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Abstract

Background Collision sport participation rates among high school youth in Canada are high. While participation is beneficial
for physical and mental well-being, the rates of injury in these sports are high.

Aims This study aims to compare injury rates and profiles across four common youth collision sports (ice hockey, tackle
football, lacrosse, rugby).

Methods Data from a cross-sectional questionnaire of 2029 high school youth were used to identify male collision sport
participants to be included in this secondary analysis (n=360).

Results Of the 2029 students who completed the questionnaire, 360 participated in collision-based sports [Ages: 14 (5%),
15 (41%), 16 (25%), 17 (26%), 18 (3%)]. The rates of injury ranged from 12.7 injuries/100 participants/year (rugby) to 33.1
injuries/100 participants/year (ice hockey). Concussion rates ranged from 12.4 (football) to 15.8 (ice hockey) concussions/100
participants/year. Similarities existed in the profile of injuries between sports, with most injuries occurring due to contact
with another player (range 57.0% to 87.5%). Injuries to the head (33.3%), wrist/hand (16.0%), shoulder (12.8%), and knee
(12.0%) were the most prevalent injury type. Substantial differences in previous playing experience existed between sports.
Discussion The high rate of injury and concussion reported across each of these sports highlights the need for the introduc-
tion of primary prevention strategies in these sports aimed to reduce the risk of injury.
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Introduction

Sports participation in youth is associated with physical and
54 Stephen W, West mental well-being [1]. It is also recognised that sport par-
stephen.west@ucalgary.ca ticipation carries with it a heightened risk of injury [2]. In
particular, many popular collision sports (e.g., ice hockey,
tackle football, rugby, and lacrosse) have demonstrated a
high risk of injury [3]. Despite this high risk, participation
in collision sports has grown in recent years, with Black
et al. [4] reporting ice hockey as the second most common
boys sport (20.5 participants/100 students/year) in a sam-
ple of high school students in Alberta, following basket-
Hotchkiss Brain Institute, University of Calgary, Calgary, ball (33.1 participants/100 students/year). Canadian tackle
Canada
football (football) was also among the most common sports
while rugby was popular for males in a school setting [4].
Although lacrosse did not feature among the most popular
sports, it represented the sport with the second highest rate
of injury among boys [(27.6/100 participants/year (95%
CIs 14.0-47.0)], surpassed only by ice hockey. These four
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collision sports not only present a high risk of all injury
types, but also concussion specifically, with rugby, ice
hockey, football, and lacrosse demonstrating the highest
rates of concussion across 12 youth sports [5].

Injury prevention models have previously demonstrated
the need for epidemiological studies to establish injury
rates and risk factors in different sport settings to inform the
development and evaluation of injury prevention strategies
[6, 7]. Understanding injury rates allows stakeholders to pri-
oritize the allocation of resources to high-risk sport popula-
tions and understanding mechanisms of injury will inform
targeted injury prevention strategies. Previously, primary
prevention strategies including rule changes, [8—10] equip-
ment recommendations [11] and neuromuscular warm-up
programs [12] have been used effectively to lower the risk
of concussions and musculoskeletal injuries among youth
athletes.

Ice hockey and football are collision sports that have
received a relatively great deal of attention in the injury
prevention literature [3]. The recent increased popular-
ity of rugby and lacrosse in Alberta, support the need for
further epidemiological investigation to inform a greater
understanding of potential injury prevention strategies to
ensure the safety and long-term welfare of collision sport
participants in Alberta. Furthermore, recent studies in this
setting have demonstrated high rates of injury [4], particu-
larly in collision-based sports for females [13, 14] which
highlights the need for a greater understanding of collision
sports in a youth male context. Therefore, the objective of
this study is to explore further the etiology of injury in col-
lisions sports (e.g., ice hockey, football, lacrosse, rugby) in
Alberta, Canada.

Methods
Study design and participants

This secondary analysis of a cross-sectional study was
designed to capture participation, injury, and concussion
rates as well as examine mechanisms and potential risk fac-
tors across youth sport in Alberta, Canada. This second-
ary analysis specifically targeted male collision sports (i.e.,
ice hockey, football, lacrosse, rugby) from a larger cohort
(n=2029) of high school students [15]. Thirty-three high
schools across eight school boards and five private schools
were contacted to take part in the study across both rural and
urban sites. Research assistants assisted in the supervision
of high school student web-based online survey completion
using iPads or school computers. The study was approved
by the Conjoint Health Research Ethics Board at the Univer-
sity of Calgary (REB17-1948), the Health Research Ethics
Board at the University of Alberta (REB Pro00080524) and
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all participating school boards. Both parent and/or player
consent (mature minor > 12 years) as well as player assent
was obtained for each participant.

Outcome measures

The study consisted of an anonymous survey including 180
questions (excluding subsequent branching questions) which
took ~45 min to complete. Questions pertaining to participant
demographics, sports activities, sport specialisation, previous
injury education, sport safety practices, lifestyle choices, sport
and recreation (S&R)-related concussions, and non-S&R con-
cussions were included. Furthermore, participants were asked
to report which injury they considered to be their most serious
injury in the past year (injury rates reported based on most
serious injury), with more detailed information captured on
this specific injury. This survey was adapted from one pre-
viously used within this cohort [3]. Content validity was
assessed through expert consultation, while face validity was
assessed by a varsity athlete, parent, and six adolescents (grade
1012, three boys, three girls). This process led to the addition
of questions specific to S&R related concussions (concussion
rates based on at least one concussion per student) as well as
sport specialisation. The second iteration of the survey was
assessed for face validity based on the review of four further
researchers and pilot tested in one high school (n=143), which
resulted in no further changes.

Analysis

From the initial sample of participants (n=2029), to be
included in this secondary analysis, players must have identi-
fied as being male and responded that they participated in at
least one of the four collision sports captured by the study
(i.e., ice hockey, football, lacrosse, rugby). All data analysis
was undertaken using statistical software Stata (StataCorp,
2019, Stata Statistical Software: Release 16. College Station,
TX: StataCorp LLC). Descriptive characteristics for players
meeting these criteria were captured, including demographics,
injury, and concussion rates within the past year. Participa-
tion rates within this study were captured as a proportion of
the entire sampled population. All participant responses were
cross-checked with other associated variables to assess accu-
racy of responses. Sport specific injury rates (# injuries/100
participants/year) were estimated with corresponding 95%
confidence intervals calculated using Stata’s robust cluster
variance estimator to adjust for cluster by school. Epidemio-
logical data pertaining to each injury was reported as propor-
tions for each sport including mechanism, location, and type
of injury as well as information surrounding the activity during
injury and years of playing experience. Missing data due to
non-response was reported as a proportion of all responses in
each corresponding table.
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Results

Of the 63 school administrators who were approached to
participate, 24 (38%) agreed, from which 2029 individuals
completed the survey. Of these, 958 (47%) were male and
360 (37.6% of male participants) indicated they played at
least one collision sport. Participant demographics for this
subgroup are reported in Table 1.

Ice hockey was the most popular collision sport played
with 196/958 male students participating [20.5% (95% CI
14.9-27.3)]. In the other collision sports 161/958 played
football [16.8% (95% CI 13.4-20.9)], 63/968 played rugby
[6.6% (95% CI 4.1-10.3)] and 29/968 played lacrosse [3.0%
(95% CI 2.0-4.5)]. Years of sport-specific playing experi-
ence are reported in Fig. 1. In ice hockey, 86% had partici-
pated for 5 years or more and in lacrosse it was 72%. Com-
paratively, only 26% of football players and 10% of rugby
players had 5 or more years of previous playing experience.

There were 365 serious injuries reported across all boys
in the study. Of these, 33% of injuries were caused by col-
lision sports (ice hockey: 17%, football: 11%, lacrosse: 3%,
rugby 2%). Ice hockey not only represented the sport with
the greatest proportion of injuries, but also represented the
sport with the highest injury rate [33.1/100 participants/
year (95% CI 24.2-36.7)]. This was followed by lacrosse
[27.6/100 participants/year (95% CI 14.0-47.0)], football
[21.1/100 participants/year (95% CI 15.6-27.9)] and rugby
[12.7/100 participants/year (95% CI 5.5-26.7)].

Concussion

The most common site of injury in all collision sports was
the head/face, accounting for the most injuries in rugby
(50.0%) and the lowest proportion in football (24.4%:
Table 2). Concussion (or being “knocked out”) was reported
as the most common injury type in rugby (50.0%) and foot-
ball (24.4%) based on most serious injury reported in the
past year. Fractures were reported as the most common
injury type in lacrosse (44.4%) and ice hockey (27.0%)
(Table 3). Ice hockey had the highest rate of concussion
15.8/100 participants/year (95% CI 11.8-20.9) followed by
lacrosse [13.8/100 participants/year (95% CI 5.3-31.5)],
rugby [12.7/100 participants/year (95% CI 5.7-25.8)] and
football [12.4/100 participants/year (95% CI 7.7-19.5)].
Contact with another player was the primary mechanism
of serious injury across all four sports, accounting for a range
between 57.0% in ice hockey to 87.5% in rugby (Fig. 2). Of
these injuries, the majority were caused by a player who was
bigger than the injured player in rugby (57.1%), lacrosse

Table 1 Participant demographics (n=360 male collision sport par-
ticipants)

n %

Grade
10 171 48.2
11 95 26.8
12 89 25.1
Missing 5

Age
14 18 5.0
15 148 41.2
16 91 25.4
17 92 25.6
18 10 2.8
Missing 1

Ethnicity®
European origins 206 57.2
Other North American origins 70 19.4
Asian origins 53 14.7
North American Aboriginal origins 45 12.5
African origins 19 53
Latin, Central and South American origins 14 3.9
Caribbean origins 5 1.4
Oceania origins 3 0.8
Other 18 5.0
Missing 26

BMI (kg/m?)
Median (IQR) 22.05 (20.09—

24.39)

Missing 11

Mother's education
< High school 23 6.8
High school 67 19.8
Post-secondary 54 16.0
University 194 57.4
Missing 22

Father's education
< High school 25 7.6
High school 60 18.2
Post-secondary 64 19.5
University 180 54.7
Missing 31

Home location
Calgary 244 68.4
Airdrie 11 3.1
Edmonton 34 9.5
Town with population > 1000 51 14.3
Town with population < 1000 6 1.7
Rural Alberta (on a farm) 3 0.8
Rural Alberta (not on a farm) 8 2.2
Missing 3
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Table 1 (continued)
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Table 4 Specific timing of match injuries observed in boy’s collision
sports

Sport (n) At the begin-  In the middle At the end
ning

Football (19) 10.5 79.0 10.5

Hockey (46) 10.9 63.0 17.4

Lacrosse (9) 0.0 66.7 333

Rugby (6) 333 66.7 0.0

No respondents answered “Unsure” or “Missing” or “Warm Up” so
excluded from table

warm-up programs, equipment use, and rule change likely
the most effective ways to reduce the risk [9].

Of the four collision sports within this study, ice hockey
had the highest rate of injury, followed by lacrosse, football,
and rugby. When compared to other sports undertaken by
high school males in Alberta, these injury rates represented
the first, second, third, and seventh highest risk sports [4].
It must be acknowledged that the rates presented, however,
represent only those that were considered the most serious
injury to have occurred within the last year and, therefore,
only represent a portion of the total injury rate within each
of these sports. Furthermore, although comparison of these
rates to other studies in these sports is difficult due to differ-
ences in the rates presented (per 100 participants per year
compared with per 1000 h or athletic exposures), these rates
are high with respect to other male high school sports and
require the implementation of injury prevention strategies to
minimise this risk of injury.

While all injuries may be targeted for injury prevention,
the rates of concussion presented within this study dem-
onstrate the opportunity for injury prevention strategies
targeted specifically at concussion in high school sport.
Previously, a systematic review has highlighted there are
three areas which represent the best opportunity for prevent-
ing concussion occurrence, which are: policy/law change,
training programs, and protective equipment [9]. In the con-
text of youth sport specifically, there have previously been
attempts in collision sports to reduce the risk of concussions
in a number of ways across multiple sports. In rugby for
example, the introduction of a neuromuscular training warm-
up program in rugby union demonstrated a 59% reduction
in concussions in players who completed the warm-up as
prescribed, three times per week [12]. Furthermore, in ice
hockey, policy disallowing body checking (but continuing
to permit body contact) has demonstrated a combined 70%
reduction in the risk of concussion in Pee Wee (ages 11-12)
youth ice hockey [incidence rate ratio (IRR)=0.3; 95% CI
0.22-0.41] [9], with similar reductions found at the non-
elite Bantam (ages 13—14) and Midget (ages 15-17) age cat-
egories [10, 16]. Adding to this evidence, follow-up studies
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have suggested that more years of body checking experience
are not protective of concussion in youth ice hockey players
playing in leagues that allow body checking, which suggests
no unintended concussion consequences from these policy
decisions [17, 18]. Wearing a mouthguard is associated with
a 64% lower odds of concussion in ice hockey [OR =0.36;
95% CI 0.17-0.73] [11 ] and a combined estimate across
multiple contact and collision sports also suggests a protec-
tive effect [IRR=0.8; 95% CI1 0.6—1.1] [9]. Collision sports
should consider implementing mouthguard policy with strict
enforcement if not already mandated. In youth American
football, the interventions with the strongest support for
concussion prevention include reducing contact in practice
and contact training [19]. For instance, a policy restricting
contact in practices to 60 min a week after the third week
of the season was associated with a reduction in practice-
related concussion by 54% [P =0.003; [20]]. However, some
primary prevention strategies have not been as successful in
reducing the risk of concussion such as Hockey Canada’s
2011 “zero tolerance for head contact” [21]. Despite this, it
is recognised that in the last decade our understanding and
knowledge surrounding concussion has drastically improved,
meaning that the increase in concussion rates globally may
be driven by awareness rather than an increase in risk itself
[22]. The attention drawn to the injury by high profile cases
of both professional players [23] and youth [24] has meant
that training and education has proliferated to enable early
recognition and treatment of this serious injury across all
sports, and in particular, collision sport.

Given the high rates of concussion in each of the four
sports, it is unsurprising that injuries to the head accounted
for the highest proportion of all injuries (33.3% of all inju-
ries). This ranged from 24.4% of injuries in football to 50.0%
of all injuries in rugby (Table 2). The proportion of injuries
occurring to body location differed among sports, but over-
all, the wrist/hand was the second most injured site (16.0%),
followed by the shoulder (12.8%) and knee (12.0%). The
injuries reported here are only those that were deemed to be
the most serious by the participants, and, therefore, the dis-
tribution of injury across body sites differed slightly to what
has previously been seen for some injuries. In ice hockey,
which was the sport with the highest participation rates, the
proportion of injuries to the wrist/hand/finger were higher
than previously reported [22.2% compared with 6.7% [3]]
but the profile of other injured sites was similar [3, 25]. In
the second highest participation sport, football, the propor-
tion of head injuries was higher than previously reported in
a similar population [24.4% vs. 14.9%] [3] and a US high
school population [12.9%] [26]. The proportion of shoul-
der [3] and knee [3, 26] injuries were similar to the current
study, however, ankle injuries accounted for twice as many
injuries in this study compared to a similar sample [14.6% vs
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7.8% [3]]. Furthermore, as with ice hockey, the proportion
of wrist/hand injuries was substantially higher than previ-
ously reported in a similar sample. [19.5% vs 8.5%] [3]. The
distribution of injuries across body sites for lacrosse and
rugby differed in this study with those previously reported,
with Kerr et al. [27] reporting head injuries to account for
11% of all injuries, compared with 33% in this study, while
in rugby union, a recent review reported injuries to the head
to account for between 9 and 41% of all injuries [28]. Impor-
tantly, however, there were only a small number of reported
injuries in these sports and included only those classed as
the most serious that had occurred that year, which means
that the distribution of injuries across the different sites may
not be reflective of all injuries occurring in these sports and
may be an underestimate of site-specific rates.

One of the striking differences between sports was the
years of playing experience among the participants. Most
ice hockey and lacrosse players reported higher levels of
experience, with 86% and 72% of players reporting greater
than 5 years of playing experience, respectively. In contrast,
only 25% of football players reported more than 5 years of
experience and just 12% of rugby players. In fact, 21% of
football participants and 25% of rugby participants reported
less than 1 year of previous experience at the time of the
study. A recent study in a similar female Canadian youth
rugby population has even suggested that as many as 43% of
players have no previous playing experience when exposed
to rugby in Alberta [14]. Within collision sports, the ability
to perform a safe and effective tackling technique is a key
attribute for participants of all ages. For example, in rugby,
Burger et al. [29] have shown that higher criterion-specific
tackle-related technique scores were associated with a non-
injury outcome in under 18s players. Given that most players
in both rugby and football had a low level of previous expe-
rience, the players may not have developed efficient tackle
proficiency, therefore, potentially leaving them at a higher
risk of injury. However, previous research in football has
shown that players with greater levels of experience are at
a higher risk of injury than less experienced players [30].

Although this study did not examine the specific events
by which injury occurred, the participants did report that
70.5% of all injuries occurred due to contact with another
person. The majority of injuries being caused by contact are
similar to that which is reported previously in football [26],
ice hockey [25] and rugby [28]. In lacrosse, contact with
another player accounted for 45% of injuries [31] compared
with 66.7% of injuries in this study. Of the serious injuries
that were reported by the participants to have been caused by
contact with another person, on average, 49.2% of the inju-
ries were caused by a participant that was reported as bigger
than the injured participant (Fig. 2). The substantial number

of players being injured by larger players may be indicative
of size disparity between players that participate in colli-
sion sports. To combat this issue, there have been efforts
to group players based on their maturity status and size as
opposed to their biological age in many sports [32]. In rugby
and football for example, several leagues and countries have
adopted weight restrictions for certain age groups, however,
there are challenges associated with this approach [33, 34].

When comparing injury proportions occurring in different
formats, competitive fixtures accounted for the most injuries,
ranging from 44.9 to 85.7% of all injuries (Fig. 4). Of these
match injuries, the highest proportion occurred in the middle
of the match (63.0-79.0%). The second largest proportion of
injuries came from practice/training sessions, accounting for
between 0 and 34.7% of injuries. When comparing different
collision sports, rugby demonstrated the highest proportion
of match injuries (85.7%) while football demonstrated the
highest proportion of training injuries (34.7%). Given the
exposure to training is often far greater than that of com-
petition, when comparing incidence rates between different
exposure types (match vs training), often a low incidence
does not reflect the high proportion of injuries occurring
during training [35 ]. Therefore, it is important to recognise
that a substantial proportion of injuries occur during training
and thus provide a good opportunity for injury prevention
strategies, as the environment can be considered more con-
trollable than that of match play.

There are several limitations to consider when inter-
preting the results of this study. As with all cross-sectional
self-report studies, it must be recognised that the responses
provided by the participants may be limited by recall bias.
Furthermore, given that this is a study regarding sports par-
ticipation and injuries, there may be some selection bias in
the sample, i.e., the survey may have been completed by
those who have an interest in sport or may have been affected
by a recent injury. This may have led to an overestimation of
the rates of participation and injury in these groups. How-
ever, it is also possible that there may be some degree of
underestimation as participants were asked to only state their
top 3 sports, and if they partook in more than this, they were
unable to list participation in any further sports. In the injury
rates provided, these sport-specific rates represented injuries
that were considered the most serious injury of all injuries
that may have occurred, meaning that they may not reflect
a true rate of injury in each respective sport. Further, as no
individual exposure to each sport was obtained, the presen-
tation of rates was per 100 participants per year. Finally, it
must also be recognised that 79% of the respondents to the
questionnaire were from urban centres and, therefore, the
generalisability of these findings to smaller, more rural, or
indigenous populations is limited.
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Conclusions

This study has demonstrated the high rates of all injury and
concussion in boy’s collision sports. This is particularly
noteworthy when it is considered that these four sports con-
tribute 33% of all serious injuries to this population. While
there are common features to the profile of injuries across
these sports (for example the high proportion caused by con-
tact and high number to the head), it is also apparent that
there are individual differences between each sport which
must be considered when implementing prevention strate-
gies. In the context of youth collision sport, a wide range
of variation exists in player experience and given the high
proportion of injuries attributed to contact, it may be impor-
tant to implement injury prevention interventions which are
specific to the experience level of the player and address
potential differences in contact proficiency. Overall, this
study demonstrates the potential need for primary prevention
strategies in youth collision sport to maintain the welfare of
the participants.
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