely to be injured (24.9-33.7%),
followed by the upper extremity (9.6-35.4%), the head (14.4-28%), and the spine/trunk (6-14.9%)
(Benson & Meeuwisse, 2005). The game-related injury rate at the collegiate level is estimated
between 9.19-18.69 injuries per 1000 AE in males and 6.1-12.1 in females (Agel & Harvey, 2010;
Flik, Lyman, & Marx, 2005; Kerr et al., 2015; Schick & Meeuwisse, 2003). The injury rate in
practice is much lower than the game-related rate for both men (1.96-2.23/1000 AE) and women
(2.90/1000 AE) (Agel, Dompier, Dick, & Marshall, 2007; Agel & Harvey, 2010; Flik et al., 2005). It
is noted that the annual game-injury rate increased in American men’s collegiate hockey from
1988-2004, yet the practice rate remained constant (Agel et al., 2007). The rate of concussion is
estimated at 0.72 injuries per 1000 AE in men and 0.82 injuries per 1000 AE in women (Agel &
Harvey, 2010). Junior players competing in men’s world ice hockey championships have an injury
rate of 11.0 injuries per 1000 AE in games (39.8/1000 player-game hours), with specific injury
rates of 4.3 injuries per 1000 player-games to the head/face, 3.2 injuries per 1000 player-games
for the upper body, 2.6 injuries per 1000 player-games for the lower body, and 1.0 injury per
1000 player-games for the spine and trunk (Tuominen, Stuart, Aubry, Kannus, & Parkkari, 2017).
At the professional level in men, the head was the most commonly injured body region
(16.8%); although, when grouped together, the thigh (14.0%) and knee (13.0%) account for a
greater proportion of all injuries (McKay, Tufts, Shaffer, & Meeuwisse, 2014). The overall regular
season incidence density is reported as 15.6 injuries per 1000 AEs (McKay et al., 2014). The
incidence of concussion in the National Hockey League is reported as 1.8 concussions per 1000
player-hours (Benson, Meeuwisse, Rizos, Kang, & Burke, 2011), and 1.4 concussions per 1000
player-games in men’s world championship play (1.9/1000 player-games in A-pool play only)
(Tuominen, Stuart, Aubry, Kannus, & Parkkari, 2015). Female players competing in world
championships and the Olympic Games have an injury rate of 6.4 injuries per 1000 player-games
(22.0/1000 player-game hours) (Tuominen et al., 2016). Specifically, the rates of injury per 1000
player-games are: 2.7 for the lower body, 1.4 for the upper body, 1.3 for the head and face
(concussion was the most common head injury and accounted for 1.0 injury per 1000 playergames), and 0.9 for the spine and trunk.
Risk and Protective Factors
Participation in games versus practices is associated with an increased risk of injury (RR
range: 2.45-6.32) (Benson & Meeuwisse, 2005; Emery, Hagel, Decloe, & Carly, 2010; Emery &
Meeuwisse, 2006; Kerr et al., 2015; McKay et al., 2014). Playing in a body checking league is also

associated with an increased risk of all game-related injury (summary rate ratio: 2.45; 95% CI 1.73.6) and concussion (summary odds ratio: 1.71; 95% CI 1.2-2.44) (Emery, Hagel, et al., 2010).
Specific to the Pee Wee level (ages 11-12), playing in a league that allows body checking has a
3.3-fold (95% CI 2.3-4.6) greater risk of injury and 3.9-fold (95% CI 1.9-7.9) greater risk of
concussion, compared to leagues without body checking (Emery, Kang, et al., 2010). The relative
risk of injury associated with body checking in youth ice hockey ranged from 0.6 to 39.8, and was
the reported mechanism of injury for 2.9-91% of all injuries (Warsh, Constantin, Howard, &
Macpherson, 2009).
Players with a history of injury are at an increased risk for future injury (Emery, Hagel, et
al., 2010; Emery, Kang, et al., 2010; Emery & Meeuwisse, 2006), while players lighter in body
weight categories may also be greater risk (Brust, Leonard, Pheley, & Roberts, 1992; Emery,
Kang, et al., 2010). Preseason reporting of neck pain and headaches on the Sport Concussion
Assessment Tool (SCAT) is reported as a risk factor for concussion (IRR 1.67; 95% 1.15-2.41 and
IRR: 1.47; 95% CI 1.01-2.13), and a combination of any 2 symptoms on the SCAT is a risk factor
for Pee Wee non-body contact and Bantam levels (IRR: 3.65; 95% 1.20-11.05 and IRR: 2.40; 95%
CI 1.15-4.97, respectively) (Schneider, Meeuwisse, Kang, Schneider, & Emery, 2013). In
professional players diagnosed with concussion, post-concussion headache, low energy or
fatigue, amnesia, and abnormal neurological examination are reported as significant predictors
of time loss (Benson et al., 2011). Athletic identity, defined as the degree to which an individual
identifies with the athlete role, (McKay, Campbell, Meeuwisse, & Emery, 2013) has also been
examined as a risk factor for injury. Elite Bantam and Midget players (AAA, AA, A) who score
below the 25th percentile in athletic identity were at an increased risk of first injury (IRR: 1.53;
95%CI 1.05-2.22), but scoring above the 25th percentile was associated with subsequent injury
(IRR: 2.28; 95%CI 1.01-6.04) (McKay, Campbell, Meeuwisse, & Emery, 2013). At the youth level,
age, level of play, and player position may be potential risk factors, but the research remains
inconclusive (Emery, Hagel, et al., 2010). At the professional level, defenceman are more likely to
report a game-related time-loss injury compared to forwards (incidence density ratio: 1.2; 95% CI
1.1-1.3) (McKay et al., 2014), but forwards, specifically, centreman, are more likely to suffer a
concussion compared to other positions (Hutchison, Comper, Meeuwisse, & Echemendia, 2015;
Tuominen et al., 2015). Further, being a goaltender (OR: 1.68; 95% CI 1.18-2.38), being injured on
the road (OR: 1.43; 95% CI 1.25-1.63), and mechanism of injury being a body check (OR: 2.21;
95% CI 1.86-2.62) were all predictors of an injury leading to time loss greater than five man
games (McKay et al., 2014). Interestingly, injuries including concussions were more likely to occur
in the first period of play in professional players (Hutchison et al., 2015; McKay et al., 2014;
Tuominen et al., 2015). Professional goaltenders were not at a higher risk of intra-articular hip
injuries when measuring injuries per hours played, but were at an increased risk than other
positions when measured per game-played (goaltenders: 1.84/1000 vs. other positions
0.40/1000; RR: 4.7) (Epstein, McHugh, Yorio, & Neri, 2013).
Though ice hockey players have a high incidence of groin injuries relative to other sports,
the differences were not significantly between collegiate men and women (Orchard, 2015). Low
levels of off-season sport-specific training and previous injury have been identified as risk factors
for groin injury in professional ice hockey players (Emery & Meeuwisse, 2001), and higher levels

of play, and reduced hip abductor and adductor strength have been identified as risk factors for
groin injury for all sports (Whittaker, Small, Maffey, & Emery, 2015). Compared to traditional
board/glass systems, flexible board/glass had a 29% lower risk of injury (IRR: 0.71; 95% CI 0.560.91), including lower rates of shoulder injuries (IRR: 0.36; 95% CI 0.15-0.90) and concussions
(OR: 0.43; 95% CI 0.18-1.01) (Tuominen et al., 2015). Single-frame dasher boards with light and
flexible protective shielding material that do not include shielding support posts has been
recommended as a safe dasher board design (Poutiainen, Peltonen, Isolehto, & Avela, 2014).
Mandating full facial protection in youth hockey has decreased the incidence of head and
facial injuries (Black, Eliason, Patton, & Emery, 2017). Full facial protection is more effective than
half-shield visors in preventing facial injuries and lacerations (RR: 2.31; 95% CI 1.53-3.48)
(Asplund, Bettcher, & Borchers, 2009; Black, Patton, Eliason, & Emery, 2017; Meeuwisse, 2002),
and may also reduce concussion severity (Benson, Hamilton, Meeuwisse, McCrory, & Dvorak,
2009). The use of mouth guards have been shown to prevent dental injuries and possibly allow
for faster return to play following concussion (Black, Patton, et al., 2017). Though there is limited
evidence regarding the protective effect of mouth guards in reducing the risk of concussion
(Benson et al., 2009), some recent and emerging research has supported this (Chisholm et al.,
2017). However, despite the several protective benefits of mouth guards, many athletes are not
wearing them regularly during game play (Black, Patton, et al., 2017). Helmets have been
recommended to be properly fitted in order to prevent focal injury (Smith et al., 2011), though
one study found the majority of youth players were not wearing their helmet in a manner that
meets all helmet fit criteria (Patton, Blackmore, Hagel, & Emery, 2017). Based on biomechanical
data, changing the design of the shoulder pads or adding a layer of foam padding to the plastic
caps can reduce the impact force from body checking (Richards et al., 2016; Virani et al., 2016),
which may help reduce injuries from checking.
Opportunities for Prevention: Effective Interventions, Cost-Effectiveness,
Implementation and Evaluation
The removal of body checking is associated with a reduction in the number of injuries
including concussions (Benson et al., 2013; A. M. Black et al., 2017; Black et al., 2016; Cusimano,
Nastis, & Zuccaro, 2013), and an evaluation of Hockey Canada’s national body checking policy
change [which changed the introduction of body checking from Pee Wee (ages 11-12) to Bantam
(12-13)] resulted in a 50% reduction in the injury rate and 64% reduction in the concussion rate
in 11-12 year olds (Black et al., 2017). In an evaluation of the cost-effectiveness of removing body
checking from youth ice hockey, healthcare costs were over 2.5 times higher where policy
allowed body checking compared to areas where policy did not allow body checking (Lacny et al.,
2014). The removal of body checking is estimated to save $200,000 CAD in healthcare costs per
season in Alberta Pee Wee players (Lacny et al., 2014).
Programs designed to decrease violence in youth ice hockey and promote fair play and
development lead to a reduction in hits to the head and from behind (Benson et al., 2013; Smith
et al., 2016). Comparing regular rules to a program that promoted fair play rules (i.e., gaining
extra points for staying below a certain number of penalties), was associated with a reduced

number of time-loss injuries, including concussions (Benson et al., 2013; Cusimano et al., 2013).
Aggressive behaviour such as seeking revenge for an injured teammate has been shown to be
reinforced by a player’s social environment and justified by players in competitive body checking
leagues, but not in non-body checking leagues (Cusimano et al., 2016). Knowledge and education
about injuries has been evaluated in various ice hockey stakeholders including players and
coaches. Youth players have demonstrated gaps in their knowledge of concussion, and younger
players were more likely to ignore current recommended guidelines for concussions (Mrazik,
Perra, Brooks, & Naidu, 2015).
In an evaluation of having minor players and coaches watch the ThinkFirst Canada, Smart
Hockey, brain and spinal cord injury prevention video, an educational injury prevention video
that teaches the mechanisms, consequences, and prevention of brain and spinal cord injury in ice
hockey, found that knowledge and behaviours can improve after viewing the video (Cook,
Cusimano, Tator, & Chipman, 2003). It should be noted that initiatives aimed at reducing the
number of injuries may lead to unintended consequences. For instance, in 2011 Hockey Canada
introduced the “zero tolerance for head contact”, a rule which penalizes all intentional and
unintentional head contact to an opponent at all levels of play, and found after the policy change
there was an increased risk of game-related concussions in Pee Wee (IRR: 1.85; 95% CI 1.20-2.86)
and Bantam players (IRR: 2.48; 95% CI 1.17-5.24) (Krolikowski et al., 2016). The authors suggest
that the increased risk may be due to increased concussion awareness and education after the
policy change (Krolikowski et al., 2016). Additionally, it has been suggested that the inclusion of a
40’’ (1m) wide orange “Look Up Line” (LUL) painted on the ice around the perimeter of the
boards would help reduce the number of head and spinal injuries near the boards by acting as a
visual cue for players to remember to look up and adjust their head and body position prior to
being checked (The Thomas E. Smith Foundation, 2014). However, while the LUL has been shown
to increase the eye fixation and traction compared to a control setting in elite offensive and
defensive players, it also caused players to look down more often when being checked (Vickers
et al., 2017). These results fail to support two main contentions of the LUL originators- that the
line will “warn players to keep their head up when approaching the boards” and “give players an
opportunity to make proper bodily adjustments before hitting the boards” (The Thomas E. Smith
Foundation, 2014; Vickers et al., 2017). Further research is needed into the association between
the LUL and risk of injury before its recommendation.
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