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Background  
The Canada Games are a national level competition held every two years alternating 
between Summer and Winter Games. Participation in elite level athletics, like the Canada 
Games, have an inherent risk of injury and illness. 

Purpose  
To analyze the incidence and characteristics of injuries and illnesses during Canada 
Games competitions from 2009-2019 (primarily) and to understand sex differences in 
odds of musculoskeletal injury for Summer and Winter Canada Games athletes 
(secondarily). 

Study Design   
Descriptive Epidemiology Study 

Methods  
Using a retrospective cohort, data were abstracted from medical incident reports 
generated during Canada Games from 2009 – 2019. Data were coded for body part injured 
and injury type or illness system; injuries were also categorized as acute or chronic. 

Results  
Across all 10 years of competition, 3160 injuries reported in 8710 male athletes and 3272 
injuries reported in 8391 female athletes. Injury incidence was 362.8 and 389.9 and 
illness incidence was 47.8 and 64.5 per 1000 male and female athletes, respectively. 
Female athletes had a 1.12 (95% CI: 1.06; 1.19) greater odds of injury and 1.37 (95% CI: 
1.20; 1.57) greater odds of illness compared to male athletes. Overall, injury (399.31 vs. 
360.31; p < 0.001) and illness (68.67 vs. 47.30; p < 0.001) incidences were higher in Winter 
Games, compared to Summer Games, per 1000 athletes. When comparing male and 
female athletes participating in similar sports, sex specific differences exist in odds of 
both injury and illness. 

Conclusions  
Male and female athletes competing in Canada Games competitions demonstrate 
differences in injury and illness incidence and odds of injury. This suggests a need to 
examine if additional modifiable risk factors may exist, which could contribute to 
prevention strategies to reduce injury and illness during Canada Games competition. 
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Level of Evidence    
3 

INTRODUCTION 

The Canada Games, which are the highest level of national 
competition for Canadian athletes, were first held in 1969 
and occur every two years, alternating between Summer 
and Winter games.1 Participation in elite level competi-
tions, such as the Canada Games, encourages large scale 
participation in multiple sports over the course of a set 
time period. While athletic participation of this magnitude 
and level is desirable for many athletes, there are inherent 
risks of injury for participants. Following the Sequence of 
Prevention model, in order to prevent injuries, researchers 
must first identify and describe the injury problem(s).2 

To better understand the injury problem, surveys were 
first conducted during international sports competition in 
2004 and included injury data from the Olympic Games 
and International Federation of Association Football tour-
naments held between 1998-2001.3 Injury surveillance pro-
grams are now used widely at the organizational level4–6; 
while numerous studies of injury/illness incidences are re-
ported at both the national level7–9 and interna-
tional3,10–13 levels of competition. Epidemiological assess-
ments of sport injury can provide direction for injury 
prevention programs and, when assessed over multiple 
years, provide insight on how injury patterns/frequencies 
may change over time. Based on epidemiological data, it 
has been suggested that athletes participating in athletics 
should have preventative injury intervention focused on 
overuse injuries, proper rehabilitation of previous injuries, 
and be sex specific.10,14,15 

Researchers have reported differences in injury inci-
dence and risk of injury between male and female athletes 
in international track and field competitions16 and in col-
legiate athletes17,18; however, incidence proportions were 
similar between male and female international athletics 
championships.19 To date, one recent study successfully 
implemented an injury surveillance protocol in Canadian 
varsity athletes.20 However, there is a paucity of literature 
regarding injury and illness incidence during the Canada 
Games with only one study reporting dental injuries during 
a single Canada Games competition held over 30 years 
ago.21 Therefore, the primary purpose of this study was to 
analyze the incidence and characteristics of injuries and ill-
nesses during Canada Games competitions from 2009-2019. 
The secondary purpose of this study was to understand sex 
differences in odds of musculoskeletal injuries for Summer 
and Winter Canada Games athletes. 

METHODS 
STUDY DESIGN 

This research utilized a retrospective cohort for a descrip-
tive epidemiological design to assess injury and illness pat-
terns in 10 years of Canada Games participants. 

PARTICIPANTS 

From 2009 – 2019, 17101 (8710 male; 8391 female) athletes 
participated in Canada Games competitions held in various 
cities across Canada. 10169 (5457 male; 4712 female) ath-
letes competed in the Summer Canada Games, which were 
held in the years 2009, 2013, and 2017 and 6932 (3253 male; 
3679 female) athletes competed in Winter Canada Games, 
which were held in the years 2011, 2015, and 2019. Ath-
letes completed a consent for treatment form; a release for 
Canada Games to use anonymous medical information was 
acquired starting in 2015. 

PROCEDURES 

Following ethics approval for Secondary Analysis of Data 
through Brock University Research Ethics Board, data were 
abstracted and de-identified by the Canada Games Council 
for any individual seeking medical attention during their 
participation in the Canada Games. Medical attention/en-
counters were recorded in an electronic medical record 
(EMR) by various clinicians (i.e., athletic therapist, phys-
iotherapist, chiropractor, physician) working with Canada 
Games events. Medical attention was defined as assessment 
of a participant’s medical condition by a qualified medical/
healthcare practitioner.22 Abstracted data, for those seek-
ing medical attention, included the following: subjective 
information on injury, objective information on injury, in-
jury assessment, type of injury, injury diagnosis, further 
treatment of injury, action taken, place of treatment, and 
incident status, as well as participant sex, contingent 
(province), sport, chief complaint, and assessment date. 
Data were inclusive of Canada Games from 2009 and 2019. 
For this study, only the first report of an injury/illness were 
recorded from the medical incident report. There were re-
ports for follow up (linked through incident numbers), but 
follow ups were not counted as a new injury. In some in-
stances, there was a medical incident that was linked to an 
earlier incident report but had an additional or new injury 
in the follow up incident report. In this case both the initial 
injury as well as the additional (new) injury reported were 
included for this analysis. 
Using initial and follow up medical incident reports from 

Canada Games, data were organized based on the Interna-
tional Olympic Committee Injury Surveillance System for 
categorizing affected injury location, injury type, and ill-
ness affected system (Table 1).12 Given the data set and the 
way injuries were reported within the Canada Games EMR, 
there were three additional injury type categories included 
beyond those from the International Olympic Committee 
Injury Surveillance System; these included patellofemoral 
pain syndrome (PFPS), compartment syndrome, and pos-
tural. Injuries were also categorized as acute or overuse 
(Table 1). Acute sports injury was defined as “loss or abnor-
mality of bodily structure or functioning resulting from an 
isolated exposure to physical energy during sports training 
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Table 1. Categorization for Injury location, Injury Type, and Illness Affected System           

Injury Location Injury Type Illness Affected System 

Abdomen 
Achilles tendon 
Arm (Upper) 
Ankle 
Back (Full) 
Cervical spine/Neck 
Elbow 
Face (including eye, ear, nose) 
Finger 
Forearm 
Foot/toe 
Groin 
Hand 
Head 
Hip 
Knee 
Leg (Full) 
Leg (Lower) 
Lumbar spine/lower back 
Organs 
Patellofemoral joint 
Pelvis/sacrum/buttock 
Shoulder/clavicular 
Sternum/ribs 
Thigh 
Thoracic spine/upper back 
Unknown 
Wrist 

Arthritis/synovitis/bursitis 
Compartment syndrome 
Concussion 
Contusion/haematoma/bruise 
Dental injury/broken tooth 
Fracture (trauma, stress, other bone 
injuries) 
Impingement 
Laceration/abrasion/skin lesion 
Other (including nerve, spinal cord, 
fasciitis) 
Sprain (dislocation, subluxation, 
ligamentous rupture) 
Strain (muscle rupture, tear, tendon 
rupture) 
Meniscus/cartilage 
Muscle cramps/spas 
Patellofemoral pain syndrome 
Postural 
Tendinosis/tendinopathy 

Allergic 
Cardiovascular 
Dermatologic 
Endocrinological 
Environmental 
Gastrointestinal 
Immunological 
Metabolic 
Other (including urogenital, 
gynaecological, 
neurological, 
psychiatric, 
musculoskeletal, 
dental) 
Respiratory 

or competition that following examination is diagnosed by 
a clinical professional as a medically recognized injury”.23 

Overuse sports injury was defined as: “loss or abnormality 
of bodily structure or functioning resulting from repeated 
bouts of physical load without adequate recovery periods in 
association with sports training or competition that follow-
ing examination is diagnosed by a clinical professional as 
a medically recognized disease or syndrome”.23 Illness was 
defined as “a physical or psychological complaint or man-
ifestation by an athlete not related to injury, regardless of 
whether it received medical attention or its consequences 
with respect to impairments in connection with competi-
tion or training”.10,11 In addition to the categories of af-
fected system as classified by the International Olympic 
Committee Injury Surveillance System, we also added a 
standalone category for cardiovascular and used symptom 
clusters to identify affected illness system based on the 
2020 International Olympic Committee Consensus State-
ment (Table 1).24 

STATISTICAL METHODS 

Following data categorization, participants were separated 
male and female by sport to determine injury and illness 
frequency, incidence, and odds of injury and illness, with 
95% confidence intervals, for male and female athletes 
across and between sports. Frequency of injury/illness 
types and locations were calculated as percentages. Injury/
illness incidence was calculated as the total number of in-
juries/illnesses per 1000 registered athletes using registra-
tion numbers (numbers of athletes registered for compe-
tition per sport) provided by Canada Games Council. 

Incidence was calculated by first determining the total 
number of injuries/illnesses reported in all male and female 
athletes as well as separating out the total numbers of in-
juries/illnesses reported based on sport and sex. Once in-
jury/illness totals were counted, the registration numbers 
were used to calculate incidence of injury in all athletes, 
male athletes, female athletes, and further subdivided to 
calculate incidence of injury in male or female athletes 
based on sport. Registration numbers were divided by 1000 
to indicate the total number of participants per 1000. Con-
sistent with previous research,12,13 incidence was then cal-
culated as the total number of injuries/illnesses divided by 
the total number of athletes registered for competition in 
each sport (using the equation below). 

Odds ratios (from 2 x 2 contingency tables) were calculated 
to determine odds of injury/illness between male and fe-
male athletes and when comparing between similar sports. 
Additionally, 95% confidence intervals (95% CIs) were cal-
culated to determine precision. Data were analyzed in Ex-
cel; the 95% CI (interval exclusion of null of 1.0) was used 
to indicate statistical significance in odds of injuries/ill-
nesses between males and females competing in Canada 
Games. MedCalc (https://www.medcalc.org/; v.20.113) was 
used to determine statistically significant differences (p < 
0.05) in incidence of injury/illness (overall and in Summer 
vs. Winter Games) between male and females athletes com-
peting in Canada Games. 
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Table 2. Injury location for male and female       
participants across all 10 years of Canada Games         
competitions.  

Injury Location (n; % of 
total injuries) 

Male Female 

Abdomen 17; 0.5% 15; 0.4% 

Achilles Tendon 29; 0.9% 37; 1.1% 

Ankle 243; 7.4% 232; 6.8% 

Arm (Upper) 41; 1.2% 30; 0.9% 

Back (Full) 21; 0.6% 18; 0.5% 

Cervical Spine/Neck 156; 4.7% 228; 6.7% 

Elbow 88; 2.7% 85; 2.5% 

Face 93; 2.8% 61; 1.8% 

Finger 91; 2.8% 60; 1.8% 

Forearm 43; 1.3% 37; 1.1% 

Foot/Toe 144; 4.4% 131; 3.8% 

Groin 70; 2.1% 55; 1.6% 

Hand 43; 1.3% 32; 0.9% 

Head 112; 3.4% 96; 2.8% 

Hip 128; 3.9% 125; 3.6% 

Knee 215; 6.5% 288; 8.4% 

Leg (Full) 7; 0.2% 9; 0.3% 

Leg (Lower) 178; 5.4% 213; 6.2% 

Lumbar Spine/Low Back 350; 10.6% 378; 11.0% 

Organs 6; 0.2% 0 

Patellofemoral Joint 38; 1.2% 68; 2.0% 

Pelvis/Sacrum 163; 4.9% 188; 5.5% 

Sternum/Ribs 61; 1.8% 87; 2.5% 

Shoulder/Clavicle 373; 11.3% 405; 11.8% 

Thoracic Spine/Upper 
Back 

237; 7.2% 247; 7.2% 

Thigh 302; 9.1% 234; 6.8% 

Unknown 0 1; 0.03% 

Wrist 52; 1.6% 68; 2.0% 

Total number of athletes across all 10 years of Canada Games: 8710 male; 8391 female 

RESULTS 

Across all 10 years of Canada games, 3160 injuries reported 
in 8710 male athletes (n = 5457 in Summer Games; 3253 in 
Winter Games) and 3272 injuries reported in 8391 female 
athletes (n = 4712 in Summer Games; 3679 in Winter 
Games). Injury incidence was 362.8 and 389.9 (p = 0.004) 
and illness incidence was 47.8 and 64.5 (p< 0.001) per 1000 
male and female athletes, respectively. Injuries to the 
shoulder (Table 2) and muscle strains (Table 3) were the 
most common regardless of sex. 
The respiratory system was most often affected illness 

system for male and female athletes (Table 4). Female, 
compared to male, athletes had a 1.12 (95% CI: 1.06; 1.19) 
significantly greater odds of injury and 1.37 (95% CI: 1.20; 
1.57) significantly greater odds of illness. 

Assessing Summer and Winter Canada Games competi-
tions separately, the overall injury and illness incidences 
were significantly higher in Winter, compared to Summer, 
Canada Games when all athletes were combined and in 
male athletes (Figure 1). Overall incidence of illness was 
significantly higher in females competing in Winter com-
pared to Summer Games; however, there was no difference 
in overall incidence of injuries in females competing in 
Winter compared to Summer Games (Figure 1). 
Female freestyle skiing participants had the highest in-

jury incidence while female target shooting participants 
had the highest illness incidence (Tables 5 and 6). Female 
athletes competing in softball, canoe-kayak, rowing, sail-
ing, swimming, tennis, triathlon, fencing, alpine skiing, 
biathlon, judo, snowboarding, and wheelchair basketball 
had a significantly increased odds of injury compared to 
males competing in similar sports (Tables 5 and 6). Female 
athletes competing in athletics, softball, soccer, and speed 
skating had a significantly increased odds of illness com-
pared to males competing in similar sports; while females 
competing in diving had a significantly decreased odds of 
illness compared to male participants (Tables 5 and 6). 
Strains were most common across all athletes in Summer 

and Winter games (Table 7); thigh and shoulder were the 
most frequently injured in male Summer and Winter par-
ticipants, respectively; shoulder was most frequent in fe-
male Summer and Winter participants (Table 7). Male Sum-
mer and Winter participants reported more acute injuries; 
female Summer and Winter participants reported more 
chronic injuries (Table 7). In Summer Games, participants 
reported highest illness in other category (urogenital, gy-
naecological, neurological, psychiatric) (Table 7) and in 
Winter games respiratory system was most often affected 
system for illness (Table 7). 

DISCUSSION 

The purpose of this study was to analyze the incidence 
and characteristics of injuries and illnesses during Canada 
Games competitions from 2009-2019 and to understand sex 
differences in odds of musculoskeletal injury for Summer 
and Winter Canada Games athletes. The Canada Games oc-
cur every two years and alternate between Summer and 
Winter Games. Overall, there were similarities in types of 
injuries and illnesses as well as area of the body commonly 
injured, however; incidence and odds of injury and illness 
differed between male and female athletes. 

INJURY TYPES, INVOLVED BODY AREAS, AND AFFECTED 
SYSTEMS 

When considering all 10 years of Canada Games competi-
tions, strains, sprains, and contusions/hematomas/bruises 
were most common; demonstrating that approximately 
70% of all injuries during 10 years of Canada Games com-
petitions were of one of three injury type categories. These 
findings are similar to those reported in the 2008 and 2010 
Olympic Games with contusions (26 – 46%), sprains (11 – 
20%), and strains (8 – 16%) being most common.12,13,25 
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Table 3. Injury type for male and female participants        
across all 10 years of Canada Games competitions.         

Injury Type (n; % of 
total injury types) 

Male Female 

Arthritis/Synovitis/
Bursitis 

21; 0.7% 34; 1.0% 

Compartment 
Syndrome 

5; 0.2% 9; 0.3% 

Concussion 80; 2.5% 74; 2.3% 

Contusion/
Hematoma/Bruise 

386; 12.2% 299; 9.1% 

Dental/Tooth 3; 0.1% 3; 0.1% 

Fracture 110; 3.5% 107; 3.3% 

Impingement 40; 1.3% 56; 1.7% 

Laceration/Abrasion/
Skin 

228; 7.2% 173; 5.3% 

Meniscus/Cartilage 32; 1.0% 51; 1.6% 

Muscle Cramp/Spasm 139; 4.4% 143; 4.4% 

Other 51; 1.6% 64; 2.0% 

Patellofemoral Pain 
Syndrome 

35; 1.1% 61; 1.9% 

Postural 9; 0.3% 12; 0.4% 

Sprain 674; 21.3% 770; 23.5% 

Strain 1149; 36.4% 1236; 37.8% 

Tendinopathy 198; 6.3% 180; 5.5% 

Acute 1716; 54.3% 1534; 46.9% 

Chronic 1444; 45.7% 1738; 53.1% 

Total number of athletes across all 10 years of Canada Games: 8710 male; 8391 female 

Table 4. Affected system (illness) for male and female        
participants across 10 years of Canada Games        
competitions  

Affected System (n; % of 
total illnesses) 

Male Female 

Allergic 6; 1.4% 24; 4.4% 

Cardiovascular 14; 3.4% 14; 2.6% 

Dermatologic 63; 15.1% 61; 11.3% 

Endocrinological 0 2; 0.4% 

Environmental 18; 4.3% 19; 3.5% 

Gastrointestinal 70; 16.8% 76; 14.0% 

Immunological 0 1; 0.2% 

Metabolic 0 0 

Other 114; 27.4% 153; 28.3% 

Respiratory 131; 31.5% 191; 35.3% 

Total number of athletes across all 10 years of Canada Games: 8710 male; 8391 female 

Overall, the shoulder was the most commonly injured body 
area in all participants. However, when considering injured 
body area in male and female participants in Summer and 
Winter Canada Games separately, the thigh was most com-
monly injured in male participants in Summer Games. Pre-

vious findings suggest that male athletes sustained signifi-
cantly more injuries to the thigh region (Relative Risk [RR]= 
1.64; 95% CI 1.32; 2.05) with a 1.66 (95% CI 1.25; 2.19) 
increased risk of thigh strains compared to female partic-
ipants during International Athletics Competitions.16 Al-
though the measure of RR is different from the odds ra-
tios presented in this current study, both measures are used 
to describe an association between a variable and an out-
come. However, there are distinct differences between mea-
suring RR and OR. Relative risk assesses the probability of 
an injury occurring and requires participants at risk to con-
sider the frequency of a risk while OR primarily consider the 
rate of injury.26,27 In a retrospective design, which was used 
in this current study, because the total number of partici-
pants at risk is not known, RR cannot be calculated. There-
fore, OR were used in this current study to measure the 
strength of association between variables (males and fe-
males or Summer and Winter Games) and the outcomes of 
interest (injury types, locations, etc.). 
When considering male and female participants across 

all 10 years of Canada Games competitions, in addition 
to the shoulder and thigh, the ankle and knee were the 
also commonly injured body areas. These findings are more 
consistent with previous literature suggesting that lower 
extremity injuries occur most commonly (at least half of 
all injuries) as reported in previous Olympic competi-
tions,12,13,25 in Olympic athletes on the British World Class 
Performance Programme,28 and Youth Olympic Games.29 

Additionally, across all 10 years of Canada Games com-
petitions as well as when comparing specifically between 
Summer and Winter Canada Games, males had more acute 
injuries while females had more chronic injuries. These 
findings are directly in line with previous reports from a Di-
vision I collegiate institution in the United States indicat-
ing female athletes had a greater rate of chronic injuries per 
10000 athlete exposures (AEs) across three years of compe-
tition while males athletes had a higher rate of acute in-
juries per 10000 AEs in the same time frame.18 Perhaps 
these combined findings suggest a need to investigate mit-
igating risk of injury differently between male and female 
athletes with greater focus on prevention of chronic injury 
in female and acute injury in males. 
Across all 10 years of Canada Games competitions, the 

respiratory system was the most often affected system in 
illness while the category of ‘other’ was the second most 
affected system. Together these two systems represented 
more than 50% of all illness in both male and female partic-
ipants. This is consistent with previous literature indicating 
the respiratory system was the most commonly reported 
system affected (19 - 62% of all reported illnesses) in Sum-
mer and Winter Olympics, International Athletics Competi-
tions, Rugby, and Youth Olympic Games.11,12,19,29–31 Risk 
factors for respiratory illness can include stress (mechan-
ical/dehydration) to the airway as well as airborne pollu-
tants, irritants, and allergens that can be inhaled by the 
athlete during exercise.32 Given the demands of sport there 
are inherent stresses to the respiratory system that may 
be further exacerbated by air quality, which cannot be pre-
vented. 
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Figure 1. Injury and Illness Incidence per 1000 athletes in Summer and Winter Canada Games.              
Incidence was calculated by first determining the total number of injuries in all athletes, in male athletes, and in female athletes for both Winter and Summer Games. The number of 
registered athletes (based on the categories of total, male, female, winter, and summer) were divided by 1000 and used as the denominator whereby total number of injuries/illnesses 
were divided by. 
* Significant difference in Winter compared to Summer Games for total and male injury incidence and total, male, and female illness incidence; p < 0.001 
! Significant difference in Winter compared to Summer Games for female illness incidence; p = 0.004 

INCIDENCE AND ODDS OF INJURY AND ILLNESS 

Injury incidence was higher in female, compared to male, 
athletes across all 10 years of Canada Games competitions. 
When considering differences specific to participation in 
Summer versus Winter Canada Games, incidence of injury 
was higher in Winter than Summer Games across all ath-
letes. When looking at participation in specific sports, fe-
male athletes had a higher incidence of injury, per 1000 
athletes, in the majority of Summer and Winter Canada 
Games sports. Interestingly, incidence of injury was nearly 
identical between in females competing in Summer and 
Winter Games, while males competing in Winter Games 
had higher incidence of injury than males competing in 
Summer Games. This may suggest more consistency in fe-
male athlete’s reporting of injury across all Games. 
Similar to injury incidence reports from the 2008 Sum-

mer Olympic Games,13 the lowest overall incidence of in-
jury per 1000 Summer Canada Games participants in swim-

ming, canoe-kayak, and sailing. In Winter Canada Games, 
the highest overall incidence of injury per 1000 athletes 
was observed in freestyle skiing and women’s snowboard-
ing. These findings are similar to those reported from the 
2010 and 2014 Winter Olympic Games with alpine skiing 
and snowboarding having high injury risk12 and injury in-
cidence.30 Additionally, similar to the current findings, in-
cidence of injury (per 1000 athletes) was lowest in men’s 
archery, previous research suggests low injury rates or in-
cidences in archery and table tennis during Olympic com-
petition.11,13 Collectively, these Canada Games injury in-
cidence findings are in support of suggestions that sports 
with jumping, cutting, sprinting, and pivoting have higher 
risk of injury.33 

Female athletes had a significantly increased odds of in-
jury when combining all athletes together; however, odds 
of injury varied when also considering specific sport partic-
ipation. In Canada Winter Games, female alpine skiers had 
a 2.6 greater odds of injury compared to male alpine skiers. 
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Table 5. Summer Games Injury and Illness Incidence per 1000 athletes per sport            

Injury Incidence 
OR [95% CI] 

Illness Incidence 
OR [95% CI] 

Male Female Male Female 

Athletics 
♂ = 824; ♀ = 796 

349.1 355.7 
1.0 [0.8;1.3] 

30.0 60.0 
2.1 [1.3;3.4] 

Baseball/Softball 
♂ = 586; ♀ = 448 

188.9 473.3 
3.8 [2.9;5.1] 

16.9 40.2 
2.4 [1.1;5.3] 

Basketball 
♂ = 416; ♀ = 384 

448.1 414.9 
0.9 [0.7;1.2] 

39.2 38.9 
1.0 [0.5;2.1] 

Canoe-Kayak 
♂ = 229; ♀ = 217 

153.7 301.7 
2.4 [1.5;3.8] 

44.8 74.0 
1.7 [0.8;3.9] 

Cycling 
♂ = 209; ♀ = 143 

291.2 330.1 
1.2 [0.8;1.9] 

31.1 55.9 
1.7 [0.6;4.8] 

Diving 
♂ = 93; ♀ = 86 

441.8 336.6 
0.6 [0.3;1.1] 

116.7 22.2 
0.2 [0.0;0.8] 

Golf 
♂ = 102; ♀ = 91 

234.8 260.6 
1.2 [0.6;2.2] 

0 109.3 
N/A 

Fencing* 
♂ = 53; ♀ = 42 

301.9 904.8 
22.0 [6.7;71.9] 

0 95.2 
N/A 

Rowing 
♂ = 326; ♀ = 337 

177.6 329.6 
2.2 [1.5;3.2] 

36.9 53.0 
1.5 [0.7;3.1] 

Rugby* 
♂ = 250; ♀ = 0 

728.0 N/A 
N/A 

60.0 N/A 
N/A 

Sailing 
♂ = 90; ♀ = 91 

164.8 529.9 
5.6 [2.8;11.1] 

86.9 96.0 
1.1 [0.4;3.1] 

Soccer 
♂ = 642; ♀ = 620 

523.0 433.0 
0.7 [0.6;0.9] 

26.3 66.1 
2.6 [1.5;4.6] 

Swimming 
♂ = 483; ♀ = 493 

89.0 144.8 
1.7 [1.2;2.6] 

39.1 44.5 
1.1 [0.6;2.1] 

Tennis 
♂ = 129; ♀ = 125 

344.8 554.1 
2.3 [1.4;3.8] 

85.5 57.1 
0.6 [0.2;1.7] 

Triathlon 
♂ = 89; ♀ = 89 

271.8 581.9 
3.8 [2.0;7.1] 

100.1 46.2 
0.4 [0.1;1.4] 

Volleyball 
♂ = 470; ♀ = 472 

353.8 412.4 
1.3 [1.0;1.7] 

34.4 21.3 
0.6 [0.3;1.4] 

Wrestling 
♂ = 317; ♀ = 278 

537.7 495.4 
0.8 [0.6;1.2] 

94.1 111.5 
1.2 [0.7;2.0] 

OR = odds ratio for odds of injury or illness if female compared to male athlete competing in similar sport. N/A = odds of injury/illness not calculated based on no participants or in-
juries/illnesses being recorded in male or female participants. OR were calculated from 2 x 2 contingency tables with 95% CIs calculated for precision and statistical significance. To-
tal number of male and female athletes registered for competition per sport are indicated under each sport in the sport column. *data are from one year of competition only due to 
change in sport inclusion in Canada Games. 

There are limited reports of differences in odds of injury be-
tween male and female athletes competing in high levels 
of competition; one study reported findings similar to ours 
suggesting that female athletes competing in slopestyle 
skiing were at greater risk of injury compared to male ath-
letes (RR=3.00; 95% CI: 1.04; 8.63).30 Additionally, female 
fencers had 22 times greater odds of injury compared to 
their male counterparts. It has been previously reported 
that male fencers have higher relative risk (RR=1.42, 95% CI 
1.05 to 1.94) of time loss injury compared to female 
fencers34; perhaps the difference in our findings from those 
previously reported are that we included all injuries rather 
than only those that resulted in time loss. It has been sug-
gested that as much as 90% of overuse injuries may be 
missed when using time loss in defining injury.35 The nor-

malization of continuing to participate at all costs, even 
when injured,36 can limit the understanding of injury epi-
demiology in large scale events such as Canada Games if in-
jury definitions only include time loss injuries. Further, in-
juries sustained in sport can impact both preparation for, 
and performance in, future sport participation.37 Therefore, 
previous literature has advocated for the use of more inclu-
sive injury definitions.38 

Similar to injury incidence, illness incidence was higher 
in female, compared to male, athletes across all 10 years 
of Canada Games competitions. This is similar to the re-
ports that women competing in the 2010 Vancouver, 2012 
London, and 2014 Sochi Olympics had higher reports of 
illnesses compared to male athletes.11,12,30 Previous liter-
ature has indicated female athletes had 1.5 times greater 
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Table 6. Winter Games Injury and Illness Incidence per 1000 athletes per sport            

Injury Incidence 
OR [95% CI] 

Illness Incidence 
OR [95% CI] 

Male Female Male Female 

Alpine Skiing 
♂ = 200; ♀ = 186 

267.5 460.9 
2.3 [1.5;3.5] 

42.3 100.9 
2.3 [1.0;5.2] 

Archery 
♂ = 59; ♀ = 59 

139.2 188.3 
1.5 [0.5;3.9] 

33.3 103.8 
3.2 [0.6;16.7] 

Badminton 
♂ = 172; ♀ = 163 

548.2 456.4 
0.7 [0.4;1.1] 

58.4 86.2 
1.5 [0.7;3.5] 

Biathlon 
♂ = 120; ♀ = 119 

356.8 633.3 
3.1 [1.8;5.2] 

34.3 84.0 
2.7 [0.8;8.7] 

Boxing 
♂ = 108; ♀ = 0 

646.7 N/A 
N/A 

14.9 N/A 
N/A 

Cross Country Skiing 
♂ = 193; ♀ = 182 

247.6 330.1 
1.5 [0.9;2.3] 

124.0 143.5 
1.2 [0.6;2.1] 

Curling 
♂ = 140; ♀ = 143 

198.9 252.2 
1.4 [0.8;2.4] 

56.2 53.1 
1.0 [0.4;2.7] 

Figure Skating 
♂ = 130; ♀ = 191 

197.0 141.9 
0.7 [0.4;1.2] 

55.3 68.4 
1.3 [0.5;3.3] 

Freestyle Skiing 
♂ = 107; ♀ = 72 

774.2 1015.2 
N/A 

7.6 53.3 
6.2 [0.7;57.0] 

Gymnastics 
♂ = 211; ♀ = 235 

717.4 539.0 
0.5 [0.3;0.7] 

40.9 44.2 
1.1 [0.4;2.9] 

Ice Hockey 
♂ = 741; ♀ = 697 

337.2 310.2 
0.9 [0.7;1.1] 

76.3 54.5 
0.7 [0.5;1.1] 

Judo 
♂ = 198; ♀ = 167 

464.2 621.5 
1.8 [1.2;2.8] 

77.8 81.6 
1.1 [0.5;2.4] 

Ringette 
♂ = 0; ♀ = 468 

N/A 439.8 
N/A 

N/A 71.0 
N/A 

Snowboarding 
♂ = 134; ♀ = 107 

524.7 732.7 
2.6 [1.5;4.5] 

45.7 36.8 
0.8 [0.2;3.0] 

Speed Skating 
♂ = 246; ♀ = 231 

417.5 356.6 
0.8 [0.5;1.1] 

40.5 91.8 
2.4 [1.1;5.1] 

Squash 
♂ = 136; ♀ = 130 

490.3 473.0 
0.9 [0.6;1.5] 

72.2 101.4 
1.6 [0.6;3.8] 

Synchronized Swimming 
♂ = 0; ♀ = 288 

N/A 205.6 
N/A 

N/A 38.2 
N/A 

Table Tennis 
♂ = 101; ♀ = 94 

174.0 175.9 
0.9 [0.5;2.0] 

50.3 97.1 
2.0 [0.7;6.3] 

Target Shooting 
♂ = 70; ♀ = 74 

262.3 373.6 
1.8 [0.9;3.6] 

85.8 192.7 
2.5 [0.9;6.9] 

Wheelchair Basketball 
♂ = 187; ♀ = 73 

607.7 888.4 
4.1 [2.2;7.7] 

121.1 168.0 
2.3 [1.0;5.1] 

OR = odds ratio for odds of injury or illness if female compared to male athlete competing in similar sport. N/A = odds of injury/illness not calculated based on no participants or in-
juries/illnesses being recorded in male or female participants. OR were calculated from 2 x 2 contingency tables with 95% CIs calculated for precision and statistical significance. 

relative risk for developing an illness compared to male ath-
letes.30 When considering differences specific to participa-
tion in Summer versus Winter Canada Games, incidence of 
illness was higher in Winter than Summer Games. This may 
not be surprising given that exposure to cold during win-
ter months increases the risk of developing respiratory ill-
ness, which may be due to vasoconstriction in the respi-
ratory tract mucosa and suppression of immune responses 
that occur with inhaling cold air.39 

It is important to acknowledge that boxing and rugby 
had only male participants while synchronized swimming 

and ringette had only female participants. Both fencing and 
golf had no illnesses reported by male participants during 
any years of Canada Games so a comparison could not be 
directly assessed between male and female illness incidence 
or odds; to the researcher’s knowledge this does not repre-
sent an error in reporting but rather a lack of illness being 
reported by any member of these teams. Further, rugby and 
fencing were only included in Canada Games competitions 
in only 2009 and 2013 respectively; therefore, for each of 
these sports, only one year of data are available. Finally, ex-
posure and time loss data were not collected, therefore in-
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Table 7. Most common injury type, body area, chronic/acute, affected system (illness) in male and female               
athletes across 10 years of Summer and Winter Canada Games           

Summer Games Winter Games 

Male Female Male Female 

Injury Type Strain 
n = 603 (32.5%) 

Strain 
n = 616 (34.0%) 

Strain 
n = 546 (41.8%) 

Strain 
n = 620 (42.4%) 

Body Area Thigh 
n = 215 (11.0%) 

Shoulder 
n = 204 (10.8%) 

Shoulder 
n = 192 (14.3%) 

Shoulder 
n = 200 (13.0%) 

Chronic/ 
Acute 

Acute 
n = 1019 (55.0%) 

Chronic 
n = 975 (53.9%) 

Acute 
n = 697 (53.4%) 

Chronic 
n = 763 (52.2%) 

Affected System Other 
n = 69 (31.7%) 

Other 
n = 73 (27.8%) 

Respiratory 
n = 85 (42.9%) 

Respiratory 
n = 131 (47.1%) 

cidence rate cannot be calculated, and the incidence of in-
jury/illness data cannot be dichotomized into time loss vs. 
no time loss. To give a frame of reference to the number of 
injuries/illnesses, we used athlete registration numbers to 
report incidence per 1000 athletes registered for competi-
tion. These are limitations to the data set as well as the ret-
rospective design of the secondary analysis of data; how-
ever, this is the first report of the epidemiology of injury 
and illness during Canada Games and therefore provides an 
understanding to the differences that exist in male and fe-
male athletes competing in Canada Games competitions. 

CONCLUSION 

Although injured body area and type of injury were similar 
between males and females competing in Canada Games, 
female athletes had a significantly greater overall odds of 
both injury and illness. Differences exist in injuries and ill-
nesses between Summer and Winter Canada Games and be-
tween male and female participants in like sports. Given 
these differences, there may be an interest in future explo-
ration of modifiable risk factors as this may help to clini-
cians to target strategies to reduce injuries that occur dur-
ing Canada Games competitions. 
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