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Message from Canada’s Chief Public Health Officer

I am pleased to introduce the Injury in Review, 2020 Edition: Spotlight on 

Traumatic Brain Injuries Across the Life Course. This is the third report of the 
Public Health Agency of Canada’s (PHAC) Injury in Review series, providing 
important national surveillance statistics on the causes of traumatic brain injuries 
(TBI) across the life course, including sports, seniors’ falls, assaults, consumer 
products, and more.

Each year in Canada, over 20,000 people are hospitalized for TBI, which can 
range from mild to severe and include concussions. Much work has been done 
in recent years across governments, stakeholders, and health care professionals 
to improve education and awareness of TBI and, in particular, concussions. 

In the last two years, Parachute released the Canadian Guideline on Concussion in Sport as well as sport concussion 
protocols with support from PHAC. The Guideline and protocols include harmonized best practices to recognize, 
prevent and reduce the impacts of concussion in sport, health and school sectors. And in 2018, the province of 
Ontario enacted Rowan’s Law—named in honour of Rowan Stringer, who at just 17 years of age died after suffering 
a concussion during a high school rugby game. The law, a first in Canada, requires sports organizations to address 
concussion safety, including a remove-from-sport protocol for athletes. 

The breadth of topics covered in this report helps to tell the story of how TBI, including concussions, are affecting 
Canadians of all ages. Knowing how these injuries occur is critical to understanding the impact of TBI on Canadians. 
It will also enable us to enhance targeted prevention strategies, set priorities for research, and better support individuals 
living with TBI. 

By continuing to work together with governments, stakeholders, and dedicated injury prevention partners, we can 
help protect Canadians from TBI. 

Dr. Theresa Tam

Chief Public Health Officer 
Public Health Agency of Canada
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Executive Summary

Injuries are a leading cause of death, disability and illness in Canada. Among the many  
types, injuries to the head and brain are of special public health concern. Severe traumatic 
brain injuries (TBI) are often fatal and those surviving may be subject to permanent impairments. 

In recent years there has been a growing concern for less severe TBI including subconcussions, and increased awareness 
of the dangers of multiple concussions and second impact syndrome. TBI causes and severity vary widely. High energy, 
high impact events such as motor vehicle collisions or falls from heights often result in serious head injuries, whereas 
frequent but generally minor brain injuries arise from less precarious activities such as sports and recreation (SPAR). 

The wide variation in causes and mechanisms of head injuries and TBI presents challenges for prevention efforts; 
clearly this is not a situation for a single approach to prevention. A wide-ranging study of the specific activities and 
circumstances leading to head injuries that are frequent or severe can help target prevention. Efforts can then focus 
on these target circumstances and may then be strengthened by reinforcing established programs and developing, 
testing and evaluating new prevention initiatives.

Injury surveillance is a cornerstone of public health and important to understanding the burden, identifying risk and 
protective factors, and later assessing the progress and success of prevention efforts by following trends over time. 
This report reviews Canadian health surveillance systems with respect to the information they can provide on head 
injuries and TBI. The report summarizes findings from various surveillance systems reporting on:

• Deaths—from the Canadian Vital Statistics Death Database (CVS:D) of Statistics Canada,

• Hospitalizations—from the Hospital Morbidity Database (HMDB) and the Discharge Abstract Database (DAD) 
of the Canadian Institute for Health Information (CIHI),

• Emergency department visits—from the National Ambulatory Care Reporting System (NACRS) (CIHI) and,

• Emergency department visits—from the Public Health Agency of Canada’s electronic Canadian Hospitals  
Injury Reporting and Prevention Program (eCHIRPP).

Each data source provides different elements to the overall understanding of head injuries and TBI including different 
levels of injury severity (from deaths to minor injuries treated in emergency departments). Vital statistics and some of 
the administrative data sources from CIHI provide population based data from which standard injury rates may be 
calculated. Information from these population-based sources is classified according to the World Health Organization’s 
International Statistical Classification of Diseases and Related Health Problems. Chapter 4 of this report presents 
findings about head injuries, particularly TBI from these sources.

Between 2002 and 2016 there were approximately 235,471 injury deaths and of those 53,200 (22.6%) were associated 
with a TBI diagnosis. TBI mortality rates were highest for the oldest Canadians rising sharply among those 65 years of 
age and older. Between 2002 and 2016, trends for males decreased slightly while female rates slightly increased. Some 
of the leading causes of TBI deaths were transportation collisions, falls among the elderly and suicide among males.
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Between 2006/07 and 2017/18 there were 399,376 hospitalizations for head injuries, 63% (251,504) of which involved 
males. Over this period head injury trends for females showed a slight increase and for males a slight decrease. The 
leading cause of hospitalization for head injury was falls, with the lowest rates among older adolescents and adults 
(15 to 49 years), and slightly higher rates among infants (137/100,000 population among males and 113.5/100,000 for 
females). Rates rose sharply among seniors with the highest rates for those over 85 years of age (897/100,000 males 
and 750/100,000 females).

Between 2002/03 and 2017/18 there were 5,074,239 emergency department (ED) visits for head injuries in Ontario 
and Alberta. For both males and females, TBI ED visits have been increasing since 2009/10. Falls and SPAR incidents 
are the leading causes of ED visits for TBI. The highest rates of TBI occur among adolescents and young adults for 
causes such as transportation collisions and SPAR injuries. Similar to hospitalizations, fall rates are high among infants 
and young children, decline during adult years and rise to very high levels for the elderly. Hockey, football/rugby, soccer 
and other ball sports were SPAR activities that frequently resulted in concussions treated in EDs, with equestrian 
incidents also frequent among females and cycling among males, during this time.

Unlike these population-based sources, the CHIRPP surveillance program has a different system of coding and gathers 
descriptions of injury events through a narrative summary provided by patients and/or caregivers. It was developed to 
focus on gathering information on the circumstances of injury with a view to prevention. CHIRPP is a sentinel surveillance 
system, collecting data from select emergency departments across Canada and does not support population-based 
rates. This report presents the results of a series of studies of injury types associated with head injuries and TBI using 
CHIRPP data. Some of these short reports focus on types of injury that affect people at different points in the life span 
including injuries associated with baby strollers and televisions (TVs) that tip over, injuries that occur in the school 
environment and head injuries caused by falls among seniors. Several others report on head injuries and TBI associated 
with sports overall and with specific sports including men’s and women’s hockey, and women’s rugby. There are 
also reports of head injuries that occurred on bleachers and grandstands and head injuries related to intentional injuries.

For SPAR-related activities among children and adolescents 5 to 19 years of age, hockey consistently showed the 
highest proportion of TBI relative to all injuries. Rugby also emerges as a sport with a high percentage of TBI for both 
males and females aged 10 to 19 years. Other high ranking sports included sledding/tobogganing and equestrian 
activities among females.

In male organized hockey among 10 to 19 year olds, the highest proportions of TBI are seen among 13 and 14 year olds 
in the Bantam level although the trends over time show a decrease after the 2013 rule change to ban body checking for 
Bantam players. The percentage of TBI associated with penalizable actions (mainly illegal checking) was greatest among 
13 to 16 year olds at the Bantam and Midget levels of play. Among female organized hockey the greatest proportion 
of TBI are also seen at the Bantam level. For women’s hockey the vast majority of TBI are associated with penalizable 
actions, again mainly illegal checking. This is likely because all body checking is illegal (penalizable) in women’s leagues.

With respect to rugby-related injuries among females aged between 14 and 19 years, the highest proportions of TBI 
and head injuries are seen among 16 and 17 year olds. Nearly all cases of head injuries were classified as TBI, and 
over half of the injuries were caused by tackles.

There was a large proportion of head injuries among children 2 to 10 years of age associated with bleachers and 
grandstands located at schools, stadiums and arenas; over half of these head injuries were TBI. Young children, 
particularly 2 to 4 year olds sustained head injuries (mostly TBI) related to televisions tipping over. The occurrence has 
been decreasing since 2011 and is thought to be due to older and heavier televisions being replaced by flat screens. 
Strollers were also associated with TBI among very young children, with the greatest proportion among infants less 
than one year old. Fortunately, stroller related head injuries and TBI have been decreasing since 2011.



5 /  INJURY IN REVIEW 2020 EDITION

Executive Summary

Children and youth spend much of their time engaged in educational activities, and reports of head injuries occurring 
in school settings have increased since 2007. A small percentage of these injuries are intentional injuries (physical 
assaults or self-harm) but most are unintentional injuries, which include falls and collisions with other people, structural 
elements, furnishings or equipment. Not unexpectedly, the majority of incidents happen in the school yard or gym.

Among older Canadians, falls cause many head injuries with TBI accounting for about half of all head injuries. 
Although more women than men seek treatment at EDs for head injuries, men sustain a greater proportion of head 
injuries among all injuries in their age group. The trends have increased slightly since 2011; most happen in the senior’s 
own home and about half are falls on the same level (not from a height) and about 20% happen on steps and stairs.

Collisions between pedestrians and motor vehicles cause head injuries and TBI among all age groups. The proportions 
of pedestrians are especially high among those aged 5 to 30 years and those older than 50 years of age. Over half of 
these injuries (55%) were associated with crossing roads and another 36% when the pedestrian was walking or running 
on a roadway.

Among head injuries related to intentional injuries more than 90% were due to assaults, 6% were self-inflicted. Trends 
for all head injuries and TBI decreased between 2011 and 2015 and increased in 2016. The highest proportions 
were among 20 to 29 year olds for both males and females.

Figures 1.1 and 1.2 which conclude the Executive Summary provide a visual snapshot of TBI causes over the 
life course for males and females, for which detailed statistics are presented throughout this report. For deaths, 
hospitalizations and ED visits, the external causes of TBI displayed are the leading causes based on the age and 
sex-specific rates. The causes in relation to sentinel ED visits, which are detailed in chapters 5–16, are not necessarily 
leading causes, but were chosen as broad contexts or hidden hazards which can be analyzed in further detail than 
with the other data sources.

This report only includes information from select areas of the health care system, but that is nonetheless valuable for 
better understanding TBI and other head injuries in Canada. Collating information collected in other domains such as 
clinics, schools, and sports organizations would also be valuable for a more complete picture of the burden of TBI and 
other head injuries in Canada. Comprehensive information on the burden of head injuries and their risk and protective 
factors, together with an understanding of trends over time, are helpful for planning and optimizing treatment and 
services, and most importantly, for developing and evaluating prevention programs and public policies for the safety 
of the Canadian public.
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ABOUT THIS REPORT
This report is the third in the Injury in Review series, with the first being Child and Youth Injury in Review, 2009 Edition: 
Spotlight on Consumer Product Safety1 and the second being Injury in Review, 2012 Edition: Spotlight on Road and 
Transport Safety2. Injury in Review, 2020 Edition: Spotlight on Traumatic Brain Injuries Across the Life Course presents 
current statistics on head injuries, with a focus on traumatic brain injuries (TBI), among Canadians from childhood and 
adolescence, to adulthood and the senior years.

The report is presented as follows: Introduction/background contains a summary of the burden of injury and 
provides a definition of TBI as well as a brief overview of current and classic literature on key topics such as repeat 
TBI (subconcussion, multiple concussions and second impact syndrome), sports-related concussion, recovery, 
postconcussion syndrome and differences between males and females. Methods and Appendices provide an 
overview of data sources and surveillance definitions. Data sources include:

• Statistics Canada’s Canadian Vital Statistics Death Database (CVS:D)

• The Canadian Institute for Health Information’s Hospital Morbidity Database (HMDB)

• The Canadian Institute for Health Information’s Discharge Abstract Database (DAD)

• The Canadian Institute for Health Information’s National Ambulatory Care Reporting System (NACRS)

• The Public Health Agency of Canada’s Electronic Canadian Hospitals Injury Reporting and Prevention  
Program (eCHIRPP)

Analyses of Statistics Canada and Canadian Institute for Health Information (CIHI) data are presented by sex, 
age and external cause (falls, suicide and self-harm, transport, sports and recreation, abusive head trauma, assaults, 
struck by/against, other).

Chapters 5–16 highlight the utility of sentinel surveillance in eCHIRPP to inform of injury prevention initiatives. Each 
chapter highlights a study focusing on a specific mechanism of head injuries and TBI. The mechanisms selected affect 
people at various points throughout the life course. The following topics are covered: 

• TBI overall trends, 1990 to 2018

• Five most common sports and recreational activities leading to TBI/head injury

• Male organized ice hockey, legality of play

• Female organized ice hockey, legality of play

• Female organized rugby

• Bleachers and grandstands 

• Television tip-overs

• Strollers

• TBI/head injury occurring in schools

• Seniors’ falls leading to TBI/head injury

• Motor vehicle-pedestrian collisions 

• TBI/head injury associated with intentional injuries (self-harm and assault)

Finally, the report concludes with a discussion related to the overall patterns described, the gaps in current surveillance 
and how it might be improved moving forward.
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THE BURDEN OF INJURY
Injury is the leading cause of death among Canadians 1 to 44 years of age. In 2016 17,361 Canadians (47.9/100,000 
population) died from their injuries. Of these, 72.1% (12,524 or 34.5/100,000) were unintentional injuries. Falls 
(12.9/100,000), poisonings (8.6/100,000) and motor vehicle collisions (5.7/100,000) were the leading causes of 
unintentional injury deaths3. In the fiscal year (April 1 to March 31) 2017/18, 223,314 (784.7/100,000) Canadians 
(excluding those in Quebec) were hospitalized for their injuries, and of these, 199,784 (702.0/100,000) were 
unintentional injuries. Among unintentional injury hospitalizations, falls, suffocation  and motor vehicle crashes were 
the most frequent causes at 396.8/100,000, 81.1/100,000 and 46.2/100,000, respectively4. Preventable injuries cost 
Canadians more than $26.8 billion a year in direct and indirect costs5.

TRAUMATIC BRAIN INJURY (TBI)
Traumatic brain injuries in particular are of special concern. If not fatal, TBI, even a mild form, can have serious long term 
consequences6–8. TBI ranges on a continuum of severity. Moderate to severe TBI can be diagnosed with objective tools 
(e.g. CT scan), while mild TBI cannot be similarly assessed9. There is some ambiguity in the definition/classification at the 
mild end of the severity spectrum9–11. Mild TBI (mTBI) has been defined by Belanger et al9 as “disrupted brain functioning 

from any force to the head as evidenced by altered or lost consciousness, with various severity indices (length of coma, 

posttraumatic amnesia, or Glasgow Coma Scale score) that are of shorter duration or milder than more severe TBI”. 
The term concussion has been used to refer to a milder form of mTBI, but it is more often used interchangeably with 
mild TBI. In the most recent consensus statement on concussion in sport12 a detailed sport-related concussion (SRC) 
definition is presented. In summary, a sports-related concussion is defined as “a traumatic brain injury induced by 

biomechanical forces caused by a direct blow to the head, face, neck or elsewhere on the body with an impulsive 

force transmitted to the head, resulting in rapid onset of short-lived impairment of neurologic function that resolves 

spontaneously”12. The definition includes other features related to signs and symptoms, functional disturbance versus 
structural injury and loss of consciousness. 

REPEAT TBI (RTBI)
There are a number of related issues under the umbrella of repeat TBI: Subconcussion, multiple concussions and 
second impact syndrome. 

Subconcussion
Although still a theoretical issue, subconcussive impacts (direct or inertial) are not associated with a known or diagnosed 
concussion and have been hypothesized to have possible negative effects long-term, particularly via cumulative impacts 
(as in the sports environment)9, 13–15. Broglio et al.16, using instrumented helmets, have reported that males (16.7 ± 0.8 
years) playing high school football received averages of between 372 and 868 head impacts (depending on position) 
over a 14-week season (one lineman received 2,235 head impacts). Wilcox et al.17 similarly studied male and female ice 
hockey players. They found males sustained a median of 287 head impacts (interquartile range (IQR): 201.5-444.6) per 
season, while females received 170 (IQR: 119-230). Subconcussive impacts may also be an issue in assault-related TBI, 
abusive head trauma in infants, intimate partner violence (IPV) in older youth and adults18–21, and among military and 
prison populations22, 23.
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Multiple concussions
Multiple concussions can occur in many scenarios: abusive head trauma in infants19, intimate partner violence in adults20, 
seniors’ falls25, military and prison populations22, 23 but much of the literature lies in the area of sports and recreational 
injuries24. Prins and Ghiza19 have indicated that the brain continues to develop into young adulthood (23 to 25 years) 
and have defined six “paediatric” age groups up to 25 years of age. They cite the statistic from the US Centers for 
Disease Control26 that there are an estimated 1.7 million brain injuries annually in the United States and that 51% of them 
occur to individuals whose brains are still developing. Many of these young people are at risk for repeat TBI. Anatomical 
and mechanical properties of the body and brain differ between developing and mature individuals27. In some cases 
the immature brain can confer resilience, in other instances the underlying physiological mechanisms of the developing 
brain make it more vulnerable19, 28. Research has shown that athletes with a history of concussion are susceptible to 
re-injury28, 29. The long term effects of repetitive head injury in athletes have shown an increased risk of longer-term 
neurobehavioral and neuropathic sequelae28, 30, 31. The possible long-term negative effects of repeat TBI speaks to the 
importance of concussion management and return-to-play/return-to-learn guidelines, particularly for young athletes12, 24. 
The 2017 release of the evidence-based Canadian Guideline on Concussion in Sport which “…aims to ensure that 
athletes with a suspected concussion receive timely and appropriate care, and proper management to allow them to 
return to their sport”32, is a step in this direction. Other important Canadian developments and legislation for enhancing 
concussion knowledge and practice are described below, and by Damji and Babul33.

Second Impact Syndrome (SIS)
Second impact syndrome is a special case of multiple concussions whereby the concussions occur over a very short 
time period. Second impact syndrome occurs when a second concussion occurs before symptoms of a prior concussion 
have resolved. Diffuse and sometimes fatal cerebral edema is the outcome. It is a rare phenomenon and there is still 
some controversy as to its existence. Second impact syndrome mainly involves athletic children and young adults24, 34.

The issue of second impact syndrome has recently been highlighted in the tragic 2013 death of 17 year old Rowan 
Stringer in Ottawa, Ontario35–38. Rowan passed away following a concussion she received during a rugby match for 
her high school team. A Coroners’ Inquest into her death held in May 2015 concluded that the cause of death was 
malignant cerebral edema due to second impact syndrome, due to traumatic brain injury. She had likely suffered 
two previous concussions in two games within five days preceding the match during which she suffered the fatal 
injury. Her death and the results of the Inquest motivated her family to campaign for “Rowan’s Law” in Ontario. In 
2016 in Ontario, Bill 149 Rowan’s Law Advisory Committee Act was enacted in the provincial legislature. It is “An Act 
to establish an advisory committee to make recommendations on the jury recommendations made in the inquest into 
the death of Rowan Stringer”36. On March 7, 2018, Ontario’s Bill 193, Rowan’s Law (Concussion Safety) was passed, 
requiring sports organizations to address concussion safety in terms of a code of conduct, removal-from-sport 
protocol for athletes with suspected concussion, and a return-to-sport protocol39.

SPORT-RELATED CONCUSSIONS AND OTHER EXTERNAL CAUSES OF TBI
Although TBI occur via other mechanisms as well26, 40 incidents such as the death of Rowan Stringer, and other high 
profile cases involving concussions in the National Hockey League (NHL) (Sydney Crosby in particular) and the National 
Football League, have influenced the recent prioritization of sports-related brain injuries, particularly among children 
and youth41–47. Although not frequent in all age groups, sports-related concussions are of special concern because the 
preponderance involves young people and the sports environment exposes these young people to repeated impacts13, 16. 
Other causes such as motor vehicle crashes or non-sport falls, while important, do not carry the same level of exposure 
to repeat impacts. Current research into sports-related concussions has looked at all sports and recreational  
activities24, 45, 46 with a particular focus on high-impact team sports such as football and ice hockey24, 47, 48. 
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RECOVERY AND POSTCONCUSSION SYNDROME 
The majority of individuals will recover fairly rapidly after mild TBI49. However, Zemek et al. and others50, 51 have found 
that almost one-third (31%) of children and adolescents will experience physical, cognitive or emotional symptoms 
more than 1 month after injury (postconcussion syndrome). 

DIFFERENCES BETWEEN MALES AND FEMALES
There is some evidence that females have an increased rate of concussion, may be more vulnerable to concussion 
and have more difficulty recovering after sustaining a concussion, compared to males50–60. The increasing participation 
of females in sports61, 62 is likely driving some of the increase; however, this is still being investigated and reported in 
the literature, with different lines of research assessing differing biomechanical tolerance17, 53, anthropometry and neck 
strength55, 57 and females being more likely to seek medical help52.

OVERVIEW AND PURPOSE
While sports-related concussions have recently made the headlines, TBI occurs more frequently by other mechanisms 
depending on age and sex. The range of severity of TBI varies across the different mechanisms—motor vehicle crashes 
and falls from significant heights can produce more severe TBI than sports due to the higher energies involved. At the 
same time, young people are disproportionately involved at the mild end of the severity spectrum, especially related 
to sports and recreation, where the risk of repeat impacts is higher. 

The purpose of this report is to use multiple data sources to provide an overview of TBI among Canadians over the 
life course for all mechanisms of injury. Results from this report may be used to generate hypotheses for other studies, 
to highlight gaps in TBI/concussion surveillance and to help improve research and surveillance moving forward.
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2.  Methods Part I: Mortality, hospitalization, and emergency department visits

This section provides an overview of the data sources used, surveillance definitions, external cause groupings, 
limitations and parameters for the analyses. Data sources will be described in two main sections based on coding 
structure. The first section presents analyses of data coded according to the International Statistical Classification 
of Diseases and Related Health Problems, Tenth Revision (ICD-10)1 and the Canadian enhancement (ICD-10-CA)2; 
the second on analyses of data coded from narrative injury descriptions in a sentinel surveillance system. In Canada, 
ICD-10 is the standard for reporting mortality data and ICD-10-CA is the standard for reporting morbidity data. ICD-10/
ICD-10-CA based analyses are presented in three sections: mortality, hospitalizations, and emergency department 
visits. In ICD-10, an injury case includes a code(s) for the external cause of injury (often called an E-code) and one 
or more diagnosis codes (N-codes). For example, a patient may have fallen and broken their hip and sustained 
a concussion. In this event the record would contain an E-code for a fall (W00-W19) and two N-codes, one for a hip 
fracture (S72) and one for the concussion (S06.0). The Canadian Hospitals Injury Reporting and Prevention Program 
(CHIRPP) database also captures emergency department visits, but is a sentinel system and is coded using a different 
structure, which includes narrative fields. 

ICD-10/ICD-10-CA CODED DATABASES
External Cause (EC)
Table 2.1 shows the external cause groupings used for this report. These groupings are clusters of specific causes related 
to leading traumatic brain injury (TBI) settings such as transportation or sports. Because sports and recreation (SPAR) 
is a special area of interest, all codes related to SPAR are grouped together (see Table A1 in Appendix A for a detailed 
listing of codes). For example, falls related to SPAR are grouped in the SPAR variable and not the general falls group, 
and bicycling and off-road vehicles are removed from the transport grouping and included in the SPAR grouping instead. 
This should be kept in mind when comparing findings from this report to other studies using the same data sources. All 
diagnoses fields in the databases were searched for any of these external cause codes. In the case of multiple external 
causes, a priority system was developed and is summarized Table 2.2.
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TABLE 2.1: Categorization of ICD-10/ICD-10-CA external cause codes for traumatic brain injury analysis

External Cause Variable name ICD-10/ICD-10-CA Codes

Assault ASSAULT X85-X99, Y00-Y09

Other Intentional (self-harm) OTH_INT X60-X84

Sports and Recreation (SPAR) SPAR See Table A1 in Appendix A for expanded detail

Transport (non-SPAR) TRANSPORT
V01-V09; V20-V29; V30-V39; V40-V49; V50-V59; V60-V69; V70-V79; V80.1-V80.7; 
V81-V85; V87-V89; V90.0; V90.1; V91.0; V91.1; V92.0,V92.1; V93.0,V93.1; 
V94.0,V94.1; V95; V97.0, V97.1,V97.3,V97.8; V99

Falls (non-SPAR) FALLS W00; W01; W03-W08; W10-W15*; W17-W19

Struck by/against  
(non-SPAR) 

STRUCK W20; W22.08,W22.09; W50; W51.08,W51.09; W52

Other unintentional  
(non-SPAR)

ALLOTH_UI
W23-W46, W49; W53-W60; W64; W65-W66; W75-W84; W85-W99; X00-X09; 
X10-X19; X20-X29; X30-X39; X40-X49; X51-X57; X58-X59

Event of undetermined intent INT_UNDET Y10-Y34

Other External Cause OTHEC
Y35-Y36 (legal interventions and operations of war)

Y40-Y84 (Complications of medical and surgical care)

Sequelae and  
supplementary factors

SEQSUPP
Y85-Y89 (Sequelae of external causes of morbidity and mortality)

Y90-Y98 (Supplementary factors related to causes of morbidity and mortality 
classified elsewhere)

* W14 Falls from trees are not included in SPAR. In some analysis using sentinel surveillance (eCHIRPP) they are included since children’s tree climbing  
as a recreational activity can be identified in the narrative.

TABLE 2.2: Hierarchical system used for categorizing cases with multiple external causes

Priority Rank External Cause Variable name Comments

1 Assault ASSAULT

2 Other intentional (self-harm) OTH_INT

3 Sports and Recreation (SPAR) SPAR After intentional injuries, SPAR is the priority

4 Transport (non-SPAR) TRANSPORT

5 Falls (non-SPAR) FALLS

6 Struck by/against (non-SPAR) STRUCK

7 All other Unintentional (non-SPAR) ALLOTH_UI

8
Other External Cause/Sequelae  
and supplementary factors

OTHEC / SEQSUPP

9 Event of undetermined intent INT_UNDET
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TBI Surveillance definitions
I. Mortality
The TBI mortality surveillance definition chosen for this report is that used by the U.S. Centers for Disease Control 
and Prevention (CDC) as described by Faul3 and is summarized in Table 2.3.

TABLE 2.3: ICD-10 codes for traumatic brain injury-related deaths1, 3 

Description ICD-10 (Deaths)

Open wound of head S01.0-S01.9

Fracture of skull and facial bones S02.0, S02.1, S02.3, S02.7-S02.9

Injury of optic nerve and pathways S04.0

Intracranial injury S06.0-S06.9

Crushing injury of head S07.0, S07.1, S07.8, S07.9

Other and unspecified injuries of head S09.7-S09.9

Open wound involving head with neck T01.0

Fractures involving head with neck T02.0

Crushing injuries involving head with neck T04.0

Injuries of brain and cranial nerves with injuries of nerves  
and spinal cord at neck level

T06.0

Sequelae of injuries of head T90.1, T90.2, T90.4, T90.5, T90.8, T90.9

II. Morbidity
A number of options for TBI morbidity surveillance definitions were available. Table 2.4 provides detailed information 
on the definitions and differences between them; they are identified by their respective origins/authors as TBI_CDC 
(Centers for Disease Control and Prevention)4, TBI_ON (developed for Ontario data)5, TBI_AB (developed for Alberta 
data)6, and TBI_FU (developed by Fu et al. using Ontario data)7. In a test analysis of the first three options, all showed 
similar results and counts. The TBI_ON definition is the only one that includes F07.2 (postconcussal syndrome) and  
TBI_CDC is the only definition that includes injuries to the optic chiasm, optic tract and pathways and the visual cortex. 
The largest difference is the inclusion of the open wound of head and unspecified injury of head code sets in the TBI_FU 
definition. This results in much larger counts, particularly for ED visits. Figure 2.1 shows the components of the TBI_FU 
definition which are not included in the other definitions along with TBI_ON for comparison. It is possible that a proportion 
of the open wound and unspecified head injury cases were TBI. The differences are more apparent in the ED data 
compared to hospitalizations, likely because the majority of the open wound of head and unspecified injury of head 
cases were not admitted to hospital. The authors of the Fu et al. study7 justify the definition based on 30+ years of 
clinical experience. A validation study is currently underway, but since the validation was not completed prior to  
analyses for this report, TBI_ON5 was chosen as the reporting definition.
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TABLE 2.4: Traumatic brain injury surveillance definitions for hospitalizations and ED visits (ICD-10/ICD-10-CA)

TBI Definition Variable ICD-10 codes included

Hedegaard H, et al. (2016)4 TBI_CDC
S02.0, S02.1, S02.8, S02.91, S04.02, S04.03, S04.04,  
S06.0-S06.9, S07.1, T74.4

Chen AY & Colantonio A (2011)5 TBI_ON
F07.2, S02.0, S02.1, S02.3, S02.7, S02.8, S02.9, S06.0-S06.9,  
S07.1, T90.2, T90.5

Drul C (2017)6 TBI_AB
S02.0-S02.101, S02.7-S02.701, S02.890-S02.901, S06.0-S06.99,  
S07.1-S07.9, T02.00-T02.01, S06.000-S06.099

Fu T, et al. (2016)7 TBI_FU
S01.7, S01.8, S01.9,  S02.0, S02.1, S02.7, S02.8, S02.9, S06.0-S06.9,   
S07.1, S07.8, S07.9, S09.7, S09.8, S09.9, T02.0, T04.0, T06.0, T90.2,  
T90.5, T90.8, T90.9

FIGURE 2.1: Frequency of TBI emergency department presentations based on components of the case definition  
by Fu et al.7 (TBI_FU), compared to the definition used in this report (TBI_ON)5, 2016/17, both sexes
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SOURCE: Public Health Agency of Canada analysis of Canadian Institute for Health Information data (NACRS).

Data sources and extraction
I. Mortality
The most recent 15 calendar years (2002 to 2016) of mortality data were obtained from the Canadian Vital Statistics 
Death Database (CVS:D, Statistics Canada)8. The CVS:D is an administrative survey that collects demographic and 
medical (cause of death) information annually from all provincial and territorial vital statistics registries on all deaths in 
Canada. From 2000 to present, data are coded in ICD-10. It should be noted that CVS:D does not incorporate the 
Canadian enhancement of ICD-10 (ICD-10-CA) and therefore some 4th digit Canadian codes required grouping.
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Cases where any of the 20 diagnosis fields contained an external cause code from Chapter XX (external causes 
of morbidity and mortality, V01-Y98)1, 2 were considered an injury death regardless of the cause of death. The TBI 
surveillance definition was applied to this extracted dataset. In compliance with the Statistics Canada disclosure 
control strategy9, the counts have been rounded using a controlled rounding process. 

II. Hospitalizations
Throughout this report, hospitalization statistics are presented according to a 12-month fiscal year beginning April 1 
and ending March 31 the following year. The data source is part of an administrative system that reports on this fiscal 
year rather than the calendar year. Hospitalizations in Canada are traditionally reported based on fiscal year.

For the fiscal years 2006/07 to 2010/11, hospitalization data were obtained from the Public Health Agency of Canada’s 
holdings of the Hospital Morbidity Database (HMDB, Canadian Institute for Health Information10), launched in 1994/95. 
The HMDB is a national data holding that captures administrative, clinical and demographic information on inpatient 
separations from acute care hospitals. The HMDB also contains pan-Canadian acute care data, Quebec day surgery 
data as of 2012/13 and provides national discharge statistics from Canadian health care institutions by diagnoses 
and procedures. For fiscal years 2011/12 to 2017/18 hospitalization data were obtained from the Discharge 
Abstract Database (DAD, Canadian Institute for Health Information11). Originally developed in 1963, the DAD captures 
administrative, clinical and demographic information on hospital discharges (including deaths, sign-outs and transfers). 
Some provinces and territories also use the DAD to capture day surgery. Data are received directly from acute care 
facilities or from their respective health/regional authority or ministry/department of health. Facilities in all provinces  
and territories except Quebec are required to report to the DAD.

Cases were extracted if any of the 25 diagnosis fields contained an external cause from Chapter XX (external causes 
of morbidity and mortality, V01-Y98)1, 2. From this extracted set, all head injuries were identified (codes S00-S09) and 
then the TBI_ON surveillance definition was applied to the extracted dataset (for patients with any head injury). Counts 
between 1 and 9 are suppressed and other counts which would allow calculation of the suppressed counts are also 
not reported12. Due to the large level of stratification for the analysis in this report, cases where sex is coded as other 
or unknown are excluded for the relevant tables and figures.

III. Emergency Department Visits
Throughout this report, emergency department statistics (from CIHI) are presented according to a 12-month fiscal 
year beginning April 1 and ending March 31 the following year; CIHI’s emergency department statistics are traditionally 
reported as such. Emergency Department data were obtained from The National Ambulatory Care Reporting System 
(NACRS)13, 14. NACRS contains data for all hospital-based and community-based ambulatory care: day surgery, 
outpatient and community-based clinics and emergency departments. Currently only Ontario, Alberta and Yukon have 
complete coverage. For this report only Ontario and Alberta data were analysed. Cases were extracted if any of the 10 
diagnosis fields contained an external cause from Chapter XX (external causes of morbidity and mortality, V01-Y98)1, 2. 
From this extracted set, all head injuries were identified (codes S00-S09) and then the TBI_ON surveillance definition 
was applied to the extracted dataset (for patients with any head injury). Counts between 1 and 9 are suppressed and 
other counts which would allow calculation of the suppressed counts are also not reported12. Due to the large level 
of stratification for the analysis in this report, cases where sex is coded as other or unknown are excluded for the 
relevant tables and figures. 
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Limitations
CVS:D
The CVS:D mortality database has about a two to three year reporting lag. TBI-related deaths are usually due to higher 
energy mechanisms and are not useful for studying the mild end of the TBI severity spectrum. The CVS:D does not use 
the Canadian version of ICD-10 (ICD-10-CA) and thus some 4th digit codes are not available (as they are with HMDB/
DAD and NACRS data). Since Statistics Canada provides rounded counts, there can be a large relative maximum error 
associated with low counts9.

HMDB/DAD/NACRS
The DAD does not contain Quebec data beyond 2010/11 and NACRS only contains full coverage for Ontario, Alberta 
and Yukon. Although all external causes with a SPAR code were isolated (Table A1), an unknown proportion of true 
SPAR cases are not identifiable and are likely contained in the non-SPAR codes. Refer to the footnotes in Appendix A 
(Table A1) for more details on limitations with some codes. Also, some cases of off-road vehicle use coded as a 
SPAR are actually non-recreational (occupational or transport) 

Concussions and other mild TBI are not fully captured in hospitalization and ED data (and some injured persons do 
not seek medical care and go unreported) and thus the data sources used in this report do not provide the complete 
picture. As was recently shown by Zemek et al.15 physician office visits for concussion have risen sharply since 
2010 and some data have shown a trend towards individuals seeking primary care at other points16. Continued 
improvements in surveillance will be required to more accurately track TBI cases to assess burden and cause. 

Statistics and analysis
CVS:D
The main variables analyzed are age, sex, year, external cause (EC) and TBI Deaths. The life course will be represented by 
13 age groups (years): infants (<1), 1, 2 to 4, 5 to 9, 10 to 14, 15 to 19, 20 to 29, 30 to 39, 40 to 49, 50 to 64, 65 to 74, 
75 to 84 and 85+. Results are presented descriptively as rates and proportions. Statistics Canada population estimates 
(October 1st) are used to calculate age-specific rates per 100,000 population. For trend analysis, rates are standardized to 
the 2011 Canadian population (direct method) and are quantified using average annual percent change (AAPC) or annual 
percent change (APC)17. Rates are calculated based on the rounded counts and 95% confidence intervals are calculated 
assuming a Poisson distribution. The coefficient of variation (CV) is calculated based on a Poisson distribution and rates 
based on a CV > 33.3% (N<10) are not reported (#); those with a CV between 16.6% and 33.3% (10<=N<=36) are 
reported but flagged to interpret with caution (E) in Tables B1 and B2 (Appendix B)9,12,18,19,20.

HMDB/DAD/NACRS
The main variables analyzed are age, sex, year, external cause (EC), TBI (TBI_ON), all head injuries and concussion 
only. The life course will be represented by 13 age groups (years): infants (<1), 1, 2 to 4, 5 to 9, 10 to 14, 15 to 19, 20 
to 29, 30 to 39, 40 to 49, 50 to 64, 65 to 74, 75 to 84 and 85+. Results are presented descriptively as rates and 
proportions. Statistics Canada population estimates (October 1st) are used to calculate age-specific rates per 100,000 
population. For trend analysis, rates are standardized to the 2011 Canadian population (direct method). Denominators 
for rate calculations are adjusted for the differing provincial participation in the morbidity data. Trends are quantified 
using annual percent change (APC)17. Since the data contain multiple admissions for the same person, confidence 
intervals are not calculated12,19,20. 
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CHIRPP—Background and TBI Surveillance Methodology

CHIRPP DESCRIPTION
The Canadian Hospitals Injury Reporting and Prevention Program (CHIRPP) is a sentinel surveillance system which 
captures cases of injuries and poisonings presenting to select emergency departments across Canada. The system 
was established as a paediatric system in 1990 and is currently (as of 2019) operating in a network of eleven paediatric 
and eight general hospitals. The network was designed as a sentinel system to fill the gaps in injury surveillance by 
capturing details about the injury event, via narrative fields and other variables, that were not available in population-
based, ICD-coded systems at the time (Canadian Vital Statistics Death Database, CVS:D and Hospital Morbidity 
Database/Discharge Abstract Database; HMDB/DAD). This information is useful to inform injury prevention and 
mitigation initiatives1–3. The eCHIRPP is funded and administered by the Public Health Agency of Canada (PHAC).

HISTORICAL CHANGES
In 1996/97 the system underwent a conversion to an Oracle® platform along with the rolling up and addition/deletion 
of numerous codes. The system was evaluated in 20014 and in 2010/11 CHIRPP underwent a modernization to its 
current, more electronic form3. The current CHIRPP is a web-based system developed and supported by PHAC’s 
Canadian Network for Public Health Intelligence (CNPHI)5, 6 which allows for more efficient and timely data collection 
along with the availability of various communications and analysis tools. In this report, data from the period following 
this electronic conversion are referred to as eCHIRPP data while earlier data are designated as CHIRPP data.

A number of enhancements are currently (as of 2019) being incorporated into the eCHIRPP system. Injury syndromics 
or early warnings are a system of built-in rules to signal rare events or to detect deviations from historically expected 
values. Due to the high frequency of sports and recreation (SPAR) injuries among children and youth, an expanded 
code set of such injuries, based on the International Classification of External Causes of Injury (ICECI) Sports Module7, 
has also been implemented. 

LIMITATIONS AND METHODOLOGICAL ISSUES
Representativeness
Although the CHIRPP was not designed to be population-based, and has often been misinterpreted8, a number 
of investigators have nevertheless been interested in its representativeness, sensitivity and quality9–16. Pickett et al.10 
compared CHIRPP to the results of a population-based survey (Health Behavior in School-aged Children) with two 
subsets of CHIRPP data and found that the three datasets identified similar priorities for youth injury prevention. 
Macpherson et al.11 compared data from the Ottawa CHIRPP site (Children’s Hospital of Eastern Ontario) to those 
from six temporary expansion sites in the Ottawa region (one-year population-based collection). The overall sensitivity 
of CHIRPP was 43% of all treated injuries and 57% of injuries treated at emergency departments. The CHIRPP was 
less likely to be representative for older children and more likely to capture children with more severe injuries. The 
limitations related to using CHIRPP for representing population-based injury remain fairly stable over time. Kang et al.12 
compared regional health administrative data in Calgary, Alberta to CHIRPP and found that CHIRPP was representative 
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of sports and recreational injuries in Calgary. Butler et al.16 found that seriously injured patients and incidents of self-harm 
or drugs were under-represented at the CHIRPP Halifax, Nova Scotia site (IWK Health Centre).

Another characteristic of the CHIRPP is that it operates as a surveillance system on two levels—nationally and locally. 
In the case of the two CHIRPP Kingston (Ontario) sites, complete community emergency department coverage is 
achieved and rates can be calculated using census data17. 

Because most of the CHIRPP hospitals are paediatric (usually located in major cities), certain groups are under-
represented in the data, including rural inhabitants (including some Aboriginal peoples), older teens and adults. Also, 
while CHIRPP captures information on people who are dead-on-arrival at the hospital, those who died at the scene 
or later in hospital are not included. Patients who bypass the ED registration desk for immediate treatment may not 
be captured as well as those who do not complete an Injury/Poisoning Reporting form. The median CHIRPP capture 
rate is 83% [interquartile range (IQR) 66% to 98%]. 

Normalization and internal comparisons
Due to the above limitations, CHIRPP analyses do not include population rates (e.g., injury rates/100,000 persons 
in the general population). Instead, relative comparisons are made within the system8, 18, 19. For example, if studying 
sports-related traumatic brain injury (TBI), rugby-related brain injuries as a proportion of all rugby injuries can be 
compared to the same ratio for other team sports (for a given age range and sex over the same time period) within the 
CHIRPP or eCHIRPP database. This way the results are not dependent on having a sports participation denominator. 
Age, sex and trend data are expressed as a normalized frequency relative to system denominators (not population 
denominators). Proportionate Injury Ratios (PIR) have also been used to compare CHIRPP data internally20, 21.

SENTINEL SURVEILLANCE OF HEAD INJURIES AND TRAUMATIC  
BRAIN INJURIES
Methods
Overview of studies
This report presents findings from a series of brief studies using CHIRPP and/or eCHIRPP data; the topics of these 
studies are shown in (Table 3.1). The studies highlight a variety of TBI injury mechanisms across the life course. Each 
study brings to light the extra level of detail that is provided by the CHIRPP sentinel system compared to ICD-coded 
sources. CHIRPP studies, when used alone or in combination with information from other sources can be used to 
inform injury prevention initiatives.
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TABLE 3.1: List of CHIRPP traumatic brain injury studies (see Chapters 5 to 16)

Study Years Age Range (years) Sex

TBI overall trends, 1990 to 2018 1990 to 2018 All ages Both

Five most common sports and recreational activities  
leading to TBI/head injury

2011 to 2017 5 to 19 Both

Male organized ice hockey—legality of play 2011 to 2017 10 to 19 Males

Female organized ice hockey—legality of play 2011 to 2017 10 to 19 Females

Female organized rugby 2011 to 2017 14 to 19 Females

Bleachers and grandstands 2007 to 2017 All ages Both

Television tip-overs 2011 to 2017 0 to 9 Both

Strollers 2011 to 2017 < 5 Both

Occurring in schools 2007 to 2017 5 to 17 Both

Seniors’ falls 2011 to 2017 65+ Both

Motor vehicle-pedestrian collisions 2011 to 2017 All Ages Both

Intentional injuries (self-harm and assaults) 2011 to 2017 All ages Both

CHIRPP Surveillance definition for Traumatic Brain Injury (TBI_CHIRPP)
Similar to the previous sections with respect to mortality (CVS:D), hospitalizations (HMDB/DAD) and ambulatory 
care (NACRS), a surveillance definition was developed to capture all potential TBI cases. Since the diagnosis codes 
in CHIRPP are much less specific than ICD-10 codes, a separate TBI surveillance definition for CHIRPP (TBI_CHIRPP) 
was developed. Table 3.2 contains the codes used to create the definition. CHIRPP contains a set of codes (of increasing 
severity) for brain injury: minor (closed) head injury, concussion and intracranial injury. The nature of injury code NI42 
captures diagnosed concussions while NI43, intracranial injuries, identifies more serious (structural damage) brain 
injuries. Minor closed head injury (or minor head injury, NI41) is a code that was added to CHIRPP in 1996. Prior to that 
date these cases were coded as concussions (which many likely were). In these incidents there was a mechanism which 
could have produced a concussion and some symptoms of concussion but in the opinion of diagnosing physicians, was 
insufficient (at the time) to be classified as a concussion17, 22–25. 

TABLE 3.2: eCHIRPP body part and diagnoses codes used in the development of a traumatic brain injury 
surveillance definition (TBI_CHIRPP)

CHIRPP Code* Description Details

NI41 Minor (Closed) Head Injury Composed of undiagnosed concussions and subconcussive mechanisms

NI42 Concussion Diagnosed in ED

NI43 Intracranial Moderate to severe brain injuries

NI12 Fractures

NI18 Crushing injury

BP110 Skull and scalp

BP120 Face

* NI – Nature of injury; BP – Body part affected by injury
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Analysis at PHAC has shown that the use of code NI41 has changed over time and varies by CHIRPP centre. Thus 
for the purposes of the present analysis the three codes for brain injuries are combined in the surveillance definition 
to increase sensitivity. CHIRPP allows for the capture of three distinct injuries per patient record, with the first reported 
injury being the most serious. The CHIRPP TBI surveillance definition is defined as one of the following injuries in any 
of the three injury fields: 

TBI_CHIRPP: minor closed head injury (NI41) or concussion (NI42) or intracranial injury (NI43) or skull fracture 

(BP110*NI12) or crushing injury to the skull (BP110*NI18) or a facial fracture (BP120*NI12) or crushing injury  

to the face (BP120*NI18)

All head injuries
For comparison and context purposes all head injuries are also reported. A head injury case was one where any  
of the three body part fields contained a code for the head as the body part injured (between BP100 and BP199).

Analyses
All analyses were conducted using SAS Enterprise Guide version 5.1, SAS PC version 9.3 (SAS Institute Inc.,  
Cary, NC, USA) and Microsoft Excel 2010 (Redmond, WA). 

Normalization 
Age, sex and trend data were normalized using proportions relative to the total number of records in the database 
for the given age, sex or year. In general:

Proportion = (injury N / total eCHIRPP N) *100,000

presented as the number per 100,000 CHIRPP/eCHIRPP cases8, 18, 19. 

APC
Where applicable, time trends were quantified using Annual Percent Change (APC)26. Confidence intervals (CI) are 
calculated and the trend is described as increasing (or rising) if the CI is positive and does not contain zero, stable 
if the CI contains zero, and decreasing (or falling) if the CI is negative and does not contain zero. 

Narrative analysis
Data mining syntax (PERL regular expressions)27 or the SAS INDEX function was used when assessing narrative text.

Week number
Where applicable, week number was calculated using the SAS WEEK function28 using the ‘U’ option (week starts 
on a Sunday).
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MORTALITY
Overview, age and sex distribution and annual trend
Overall, between 2002 and 2016 there were 235,471 injury deaths and of those 53,200 (22.6%) were associated with 
a traumatic brain injury (TBI) diagnosis. Of the 53,200 TBI deaths, 37,070 (69.7%) were males. Figure 4.1 shows the 
percentage of all injury deaths that were TBI-related by age group and sex. Among males, percent TBI ranged from 
16.9% for those 30–39 years of age to 36.3% among 75–84 year olds (with an overall average of 27.1%). The widest 
age span with the highest proportion occurs among males 65 years and older with an average of 33% (SD = 3.9). 
For females percent TBI ranged from 12.1% among those 40–49 years to 36.4% for 5 to 9 year olds, with an overall 
average of 22.5%. The age range with the highest span was from 1 to 9 years, with an average of 36.1% (SD = 0.3). 

FIGURE 4.1: Percentage of all injury deaths with an associated traumatic brain injury diagnosis, by age and sex,  
all external causes, Canada, 2002 to 2016
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Note that only 12 age groups were available when extracting data presented in Figure 4.1.
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Figure 4.2 shows the age-standardized annual trend for TBI deaths for both males and females. Overall, for males  
there was a slight annual decrease of 1.1% while for females there was a slight increase of 0.5% per year. 

FIGURE 4.2: Traumatic brain injury-related mortality in Canada, 2002 to 2016, by sex, all external causes, 
standardized rates/100,000 persons
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Figure 4.3 shows the age-specific rates of TBI deaths for both males and females over the life course. Rates began 
to rise slightly after age 14 and then rise sharply among those 65 years and older, and increased to the highest rate 
among those 85 years and older (155.7/100,000 for males and 84.8/100,000 for females).

FIGURE 4.3: Traumatic brain injury-related mortality in Canada, 2002 to 2016, by age group and sex, all external 
causes, age-specific rates/100,000 persons
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External cause
Figures 4.4 and 4.5 show the rates of TBI-associated deaths by age group and five external causes for males and 
females, respectively (data for all causes can be found in Appendix B). Note that due to higher rates, falls are shown 
on a secondary panel for both figures 4.4 and 4.5.

For males (Figure 4.4) the TBI-associated age-specific death rates for assaults and sports and recreation (SPAR) 
remained below 1.5/100,000 throughout the life course. The rates for transport showed a first peak among 15 to 
19 year old males at 6.6/100,000, a drop to 2.7/100,000 among adults aged 50 to 64 years and then they rose again 
to 7.3/100,000 for those aged 85 years and older. The rates for suicide rose linearly from those for adolescents aged 
15 to 19 years (2.3/100,000) to a high for 75 to 84 year olds (6.0/100,000). The fall rate among males began to rise 
at age 50 and climbed to 118.7/100,000 among those aged 85 years and older.
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FIGURE 4.4: Traumatic brain injury-related mortality in Canada, by age group and external cause, 2002 to 2016, 
males, age-specific rates/100,000 persons
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NOTE: Some rates are not reported. See Chapter 2 and Appendix B for further detail.

SPAR – Sports and recreation

For females (Figure 4.5) the TBI-associated age-specific death rates for assaults, SPAR and suicide remained at 
1.3/100,000 or lower across the life course. Similar to males, the rates for transport deaths among females first peaked 
at 15 to 19 years (3.0/100,000) and then again at 75 years and older (2.4-2.5/100,000). The rate of deaths resulting 
from falls among females began to rise at age 65 and climbed to a maximum of 69.9/100,000 among those 85 years 
and older.
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FIGURE 4.5: Traumatic brain injury-related mortality in Canada, by age group and external cause, 2002 to 2016, 
females, age-specific rates/100,000 persons
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NOTE: Some rates are not reported. See Chapter 2 and Appendix B for further detail.

SPAR – Sports and recreation

HOSPITALIZATIONS (HMDB/DAD)
Overview and Annual Trend
Overall, between 2006/07 and 2017/18 there were 399,376 hospitalizations for head injuries (excluding Quebec for 
2011/12 to 2017/18), 63% (251,504) were for males. Among these 251,504 head injuries, 58.2% were TBI and of 
those, 14.9% had a concussion diagnosis. Of the 147,872 head injuries among females, 52.5% were TBI and of those, 
16.8% had a concussion diagnosis.
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Figures 4.6 and 4.7 show the trend in hospitalizations for TBI, concussions and all head injuries between 2006/07  
and 2017/18.

For females, all head injuries and TBI showed a slight increase of 0.5% and 2.0%, per year, respectively while 
concussions have remained stable. Over the 12 year period all head injury rates ranged from 77.3/100,000 to 
85.6/100,000, TBI from 38.6/100,000 to 47.8/100,000, and concussions from 6.3/100,000 to 7.7/100,000. 

For males, all head injuries showed a slight falling trend of 0.9% per year while TBI remained stable and concussions 
showed a slight falling trend of 1.9% per year. Over the 12 year period all head injury rates ranged from 133.7/100,000 
to 149.6/100,000, TBI from 80.0/100,000 to 84.2/100,000 and concussions from 10.5/100,000 to 15.4/100,000.

FIGURE 4.6: Head injury-related hospitalization in Canada, 2006/07 to 2017/18, females, standardized rates/ 
100,000 persons
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* APC – Annual percent change
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FIGURE 4.7: Head injury-related hospitalization in Canada, 2006/07 to 2017/18, males, standardized rates/ 
100,000 persons
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* APC – Annual percent change

Life course
Figures 4.8 to 4.11 show the age-specific rates of hospitalization by sex for all head injuries, TBI and concussions 
over the life course for 4 select external causes (assault, sports and recreation, transport and falls). Tables C1 to C6 
in Appendix C contain detail for all external causes.

Figure 4.8 shows assault-related head injuries. There was a relative peak among infants of both sexes. Of all of the 
assault-related hospitalizations for TBI among females, 15.5% were concussions compared to 9.9% for males. Male 
infants experienced assault-related TBI at a rate of 14.6/100,000 infants while the rate for females was 10.7/100,000. 
Among infants of both sexes, a significant proportion (> 60%) of all head injuries were TBI. Assault-related brain and 
head injuries are infrequent between 2 and 14 years but began to rise, particularly for males, at around 15 years of age. 
Between 15 and 64 years of age, the assault-related TBI is substantially higher for males compared to females. For 
males, assault-related TBI peaked among 20 to 29 year olds at 22.6/100,000 population. At the other end of the age 
spectrum, hospitalizations for assault-related injuries were again relatively infrequent among seniors 65 years and older.
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FIGURE 4.8: Assault-related brain and head injury hospitalization in Canada, 2006/07 to 2017/18, by sex,  
age-specific rates/100,000 persons
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NOTE: Rates based on counts between 1 and 9 are not reported. See Chapter 2 for further detail.

Figure 4.9 shows the pattern of SPAR-related hospitalizations for brain and head injuries. All head injuries among males 
peaked for 15 to 19 year olds at 36.4/100,000 while for females the peak was at 10 to 14 years of age (14.6/100,000). 
For both sexes, TBI rates began to rise for those greater than 5 years of age, peaked at 10 to 14 years, and then 
began to decline after 19 years of age. Of all of the SPAR-related hospitalizations for TBI among females, 39.7% 
were concussions compared to 32.2% for males. For both sexes, TBI and concussions peaked in 10 to 14 year olds 
(TBI: 25.5/100,000 for males and 9.6/100,000 for females; concussion: 14.6/100,000 in males and 5.5/100,000 for 
females). Although declining after 19 years of age, TBI hospitalization rates among males 30 to 84 years remained 
stable at about 7.0-8.0/100,000.
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FIGURE 4.9: Sports and recreation-related brain and head injury hospitalization in Canada, 2006/07 to 2017/18,  
by sex, age-specific rates/100,000 persons
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NOTE: Rates based on counts between 1 and 9 are not reported. See Chapter 2 and Appendix C for further details.

Figure 4.10 displays the results for hospitalizations due to transport-related head injuries. Note that sports and 
recreation-related injuries involving certain vehicles (e.g., injuries involving all-terrain vehicles, dirt bikes, bicycles and 
other motor sports) are with the SPAR group and are not included in this transportation category (see Appendix A for 
further detail). Overall, of all the transport-related hospitalizations for TBI among females, 20.4% were concussions 
compared to 18.6% for males. For males there are two peaks: 15 to 29 years and 85 and older. Among 15 to 19 year 
old males the rate of all head injuries was 40.5/100,000 and the TBI rate was 27.6/100,000. The rates for 20 to 29 year 
old males were just slightly lower at 37.3/100,000 (all head injuries) and 25.0/100,000 (TBI). Males 85 years and older 
suffered the highest rates of hospitalizations for all transport-related head injuries (42.4/100,000) and TBI (30.0/100,000). 
Females showed a similar pattern except that the TBI rate dropped for those older than 84 years.
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FIGURE 4.10: Transport-related brain and head injury hospitalization in Canada, 2006/07 to 2017/18, by sex, 
age-specific rates/100,000 persons
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NOTE: Rates based on counts between 1 and 9 are not reported. See Chapter 2 and Appendix C for further details.

Figure 4.11 shows the pattern of fall-related hospitalizations for head and brain injuries. Of all the fall-related 
hospitalizations for TBI among females, 13.3% were concussions compared to 10.9% for males. There was a 
minor peak in all head injuries and TBI among infants. In male infants, the all head injury hospitalization rate was 
136.9/100,000 while for female infants the rate was 113.5/100,000. For TBI the rates were 95.3/100,000 male infants 
and 77.0/100,000 for females. The rates were lower but still slightly elevated (relatively) among 1 to 4 year old children 
of both sexes. Between the ages of 5 and 49 the fall-related hospitalization rates for head injuries were at their lowest. 
For all head injuries the rates ranged from 10.6/100,000 to 27.3/100,000 for males and from 5.6 to 11.6 for females. 
For TBI the rates ranged from 7.5/100,000 to 17.5/100,000 for males and 2.9 to 7.0 for females. Rates among those 
65 and older rose sharply. Among males the fall-related hospitalization rate for head injuries was 131.8/100,000 for 
those aged 65 to 74 years and climbed to 358.4/100,000 for 75 to 84 year olds and then to 896.7 for men aged  
85 years and older. For female seniors the same age-specific rates were 90.6, 294.8 and 749.8 per 100,000, respectively.
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FIGURE 4.11: Fall-related brain and head injury hospitalization in Canada, 2006/07 to 2017/18, by sex, age-specific 
rates/100,000 persons
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NOTE: Rates based on counts between 1 and 9 are not reported. See Chapter 2 and Appendix C for further details.

EMERGENCY DEPARTMENT VISITS (NACRS)
Overview and Annual Trend
Overall, between 2002/03 and 2017/18 there were 5,074,239 emergency department visits for head injuries 
(Ontario only 2002/03 to 2009/10; Ontario and Alberta 2010/11 to 2017/18) available from the NACRS database, 
61.5% (3,123,042) of which involved males. Among these 3,123,042 head injuries, 11.6% were TBI and of those, 
67.3% were diagnosed as a concussion. Of the 1,951,197 head injuries among females, 13.4% were TBI and of 
those, 75.6% were concussions.

Figures 4.12 and 4.13 show the trend in ED visits for TBI, concussions and all head injuries between 2002/03 
and 2017/18 for females and males (note the secondary y-axis for all head injuries). 

Figure 4.12 shows the trends for females. The standardized rate of ED visits remained stable for all head injuries 
from 2002/03 to 2009/10 and from 2010/11 to 2017/18 there was a rising trend (APC = 2.1%). TBI and concussions 
both showed an increased trend over the full 16 year period, with a stronger increase since 2010/11 (APC = 9.2% for 
TBI and 13.0% for concussions).
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FIGURE 4.12: Head and brain injury-related emergency department visits, 2002/03 to 2017/18, females, all ages, 
age-standardized rates/100,000 persons
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NOTE: Rates are standardized to the 2011 Ontario/Alberta population. All head injuries are plotted against the right-hand Y axis, while all traumatic brain injuries 
and concussions are plotted against the left-hand Y axis.

* APC – Annual percent change

Figure 4.13 shows the trend for males. There was a slight decrease in all head injuries of 2% per year from 2002/03 
to 2009/10, after which the trend was stable. The pattern for TBI and concussions was similar to females except  
that the increases were not as steep. Specifically, TBI and concussions both showed an increased trend over the  
full 16-year period, with a stronger increase since 2010 (APC = 3.3% for TBI and 6.6% for concussions).

Note that for Figures 4.12 and 4.13, the distinct increase in rates starting at 2010/11 is partially due to the overall 
higher rates for Alberta (when this province started to participate in NACRS). 
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FIGURE 4.13: Head and brain injury-related emergency department visits, 2002/03 to 2017/18, males, all ages, 
age-standardized rates/100,000 persons
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NOTE: Rates are standardized to the 2011 Ontario/Alberta population. All head injuries are plotted against the right-hand Y axis, while all traumatic brain injuries 
and concussions are plotted against the left-hand Y axis.

* APC – Annual percent change

Life Course
Figures 4.14 to 4.17 show the age-specific rates of ED visits by sex for all head injuries, TBI and concussions over 
the life course for four select external causes of injuries: assault, SPAR, transport and falls (note secondary Y-axis). 
Tables D1 to D6 in Appendix D contain detail for all external causes.

Figure 4.14 shows ED visit rates for assault-related brain and head injuries for males and females. Rates peaked 
in the 15 to 29 year age range for both sexes. Of all of the assault-related ED visits for TBI among females, 72.7% 
were concussions compared to 47.2% for males. Assault-related TBI is substantially higher for males 15 to 64 years, 
compared to females. For 15 to 19 year old males, the rate of all head injuries was 819.0/100,000 and was slightly 
lower at 770.1/100,000 for 20 to 29 year olds. The TBI rate for 15 to 19 year old males was 88.5/100,000, increasing 
slightly to 91.0/100,000 among 20 to 29 year old males. Concussions among males peaked in the 15 to 19 year age 
group (54.8/100,000). Similarly for females, the all head injury ED visit rate was 224.9/100,000 among 15 to 19 year 
old girls and 202.8/100,000 for those 20 to 29 years of age. The TBI rate peaked among 15 to 19 year olds at 
25.4/100,000 and reduced slightly to 21.1/100,000 for 20 to 29 year old females.
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FIGURE 4.14: Assault-related brain and head injury emergency department visits, Ontario and Alberta, 2002/03 to 
2017/18, by sex, age-specific rates/100,000 persons
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SOURCE: Public Health Agency of Canada analysis of Canadian Institute for Health Information data (NACRS: Ontario, 2002/03 to 2017/18;  
Alberta, 2010/11 to 2017/18).

NOTE: All head injuries are plotted against the right-hand Y axis, while all traumatic brain injuries and concussions are plotted against the left-hand Y axis.  
Rates based on counts between 1 and 9 are not reported. See Chapter 2 and Appendix D for further details.

Figure 4.15 depicts ED visit rates for SPAR-related brain and head injuries for males and females. Of all of the  
SPAR-related ED visits for TBI among females, 90.7% were concussions compared to 86.2% for males. For both  
sexes rates began to rise in the 5 to 9 year age group, peaked in the 10 to 19 year old age range and then began to 
decline to relatively low levels beyond age 30. More specifically, for males the all head injury, TBI and the concussion 
rates peaked among 10 to 14 year old boys at 1,583.3/100,000, 453.8/100,000 and 426.1/100,000, respectively.  
For females, the all head injury rate peaked among 10 to 14 year olds at 653.8/100,000 while the TBI and concussion 
rates peaked among those 15 to 19 years at 234.3/100,000 and 223.0/100,000, respectively.
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FIGURE 4.15: Sports and recreation-related brain and head injury emergency department visits, Ontario and 
Alberta, 2002/03 to 2017/18, by sex, age-specific rates/100,000 persons
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SOURCE: Public Health Agency of Canada analysis of Canadian Institute for Health Information data (NACRS: Ontario, 2002/03 to 2017/18;  
Alberta, 2010/11 to 2017/18).

NOTE: All head injuries are plotted against the right-hand Y axis, while all traumatic brain injuries and concussions are plotted against the left-hand Y axis.  
Rates based on counts between 1 and 9 are not reported. See Chapter 2 and Appendix D for further details.

Figure 4.16 depicts ED visit rates for non-SPAR transport-related brain and head injuries for males and females. Of all 
of the transport-related ED visits for TBI among females, 74.0% were concussions compared to 61.8% for males. For 
both sexes all rates peaked among 15 to 19 year olds. Among males the peak rates (per 100,000) were 241.2 (all head 
injuries), 67.2 (TBI) and 46.6 (concussion). For females the rates were 230.8, 65.8 and 53.8, respectively. As with 
hospitalizations there was a secondary peak among 85 year old males for all head injuries (112.2/100,000) and TBI 
(27.6/100,000).
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FIGURE 4.16: Transport-related brain and head injury emergency department visits, Ontario and Alberta, 2002/03  
to 2017/18, by sex, age-specific rates/100,000 persons
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SOURCE: Public Health Agency of Canada analysis of Canadian Institute for Health Information data (NACRS: Ontario, 2002/03 to 2017/18;  
Alberta, 2010/11 to 2017/18).

NOTE: All head injuries are plotted against the right-hand Y axis, while all traumatic brain injuries and concussions are plotted against the left-hand Y axis.  
Rates based on counts between 1 and 9 are not reported. See Chapter 2 and Appendix D for further details.

Figure 4.17 depicts ED visit rates for fall-related brain and head injuries for males and females. Of all fall-related  
ED visits for TBI among females, 66.4% were concussions compared to 57.5% for males. The pattern of fall-related  
ED visits was different from hospitalizations, in that rates were high at both young and older ages of the spectrum. 
One year old children had the highest rates of all head injuries (5,884.7/100,000 for males and 4,455.0/100,000 for 
females). Among children under 10 years, TBI were most frequent among infants (198.5/100,000 for males and 
168.0/100,000 for females). Over the full age range, concussions peaked among males at 10 to 14 years old 
(126.5/100,000) and among females at 15 to 19 years (110.2/100,000). Men and women 85 years and older 
had the highest rates of TBI (544.4/100,000 for men and 413.1/100,000 for women).
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FIGURE 4.17: Fall-related brain and head injury emergency department visits, Ontario and Alberta, 2002/03  
to 2017/18, by sex, age-specific rates/100,000 persons
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SOURCE: Public Health Agency of Canada analysis of Canadian Institute for Health Information data (NACRS: Ontario, 2002/03 to 2017/18;  
Alberta, 2010/11 to 2017/18).

NOTE: All head injuries are plotted against the right-hand Y axis, while all traumatic brain injuries and concussions are plotted against the left-hand Y axis.

External Cause by age, 2017/18
Figures 4.18 and 4.19 show the age-specific rates of ED visits for the most recent year of data (2017/18, Ontario  
and Alberta) for TBI over the life course for different mechanisms for females and males, respectively: assault, SPAR, 
transportation, falls and being struck (including struck by or struck against something or someone).

Figure 4.18 depicts the results for females. Falls (not including those sustained during sports and recreation activities) 
were common throughout the life course, particularly among females aged 75 and older where rates ranged from 
333.5/100,000 to 624.1/100,000. SPAR-related brain injuries were significant among 10 to 19 year old females, 
ranging from 389.1/100,000 to 402.8/100,000. 
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FIGURE 4.18: Traumatic brain injury-related emergency department visits, by external cause, Ontario and Alberta, 
2017/18, females, age-specific rates/100,000 persons
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SOURCE: Public Health Agency of Canada analysis of Canadian Institute for Health Information data (NACRS: Ontario and Alberta, 2017/18).

NOTE: Rates based on counts between 1 and 9 are not reported. See Chapter 2 and Appendix D for further details.

SPAR – Sports and recreation

Figure 4.19 depicts the results for males. Similar to females, falls (not including those sustained during SPAR activities) 
were common throughout the life course, particularly among males aged 75 and older where rates ranged from 
380.5/100,000 to 854.8/100,000. SPAR-related brain injuries were highest among 10 to 14 year old boys 
(631.1/100,000) dropping slightly to 524.8/100,000 among 15 to 19 year old males.
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FIGURE 4.19: Traumatic brain injury-related emergency department visits, by external cause, Ontario and Alberta, 
2017/18, males, age-specific rates/100,000 persons
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NOTE: Rates based on counts between 1 and 9 are not reported. See Chapter 2 and Appendix D for further details.

SPAR – Sports and recreation

CONCUSSIONS: HOSPITALIZATIONS AND EMERGENCY  
DEPARTMENT VISITS
Figure 4.20 compares the data from ED visits (NACRS) and hospitalizations (HMDB/DAD) and displays the relative 
importance of concussions by external cause of injury and the hospital visit outcome (discharge from emergency 
department or hospital admission). For a given external cause a higher proportion of all TBI are concussions for 
ED visits compared to hospitalizations. There is variation by external cause and sex. For assault-related TBI ED visits, 
females had a concussion diagnosis in 72.6% of TBI cases compared to 47.2% for males. This indicates that males 
suffer more serious assault-related brain injuries. For sports and recreation-related TBI ED visits, most of the TBI 
were concussions.
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FIGURE 4.20: Percentage of concussions among all traumatic brain injuries, by external cause and hospital  
visit outcome—hospitalization (HMDB/DAD, 2006/07 to 2017/18) or emergency department visit (NACRS,  
2002/03 to 2017/18)
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SPORTS AND RECREATION-RELATED CONCUSSIONS, EMERGENCY 
DEPARTMENT VISITS, ONTARIO AND ALBERTA, AGES 5 TO 29 YEARS, 
2017/18
Among all SPAR-related concussions among females treated in EDs, the 5 to 29 year age group accounts for 80.7%. 
Similarly for males the proportion is 85.8%. Figures 4.21 and 4.22 focus on SPAR-related concussions among those 
aged 5 to 29 years. 

Figure 4.21 shows the breakdown for females. Among those 5 to 9 years of age, playground equipment (PGE) 
had the highest rate of concussion at 26.7/100,000. Among 10 to 14 year old females, other ball sports (including 
basketball and volleyball) were highest at 95.3/100,000 followed by ice hockey at 68.6/100,000. Rugby/football 
(66.4/100,000) and other ball sports (72.9/100,000) were the two most frequent categories among females aged 15 
to 19 years. Among females aged 20 to 29, other ball sports (14.0/100,000) and skiing/snowboarding (12.2/100,000) 
were the most common.
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FIGURE 4.21: Sports and recreation-related concussions, emergency department visits, Ontario and Alberta, 
2017/18, females, age-specific rates/100,000 persons 
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SOURCE: Public Health Agency of Canada analysis of Canadian Institute for Health Information data (NACRS: Ontario and Alberta, 2017/18).

NOTE: Rates based on counts between 1 and 9 are not reported. See Chapter 2 and Appendix D for further details.

Figure 4.22 shows the breakdown for males. Among boys 5 to 9 years of age, ice hockey (51.2/100,000) and PGE 
(24.3/100,000) were the two most frequent SPAR categories. Ice hockey increases sharply to 203.7/100,000 among 
10 to 14 year old boys. Ice hockey is still the most frequent among 15 to 19 year old males (150.7/100,000), followed 
closely by football/rugby (119.2/100,000). Ice hockey is still the most frequent category among 20 to 29 year old men 
(18.2/100,000), but still lower than those 5 to 19 years.
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FIGURE 4.22: Sports and recreation-related concussions, emergency department visits, Ontario and Alberta, 
2017/18, males, age-specific rates/100,000 persons
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NOTE: Rates based on counts between 1 and 9 are not reported. See Chapter 2 and Appendix D for further details.
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5. RESULTS: Sentinel surveillance of emergency department 
visits for traumatic brain injuries and all head injuries: 
Canadian Hospitals Injury Reporting and Prevention  
Program (CHIRPP/eCHIRPP)

5.  Results: Sentinel surveillance of emergency department visits: All mechanisms

Sentinel surveillance of trends in emergency department visits for 
traumatic brain injuries (TBI) and all head injuries, CHIRPP/eCHIRPP,  
1990 to 2018, all ages, all mechanisms

INTRODUCTION
Traumatic brain injuries (TBI) are a public health issue that have generated increasing public attention and concern in 
recent years. Although rarely fatal, mild TBI can have serious long term consequences1, 2. Sentinel surveillance of TBI 
can be important to identifying changing trends and mechanisms of injury in a timely fashion. The Canadian Hospitals 
Injury Reporting and Prevention Program (CHIRPP) system collects data via electronic entry at participating hospitals 
within days of the injury event and is able to provide system-wide data almost immediately. There is some evidence that 
minor (closed) head injuries and concussions are increasing recently due to increased exposure to risks (sports and 
recreation in particular)3, 4 and/or enhanced reporting/diagnosis. The purpose of this study is to show the most recent 
overall trends in TBI reporting to sentinel sites in the CHIRPP system.

Sentinel surveillance of TBI can be important to identifying changing trends 
and mechanisms of injury in a timely fashion.

METHODS 
The entire CHIRPP/eCHIRPP databases were searched (1990 to 2018, all ages, extraction date October 5, 2018;  
a total of 3,267,372 records) for cases of traumatic brain injuries (TBI_CHIRPP) and other head injuries (refer to the 
methods section for CHIRPP/eCHIRPP description and surveillance definitions). 

Cases organized by sex and the annual and weekly trends as well as the age distribution were normalized relative to all 
CHIRPP cases in the given year, week or age group. The annual trend was assessed using the annual percent change 
including 95% confidence intervals, APC (CI), calculated based on methods described by the US National Cancer 
Institute5. The week number was calculated using the SAS WEEK function using the ‘U’ (week starts on Sunday) option. 
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RESULTS 
Annual Trend
Figure 5.1 shows the trend in the normalized proportions for males and females for all head injuries and TBI alone. 
Head injuries overall remained stable (CI contains zero) for both males and females. For males, a total of 647,718 head 
injuries were identified over the 29 year time period. Of these, 232,487 (35.9%) were TBI, but the proportion varied by 
year. From 1990 to 1999 the average proportion of all injuries that were TBI was 22.6%. This increased to 36.4% for the 
period 2000 to 2009 and again to 45.9% for 2010 to 2018 (as of October 5, 2018). Overall the annual percent change 
(TBI) was 4.5% (3.6, 5.3). For females, there were a total of 384,528 head injuries of which 151,155 (39.3%) were 
classified as TBI. From 1990 to 1999 the average proportion of all injuries that were TBI was 24.7% and this increased to 
39.0% (2000 to 2009) and further to 49.7% (2010 to 2018). Overall the annual percent change (TBI) was 4.5% (3.7, 5.4). 

Weekly trend
Figure 5.2 shows the percentage of all injuries that are TBI by week of the year for the two eras of the CHIRPP 
database—1990 to 2011 (CHIRPP) and 2011 to 2018 (eCHIRPP). For both males and females, there was less variation 
in the percentage TBI for the older CHIRPP data (1990 to 2011) compared to eCHIRPP (2011 to 2018). For males, 
from 1990 to 2011 the average percent TBI was 10.6% (SD = 0.7) with a range of 2.6%—from 11.9% in week 5 to 
9.3% in week 35. For females, from 1990 to 2011, the average was 9.6% (SD = 0.4) with a range of 1.7%—10.4%  
in week 8 to 8.7% in week 22. For the more recent era (2011 to 2018), for males, the average percent TBI was  
16.3% (SD = 1.5) with a range of 6.2%—from 19.3% in week 3 to 13.1% in week 53. For females, the average  
percent TBI was 14.7% (SD = 1.3) with a range of 6.7%—from 17.8% in week 2 to 11.1% in week 53.

Age
Figure 5.3 details the age and sex distribution. For both males and females, children under 5 years of age had the 
highest proportion at 17,983.7/100,000 and 18,276.3/100,000, respectively. The second highest for males were 
5 to 9 year olds (12,357.5/100,000), while for females 15 to 19 year olds were the next highest at 10,754.3/100,000. 
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FIGURE 5.1: Sentinel surveillance of emergency department visits for traumatic brain injuries, CHIRPP/eCHIRPP, 
1990 to 2018*, all ages, normalized** (per 100,000 CHIRPP records)

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

All Head Injuries – Females: N = 384,528
All Head Injuries – Males: N = 647,718 TBI_CHIRPP*** – Males: n = 232,487

TBI_CHIRPP*** – Females: n = 151,155

#
 C

as
es

/1
00

,0
00

 C
H

IR
PP

 &
 e

CH
IR

PP
 re

co
rd

s

Year

APC§ = 0.2% (0, 0.3)

APC§ = 0.2% (0, 0.4)

APC§ = 4.5% (3.6, 5.3)

APC§ = 4.5% (3.7, 5.4)

20
18

20
17

20
16

20
15

20
14

20
13

20
12

20
11

20
10

20
09

20
08

20
07

20
06

20
05

20
04

20
03

20
02

20
01

20
00

19
99

19
98

19
97

19
96

19
95

19
94

19
93

19
92

19
91

19
90

* 2018 is incomplete; extraction date = October 5, 2018
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*** CHIRPP traumatic brain injury surveillance definition: any of the three injury fields contains minor (closed) head injury, concussion, intracranial injury,  
or skull/facial fracture/crushing injury. 

§ APC – Annual percent change
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FIGURE 5.2: Sentinel surveillance of emergency department visits for traumatic brain injuries (TBI), all 
mechanisms, CHIRPP/eCHIRPP, 1990 to 2018, weekly distribution of TBI for two eras (percentage of all injuries)
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FIGURE 5.3: Sentinel surveillance of emergency department visits for traumatic brain injuries, all mechanisms, 
CHIRPP/eCHIRPP, 1990 to 2018*, normalized** (per 100,000 records in the same age group)
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DISCUSSION
An increasing trend in TBI for both males and females was observed over the period from 1990 to 2018. Since CHIRPP 
is a numerator-based system, some of the increase could be due to exposure but since the data are normalized some 
of the increase is likely due to increased reporting/diagnosis and possibly an inherent increase in TBI. The trend results 
(Figure 5.1) are similar to the NACRS data presented in the previous section (increases in the recent 5 to 10 years). 
Similar results have been found in other studies. Taylor et al.2 showed increases in rates of TBI between 2007 and 2013 
and found that the highest rates were among individuals 75 years and older and those under 5 years of age. Zemek 
et al.3 found increases in ED and physician office visits for concussion (Ontario, Canada), particularly since 2010. 

Figure 5.3 shows that for recent years (2011 to 2018) there is some weekly variation in the proportion of all injuries 
that are TBI. Some of this variation may be due to the seasonality of various sports and recreational activities.

While Figures 5.1 to 5.3 show the overall trends over all external causes, other studies in this series will detail specific 
mechanisms, sexes and age groups.

Sentinel surveillance of TBI show similar patterns to those reported from other sources. Continued tracking of TBI in close 
to real time is important in the assessment of the burden and changes in patterns of brain injuries.
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6. SENTINEL SURVEILLANCE of emergency department visits 
for traumatic brain injuries and all head injuries associated 
with sports and recreation

6.  Sentinel surveillance of emergency department visits: Sports and recreation

Electronic Canadian Hospitals Injury Reporting and Prevention Program 
(eCHIRPP), 2011 to 2017, ages 5 to 19 years

INTRODUCTION
Sports and recreational activity (SPAR)-related brain injuries among youth is a topic of growing concern in recent years1–3. 
Our increased understanding of the potential long-term consequences of repeat concussions2, 4 points to the need for 
continued surveillance. Some SPAR are specified in ICD-10-CA (see Table A1 in Appendix A). However, many are 
not identifiable in ICD-10 data and are coded to either W21.08 (Striking against or struck by other specified sport 
equipment), W21.09 (Striking against or struck by other unspecified sport equipment), W22.07 (Striking against or 
struck by other objects while engaged in other sports/recreation), W51.07 (Striking against or bumped into by another 
person in other sports/recreation), or another, less specific, code. Other sports are partially grouped such as football/
rugby and skiing/snowboarding. While this is adequate to assess burden, more specific information is required to 
inform sport-specific injury prevention initiatives. The eCHIRPP system contains 145 SPAR codes arranged into 
25 groups to allow the identification of almost any specific sport or recreational activity. Rare or newly emerging 
activities can be identified from the narrative fields. 

The purpose of this study was to identify the current most frequent sports and recreational activities associated with 
brain injuries among children and youth by age and sex.

Sports and recreational activity (SPAR)-related brain injuries among youth  
is a topic of growing concern in recent years1–3.

METHODS
The eCHIRPP system was searched from 2011 to 2017 (as of December 1, 2017) for cases coded with a SPAR code 
among children and youth 5 to 19 years of age (60 to 239 months). Specific sports activities were sorted by number 
of injuries and only those with a count of 100 or higher were included in the analysis (SPAR where the count had less 
than 100 cases tended to have unstable proportions). SPAR were then ranked based on the ratio of traumatic brain 
injury (TBI) (see CHIRPP TBI surveillance definition in previous section) relative to all injuries in that sport for the specific 
age group and sex. For the 5th ranked position, if two SPAR had the same proportion the one with the highest count 
took precedence.

RESULTS
Figures 6.1 to 6.6 show the results of the ranking analysis by age group and sex. Among males 5 to 9 years of age, 
ice hockey was the highest TBI-ranked sport, with almost half (43.4%) of all injuries presenting to the ED being a TBI. 
For 5 to 9 year old females, ice hockey is also the most frequent with TBI-ranked at 30.9% of all injuries. Ice hockey 
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and rugby were the top TBI-ranked sports among 10 to 14 year old boys (28.7% and 28.5%, respectively) while among 
girls of the same age ringette was the most frequent at 38.2%. Ringette was also the highest TBI-ranked sport among 
15 to 19 year old females (44.3%), followed closely by ice hockey at 37.1%, while for males it was rugby (27.0%).

FIGURE 6.1: Five sports and recreational activities with the highest proportion of traumatic brain injuries  
(relative to all injuries), eCHIRPP, 2011 to 2017, males, ages 5 to 9 years
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FIGURE 6.2: Five sports and recreational activities with the highest proportion of traumatic brain injuries  
(relative to all injuries), eCHIRPP, 2011 to 2017, females, ages 5 to 9 years
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FIGURE 6.3: Five sports and recreational activities with the highest proportion of traumatic brain injuries  
(relative to all injuries), eCHIRPP, 2011 to 2017, males, ages 10 to 14 years
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FIGURE 6.4: Five sports and recreational activities with the highest proportion of traumatic brain injuries  
(relative to all injuries), eCHIRPP, 2011 to 2017, females, ages 10 to 14 years
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FIGURE 6.5: Five sports and recreational activities with the highest proportion of traumatic brain injuries  
(relative to all injuries), eCHIRPP, 2011 to 2017, males, ages 15 to 19 years
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FIGURE 6.6: Five sports and recreational activities with the highest proportion of traumatic brain injuries  
(relative to all injuries), eCHIRPP, 2011 to 2017, females, ages 15 to 19 years
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DISCUSSION
The results of this analysis indicate that there are many SPAR, both contact and non-contact, which are associated 
with a relatively high proportion of TBI among Canadian children and youth. There were a number of SPAR that would 
not have been identified (fully or partially) under an ICD-coded system (ringette, lacrosse, physical education class, 
dodge ball, rugby, cheerleading, equestrian, water slides, and martial arts). 

Most of the activities listed in Figures 6.1 to 6.6 involve both unintentional and intentional impacts (hockey, rugby, 
football, lacrosse, ringette, boxing, martial arts), speed (sledding/tobogganing, water slides, ATV) or falls from heights 
(cheerleading, equestrian).

As expected, ice hockey emerges as a most frequent-ranked sport in all age groups and both sexes. In addition to 
being a high participation sport, hockey is a fast-paced activity with risk of collisions with the boards, goal posts as 
well as with other players (both intentional and unintentional). Stick and puck impacts are also significant5–7. Interestingly, 
despite being designated a non-contact sport in women’s leagues, girls’/women’s hockey still emerges as a frequent 
sport associated with a relatively high proportion of TBI. There is some evidence from boys’ hockey that more injuries 
and more serious injuries occurred from unintentional collisions than from intentional body contact8. A 2014 study 
also using CHIRPP data (1995 to 2009)9 found that unintentional collisions were the most frequent mechanism among 
female hockey players and females were injured almost twice as frequently due to falls, compared to males. Also, 
females had significantly (although not clinically significant) more mild TBI than males. Two other studies in this 
report will delve into hockey-related head injuries (both men and women) in more detail.

Rugby also emerges as a sport with a high percentage of TBI for both males and females aged 10 to19 years. 
A Canadian study10 of rugby injuries (1993 to 2003, ages 14 and older) found that about 10% of all injuries were 
neurotrauma, with the highest proportion among 14 to 16 year olds (12.4%). Although that study used a wider age 
group and different definitions than the current analysis, it also used CHIRPP data (Kingston, Ontario sites), and it 
appears that the proportion of TBI was increasing at the time of the study. Another Canadian study on concussion in 
a number of varsity sports (men and women) found that women’s rugby had the highest incidence of 20 concussions 
per athlete-season11. Another study in this report looks at female rugby injuries in more detail. 

Recently, ATV-related injuries have appeared in the high rankings of this study (fifth) among 10 to 14 year old females; 
these injuries had not ranked as highly in previous analyses. In 50% of the TBI cases, a young girl was driving the ATV. 
Paediatric ATV injuries are an ongoing problem. A recent study out of Nova Scotia12 found that legislation and social 
marketing interventions had resulted in a short-term effect of a decrease in the frequency of ATV-related injuries, but 
had no sustained effect.

Baseball is considered a non-contact sport, yet among 5 to 9 year old boys, 23.6% of all injuries in this study are TBI. 
Of these 80 TBI injuries, 41 (51.3%) were due to ball impacts and 31 (38.8%) were due to bat impacts. A U.S. study13 
found that 5.8% of all injuries were concussions/closed head injuries and 33.5% of injuries were to the face. Ball 
impacts were the leading mechanism (46%) followed by the bat (24.9%). Ball impacts in baseball are also a concern 
for the rare event of commotio cordis14.

Cheerleading emerges as the fifth-ranked activity among 15 to 19 year old females. Cheerleading injuries often involve 
falls from heights and can be serious in nature. A previous study of CHIRPP data15 found that 44.3% of injuries were 
the result of stunts at height and 29% involved the head and neck.
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Ringette consistently shows up in analyses as a top activity (among females) where the percentage of head injuries 
is very high16. There is no clear reason for this, but it is possible that those presenting to the ED do not present as often 
for non-head injuries or there are inherently fewer non-head injuries (compared to other sports), either way inflating the 
percentage of TBI relative to all injuries. 

The combat sports of boxing and martial arts have emerged as frequent TBI-associated activities among males 15 to 
19 years of age. Boxing has a long history of controversy in the medical community, particularly with respect to chronic 
traumatic encephalopathy (CTE)17. In a 2012 Position Statement, the Canadian Paediatric Society recommended that 
paediatricians vigorously oppose boxing as a sport for any child or adolescent18. A 2011 study of boxing injuries 
presenting to U.S. emergency departments found that TBI accounted for 8–9% of all injuries, depending on age19. 
More recently, mixed martial arts (MMA) has gained popularity. A study from Alberta found that concussion was the 
most common type of injury (62.3%)20.

A number of sports that appear in the five most frequent rankings have a percentage of all TBI that are concussion 
of 75% or less (data not shown). This indicates other, potentially more serious, injuries including moderate to severe 
brain injuries, skull/facial fractures or crushing injuries. These activities include baseball (75%), boxing (54.5%), and ATV 
(73.5% for females 10–14 years; 46.8% for males 15 to 19 years). The current study only shows the five most frequent 
sports and recreational activities. Information on all SPAR TBI captured in eCHIRPP is presented in the Public Health 
Agency of Canada’s Public Health Infobase data blog on this topic21.

The total number of injuries for each sport is heavily influenced by popularity and participation as well as risk. Since 
CHIRPP is a numerator-based database, the denominator used in this study was all CHIRPP injuries for that sport 
(by age/sex). This allows for an internal comparison and is less influenced by participation. However, this is only valid for 
ED visits since, for a given SPAR, a higher proportion of head-injured patients may seek care at an ED versus another 
health care option. So, the proportions reported here would not necessarily be the same at another point of care.

Continued, timely surveillance is necessary to identify changing patterns, including new, emerging sports/activities, 
which may be associated with TBI. Surveillance is also useful in tracking trends over time to assess the effectiveness  
of prevention efforts.
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7. SENTINEL SURVEILLANCE of emergency department visits 
for traumatic brain injuries and all head injuries associated 
with male organized ice hockey, comparing legal versus 
penalizable play

7.  Sentinel surveillance of emergency department visits: Male organized ice hockey

The Electronic Canadian Hospitals Injury Reporting and Prevention Program 
(eCHIRPP), 2011 to 2017, males, ages 10 to 19 years

INTRODUCTION
Organized minor league ice hockey is a popular sport in Canada, with over 626,000 registered players (males and 
females) in the 2017–2018 season1. Along with the important health and social benefits of sports participation2–6, 
sports can come with a risk of traumatic brain injury (TBI)7, with the majority of sport-related TBI sustained while playing 
contact-collision and high-velocity sports including ice hockey8. Evidence shows concussions are among the most 
common youth hockey-related injury9, and can lead to long-term cognitive deficits10.

Overall, the most common mechanism of injury in minor ice hockey is body checking11–13. A body check is a defensive 
play by the checker who uses body contact against an opposing player possessing the puck, to stop the player’s 
progress and/or to separate the player from the puck14. In response to a growing body of evidence on the risk of injury 
from body checking, in 2012 USA Hockey introduced a policy to delay body checking in ice hockey until the Bantam 
level (ages 13 to 14)15, and in 2013 Hockey Canada introduced a similar policy16. There is evidence that this change is 
associated with reduced TBI risk among Pee Wee players (aged 11 to 12 years)11. 

The objective of this study was to identify and describe cases of TBI and all head injuries related to legal versus 
penalizable play in male organized ice hockey among patients aged 10 to 19 years, captured in eCHIRPP. For TBI 
specifically, select details surrounding the injury event concerning play legality (e.g., allowable body checks versus 
prohibited head checks) are reported in eCHIRPP and this level of detail is not discernable in other health administrative 
data sources coded with the following ICD-10-CA codes: W21.02 striking against or struck by hockey stick; W21.03 
striking against or struck by hockey puck; W22.02 striking against or struck by other objects while playing hockey;  
and W51.02 striking against or bumped into by another person in hockey17.

METHODS
Records in the eCHIRPP database with an injury date from April 1, 2011 onward were extracted on June 27, 2017. 
Cases of head injuries including TBI among male patients aged 10 to 19 years (120 to 239 months) related to playing 
organized ice hockey were identified. Using the head injuries and TBI surveillance definitions described earlier in the 
Methods section of this report, case identification criteria also included records with the sports and recreation (SPAR) 
variable coded as “S1118: Ice hockey” or the patient’s narrative contained the keyword “hockey”, and the Organized 
Sport variable coded as “1” for “Yes” (organized sport involves coaches and/or officials). Patients’ narratives describing 
the injury event in a 25% sample of TBI cases were also individually assessed and coded according to legal versus 
penalizable player interactionsa. Injuries involving other types of hockey were excluded, including informal ice hockey 

a A random sample was coded for legal versus penalizable play, because of the large number of cases (N = 4,641) in the full TBI dataset.
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(often called pick-up hockey or shinny), field hockey, sledge hockey, ball/cosom/floor/street hockey, and other 
variations. Study results are reported as counts (N, n), percentages, and as a normalized frequency distribution 
per 100,000 eCHIRPP records (see Chapter 3 for more information on normalization).

RESULTS
Overall there were 5,154 head injuries during the study period among male patients aged 10 to 19 years, sustained 
while playing organized ice hockey (3,068.7 cases per 100,000 records). Of those, 90% (n = 4,641; 2,763.2/100,000) 
were TBI. Figure 7.1 presents the frequency distribution of organized ice hockey-related TBI among males aged 10 to 
17 years as a trend over time. The overall frequency of cases aged 10 to 17 years declined between 2012 and 2015, 
and then increased thereafter. This trend was most prominent among those aged 11 to 12 years.

FIGURE 7.1: Normalized* annual frequency distribution of traumatic brain injury cases associated with  
male organized ice hockey, eCHIRPP, 2011 to 2017, ages 10 to 17** years, per 100,000 records

0

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

4,500

2017201620152014201320122011

10 (Atom) 11–12 (Peewee) 13–14 (Bantam) 15–17 (Midget) 10–17 (All ages)

#
 C

as
es

/1
00

,0
00

 e
CH

IR
PP

 re
co

rd
s

APC§ 2011 to 2015 (10 to 17 years) = -7.6% (-10.5, -4.5)

Year

2013: Hockey Canada introduces new policy 
banning body checking until Bantam level

* Proportions are expressed as a normalized frequency relative to system denominators (not population denominators). As such, proportions per 100,000 
records are normalized to all male cases in the eCHIRPP database in each calendar year for the given age group, on the data extraction date. See Chapter 3 
for more information.

** Data for 18 and 19 year olds omitted due to small numbers.
§ APC – Annual percent change
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Figure 7.2 presents the age distribution of male organized hockey-related head injuries (all types) and TBI. The highest 
proportion of head injuries overall and TBI was among players aged 13 to 14 years, at 3,444.9 and 3,170.8/100,000 
cases, respectively. 

FIGURE 7.2: Normalized* age** distribution of all head injury cases and traumatic brain injury cases associated  
with male organized ice hockey, eCHIRPP, 2011 to 2017, ages 10 to 19 years, per 100,000 records
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*  Proportions are expressed as a normalized frequency relative to system denominators (not population denominators). As such, proportions per 100,000 
records are normalized to all male cases in the eCHIRPP database for the given age group, on the data extraction date. See Chapter 3 for more information.

**  Results are based on the age at injury; however, ages are grouped to approximate the following Hockey Canada age categories, in terms of a player’s age  
as of December 31st of the current season: Atom – 10 year olds (< 11 years); Peewee – 11 to 12 year olds (under 13 years); Bantam – 13 to 14 year olds 
(under 15 years); Midget – 15 to 17 year olds (under 18 years); Junior – 18 years or older.

§  Note that results in the 18 to 19 years of age category (Junior) should be interpreted with caution due to small numbers. 

Figure 7.3 presents the distribution of TBI according to legal versus penalizable patient-reported player interactions 
within each age group, based on a 25% random sample of TBI cases; it does not account for incidental events where 
no direct interaction with another player was reported (mechanisms of incidental events are presented in Table 7.1). 
Age groups are grouped to approximate the Hockey Canada age categories18. With the exception of players aged 
15 to 17 years (the Midget age category), all age groups showed an overall higher percentage of injuries sustained 
during legal player interactions, although injuries related to penalizable interactions were still all over 40% in the three 
youngest age groups. More than half (55.4%) of reported interactions among players aged 15 to 17 years were 
penalizable (e.g., head checks, intentional tripping, etc.). 
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FIGURE 7.3: Percentage distribution of penalizable player interactions* among traumatic brain injury cases 
associated with male organized ice hockey, by level**, eCHIRPP, 2011 to 2017, ages 10 to 19 years
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* Based on a 25% random sample of the full dataset comprising TBI sustained while playing organized ice hockey, among boys aged 10 to 19 years.

**  Results are based on the age at injury; however, ages are grouped to approximate the following Hockey Canada age categories, in terms of a player’s age  
as of December 31st of the current season: Atom – 10 year olds (< 11 years); Peewee – 11 to 12 year olds (under 13 years); Bantam – 13 to 14 year olds 
(under 15 years); Midget – 15 to 17 year olds (under 18 years); Junior – 18 years or older.

§ Note that results in the 18 to 19 years of age category (Junior) should be interpreted with caution due to small numbers. 

Table 7.1 provides details on the mechanism of injury among patients who sustained a TBI while playing organized ice 
hockey, based on a 25% random sample. Mechanisms are organized according to legal player interactions, penalizable 
player interactions, and other events where no direct interaction with another player was reported by the patient.

Overall, legal player interactions had the highest share at 41.6% of patient-reported TBI mechanisms, while penalizable 
interactions followed closely at 39.4%. The remaining mechanisms were those that reportedly did not directly involve 
another player, at 19.0%. Contact with the boards accounted for nearly half (47.8%) of the injury mechanisms among 
legal interactions, and one-fifth (19.9%) of all injury mechanisms (legal, penalizable, and other). Checks/hits were 
the most common injury mechanism during penalizable player interactions at 60.5%, and the most common injury 
mechanism overall at 23.8%. Nearly half of penalizable hits were to the head (47.2%), and hits to the head comprised 
11.3% of all injury mechanisms. Among other events where the patient did not report direct interaction with another 
player, the most common injury mechanism was contact with the ice at 40.2%, and 7.6% of injury mechanisms overall.

Overall, legal player interactions had the highest share at 41.6% of  
patient-reported TBI mechanisms, while penalizable interactions followed 
closely at 39.4%.
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TABLE 7.1: Mechanism of traumatic brain injuries associated with male organized ice hockey, eCHIRPP, 2011  
to 2017, ages 10 to 19 years (25% random sample of TBI, n = 1,074)

Mechanism*, ** # % Of overall total  
(% of N = 1,074)

LEGAL PLAYER INTERACTIONS

Contact with boards 214 19.9

 Body-checked into boards 178 16.6

 Pushed into boards 29 2.7

 Hit boards while giving check, or other player interaction involving boards 7 0.7

Unintentional collision/contact with body part 111 10.3

Body checked as open ice hit/no contact with boards reported 107 10.0

Other legal player interaction (pulled/knocked/pushed down; other player fell on patient;  
tripped over fallen player)

10 0.9

Struck the goal post after contact with other player 5 0.5

Total legal player interactions 447 41.6

PENALIZABLE PLAYER INTERACTIONS

Illegal checks or hits 256 23.8

 Hit to the head (head-checked, head shot, clotheslined) 121 11.3

 Body checked from behind, including hit head-first into the boards 98 9.1

 Cross-checked 27 2.5

 Other improper body check including charged, boarded, blindsided, cheap-shot 10 0.9

Struck by opponent’s elbow 91 8.5

Struck with opponent’s stick, including stick to face or head, slashed, hooked 26 2.4

Tripped by opponent 21 2.0

Struck by opponent’s knee 10 0.9

Pushed by opponent, including from behind or head-first into the boards 10 0.9

Involved in fight/roughing/was punched* 9 0.8

Total penalizable player interactions 423 39.4

OTHER EVENTS (NO INTERACTION WITH OTHERS REPORTED)

Contact with the ice (after falling/tripping/otherwise losing balance, catching skate edge,  
skating backwards, etc.)

82 7.6

Hit/collided with boards (after loss of control, or NFS§) 74 6.9

Struck by the puck 36 3.4

Struck the goal post 5 0.5

Other events (no recollection of what happened; injury to head NFS§; overheated;  
loss of consciousness/dizziness; struck by door)

7 0.7

Total other events 204 19.0

TOTAL OVERALL 1,074 100.0

* Based on a 25% random sample of the full dataset comprising TBI sustained while playing organized ice hockey, among boys aged 10 to 19 years. A random 
sample was coded because of the large number of cases in the full TBI dataset.

**  The mechanisms as described in the patients’ narratives. When a mechanism could be classified in more than one category, the first non-trivial event that 
was described takes precedent in terms of relevance in the chain of events, and consistency of classification (e.g., “Was hit from behind and fell.” The hit from 
behind would take precedent over the fall).

§  NFS – Not further specified
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DISCUSSION 
This study identified and described cases of TBI and all head injuries related to legal versus penalizable play in male 
organized ice hockey among patients 10 to 19 years of age. The overall frequency (10 to 17 year olds) of these cases 
in the database declined between 2012 and 2015, and then increased thereafter, with the trend being most prominent 
among the 11 to 12 year olds. This may be partly indicative of reduced injury risk among Pee Wee players following 
Hockey Canada’s 2013 policy to delay body checking until the Bantam level (13 to 14 years). The increase from 2015 
onward may be due to increased awareness and reporting.

The frequency of organized hockey-related TBI in relation to all injury cases among males aged 10 to 19 years in 
the eCHIRPP database increased with the older age groups in the study population, and then decreased as players 
reached the 15 to 17 year age group. The literature shows mixed evidence for age as an injury risk factor in youth 
sports. Some research has shown increasing age among adolescents to be associated with increased injury risk19, 
while others argue that younger less experienced players are more prone to injury in certain contexts20.

In this study, both legal and penalizable player interactions causing TBI were distributed relatively consistently across 
the age groups with legal play being more common in all age groups except among 15 to 17 year olds who showed 
a slightly larger proportion of penalizable injury mechanisms. This could be indicative of more aggressive manoeuvring 
such as powerful body checking as players physically develop and play becomes more competitive. Legal plays 
including body checks into the boards contributed to the highest overall share of patient-reported TBI mechanisms; 
penalizable player interactions followed closely, and the most common specific mechanisms of TBI overall in the random 
sample analyzed were illegal checks and hits including head checks and hits from behind. These results are supported 
by the literature which consistently reports body checking as the most common mechanism of injury in ice hockey11–13. 
The distribution of injury mechanisms was substantially different compared to the women’s organized ice hockey study 
also found in this report. This is likely explained in part by body checking being permissible in men’s hockey but not in 
women’s hockey. Moreover, the proportion of TBI attributable to penalizable interactions were considerably lower among 
the men than women, which is also possibly because all body checking is illegal in women’s hockey. Previous research 
comparing men’s and women’s organized ice hockey using earlier CHIRPP data also showed body checking to be an 
important cause of injury among both sexes21.

Injury prevention is an important component of minor hockey in Canada.

An important limitation to note in regards to both studies is that injury mechanisms were classified according to 
patients’ narratives of the injury event; therefore it is possible that some could be misclassified due to missing or 
inconsistently reported information. 

Injury prevention is an important component of minor hockey in Canada. In addition to Hockey Canada’s policy change 
in 2013 to delay body checking until the Bantam level (ages 13 to 14)16, injury prevention is incorporated directly into 
skills development and safety programming22. Moreover, an important development in the management of concussions 
sustained in organized sport in Canada was the July 2017 release of the evidence-based Canadian Guideline on 

Concussion in Sport by Parachute, a national Canadian injury prevention charity, which “…aims to ensure that athletes 
with a suspected concussion receive timely and appropriate care, and proper management to allow them to return to 
their sport”23. Sport specific concussion protocols were then released in 2018 for implementation by national sporting 
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organizations (NSOs)24, and as of December 2019, 45 of 56 NSOs have committed to adopting the protocols. In 2018, 
significant updates were also developed by Canadian experts for the Concussion Awareness Training Tool (CATT) for 
Medical Professionals25, the content of which aligns with the internationally recognized 5th Consensus Statement on 
Concussion in sport26.

All contact sports have an inherent risk of injury due to the physical contact and interaction with other players and the 
high intensity of physical activity. This is evident in the results of this study whereby, even if all illegal interactions were 
reduced, there would still be a sizeable proportion of legal interactions between players that have the potential to cause 
TBI. This highlights the importance of official policies to reduce the risk of injury and the continued emphasis on injury 
prevention when developing skills among young players.
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The Electronic Canadian Hospitals Injury Reporting and Prevention Program 
(eCHIRPP), 2011 to 2017, females, ages 10 to 19 years

INTRODUCTION
Ice hockey is a fast paced contact team sport that involves players from each team using strategy and physical skill 
to score points1. As a result of the high speed of play, the equipment used, and various legal and illegal manoeuvres, 
ice hockey is considered to be high-risk2–4. Canadian data suggest that ice hockey injuries account for 10% of 
adolescent sport injuries5.

Globally, Canada has one of the highest percentages of female players in minor ice hockey at 13.8%6,7. A study of 
female youth ice hockey players found that rates of injuries were lower than among male youth organized ice hockey 
or older female organized ice hockey players, which may be as a result of different rules about body checking for male 
players and possible previous injuries among older female hockey players8. A 2014 study using CHIRPP data found 
that unintentional collisions were the most frequent mechanism of injury among female hockey players and females 
were injured almost twice as frequently due to falls, compared to males9. 

Select details surrounding the traumatic brain injury (TBI) event concerning play legality (e.g., unintentional collisions 
versus prohibited head checks) are reported in CHIRPP that are not available in other health administrative data sources 
coded with the following ICD-10-CA codes: W21.02 striking against or struck by hockey stick; W21.03 striking against 
or struck by hockey puck; W22.02 striking against or struck by other objects while playing hockey; and W51.02 striking 
against or bumped into by another person in hockey10. Therefore, the objective of this study was to identify and describe 
cases of traumatic brain injuries (TBI) and all head injury cases in female organized ice hockey among patients aged 10 
to 19 years old that were captured in eCHIRPP database.

METHODS
Records entered into the eCHIRPP system with an injury date between April 1, 2011 and July 17, 2017 were extracted 
from the CHIRPP database for females between the ages of 10 to 19 years old (120 to 239 months) (N = 117,272). 
From this dataset all head injuries (including TBI) were extracted using the surveillance definitions described previously 
in the Methods section of this report. Female organized ice hockey-related injuries were selected if the sports and 
recreation (SPAR) variable was coded as “S1118: Ice Hockey” or “S1126: Hockey, NFS” or the patient’s narrative 
contained the keyword “hockey”, and the Organized Sport variable was coded as “Yes” (organized sport, involves 
coaches and/or officials) or “Unknown”. A semi-automated procedure, using other variables (location, contributing 
factors) and keywords, was used to verify cases and remove irrelevant ones (e.g. floor hockey, foot hockey, ball hockey, 
figure skating, air hockey, or ringette, pick-up hockey).
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Another semi-automated procedure, with built-in hierarchical rules, was used to examine the narratives and code 
the circumstances surrounding the injury event. Detailed codes describing various player interactions (rule adherence, 
penalizable or legal) as well as incidental cases (no other player involved) were generated. For women’s hockey, all 
organized play is non-contact (intentional), therefore all body checks were considered illegal. Age at time of injury was 
used to categorize players into Hockey Canada levels of play, i.e. Atom (10 year olds), Peewee (11 and 12 year olds), 
Bantam (13 and 14 year olds), Midget (15 to 17 year olds), Junior (18 and 19 year olds)11. Study results are reported 
as counts (N, n), percentages, annual percent change (APC) with 95% confidence intervals (CI), and as a normalized 
frequency distribution per 100,000 eCHIRPP records (see Chapter 3 for more information on normalization).

RESULTS
A total of 712 cases of female organized hockey-related head injuries were identified, 692 of which were TBI (97.2%), 
representing a frequency of 607.1 injuries and 590.1 injuries per 100,000 eCHIRPP cases, respectively. Figure 8.1 
presents the annual trends for TBI by age division and all ages combined (10 to 19 years). Due to the small number of 
cases (n = 6), the trend for Junior (18 to 19 years) is not shown. Overall, for 10 to 19 year-old girls, from 2013 to 2017, 
there is a falling trend with an annual percent change of -15.2% (-25.3, -3.6). There is some suggestion of an increase 
from 2016 at the Atom and Bantam divisions and a further decrease at the Midget level, but further surveillance will be 
required to identify a stable trend. Figure 8.2 displays the age distribution of TBI cases associated with female 
organized hockey, with the majority of cases occurring at the bantam level (13 or 14 years old), with a normalized 
frequency of 819.0/100,000 eCHIRPP cases.

FIGURE 8.1: Normalized* annual frequency distribution of traumatic brain injury cases associated with female 
organized ice hockey, eCHIRPP, 2011 to 2017, ages 10 to 19 years** §, per 100,000 records
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*  Proportions are expressed as a normalized frequency relative to system denominators (not population denominators). As such, proportions per 100,000 
records are normalized to all female cases in the eCHIRPP database in each calendar year for the given age group, on the data extraction date.  
See Chapter 3 for more information.

** Separate trend for Junior (18 to 19 years) is not included due to small numbers.
§  Results are based on the age at injury; however, ages are grouped to approximate the following Hockey Canada age categories, in terms of a player’s age  

as of December 31st of the current season: Atom – 10 year olds (< 11 years); Peewee – 11 to 12 year olds (under 13 years); Bantam – 13 to 14 year olds 
(under 15 years); Midget – 15 to 17 year olds (under 18 years); Junior – 18 years or older.

†  APC – Annual percent change
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FIGURE 8.2: Normalized* age** distribution of traumatic brain injury cases associated with female organized ice 
hockey, eCHIRPP, 2011 to 2017, ages 10 to 19 years, per 100,000 records
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*  Proportions are expressed as a normalized frequency relative to system denominators (not population denominators). As such, proportions per 100,000 
records are normalized to all female cases in the eCHIRPP database for the given age group, on the data extraction date. See Chapter 3 for more information.

**  Results are based on the age at injury; however, ages are grouped to approximate the following Hockey Canada age categories, in terms of a player’s age  
as of December 31st of the current season: Atom – 10 year olds (< 11 years); Peewee – 11 to 12 year olds (under 13 years); Bantam – 13 to 14 year olds 
(under 15 years); Midget – 15 to 17 year olds (under 18 years); Junior – 18 years or older.

§  Note that results in the 18 to 19 years of age category (Junior) should be interpreted with caution due to small numbers.

The distribution of penalizable player interactions within each level of play is portrayed in Figure 8.3, where the majority 
of injuries were due to penalizable player interactions, at all levels.
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FIGURE 8.3: Percentage distribution of penalizable player interactions* among traumatic brain injury cases 
associated with female organized ice hockey, by level**, eCHIRPP, 2011 to 2017, ages 10 to 19 years
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*  Incidental injuries were not included in these estimations.

**  Results are based on the age at injury; however, ages are grouped to approximate the following Hockey Canada age categories, in terms of a player’s age  
as of December 31st of the current season: Atom – 10 year olds (< 11 years); Peewee – 11 to 12 year olds (under 13 years); Bantam – 13 to 14 year olds 
(under 15 years); Midget – 15 to 17 year olds (under 18 years); Junior – 18 years or older.

§  Note that results in the 18 to 19 years of age category (Junior) should be interpreted with caution due to small numbers.

Overall, injuries in female organized hockey were most frequently due to penalizable player interactions (62.9%), 
followed by incidental events (31.4%) (Table 8.1). Among legal interactions, unintentional collisions were the most 
common mechanism accounting for more than half (52.5%) of such cases. Among injuries related to penalizable player 
interactions, the majority of cases were due to checks (77.9%), with head checks accounting for 83.5% of all checks. 
Female organized hockey-related TBI resulted in admission to hospital in 1.3% of cases.

Overall, injuries in female organized hockey were most frequently due to 
penalizable player interactions (62.9%), followed by incidental events (31.4%).
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TABLE 8.1: Mechanism of traumatic brain injuries associated with female organized hockey, eCHIRPP, 2011 to 2017, 
ages 10 to 19 years

Mechanism # % of overall total 

LEGAL PLAYER INTERACTIONS

Unintentional collision 21 3.0

Other legal player interaction (other player fell on patient; tripped over fallen player) 16 2.3

Struck the goal post after contact with other player 3 0.4

Total legal player interactions 40 5.8

PENALIZABLE PLAYER INTERACTIONS

Checks/hits 333 48.1

Hit to the head 283 40.9

Body-checked from behind, including hit head-first into the boards 20 2.9

Cross-check 2 0.3

Other 28 4.0

Struck by opponent’s stick 29 4.2

Tripped by opponent 24 3.5

Involved in fight 17 2.5

Struck by opponent’s elbow 15 2.2

Contact with boards 12 1.7

Body-checked into boards 6 0.9

Pushed into boards 2 0.3

Other 4 0.6

Struck by opponents knee 5 0.7

Total penalizable player interactions 435 62.9

INCIDENTAL (NO INTERACTION WITH OTHER PLAYER)

Fall (tripping, losing balance, catching skate edge, skating backwards, etc.) 137 19.8

Hit/collided with boards 43 6.2

Contact with ice

Struck by the puck 36 5.2

Struck the goal post 1 0.1

Total incidental 217 31.4

TOTAL OVERALL 692 100.0

DISCUSSION 
In this study, the majority of head injury-related ED visits in female organized ice hockey were classified as a TBI. 
Putting this in context of all types of injuries associated with female ice hockey however, TBI (concussion specifically) 
accounted for 15.1% of overall injuries based on a recent study (ages 9 to 17 years, all points of healthcare contact)8 
and the sports and recreation study found in Chapter 6 in this report indicates that TBI represents between 30.9% 
and 37.1% of all injuries, depending on age (5 to 19 years, sentinel surveillance of ED visits). When comparing ice 
hockey injuries among male and female players, another CHIRPP study from 20149 reported that males were more 
often injured than females through body checking (42.8% among males compared with 25.7% among females). In 
the current analysis of female and male organized ice hockey-related TBI (see Chapters 7 and 8 of this report), among 
all mechanisms involving player interactions (i.e. excluding incidental mechanisms) females had a higher proportion of 
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TBI related to checking and hitting compared to males (71.4% vs. 49.9%). Although from the same data source, the 
2014 CHIRPP study and the two studies in this report differ in two ways. The 2014 study looked at all injuries while the 
studies in the current report were focussed on TBI. Also, the 2014 study used less detailed coding of injury mechanisms 
compared to those in this report. An interesting finding from the two hockey studies in this report relates to hits to the 
head, which are illegal in both men’s and women’s hockey. Among males, hits to the head account for 29.4% of all 
non-incidental cases compared to 59.6% for females. Since all body checking in female hockey is illegal12 it is possible 
that an unintended consequence of this rule is an increase in illegal hits (proportionally). Further research is needed to 
determine the reason for this difference.

Injury prevention is important in all forms of sport. Accordingly, it has  
been incorporated into skills development and safety programming by 
Hockey Canada18.

 

In addition to differences on the basis of sex, we also observed differences among the levels (age groups) of play among 
female ice hockey players. Over time, TBI were lowest among the Atom and the Junior levels of play, and were highest 
among Bantam players, which is similar to previously reported distributions for female ice hockey injuries of any type13.

Penalizable player interactions accounted for the majority of injuries, with a large proportion of TBI due to contact with 
an opponent. This is consistent with reports based on youth ice hockey overall1 and even hockey in the National Hockey 
League14. The high proportion of TBI associated with illegal contact further supports the enforcement of penalties for 
illegal contact and risky play in youth hockey. Examining the efficacy of such measures, a higher rate of concussion was 
observed in sport leagues that permitted body checking relative to those where it was not allowed1, 15. Furthermore, rules 
to ban body checking have been shown to decrease the incidence of concussion after two years1, 16, 17. Most of these 
studies have been conducted looking at male hockey. Female hockey may have more subtle differences which need 
to be examined more thoroughly.

It is important to note the limitation that injury mechanisms in this study were classified according to patients’ 
narratives of the injury event; therefore it is possible that some could be misclassified due to missing or inconsistently 
reported information. 

Injury prevention is important in all forms of sport. Accordingly, it has been incorporated into skills development and 
safety programming by Hockey Canada18. With the 2017 release of evidence-based Canadian Guideline on Concussion 

in Sport by Parachute Canada19, there is momentum to ensure that athletes who have sustained a suspected concussion 
receive timely and appropriate care, and proper management to allow them to return to their sport. Sport specific 
concussion protocols were released in 2018 for implementation by national sporting associations (NSOs)20, and as 
of December 2019, 45 of 56 NSOs have committed to adopting the protocols. In 2018, significant updates were also 
developed by Canadian experts for the Concussion Awareness Training Tool (CATT) for Medical Professionals21, the 
content of which aligns with the internationally recognized 5th Consensus Statement on Concussion in sport22.The 
descriptions of the mechanisms by which TBI are occurring in female ice hockey as presented in this study may be 
useful to inform further efforts to prevent injury in this sport. 
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The Electronic Canadian Hospitals Injury Reporting and Prevention Program 
(eCHIRPP), 2011 to 2017, females, ages 14 to 19 years

INTRODUCTION
Participants of any sport are at risk of traumatic brain injury (TBI), but the majority of sport-related TBI are sustained 
playing contact-collision and high-velocity sports1. A Canadian study on mechanisms of team sport-related brain 
injuries found that striking another player was the most common injury mechanism2. Rugby involves tackling and 
collisions with other players and is associated with an increased risk of TBI1, 3. The International Rugby Board estimates 
that globally 6.6 million people play rugby and its popularity is on the rise4.

Responding to mounting evidence on increasing rates of concussion among several youth sport and recreational 
(SPAR) activities popular in Canada5, on March 7, 2018, Ontario’s Bill 193, Rowan’s Law was passed, requiring sports 
organizations to address concussion safety in terms of a code of conduct, removal-from-sport protocol for athletes 
with suspected concussion, and a return-to-sport protocol6, 7. Ontario’s Rowan Stringer was 17 years old when she 
tragically died in 2013 from Second Impact Syndrome after sustaining three concussions in less than a week before 
her death while playing high school rugby8. More information about Second Impact Syndrome and Rowan’s Law can 
be found earlier in this report in the Introduction/Background chapter.

The objective of this study was to identify and describe cases of TBI and all head injuries related to female organized 
rugby that were captured within eCHIRPP database. For TBI specifically, select details surrounding the injury event are 
reported in eCHIRPP that are not available in other health administrative data sources with ICD coding. For example, 
cases specific to rugby only, and certain mechanisms of injury such as whether a player was tackled versus a head-to-
head collision with another player cannot be identified in ICD coded data with the existing ICD-10 codes: W22.03 
Striking against or struck by other objects while playing football/rugby, W51.03 Striking against or bumped into by 
another person in football/rugby9.

METHODS
Records in the eCHIRPP database with an injury date from April 1, 2011 onward were extracted on June 27, 2017. 
Cases of TBI and other head injuries related to organized rugby were identified among females aged 14 to 19 years 
(168 to 239 months). Using the TBI and head injury surveillance definitions described earlier in the Methods section 
of this report, case identification criteria also included records with the SPAR variable coded as “1122S: Rugby” or the 
patient’s narrative containing the keyword “rugby”, and the Organized Sport variable coded as “1” for “Yes”. Study 
results are reported as counts (N, n), percentages, and as a normalized frequency distribution per 100,000 eCHIRPP 
records (see Chapter 3 for more information on normalization).
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RESULTS
Overall there were 487 organized rugby-related head injury cases among females aged 14 to 19 years during the 
study period, of which TBI comprised 85.2% (N = 415). Figure 9.1 presents the frequency distribution of organized 
rugby-related TBI cases among females aged 14 to 19 years, as a trend over time. The frequency of cases declined 
between 2011 and 2012, and then steadily increased in 2013 and beyond. 

FIGURE 9.1: Normalized* annual frequency distribution of traumatic brain injury cases associated with female 
organized rugby, eCHIRPP, 2011 to 2017, ages 14 to 19 years, per 100,000 records
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*  Proportions are expressed as a normalized frequency relative to system denominators (not population denominators). As such, proportions per 100,000 
records are normalized to all female cases in the eCHIRPP database in each calendar year, on the data extraction date. See Chapter 3 for more information.

**  APC – Annual percent change. Note that APC was not calculated for 2011 to 2013 due to insufficient data for a stable result.

Figure 9.2 presents the frequency distribution of organized rugby-related TBI and other head injury among females 
aged 14 to 19 years. Rugby-related head injuries (all types) were most frequent among females aged 17 years 
(1,430.5/100,000, n = 116), followed by females aged 16 years (1,257.4/100,000, n = 161). Conversely, TBI  
were most frequent among females aged 16 years (1,140.3/100,000, n = 146), followed by females aged 17 years 
(1,134.5/100,000, n = 92).
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FIGURE 9.2: Normalized* age distribution of all head injury cases and traumatic brain injury cases associated  
with female organized rugby, eCHIRPP, 2011 to 2017, ages 14 to 19 years, per 100,000 records
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*  Proportions are expressed as a normalized frequency relative to system denominators (not population denominators). As such, proportions per 100,000 
records are normalized to all female cases in the eCHIRPP database for the given age, on the data extraction date. See Chapter 3 for more information.

Table 9.1 presents information on where the patient was playing rugby when the injury occurred, with nearly half 
of patients (46.5%, n = 193) having indicated a secondary school or post-secondary institution. Nearly one-third of 
patients reported being injured at a sports field, but without providing additional details on whether the injury happened 
at a school versus a public park or other sports facility.

TABLE 9.1: Location of injury event, traumatic brain injuries associated with female organized rugby, eCHIRPP,  
2011 to 2017, ages 14 to 19 years

Location # %

School (secondary and post-secondary), including indoor and outdoor areas 193 46.5

Public park 44 10.6

Other facility for land-based sport 35 8.4

Sports field, NFS* 123 29.6

Other** 7 1.7

Unknown 13 3.1

Total 415 100.0

*  NFS – Not further specified 

**  Other includes: stadium/area, sports field at other person’s home incl. military base, fitness training facility, other facility for sports and recreation.
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Table 9.2 presents the mechanism of injury among female patients who sustained a TBI while playing organized rugby. 
More than half (55.2%, n = 229) of patients reported being injured while involved in a tackle. Among cases where 
details of the tackle were reported (sustained versus instigated, n = 211) 77.3% of TBI patients reported being tackled. 
Head-to-head collisions were reported among 10.1% of TBI patients.

More than half (55.2%, n = 229) of patients reported being injured while 
involved in a tackle.

TABLE 9.2: Mechanism of traumatic brain injuries associated with female organized rugby, eCHIRPP, 2011 to 2017, 
ages 14 to 19 years

Mechanism* # %

Tackle 229 55.2

Tackle sustained 163 39.3

Tackle instigated 48 11.6

Tackle NFS** 18 4.3

Head-to-head collision 42 10.1

Hit by specified body part (e.g., knee to the head) 27 6.5

Fell or tripped 20 4.8

Head hit by/on another player, or hit head NFS** (excluding head-to-head collision) 18 4.3

Kicked (unintentional) 16 3.9

Knocked down/pulled down/hit by another player, or hit NFS** (“tackle” not reported) 15 3.6

Collision with another player (excluding head-to-head collision) 13 3.1

Ruck or scrum-related§ 9 2.2

Hit by ball 7 1.7

Foul play (e.g., punched, illegal hit)† 6 1.4

Other‡ 11 2.7

Mechanism not specified 2 0.5

Total 415 100.0

*  The mechanisms as described in the patients’ narratives. When a mechanism could be classified in more than one category, the first non-trivial event that was 
described takes precedent in terms of relevance in the chain of events, and consistency of classification (e.g., “Was tackled and fell.” The tackle would take 
precedent over the fall).

**  NFS – Not further specified 
§  A ruck is when two sets of forwards convene around the ball competing to possess it. The object of the scrum is to resume play after a stoppage for a minor 

infraction.
†  Foul play is intentional aggression/inflicted injury by another player (e.g., punched by another player).
‡  Other includes: hit head on ground, fallen on/stepped on by another player, collided with goal post, bodily contact NFS.

Among TBI patients, the first injury reported (Nature of Injury “1”) was a concussion or minor closed head injury at 
90.1%, denoting that the remaining TBI patients reported other more serious injuries, for e.g., a fracture. Less than 1% 
of TBI cases were admitted to hospital.
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DISCUSSION
This study examined the epidemiology of organized rugby-related TBI and all head injuries among females aged  
14 to 19 years. It complements other rugby studies and adds to the knowledge of TBI among female adolescent  
rugby players specifically2, 10, 12, 20.

In this study, TBI comprised most frequent head injuries among female rugby players. Other research has also shown 
a notable proportion of rugby-related injuries among adolescent females to be TBI10.

The frequency of cases declined between 2011 and 2012, and then steadily increased in 2013 and beyond. 
Although reasons for the initial decline are unclear, the recent increases may be due to rugby’s rising popularity, 
greater participation, and increased awareness and reporting of TBI. Regarding age differences, the frequency of cases 
increased between the ages of 14 and 16 years and then decreased. The literature shows mixed evidence for age as 
an injury risk factor in youth sports. Some research has shown that younger, less experienced athletes are actually 
more prone to injury in certain contexts13, while others argue increasing age among adolescents is associated with 
increased injury risk14, 15. 

In this study, tackling was the leading injury mechanism among TBI patients, adding to the evidence that tackling is the 
most common mechanism of rugby-related injury overall3, 12, and among rugby players who sustained a brain injury2, 15. 
The most common location of the injury events were school settings which is expected given the age group examined 
and because many schools have rugby programs and sports fields. 

Injury prevention and management is an important component of organized rugby in Canada. Transition to tackling and 
other player contact is not introduced until the “rookie rugby under-11” age category, and all age-grade rugby players 
in Canada are required to wear mouth guards16. While a systematic review on the effectiveness of strategies to prevent 
neurological injuries in rugby found only limited evidence of mouth guards’ and headgear’s effectiveness for preventing 
these rugby-related injuries, education strategies aimed at reducing brain or spinal injuries were found to be significantly 
more effective17.

Injury prevention and management is an important component of organized 
rugby in Canada.

 

Rugby Canada’s PlaySmart program “is a Player Welfare program that aims to educate players, parents, coaches, 
match officials and administrators on the safety of rugby across Canada”18. It also includes a concussion management 
module that all registered coaches and match officials are required to complete every 12 months18. The July 2017 
release of the evidence-based Canadian Guideline on Concussion in Sport by Parachute, a national not-for-profit 
Canadian injury prevention organization, also “…aims to ensure that athletes with a suspected concussion receive 
timely and appropriate care, and proper management to allow them to return to their sport”19. Sport specific concussion 
protocols were then released in 2018 for implementation by national sporting organizations (NSOs), and as of December 
2019, 45 of 56 NSOs have committed to adopting the protocols20. In 2018, significant updates were also developed 
by Canadian experts for the Concussion Awareness Training Tool (CATT) for Medical Professionals21, the content of 
which aligns with the internationally recognized 5th Consensus Statement on Concussion in Sport22.



83 /  INJURY IN REVIEW 2020 EDITION

9.  Sentinel surveillance of emergency department visits: Female organized rugby

This study provided additional evidence of TBI risk while playing rugby, in particular related to the type of player-to-player 
contact. All contact sports have an inherent risk of injury due to the physical contact and interaction with other players 
and high intensity of physical activity. Better understanding of the epidemiology of rugby-related TBI among female 
adolescents together with continued education strategies for the rugby community (including players, coaches, officials 
and parents), and safety oriented player training are essential for advancing evidence-based injury prevention efforts.
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10.  Sentinel surveillance of emergency department visits: Bleachers and grandstands

The Canadian Hospitals Injury Reporting and Prevention Program  
(CHIRPP/eCHIRPP), 2007 to 2017

INTRODUCTION
Bleachers and grandstands are common indoor and outdoor stepped seating structures found at sporting and other 
spectator events, and are generally categorized as one of the following types: fixed, portable, telescopic/folding, or 
temporary1. Bleachers and grandstands also often have no backrests and can be hazardous to people using them 
and to others engaged in sports and other activities nearby. 

Some of the injury mechanisms include falling while on the structures, falling to the ground, colliding with them, 
entrapment, and even collapses. Although large scale collapses are rare, they invariably result in critical injuries and 
even fatalities. Internationally there have been 93 documented incidents of spectator seating collapses between 1889 
and 2008 killing 85 people and injuring more than 6,3002. One of the most devastating bleacher collapses happened 
at a soccer match in Bastia, France in 1992 when a large section of temporary spectator seating in the Furiani stadium 
collapsed under 2000 spectators, killing 18 people and injuring hundreds more³. An investigation revealed multiple 
factors caused the collapse including engineering errors, insufficient planning and oversight, rushed construction, 
and non-compliance with safety procedures3. 

A Canadian incident causing serious injuries was the failing of a defective railing in the grandstands at Lansdowne Park, 
Ottawa, Ontario during a 1987 university football game, when 30 spectators fell from the stands4. Also in Canada, a 
previous surveillance study showed that 765 bleacher-related injuries were reported to CHIRPP between 1990 and 
2002, with nearly half of those being to the head, face or neck5. In the United States, according to the National Electronic 
Injury Surveillance System (NEISS)6 it is estimated that in 2016 alone there were more than 19,100 bleacher-related 
injuries7, and between 1980 and 2003 there were 19 fall-related deaths involving bleachers in the US1. 

The ICD-10 code most likely to be used for bleacher-related incidents given that falls are the most common injury 
mechanism is W13: fall from, out of or through building or structure; however, it is not possible to isolate bleacher-related 
incidents from records using this code because it is also used to classify a variety of other incidents such as falls from 
balconies, buildings, bridges, and other structures8. Other ICD-10 codes applicable to bleacher-related injuries, for 
instance those used to code falls on the same level and falls from stairs (among other mechanisms) are also used 
to capture a variety of contexts and are therefore not specific to bleacher-related incidents. Cases of injury and injury 
events coded in CHIRPP provide more detail than ICD coded administrative health data sources. CHIRPP coding is 
able to identify injuries specific to bleachers and grandstands and to identify other relevant factors such as location 
on the stands where the injury occurred and the height involved in falls. The objective of this study was to identify 
and describe cases of traumatic brain injury (TBI) and all head injuries related to bleachers and grandstands captured 
within the CHIRPP/eCHIRPP.
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METHODS
Records in the CHIRPP’s data holdings (both the historical CHIRPP database, and more current eCHIRPP database) 
with an injury date from January 1, 2007 onward were extracted on June 27, 2017. Cases of TBI and other head 
injuries related to bleachers and grandstands were identified for all ages. Using the TBI and head injury surveillance 
definitions described earlier in the Methods section of this report, case identification criteria also included records with 
the Direct Cause or any of the Contributing Factor variables were coded as “1013F: Grandstands and bleachers” or 
the  patient’s narrative contained English and French keywords “bleacher,” “stands” (which captures “grandstands” 
or “stands”), “riser,” “gradins,” or “estrade.” Grammatical variations of keywords were also incorporated to maximize 
record identification. Spectators using bleachers or grandstands who were struck with hockey pucks, baseballs or 
other sporting projectiles were excluded from this study. Study results are reported as counts (N, n), percentages, and 
as a normalized frequency distribution per 100,000 CHIRPP/eCHIRPP records (see the Methods chapter for more 
information on normalization). 

RESULTS
Overall there were 440 bleacher-related head injury cases among patients of all ages during the study period 
(34.8/100,000 records), and of those, nearly half were TBI (n = 195, 44.3%, 15.4/100,000). Figure10.1 presents the 
frequency distribution of bleachers and grandstand-related head injury cases as a trend over time. The annual percent 
change (APC) for all head injuries and TBI was stable over the 11-year period. 

FIGURE 10.1: Normalized* annual frequency distribution of all head injury cases and traumatic brain injury cases 
associated with bleachers and grandstands, CHIRPP/eCHIRPP, 2007 to 2017, per 100,000 records
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Figure 10.2 presents the frequency distribution of bleacher- and grandstand-related head injuries by age group.  
All head injuries and TBI were highest among children aged 2 to 9 years (all head injuries N = 303; 67.6/100,000,  
TBI n = 116, 25.9/100,000).

FIGURE 10.2: Normalized* age distribution of all head injury cases and traumatic brain injury cases associated with 
bleachers and grandstands, CHIRPP/eCHIRPP, 2007 to 2017, per 100,000 records
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 *  Proportions are expressed as a normalized frequency relative to system denominators (not population denominators). As such, proportions per 100,000 
records are normalized to all cases in the CHIRPP and eCHIRPP databases for the given age group, on the data extraction date. See Chapter 3  
for more information.

The distribution of TBI by age and sex is presented in Figure 10.3. Males aged 2 to 9 years had the highest frequency 
of cases (n = 73, 28.6/100,000 records), and females in the same age group followed (n = 43, 22.3/100,000 records). 
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FIGURE 10.3: Normalized* age and sex distribution of traumatic brain injury cases associated with bleachers  
and grandstands, CHIRPP/eCHIRPP, 2007 to 2017, per 100,000 records
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Table 10.1 presents information on the location where the injury occurred. Nearly a third (30.8%) of bleacher-related 
TBI were sustained in a school setting, followed by a stadium or arena (26.7%). 

TABLE 10.1: Location of injury event, traumatic brain injuries associated with bleachers and grandstands, CHIRPP/
eCHIRPP, 2007 to 2017

Location # %

School (K-12, and post-secondary) 60 30.8

Gymnasium 28 14.4

Other or unspecified area 32 16.4

Stadium or arena 52 26.7

Other sports or recreation facility 40 20.5

Public park 23 11.8

Other* 11 5.6

Unspecified location 9 4.6

Total 195 100.0

*  Other includes: amusement park, community centre, entertainment place (e.g., casino), roadway, or other specified location.
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The mechanism of injury among patients who sustained a TBI while using bleachers is presented in Table 10.2. 
A considerable proportion of TBI (42.1%) happened when a person fell off the bleachers, although the height of the 
fall was unreported in nearly half of those cases. Among falls from the bleachers with reported height (n = 46) 60.8% 
of those were from at least five feet high (at least 1.52 m; n = 28). A fifth (21%) of TBI happened when the patient fell 
while on the structure (e.g., tripped and fell among the seats) while another 16.4% collided with bleachers while on the 
ground. Fewer than five cases of TBI were admitted to hospital, and some of those were caused by falls from height.

A considerable proportion of TBI (42.1%) happened when a person fell off  
the bleachers, although the height of the fall was unreported in nearly half  
of those cases.

TABLE 10.2: Mechanism of traumatic brain injuries associated with bleachers and grandstands, CHIRPP/eCHIRPP, 
2007 to 2017

Mechanism* # %

Fell from structure to ground 82 42.1

Height not specified 36 18.5

<5 feet 18 9.2

5 to 9 feet 22 11.3

10 to 18 feet 6 3.1

Fell while on structure (e.g., running/playing among seats and fell) 41 21.0

Collided with structure (e.g., ran into bleachers while playing basketball, or while running/playing under it) 35 17.9

Fell while ascending/descending/climbing on stairs or seating 20 10.3

Fainted while on structure, including fell off 7 3.6

Other** 10 5.1

Total 195 100.0

*  The mechanisms as described in the patients’ narratives. When a mechanism could be classified in more than one category, the first non-trivial event that was 
described takes precedent in terms of relevance in the chain of events, and consistency of classification (e.g., “Was climbing stairs and fell.” Climbing stairs 
would take precedent over simply falling while on the structure, which is a separate category”).

**  Other includes: Jumped off structure; structure fell on top of patient; fell and impacted structure while intoxicated (not specified whether patient was on ground 
or structure); slipped and fell on broken step; non-fall related impact of structure while on it (e.g., hit head on post while upright).

DISCUSSION
Research on the epidemiology of injuries related to bleachers and grandstands is scarce. Published work on spectator 
injuries overwhelmingly concerns hazards such as being struck by airborne pucks, bats and balls (and associated liability 
issues), or consists of clinical case studies9–12. The injury patterns reported in this study are similar to previously reported 
CHIRPP statistics, and add to the surveillance knowledge on injuries including TBI related to bleachers and grandstands.
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Head injuries (all types) and TBI were most common among young children 
aged 2 to 9 years of age, and overall falling to the ground was the most 
common cause of TBI.

No annual increase or decrease was evident; the trend was persistent over the 11-year period. Head injuries (all types) 
and TBI were most common among young children aged 2 to 9 years of age, and overall falling to the ground was the 
most common cause of TBI. This was expected given many bleachers have open sides without handrails, openings 
large enough for young children to fall through, and many young children may treat bleachers and grandstands like 
play structures by climbing and running on them. In 2000, for the prevention of falls from bleachers, the US Consumer 
Product Safety Commission released the voluntary Guidelines for Retrofitting Bleachers1: recommendations address 
fall hazards including missing guardrails from the backs of bleachers, the open sides, and openings in the seating 
and guardrail apparatuses.

In terms of sex differences, males aged 2 to 9 years of age had the highest frequency of TBI. Epidemiological studies 
have found males to be more at risk of TBI and other injury than females in most contexts. Differences in risk-taking 
behaviours, parenting, gender roles, socioeconomic factors, and other factors have been studied in relation to injury 
risk among the sexes13, 14.

Nearly a third of TBI related to bleachers and grandstands were sustained in a school setting which is expected given 
the largely paediatric population within CHIRPP, and because many schools have sports fields and or gymnasiums with 
spectator seating. Not surprisingly, stadiums/arenas or other sports facilities were the second and third most common 
location where TBI were sustained, respectively. 

Bleachers and grandstand seating may seem like innocuous structures, and in Canada must be built to comply with the 
National Building Code’s safety standards15; however, it is apparent that while they are a common and practical solution 
for seating crowds at spectator events and are built according to safety standards, they can still pose significant hazards 
that can lead to TBI and other injuries, especially among young children and often due to falls. This study provides 
additional evidence on the risk of sustaining TBI on and around bleachers and grandstands and is useful for targeting 
injury prevention efforts. Prevention approaches should be multifaceted including heightened parental supervision of 
young children while on and around bleachers and grandstands, and improved product design incorporating additional 
safety features such as backrests and hand rails where needed. 
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11.  Sentinel surveillance of emergency department visits: TV tip-overs

The Electronic Canadian Hospitals Reporting and Prevention Program 
(eCHIRPP), 2011 to 2017, ages 0 to 9 years

INTRODUCTION
Televisions (TVs) are a ubiquitous product in most Canadian households and children spend considerable time in 
proximity to them. A number of reports from different countries have identified TV tip-overs to be associated with serious 
paediatric injuries1–6. ICD-10 coding does not have enough specificity to identify television tip-overs; the most specific 
code is W20—Struck by thrown, projected or falling object. For injury prevention purposes, more detailed information is 
required. One of the first presentations (using CHIRPP data) on child injuries associated with TV tip-overs was at the 2002 
6th World Conference on Injury Prevention and Control7. That report indicated that more distal points of the body (below 
knee and head) were injured most frequently and some of the head injuries were very serious. From that study, spanning 
1990 to 2001, 4.5 of every 100,000 CHIRPP ED visits among children less than ten years of age involved a traumatic 
brain injury (TBI) associated with a toppling television. A number of updates (unpublished internal report) showed a 
significantly increasing trend to 59.4 per 100,000 CHIRPP records in the period 2006 to 2009, likely due to the availability 
of larger TVs and the increase in the proportion of multi-TV households1. With the advent of LCD and plasma televisions, 
which are able to be mounted on the wall and are thinner, lighter and more stable than their cathode-ray tube (CRT) 
forerunners, it was expected that the risk of tip-over injuries would be reduced1, 2, 8. The purpose of this study was to 
provide a further update using current CHIRPP data (2011 to 2017) to study recent trends in TV tip-over-related head 
and TBI.

METHODS
All cases of TBI and other head injuries (refer to previous section for CHIRPP surveillance definitions) among children 
under 10 years of age were identified from a current extract of the eCHIRPP database (all cases, 0 to 119 months, 
entered into the system between April 1, 2011 and October 1, 2017, N = 393,581). Among this subset of cases, 
TV tip-overs were identified by a narrative search using the following text strings: ‘TV’, ’tele’, ‘cathode’, ‘tube’, ‘CRT’, 
‘LCD’, ‘plasma’, ‘flat screen’. An automated program (SAS PC Version 9.3) was used to remove irrelevant cases 
(e.g. ‘telephone pole’, ‘ATV’). The remaining cases were reviewed manually and the narrative information coded to 
gain further details of the injury event. 

RESULTS
Overall, 185 cases of tip-over-related head injuries were identified, 128 (69.2%) of which were TBI (32.5/100,000 
eCHIRPP records). Figure 11.1 shows the annual trend for all head injuries and the TBI cases. Both show a falling 
trend, with all head injuries declining at a faster rate. TBI account for a larger percentage of all head injuries in recent 
years; (50% in 2011 increased to 82 to 83% in 2016 to 2017). Figure 11.2 details the age distribution by single year. 
Children 2 to 4 years of age are injured most frequently at 55.0/100,000 eCHIRPP records. Overall, 56.7% were males.
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FIGURE 11.1: Normalized* annual frequency distribution of all head injury cases and traumatic brain injury cases 
associated with television tip-overs, eCHIRPP, 2011 to 2017, ages 0 to 9 years, per 100,000 records
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FIGURE 11.2: Normalized* age distribution of traumatic brain injury cases associated with television tip overs, 
eCHIRPP, 2011 to 2017, ages 0 to 9 years, per 100,000 records
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The type of TV was reported in 34% of the TBI cases (n = 44). Of those, three-quarters were identified as old style 
cathode ray tube (CRT) and 25% were flat screen (including plasma and LCD). There was only one reported case 
where a wall-mounted flat screen fell. TV size was reported in 26.6% of incidents, 59% of which were 27 to 36 inch 
TVs. Table 11.1 details the specific circumstances surrounding the tip-over event. Of the TBI cases, 25.8% were 
admitted to hospital and there were 3 deaths among 1 to 3 year olds (2.3%). Overall, the 128 patients sustained 
144 injuries (12.5% with multiple injuries). Table 11.2 shows the distribution of injuries within the TBI surveillance 
definition. Figure 11.3 shows the distribution of areas/locations where the injury occurred by era. 

TABLE 11.1: Circumstances of traumatic brain injuries associated with television tip-overs, eCHIRPP, 2011 to 2017, 
ages 0 to 9 years

Circumstance/mechanism # % 

Push, Pull (TV, wires, stand) 35 27.3

Dresser-Related 28 21.9

Climbing 11 8.6

Patient bumped into 7 5.5

Other person bumped into 5 3.9

Other, unknown* 42 32.8

Total 128 100.0

*  Includes tip-over caused by vibration, found with TV on top of them, no further information.

TABLE 11.2: Traumatic brain injuries associated with television tip-overs, eCHIRPP, 2011 to 2017, ages 0 to 9 years 

Component of TBI_CHIRPP (nature of Injury) # %

Minor Closed Head Injury 85 59.0

Concussion 11 7.6

Intracranial 18 12.5

Skull fracture 25 17.4

Facial fracture 5 3.5

Total 144 100.0
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FIGURE 11.3: Location of injury event distributed by era, traumatic brain injury cases associated with television 
tip-overs, CHIRPP/eCHIRPP, 1990 to 2017, ages 0 to 9 years
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DISCUSSION
Overall, ED visits for TBI associated with TV-tip overs have declined since 2002; however, they still persist at about 
32 per 100,000 eCHIRPP records and can be serious. Despite eCHIRPP being a poor source of mortality data, 
three deaths were captured in the current study, which speaks to the potential severity of this mechanism of injury. 
An important finding of this study was that bedrooms have become a more frequent area where these injuries are 
occurring. With the increasing proportion of multi-TV households and flat screen TVs becoming the main household TV, 
some of the CRTs which formerly were in the living room, may have been displaced to children’s bedrooms, often on a 
dresser. Thus, the already unstable CRTs have been set up in a potentially more unstable configuration. This has been 
noted in other studies1, 2. As CRTs are eventually discarded it is possible that this injury mechanism will significantly 
diminish. However, continued surveillance is needed to assess the distribution of TVs in households, where the 
situation may be temporarily more hazardous, and to surveil for any emerging issues related to newer flat screen TVs.

Overall, ED visits for traumatic brain injuries associated with TV-tip overs 
have declined since 2002 ... An important finding of this study was that 
bedrooms have become a more frequent area where these injuries are 
occurring.
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12.  Sentinel surveillance of emergency department visits: Strollers

The Electronic Canadian Hospitals Injury Reporting and Prevention  
Program (eCHIRPP), 2011 to 2017, ages 0 to 4

INTRODUCTION
An infant stroller is a wheeled vehicle used to assist caregivers with transporting a young child in a seated position. 
In Canada, carriages and strollers are regulated under the Consumer Product Safety Act, which outlines product 
specifications intended to ensure safety and security1, 2. Nevertheless, strollers have frequently been associated with 
paediatric injury, including fatalities occasionally. Studies from the United States and Canada show that of all nursery 
products, strollers are one of the most frequently associated with injuries3, 4, 5. Based on findings from the United States’ 
National Electronic Injury Surveillance System (NEISS), an estimated 12,470 (CI: 9,719, 15,222) stroller-related injuries 
have been treated each year (1990 to 2010). Aside from a couple of brief periods of increase, injury rates were generally 
declining6. These injuries occurred most commonly when the child made contact with the ground, and traumatic brain 
injuries (TBI) were the second most frequently reported diagnosis6. An Australian state study7 reported an estimated 200 
injuries per year (1999 to 2008, children under 5 years), with the most frequent diagnosis being intracranial injuries (38%). 
A 2003 Canadian study8 of stroller-related head and face injuries among infants and one-year olds using CHIRPP data 
(1990 to 2001) found that 81.4% of the head injuries were TBI and 7.8% were skull fractures. In over half (53.8%) of the 
cases the child fell out of the stroller and in 14.2% of the incidents the stroller tipped over.

Although health administrative data sources are able to identify some stroller-related injuries using the ICD-10-CA code 
W05.03 fall from stroller9, this code is not comprehensive and does not capture injuries other than falls, and does not 
provide additional detail on the circumstances of these injuries. Thus the objective of this analysis was to identify and 
describe in detail cases of TBI related to strollers that were captured in eCHIRPP database10. 

METHODS
Records entered into the CHIRPP system with an injury date between April 1, 2011 and July 17, 2017 were extracted 
from the eCHIRPP database for patients less than 5 years old (0 to 59 months; N = 223,321). From this subset, stroller-
related cases were identified as records where the direct cause or contributing factor of injury was a stroller (eCHIRPP 
factor codes 4603, 4604) or the narrative description of the injury event or the product field included bilingual terms for 
stroller: ‘stroller’, ‘pram’, ‘buggy’, ‘carrosse’, ‘poussette’, ‘carriage’. From this dataset all head injuries (including TBI) 
were extracted using the surveillance definitions described previously in Chapter 3 of this report. Cases that involved 
a toy stroller, or where the stroller was incidental to the injury and the child was not sitting in the stroller, were excluded. 
A semi-automated procedure was used to classify the injury mechanisms in detail. Study results are reported as counts 
(N, n), percentages, annual percent change (APC) with 95% confidence interval (CI) and as a normalized frequency 
distribution per 100,000 eCHIRPP records (see Chapter 3 for more information on normalization).
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RESULTS
A total of 1,627 stroller-related head injuries were identified among children aged 4 years and younger, of which 66.4% 
(n = 1,081) were TBI. This resulted in normalized frequencies of 728.5/100,000 (all head injury cases) and 484.1/ 
100,000 (TBI cases). Figure 12.1 shows the annual trends for all head injury cases and TBI cases. All head injuries and 
TBI show a significant decreasing trend with all head injuries declining at a slightly faster rate (APC = -6.7% vs. -6.1%, 
respectively). Figure 12.2 describes the age and sex distribution of TBI cases associated with strollers. The majority of 
stroller-related TBI cases were among children under 1 year of age (1,896.2/100,000 eCHIRPP records). Young males 
accounted for 52.9% of all cases. 

FIGURE 12.1: Normalized* annual frequency distribution of all head injury cases and traumatic brain injury cases 
associated with strollers, eCHIRPP, 2011 to 2017, ages 0 to 4 years, per 100,000 eCHIRPP records
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FIGURE 12.2: Normalized* age and sex distribution of traumatic brain injury cases associated with strollers, 
eCHIRPP, 2011 to 2017, ages 0 to 4 years, per 100,000 records
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Falls from tip-overs and run-aways were the three leading mechanisms of TBI, accounting for 81.3% of all cases 
(Table 12.1). There were fewer injuries associated with mechanical issues (stroller brakes or wheel, 4.3%), a child 
seated in a stroller being struck by a projectile or falling object (3.4%), or a child in transit from their stroller either by 
way of the child trying to get into or out of the stroller or the caregiver moving the child to or from the stroller (2.4%). 
Across various mechanisms, a total of 134 cases (12.4%) involved a motor vehicle (i.e. the child was a pedestrian). 

TABLE 12.1: Mechanism of traumatic brain injuries associated with strollers, eCHIRPP, 2011 to 2017,  
ages 0 to 4 years

Mechanism* # %

Fall from/out of 525 48.6

Tip-over 267 24.7

Stroller run away 87 8.0

While climbing out (or attempting to) 54 5.0

Mechanical/malfunction/collapse 46 4.3

Struck by object 37 3.4

In transit in to or from stroller 26 2.4

Other 39 3.6

Total 1,081 100.0

*  The mechanisms as described in the patients’ narratives. When a mechanism could be classified in more than one category, the first non-trivial event that was 
described takes precedent in terms of relevance in the chain of events, and consistency of classification.
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Table 12.2 shows the distribution of the injury event location among stroller-related TBI cases. In cases where the 
location was known (n = 530, 49.0%), the majority (76.1%) of stroller-related TBI occurred at home, on a sidewalk, 
or at a park. 

TABLE 12.2: Location* of injury event, traumatic brain injuries associated with strollers, eCHIRPP, 2011 to 2017, 
ages 0 to 4 years

Location* # %

In and around a private home 170 32.1

Sidewalk 117 22.1

Outdoor park 116 21.9

Commercial area 80 15.1

Road 39 7.4

Daycare 6 1.1

Sports facility 2 0.4

Total 530 100.0

*  Location information was not available in 551 (51%) cases.

A total of 39 cases (3.6% or 17.5/100,000 records) of stroller-related TBI cases were admitted to the hospital. 

Safety equipment use (harness, restraint or brake mechanism) was reported in 71.1% (n = 766) of the cases. Of those, 
66.3% (n = 508) reported not using/having a safety feature.

DISCUSSION
Although strollers were developed to assist with the safe and secure transport of children, they have frequently been 
associated with unintentional injuries, with TBI and other types of head injuries often predominating3–8, 11, 12. Due to their 
relatively large head and high center of gravity, very young children will tend to “lead with their head”13 in a collision or 
a fall, thus head injuries are common with many nursery products. 

In this study, between 2011 and 2017, the proportion of TBI declined by 6.1% per year. The decline may be related 
to a number of factors, including: people are using the devices less often, safety notices, recalls and other injury 
prevention messaging are somewhat effective or manufacturers are designing safer products. The U.S. studies 
showed an overall decline (although with some short periods of increase) between 1990 and 20113, 6; there are 
no data available for recent years to compare directly with this study.

In this study, between 2011 and 2017, the proportion of TBI declined by 6.1% 
per year.

 

The 2003 study using CHIRPP data8 is not directly comparable to the current study due to the differing age cut-offs, 
the addition of one other paediatric hospital and the inclusion of facial injuries in the overall analysis in the 2003 study. 
However, some elements are crudely comparable. Indirect estimates from the 2003 study show that among children 
one year and younger, stroller-related TBI accounted for 635.6/100,000 CHIRPP records whereas in the current study 
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the normalized proportion is 994.8/100,000 eCHIRPP cases. Thus, even considering the comparability limitations 
and the current decline, there appears to be an increase in the overall proportion when comparing the two periods 
(1990 to 2001, and 2011 to 2017). 

This study found that these injuries occurred most frequently among children less than one year of age, similar to reports 
from other studies6–7, 11, 12, with the frequency of TBI diminishing each year of age thereafter. The home (in and around) 
was found to be the most common location of injury, as has been previously described for stroller related injuries 
overall6. Falls were the leading cause of stroller-related TBI in this study, confirming previous reports6, 8, 11. Although 
stroller tip-overs and a stroller rolling away may have both also resulted in a fall, the second mechanism event was 
not always evident. 

This study found that these injuries occurred most frequently among children 
less than one year of age, similar to reports from other studies...

The 2003 CHIRPP study showed that 14.2% of the cases were tip-overs, with the relative frequency higher 
among one year-olds8. Although not directly comparable, the tip-over rate in the current CHIRPP study is 24.7%. 
The difference may be partly due to older (heavier) children involved in this study (17% were older than 23 months), 
differences in coding or product design-related issues. Studies looking at stability, hazards and standards have been 
done6, 14, 15, yet injuries due to falls and tip-overs continue to persist internationally. There is some evidence that tip-
overs occur more frequently if the child is not restrained6,14 or if the stroller is designed for two children (one behind 
the other)14. In this study, no cases of twin strollers were identified. Safety device usage was reported in 71.1% of 
cases and of those 66.3% reported not using or having a safety feature. In contrast, the 2003 CHIRPP study8 had 
low reporting (11.1%) but indicated that 38% of those injured were not using a restraint. The reasons for this difference 
are not clear, but may include reporting bias, enhanced information capture, and differing product and safety feature 
availability during the two time periods. Further research looking at mechanism by age and restraint use over time will 
help to clarify the findings. Although the harness/restraint is a safety feature, in addition to lack of supervision, it has 
been associated with fatalities7, 16. 

Stroller run away accounted for 8% of cases in the current study and 13.7% in the 2003 CHIRPP study8. This 
mechanism has been associated with fatalities (drowning) internationally7, 17. In Australia there were 2 deaths in a four 
month period by drowning due to a runaway stroller. The products involved were highly mobile, 3-wheeled, jogging 
strollers. In these two deaths wrist straps and brakes were not used17. 

While trends suggest that stroller related TBI are on the decline, strollers are 
undergoing continued design changes.

While trends suggest that stroller related TBI are on the decline, strollers are undergoing continued design changes. 
There are many different stroller designs, classifications and geometries, for example: jogging, folding (umbrella), 
3-wheel, 4-wheel, 6-wheel (twin single file or side-by-side), removable child seat, right triangle frame, telescopic bar 
frame, and lambda frame15. Although subject to performance and design standards, the dynamic loads (the child) 
and unexpected external forces (e.g., sibling, wind, graded surfaces, attached objects, and dogs) can result in an 
injury scenario. Thus, continued surveillance is needed to monitor related injuries and trends as this product continues 
to evolve in the consumer market. 
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13.  Sentinel surveillance of emergency department visits: School

The Canadian Hospitals Injury Reporting and Prevention Program  
(CHIRPP/eCHIRPP) 2007 to 2017, ages 5 to 17 years

INTRODUCTION
School is an important setting for children’s learning, development, and interaction with their peers. In Canada, it is 
estimated that more than 5 million children are enrolled in public elementary or secondary school programs1. Since 
children spend a significant proportion of their day in and around schools2, it is not surprising that 10% to 25% of 
injuries in this age group are sustained in a school setting3. Schools are the third most prevalent location of injury for 
Canadian adolescents after sports/athletic and home settings4. These paediatric injuries may be broadly grouped as 
unintentional (accidental) or intentional (violent). Unintentional injuries often relate to factors in the built environment, for 
example falls on floors, stairs or furnishings, while intentional injuries involve self-harm or aggressive interpersonal acts 
such as bullying3. An injury study in Ottawa, Canada, reported that 18% of all injuries among school-aged children 
occurred at school (rather than other locations), with the majority of cases being among boys5. This study reported the 
risk of head injuries was higher at school compared to other locations, and participation in sports and other recreation 
was also associated with an increased risk of injury. A similar study in the U.S. also reported that the majority of injuries 
occurred among males, with 11% of these injuries being violent in nature and 5.5% being a traumatic brain injury (TBI)6.

Schools are the third most prevalent location of injury for Canadian 
adolescents after sports/athletic and home settings.

 

The objective of this analysis was to identify and describe cases of TBI occurring in school that were captured in the 
CHIRPP database7. Although there is an ICD-10-CA code for identifying school-related cases (U98.28)8, in health 
administrative data sources this code is a provisional one and is inconsistently used. For all practical purposes, these 
cases are unidentifiable in the DAD or NACRS. 

METHODS
Records entered into the CHIRPP system with an injury date between January 1, 2007 and July 17, 2017 were 
extracted for patients between the ages of 5 and 17 years old (60 to 215 months, N = 648,403). School-related 
injuries were identified from this subset when injuries occurred during the weekday and were specified as having 
occurred at a kindergarten through secondary school (CHIRPP location code 42L), any school-like institution (CHIRPP 
location codes 41L, 43L to 49L), or with narrative text listing bilingual key words such as “school” and “école”. Study 
results are reported as counts (N, n), Annual percent change (APC) with 95% confidence intervals (CI), percentages, 
and as a normalized frequency distribution per 100,000 CHIRPP/eCHIRPP records (see Chapter 3 for more information 
on normalization).
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RESULTS
Over the approximately 10.5 year period, a total of 45,970 cases of emergency department (ED) visits for school-
related head injury were identified in the CHIRPP records, of which 57.9% (n = 26,622) were TBI (7,089.7 and 4,105.8 
per 100,000 CHIRPP records, respectively). Figure 13.1 shows the annual trends for school-based all head injuries 
and TBI. Both show an increasing trend with TBI increasing at a faster rate (APC = 6.2% vs. 2.8%). Figure 13.2 
displays the age and sex distribution of the TBI cases associated with school. TBI cases were more frequent among 
males (63.9%) and they appear to plateau between 6 and 10 years of age, and then decline for older ages. Among 
females TBI occur more consistently across the age range with small peaks between 6 and 7 years and again 
between 13 and 15 years of age.

FIGURE 13.1: Normalized* annual frequency distribution of all head injury cases and traumatic brain injury cases 
associated with school, CHIRPP/eCHIRPP, 2007 to 2017, ages 5 to 17 years, per 100,000 records
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** APC – Annual percent change
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FIGURE 13.2: Normalized* age and sex distribution** of traumatic brain injury cases associated with school, 
CHIRPP/eCHIRPP, 2007 to 2017, ages 5 to 17 years, per 100,000 records
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The majority of school based TBI were unintentional in nature (94.5%) and resulted from cases of being struck 
against an object, a fall, or an unintentional impact with another person. Intentional injuries including assaults and 
self-harm were also observed (3.5%) (Table 13.1). Children were engaged in a sport or recreation activity in 39.5% 
of school-based TBI cases. 

TABLE 13.1: Mechanism of traumatic brain injuries associated with school, CHIRPP/eCHIRPP, 2007 to 2017,  
ages 5 to 17 years

Mechanism # %

Intentional 939 3.5

Physical assault 926 3.5

Self-harm 13 < 1.0

Unintentional 25,160 94.5

Unintentional impact with other person 18,522 69.6

Fall 3,803 14.3

Struck by/against object 2,835 10.7

Not further specified 523 2.0

TOTAL 26,622 100
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The locations of the injury events within the school were also examined. Among cases where information was  
available, the majority of TBI occurred in the yard (including playgrounds), followed by the gym (Table 13.2). The  
direct element of impact involved in the injury was also examined, such as whether an individual was responsible for 
the injury vs. another agent. The majority of TBI were attributed to direct contact with a structural element such as 
stairs, walls, and floors (Table 13.3). School-based TBI resulted in hospital admission in 1.9% of cases (76.5 cases/ 
100,000 CHIRPP records). 

TABLE 13.2: Location of injury event, traumatic brain injury cases associated with school, CHIRPP/eCHIRPP, 2007 
to 2017, ages 5 to 17 years

Location # %

Yard 9,052 34.0

Gym 4,549 17.1

Classroom 1,765 6.6

Hallway 1,520 5.7

Stairs 519 2.0

Outside, not further specified 379 1.4

Cafeteria 226 0.9

Inside, not further specified 185 0.7

Lockers, locker room 171 0.6

Parking 76 0.3

No details available 8,180 30.7

TOTAL 26,622 100.0

TABLE 13.3: Direct element of impact causing traumatic brain injuries associated with school, CHIRPP/eCHIRPP, 
2007 to 2017, ages 5 to 17 years

Direct element of impact # %

Structural element 12,010 45.1

Other person 9,320 35.0

Object 2,300 8.6

Environment 1,264 4.8

Sporting equipment 1,020 3.8

Furniture 229 0.9

Container 13 0.1

No details available 466 1.8

TOTAL 26,622 100.0

DISCUSSION
All school-based head injuries, including TBI, presenting to CHIRPP hospitals’ emergency departments have been 
increasing over the past decade, which is consistent with previous findings9. Similar to studies from the U.S.6 and 
Ottawa, Canada5 on overall school-based injuries, the majority of TBI in this study were found to be among males. 
While school-based TBI appear to plateau in the early years among boys before declining slightly for adolescents, 
TBI patterns were relatively steady among girls across the age range in this study. Unintentional injuries account for 
the majority of school-based injury, but this study found a small percentage of intentional cases. Although almost all 
of the intentional injuries were related to assault, self-inflicted injuries should not be overlooked. Many self-inflicted injuries 
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are non-head related and would not be captured in this study10. School curricula seldom prioritize self-harm, and as a 
result, issues regarding self-harm in the school setting are often rendered invisible despite its escalating prevalence10,11. 

Unintentional TBI were most often due to an impact with another person, with many of these cases having occurred 
during participation in an informal sport. The yard and the gym were the two most common locations for school-based 
TBI, and structural elements such as pavement or a wall, factored in as the most frequent direct element of impact for 
TBI. This study corroborates existing knowledge on school-based injuries and provides a specific lens on instances 
that resulted in TBI. Given the increasing trends in TBI in Canada, the injury characteristics described in this study 
should support further work regarding injury prevention in school settings.

The causes of school-based head injuries are highly varied, and include mechanisms such as falls, playground/
sports-related falls, assaults/fights and impacts, and collisions with motor vehicles. No single approach to prevention is 
sufficiently comprehensive to address all injury contexts. Preventive action on specific issues such as refitting playgrounds 
and infrastructure to meet current standards, and making sports safety equipment and rules of play mandatory in the 
school setting is likely to be effective. Consequently, ministries of education, school boards and staff should continue to 
consider evolving safety initiatives for specific causes of injuries, especially categories where TBI and other head injuries 
are especially frequent or serious in the school setting. 
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14. SENTINEL SURVEILLANCE of emergency department visits 
for traumatic brain injuries and all head injuries associated 
with seniors’ falls

14.  Sentinel surveillance of emergency department visits: Seniors’ falls

The Electronic Canadian Hospitals Injury Reporting and Prevention Program 
(eCHIRPP) 2011 to 2017, ages 65 years and older

INTRODUCTION
According to the 2016 Canadian Census, seniors aged 65 years and older comprise a sizeable share of the population 
at 16.9%1 and it is forecasted this could increase to as much as 27.8% by 20632. Each year in Canada between 20% 
to 30% of seniors fall3, and fall-related injuries are the leading cause of injury-related hospitalizations among seniors4. 
Resulting injuries can cause disability, reduced mobility, increased risk of premature death5, as well as negative mental 
health outcomes including fear of falling, confusion, and depression, and increased isolation and dependence on others3. 

Falls are also costly to the Canadian economy. In 2010, falls cost $8.7 billion in indirect and direct costs, totalling a third 
of the total $26.8 billion in injury costs6. Between 2010 and 2035, it has been forecasted that a 20% reduction in falls 
among seniors aged 65 and older could save 4,400 lives and $10.8 billion6.

Given the vulnerability and growth of Canada’s aging population, it is 
imperative to better understand the epidemiology of seniors’ falls, including 
both risk factors and outcomes.

 

There are many complex and interactive risk factors for seniors’ falls, categorized as biological/intrinsic (e.g., health 
conditions), behavioural (e.g., excessive alcohol, multiple medications), environmental (e.g., slippery surfaces) and 
social/economic (e.g., living alone, gender3, 7, 8). Leading risk factors include balance and gait deficits, previous falls, 
and using multiple medications at the same time8. The manner of fall can also influence the injury type. Forward falls, 
for instance, have been associated with head impact and related injuries9, and in general, falls are the leading cause 
of traumatic brain injury (TBI) among seniors10–12.

Given the vulnerability and growth of Canada’s aging population, it is imperative to better understand the epidemiology 
of seniors’ falls, including both risk factors and outcomes11. The objective of this study was to identify and describe 
cases of TBI and all head injuries related to seniors’ falls that were captured in eCHIRPP database. ICD-10 falls 
classifications were used in this study to manually categorize the injury mechanism for comparison purposes13; 
however, additional details of TBI cases including where the injury happened, its direct cause (e.g., impact with level 
flooring versus stairs) and risk factors such as previous falls or alcohol consumption are also reported based on 
information in the patients’ narratives and other variables in eCHIRPP. This detailed information is not available in 
ICD-10 coded health administrative data (i.e., from ambulatory care, hospitalizations, and mortality databases).
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METHODS 
Records in the eCHIRPP database with an injury date from April 1, 2011 onward were extracted on June 27, 2017. 
Cases of TBI and other head injuries related to seniors’ falls were identified among patients aged 65 years and older 
(≥ 780 months). Case identification criteria included records with the External Cause of Injury variable coded as 
“201EC:Falls” or those where the patient’s narrative contained any of the following English and French keywords: “fall,” 
“fell,” “wiped out,” “foosh” (an acronym for “fell on outstretched hand”), “slip,” “trip,” “tombe,” “glisse,” “trebuche,” and 
“chute.” Grammatical variations of keywords were also incorporated to maximize record identification. Falls involving 
motorized and non-motorized mobility devices such as scooters and wheelchairs were included in this study, while 
other transport-related cases were excluded.

Additional cases that did not meet the study criteria were also excluded (for instance, records with patients’ narratives 
that contained the word “fell,” but described a falling object that did not cause the patient to fall). Study results are 
reported as counts (N, n), percentages, and as a normalized frequency distribution per 100,000 eCHIRPP records 
(see Chapter 3 for more information on normalization and other methodological details).

RESULTS 
Overall, there were 4,736 fall-related head injury cases among seniors (17,675.6 per 100,000 records), half of whom 
reported a TBI (n = 2,334, 49.3%). Three quarters (75.5%) of the fall-related head injury cases were seen at two of 
the 7 general hospitals reporting to CHIRPP during the study period. Among TBI patients, nearly half (43.2%) were 
admitted to hospital for injury treatment, and there were 13 fatalities (0.6%). The frequency of all head injury and TBI 
cases increased over the study period, with TBI increasing at twice the rate (5.4% vs. 2.5% as seen in Figure 14.1).

FIGURE 14.1: Normalized* annual frequency distribution of all head injury cases and traumatic brain injury cases 
associated with falls, eCHIRPP, 2011 to 2017, ages 65 years and older, per 100,000 records
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**  APC – Annual percent change



110 /  INJURY IN REVIEW 2020 EDITION

14.  Sentinel surveillance of emergency department visits: Seniors’ falls

Figure 14.2 presents the frequency distribution of fall-related head injuries among seniors, by sex. Males had a slightly 
higher normalized frequency than females regarding all head injuries (18,238.4/100,000 vs. 17,230.8/100,000 among 
females) and TBI (9,924.4/100,000 vs. 7,874.4/100,000 among females).

FIGURE 14.2: Normalized* sex distribution** of all head injury cases and traumatic brain injury cases associated  
with falls, eCHIRPP, 2011 to 2017, ages 65 years and older, per 100,000 records 
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The location of fall-related TBI was provided for 78.2% of cases. Among these cases with known location, almost 
two thirds (n = 1,209; 66.2%) of TBI were sustained while falling in a private home (the patient’s own home or someone 
else’s). Among cases where a private home’s room/area was also reported (n = 826), the stairs (25.7%), bedroom 
(14.8%) and bathroom (14.4%) were the three most common places where falls occurred (Table 14.1).

Among these cases with known location, almost two thirds (n = 1,209; 66.2%) 
of TBI were sustained while falling in a private home (the patient’s own home 
or someone else’s).
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TABLE 14.1: Room/area in private homes where fall-related traumatic brain injuries occurred*, eCHIRPP, 2011  
to 2017, ages 65 years and older

Room or area # %

Stairs, ramp 212 25.7

Bedroom 122 14.8

Bathroom 119 14.4

Kitchen 69 8.4

Garden, yard 59 7.1

Driveway 43 5.2

Living room, family room, rec room, den 42 5.1

Private garage, carport 29 3.5

Veranda, porch, balcony, deck 26 3.1

Hall, foyer 23 2.8

Roof 21 2.5

Sidewalk, path 14 1.7

Basement, cellar 11 1.3

Other room/area 36 4.4

TOTAL** 826 100.0

*  Private home of the injured person or another person.

** Excludes 383 cases where the room or area was missing or unknown.

The second most common reported location where fall-related TBI were sustained was medical or residential institutional 
settings (hospital, other health centre, home for the elderly or other institutional home), which accounted for 13.4% 
(244/1,825) of cases with reported location. Among those where the room/area was also known (n = 88), the bathroom 
(33%), bedroom/dorm (29.5%), and hall/foyer (11.4%), were the three most common places for falls (Table 14.2). 

TABLE 14.2: Room/area in medical or residential institutional settings* where fall-related traumatic brain injuries 
occurred, eCHIRPP, 2011 to 2017, ages 65 years and older

Room or area # %

Bathroom 29 33.0

Bedroom or dorm 26 29.5

Hall, foyer, waiting room 10 11.4

Living room, family room, rec room, den 6 6.8

Stairs, ramp 6 6.8

Dining area, cafeteria 5 5.7

Other room or area 6 6.8

TOTAL** 88 100.0

*  Hospital, other health centre, home for the elderly or other institutional home.

**  Excludes 156 cases where the room or area was missing or unknown.
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Table 14.3 presents the mechanism of fall-related TBI among seniors, within a 25% random sample of all fall-related 
TBI among seniors. Nearly half (47%) of the sampled falls occurred on the same level (excluding involving ice or snow) 
from slipping/tripping/stumbling; colliding with another person; bumping against an object; from getting on/off the toilet; 
or from falling on the same level without further specification of what happened. Another 18.6% of falls happened on 
stairs/steps including ramps or inclines, while 8.6% involved furniture. Falls on the same level involving ice or snow 
accounted for 6.5% of the sampled fall-related TBI. 

TABLE 14.3: Mechanism of traumatic brain injuries associated with falls, eCHIRPP, 2011 to 2017, ages 65 years  
and older* 

Mechanism** # %

Fall on same level, excl. ice and snow§ 273 47.0

Fall on and from stairs and steps 108 18.6

Fall involving bed, chair, or other furniture 50 8.6

Fall on same level involving ice and snow (excl. stairs/steps, ice skates and skis) 38 6.5

Fall from ladder or from/on scaffolding 18 3.1

Fall involving ice-skates, skis, roller skates 11 1.9

Other† 16 2.8

Unspecified fall 67 11.5

TOTAL 581 100.0

*  Due to size of the full dataset and need for manual assessment and coding of the mechanism of injury, analysis of the mechanism was performed on 
a 25% random sample.

**  The mechanisms as described in the patients’ narratives, and categorized according to falls classifications in the International Classification of Diseases  
and Related Health Problems (ICD-10). When a mechanism could be classified in more than one category, the first non-trivial event that was described  
takes precedent in terms of relevance in the chain of events, and consistency of classification. 

§  From slipping, tripping, stumbling; due to collision with another person; bumping against object; from on/off toilet; on same level not further specified (NFS).
†  While being carried/supported by another person; involving wheelchair; other fall from one level to another; fall from out of or through building or structure.

In the 25% random sample of TBI cases, 54% of falls occurred indoors and 32.5% outdoors, while the setting was 
unknown in 13.4% of cases. The most common direct element of impact involved in the injury for indoor falls was impact 
with flooring including concrete and other surfaces (58.6%), with more than two-thirds of those (68.6%) having reported 
a fall on the same level as the injury mechanism. The second most common direct element of impact for indoor falls was 
impact with stairs, ramps or landings, including handrails, railings, and bannisters, at 11.4% of sampled cases (and all 
of those cases reported a stair fall as the injury mechanism). Findings were similar for outdoor falls, whereby the most 
common direct element of impact for TBI was also impact with concrete and other surfaces, including flooring (70.1%), 
with more than half of those (51.8.%) having reported a fall on the same level as the injury mechanism. Impact with ice/
snow was the direct cause of TBI in 10.8% of outdoor falls, with 64.7% of those having reported falling on the same level 
as the injury mechanism. 

In terms of risk factors, within the 25% random sample of fall-related TBI cases:

• 4.8% of patients reported alcohol consumption;

• 4.8% of patients reported another health problem including dementia, Alzheimer’s, Parkinson’s, diabetes,  
or a heart condition;

• 4.1% of patients reported dizziness or loss of consciousness leading up to the fall; and

• 2.9% of patients reported previous falls.
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DISCUSSION
Overall, nearly one-fifth of unintentional injury cases among seniors in the eCHIRPP database during the study period 
involved a fall-related head injury, and half of those were TBI. This is expected given the high rate of falls among seniors 
in Canada, and high proportion causing TBI according to the literature. Nearly half of patients in this study with fall-related 
TBI were admitted to hospital, which is consistent with population-based statistics showing falls as the leading cause 
of injury-related hospitalizations among Canadian seniors. While eCHIRPP is not a robust source of mortality data, it is 
worth noting that there were also 13 TBI deaths reported in the study population. This is disproportionately higher than 
the overall proportion of deaths in the eCHIRPP database, which is indicative of the severity of the injury mechanism 
and the vulnerability of the senior population. In this study, when accounting for the sex distribution in the eCHIRPP 
database, males with a fall-related head injury accounted for a higher normalized frequency among all injuries overall. 
Males of all ages and specifically in the senior age groups also had a higher population-based rate of emergency 
department visits for fall-related TBI, as presented earlier in this report. 

Among cases where the location of the fall was reported, this study found that the majority of fall-related TBI were 
sustained at private homes, and the second most common location was medical or residential institutional settings. 
This was expected given the high likelihood that the majority of the study population is retired from the labour force, 
and therefore spending more time at home than other locations. Moreover, seniors under care at medical or residential 
institutional settings are already more vulnerable to falling given compromised health. This finding also highlights the 
vulnerability of seniors even when they are under supervised care in a controlled setting such as a hospital or 
residential care. 

After falls on the same level, stair falls were the second most common mechanism reported overall among TBI patients, 
but were the most common among falls at private homes (inside and outside). This finding is consistent with other studies 
showing the high risk of TBI from stair falls among older adults14, 15, and high proportions of seniors’ falls happening at 
home3. In addition to factors such as compromised mobility and vision and other health conditions, stairs themselves 
can pose additional challenges including uneven steps, deficient handrails, slippery surfaces, disrepair16, 17, low lighting, 
stair height and non-distinct stair edges18. More in-depth analyses of a 25% sample of fall-related TBI further revealed 
information on the general locale, injury mechanism, and direct causes of injury, with more than half of the sampled falls 
having occurred indoors, and mainly due to falling on the same level to the floor. Findings were similar for the outdoor 
cases, which is not surprising considering time spent being mobile doing every day activities at ground level, indoors and 
out. Comorbidities including dementia, Alzheimer’s, Parkinson’s disease, and diabetes were also reported among patients 
(or caregivers) among the study population; however, the prevalence of many chronic health conditions among Canada’s 
seniors is higher than what was reported in this study, so these results should be interpreted with caution19. 

This study corroborated existing knowledge on TBI among seniors sustained during falls, further highlighting the need 
for ongoing injury prevention efforts among this vulnerable and growing population.
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The Electronic Canadian Hospitals Injury Reporting and Prevention Program 
(eCHIRPP), 2011 to 2017

INTRODUCTION
According to the World Health Organization (WHO),

“[a] pedestrian is any person who is travelling by walking for at least part of his or her journey... [and]  

may be using various modifications and aids to walking such as wheelchairs, motorized scooters,  

walkers, canes, skateboards, and roller blades... A person is also considered a pedestrian when running, 

jogging, hiking, or when sitting or lying down in the roadway”1.

The WHO estimates that each year there are approximately 270,000 pedestrian fatalities, accounting for more than 
one-fifth of the 1.24 million global annual road fatalities1. Others estimate the annual number of pedestrian fatalities to 
be as high as 400,0002. In Canada, among pedestrians struck by motor vehicles in traffic there were 300 fatalities3 in 
2016 and 1,883 hospitalizations in 2017/184. 

Overall, transport injuries are the second most common cause (after falls) of unintentional injury death among Canadians, 
and it is estimated that pedestrian-transport injuries cost the Canadian economy $458 million each year in direct and 
indirect costs to the healthcare system and lost labour productivity5. 

Pedestrian fatality rates have been declining over the last several decades in Canada; however, the percentage of 
deaths that pedestrians comprise among all road user deaths does not show a similar decline6. Moreover, among 
member countries of the Organisation for Economic Co-operation and Development (OECD) Canada’s pedestrian 
fatality rate is higher than many top performing nations7.

There are many risk factors of motor vehicle-pedestrian collisions, including road user behaviour, roadway and vehicle 
design, environmental conditions, socioeconomic status, and demographic influences including age. Pedestrian 
distraction, mostly notably from mobile phone use in recent years, is also a behavioural risk factor that is garnering 
more research attention8–10. Regarding demographics, seniors are the most vulnerable pedestrians and have the 
highest age-specific fatality rates11. This is not surprising given that many seniors experience reduced mobility, vision, 
hearing, cognition, and reaction time, and are more likely to be seriously injured or not survive a collision.

Among vulnerable road users, pedestrians are generally the least protected12, 
and frontal impacts by motor vehicles are the most common mechanism of 
pedestrian collisions1.
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Among vulnerable road users, pedestrians are generally the least protected12, and frontal impacts by motor vehicles are 
the most common mechanism of pedestrian collisions1. Among adult pedestrians, their legs are often struck, sending 
them onto the hood of the vehicle with their head then hitting the hood or windshield1. Several studies have shown 
head injuries to be among the most common injuries sustained13–15.

The objective of this study was to identify and describe cases of traumatic brain injuries (TBI) and all head injuries, 
sustained by pedestrians struck by motor vehicles on roadways, captured in eCHIRPP database. Health administrative 
data sources are able to identify pedestrian injury cases using the following ICD-10 codes: V02.1 Pedestrian injured in 
collision with two- or three-wheeled motor vehicle, traffic accident; V03.1 Pedestrian injured in collision with car, 
pick-up truck or van, traffic accident; V03.9 Pedestrian injured in collision with car, pick-up truck or van, unspecified 
whether traffic or non-traffic accident; V04.1 Pedestrian injured in collision with heavy transport vehicle or bus, traffic 
accident; V04.9 Pedestrian injured in collision with heavy transport vehicle or bus, unspecified whether traffic or 
non-traffic accident; V09.2 Pedestrian injured in traffic accident involving other and unspecified motor vehicles16. These 
ICD-10 codes, however, do not capture the more detailed information provided by CHIRPP on the circumstances of 
these injury events such as whether the pedestrian was struck while crossing at an intersection versus while walking 
along the side of a roadway.

METHODS
Records in the eCHIRPP database with an injury date from April 1, 2011 onward were extracted on June 27, 2017. 
Cases of TBI and other head injuries related to pedestrians struck by motorized vehicles on roadways were identified. 
Case identification criteria included records with an External Cause of Injury code of 100EC: Transport injuries occurring 
in traffic, in combination with any of the following Context codes: 11C: Pedestrian including baby being carried or child 
in stroller on street; 12C: Using wheelchair, (wheelchair type scooter (3 wheels), powered or unpowered, mobility 
assistance devices); 29C: Using inline skates, skateboards, and scooters (powered/unpowered) for transport; 91C: 
Walking, running, crawling; or 92C: Sitting, standing. Cases involving patients struck by trailers being towed by motor 
vehicles were also included. Injuries involving other types of interactions between pedestrians and motor vehicles on 
roadways were excluded, including near misses where an impact with a motor vehicle did not occur, and pedestrians 
who chased and/or intentionally grabbed onto the back of a moving motor vehicle. Study results are reported as 
counts (N, n), percentages, and as a normalized frequency distribution per 100,000 eCHIRPP records (see Chapter 3 
for more information on normalization and further methodological details).

RESULTS
Overall there were 657 head injury cases among pedestrians struck by motorized vehicles on roadways, of which 
67.1% (n = 441) reported a TBI. The frequencies of all head injuries and TBI as a trend over time are shown in 
figure 15.1. The normalized frequency remains stable over the study period. 
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FIGURE 15.1: Normalized* annual frequency distribution of all head injury cases and traumatic brain injury cases 
associated with pedestrians struck by motor vehicles on roadways, eCHIRPP, 2011 to 2017, per 100,000 records
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*  Proportions are expressed as a normalized frequency relative to system denominators (not population denominators). As such, proportions per 100,000 
records are normalized to all cases in the eCHIRPP database for the given year, on the data extraction date. See Chapter 3 for more information.

**  APC – Annual percent change

Figure 15.2 presents frequency distribution of head injuries sustained by pedestrians struck by motor vehicles on 
roadways, by age group. The frequencies of all head injuries and TBI per 100,000 records were highest among seniors 
aged 65 years and older (207.2 and 160.4/100,000 respectively). For all head injuries, youth aged 15 to 19 years 
followed at 156.5/100,000, whereas for TBI the second highest frequency was among those aged 50 to 64 at 
123.4/100,000 records.
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FIGURE 15.2: Normalized* age distribution of all head injury cases and traumatic brain injury cases associated with 
pedestrians struck by motor vehicles on roadways, eCHIRPP, 2011 to 2017, per 100,000 records 
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*  Proportions are expressed as a normalized frequency relative to system denominators (not population denominators). As such, proportions per 100,000 
records are normalized to all cases in the eCHIRPP database for the given age group, on the data extraction date. See Chapter 3 for more information.

Overall, female pedestrians had a higher frequency of TBI than males, at 87.8 cases/100,000 records, 
versus 69.9/100,000 cases, respectively; this result is most apparent throughout childhood and young adulthood 
(20 to 29 years), where the highest frequency among female pedestrians was among those aged 15 to 19 years, 
at 147.4/100,000 records (Figure 15.3). Nonetheless, the highest frequency overall was noted among male seniors 
aged 65 years or older at 234.2/100,000 records.
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FIGURE 15.3: Normalized* age and sex distribution of traumatic brain injury cases among pedestrians struck by 
motor vehicles on roadways, eCHIRPP, 2011 to 2017, per 100,000 records
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*  Proportions are expressed as a normalized frequency relative to system denominators (not population denominators). As such, proportions per 100,000 
records are normalized to all cases in the eCHIRPP database for the given age group and sex, on the data extraction date. See Chapter 3 for more information.

TABLE 15.1: Circumstances of traumatic brain injuries associated with pedestrians struck by motor vehicles on 
roadways, eCHIRPP, 2011 to 2017 

Circumstance* # %

Crossing roadway 243 55.1

Crossing roadway, NFS2 150 34.0

Struck while in crosswalk/intersection, including vehicles turning or running a red light/stop sign 59 13.4

Ran across or into roadway 27 6.1

Darted/walked out from between parked cars 7 1.6

On roadway, including while walking, running, and on roadway NFS** 159 36.1

Struck by vehicle’s mirror, or foot was run over 10 2.3

Struck while exiting a vehicle (same or other vehicle) 9 2.0

Struck while walking/standing on the side of roadway 9 2.0

Back-over 7 1.6

Other§, NFS** 4 0.9

TOTAL 441 100.0

*  The circumstances as described in the patients’ narratives. When a circumstance could be classified in more than one category, the first non-trivial event  
that was described takes precedent in terms of relevance in the chain of events, and consistency of classification (e.g., “Was walking across road.” In this  
case the action of crossing the roadway would take precedent over walking on the road, and such a case would be classified under “Crossing roadway”  
and not “On roadway”).

**  NFS – Not further specified
§ Other includes: struck by stationary vehicle/object that was impacted by another vehicle; hit by trailer being towed.
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Table 15.1 presents information on the circumstances of the injury event among patients who sustained a TBI from 
being struck by a motor vehicle on a roadway. The most common reported circumstance at more than half (55.1%) 
of cases was being struck while crossing the roadway including at a crosswalk or intersection, running across the 
roadway, or darting out from between parked cars, and more than a third of these (34.1%) were among children aged 
10 to 14 years. Another 36.1% of cases reported simply being on the roadway when they were struck, but further 
specificity was not provided. 

Regarding other injuries sustained, among 441 TBI cases a total of 962 specific injuries were reported as some records 
had up to three specific injuries recorded. Another 53 cases sustained multiple injuries (more than 3 injuries). Nearly half 
(43.3%) of TBI patients were admitted to hospital for treatment of their injuries, and substance use by patients or others 
involved in the injury incidents was reported in 6.3% of cases.

More than 90% (n = 398) of TBI patients reported being struck by a light duty vehicle (car, van, SUV, or a truck with 
the type not further specified) while another 3.9% of patients reported that a large truck was the impacting vehicle. 
The majority (93.9%) of pedestrians who sustained a TBI from being struck by a motor vehicle were on foot, while 
the other pedestrians were in a stroller (3.4%), being carried (1.1%), or other pedestrian transport modes (Table 15.2). 
Some patients/guardians (n = 53) reported the distance that they were projected during the collision, and among 
those nearly half (47.2%) reported being projected between 7 and 15 feet (Table 15.3). 

TABLE 15.2: Types of pedestrians who sustained traumatic brain injuries while struck by motor vehicles on 
roadways, eCHIRPP, 2011 to 2017

Pedestrian type # %

On foot 414 93.9

In a stroller 15 3.4

Being carried or in wagon 5 1.1

Other* 7 1.6

TOTAL 441 100.0

*  Other includes skateboarding, and using a wheelchair or other personal mobility device.

TABLE 15.3: Distance projected/dragged of pedestrians who sustained traumatic brain injuries while struck by 
motor vehicles on roadways, eCHIRPP, 2011 to 2017

Distance projected or dragged* # %

3 to 6 feet (0.91 m to 1.82 m) 10 18.9

7 to 15 feet (2.13 m to 4.57 m) 25 47.2

20 to 30 feet (6.1 m to 9.14 m) 12 22.6

40 or more feet (12.19 m or more) 6 11.3

TOTAL 53 100.0

*  Where distance was reported in patients’ narratives of the injury event. Distance categories were based on reported distances in patients’ narratives.
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DISCUSSION
This study described the epidemiology of TBI and all head injuries sustained by pedestrians struck by motor vehicles 
on roadways. Across the life course, the data provided evidence of increased TBI risk among pedestrians leading up to 
and during the teenage years; risk declined during early adulthood before increasing in middle-age and climbing to high 
levels among seniors. Other Canadian research also shows teens, young adults and senior pedestrians to be at higher 
risk12. It should be noted, however, that the proportion of seniors in the eCHIRPP database is low because the majority 
of CHIRPP hospitals are paediatric, so results pertaining to seniors should be interpreted with caution due to small 
numbers. Interestingly, the overall age-specific patterns of injury in this study are similar to patterns seen in population-
based Canadian data on the age distribution of pedestrian fatality rates from motor vehicle traffic collisions. 

Over the study period the trend in pedestrian related injuries was stable (persistent). Regarding the sex distribution 
among pedestrian TBI cases, overall, female pedestrians had a higher frequency of TBI than males, although the 
highest risk group was males aged 65 years or older; the association of senior males with higher pedestrian injury and 
fatality rates is also evidenced elsewhere17, 18. Interestingly, however, throughout childhood and young adulthood (2 to 
29 years), TBI frequencies in this study were predominantly higher among females, with the highest being among those 
aged 15 to 19 years. 

Crossing the roadway was the most common injury circumstance reported, which is consistent with findings of other 
work on this topic7. Substance use was not common in the study population which was expected given that a high 
proportion of cases were children. Notwithstanding, alcohol consumption is a major risk factor for pedestrian injury 
and death. In Canada in 2011, among fatally injured pedestrians tested for alcohol, over 40% percent had been 
drinking and 28.2% percent had blood alcohol concentrations over 160 mg19. Regarding injury severity, the high 
proportion overall of TBI patients admitted to hospital in this study was expected given the possibility of a pedestrian 
being projected several feet even if impacted by a slow-moving vehicle and the inherent intensity of this injury 
mechanism. Although the distance projected or dragged was reported in 12% of TBI cases, a limitation is that these 
are estimates based on patients’ narratives, and it is likely a considerably higher proportion of patients were projected 
or dragged after impact but did not report this in the narrative.

In addition to this limitation and others described in Chapter 3 of this report, reports of injury circumstances in eCHIRPP 
data are based on patients’ ability and willingness to recall and report details of the event. As such, various pertinent risk 
factors captured in other data sources such as police reports (e.g. compliance with road use laws ), are not consistently 
captured in eCHIRPP data, and are based on patients’ personal observations. 

This study provided evidence of head injury risk to pedestrians while interacting with motor vehicles on roadways 
that complements other important sources of motor vehicle collision information such as police reports, observational 
studies, hospitalizations and fatality data, and other information sources. Examining the epidemiology of injuries 
sustained in motor vehicle-pedestrian collisions by consulting multiple data sources is essential for developing injury 
prevention strategies for pedestrians and other road users. One such key strategy is Canada’s Road Safety Strategy 
2025 which is guided by a safe system approach to improving road safety20. This approach “...recognizes that the most 
vulnerable part of the system is comprised of unprotected human beings and that it has to be designed around them”7. 

Canada has made significant improvements and has seen important declines in motor vehicle-related injuries and 
fatalities over the last several decades, although declines among pedestrians have been less pronounced21. Pedestrian 
safety is a complex and multidisciplinary issue, requiring continued awareness and effort from all road users, and road 
and vehicle safety practitioners.
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16.  Sentinel surveillance of emergency department visits: Intentional injuries

The Electronic Canadian Hospitals Injury Reporting and Prevention Program 
(eCHIRPP), 2011 to 2017, all ages

INTRODUCTION
Intentional injury refers to injuries that occur as a result of purposeful human action to cause harm directed either to 
oneself or to another. Physical assault is an act of violence towards another, and includes instances of intimate partner 
violence, bullying, child maltreatment, and abusive head trauma to a young child (formerly referred to as shaken baby 
syndrome). Self-harm is another form of intentional injury, and can be inflicted through a variety of mechanisms such 
as through the deliberate misuse of drugs or self-inflicted lacerations (cutting). 

In Canada, in 2018 there were 368 deaths due to all forms of assault and 3,809 suicides1. In 2017/18 there were 
6,492 hospitalizations related to assault and 14,430 due to self-inflicted injury excluding Quebec2.

While assaults are not a main cause of death or hospitalization in Canada (homicide is the 4th leading cause among 
those 20 to 24 years of age and 6th among those 25 to 34 years1,2), they often involve younger people and head injuries 
are frequently the result3–5. Thus, prevention of these injuries is important due to the potential for long term consequences 
and the economic impact of injured young people6,7. Suicide is the second leading cause of death among Canadians 
15 to 34 years of age1,8. Conversely, rates of death by suicide are much higher among males8. Head injuries are less 
frequent among self-inflicted cases, but they can occur due to jumps or falls as well as being a secondary diagnosis 
related to a poisoning (e.g. fell while intoxicated).

The Canadian Enhancement of the International Statistical Classification of Diseases and Related Health Problems 
(ICD-10-CA)9 contains numerous codes to identify intentional injuries: X70-X84 for intentional self-harm by various 
external causes, X85-Y09 for various forms of assault including maltreatment, neglect, and abandonment, and 
Y10-Y34 for events of undetermined intent. These codes do not provide detail with regards to the place of occurrence, 
the perpetrator or the weapon used. Also, there is some evidence that these codes are not always used consistently 
and thus cases of intentional injury may not be fully identified in administrative databases and thus other data sources 
may be helpful to gain further insight10. 

Emergency department surveillance of intentional injuries presents challenges compared to unintentional injuries, 
particularly with domestic violence, child maltreatment and self-inflicted injuries11,12.

The purpose of this study was to identify cases of assaults and self-inflicted traumatic brain injuries (TBI) in the 
eCHIRPP database and to provide details which may not be completely captured in health administrative databases.
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METHODS
Records entered into the CHIRPP system with injury date between April 1, 2011 and July 17, 2017 were extracted 
from the eCHIRPP database for all ages to use for the present analysis (N = 794,237). Intentional injury refers to cases 
of assault (physical, sexual, child maltreatment) or self-harm (suicide or self-inflicted injury), or events of undetermined 
intent and were identified by excluding cases that were coded as unintentional in nature (eCHIRPP intent code 10IN) or 
that were related to sports (if variable coding for organised sport confirmed sport participation or if narrative text used 
terms for sports). Undetermined cases were included because they are often thought to be intentional, particularly 
among poisonings13.

The mechanisms of injury examined can be broadly classified as assault, self-harm, or unknown. A variety of search 
strategies were used to identify assault cases; for example, cases of abusive head trauma to young children were 
identified by a combination of the age being below five years and the inclusion of narrative text using terms to describe 
abusive head trauma. Sexual assault cases were identified using a combination of context codes (eCHIRPP context 
code 85) and/or narrative text using key terms. Cases of bullying, child maltreatment, sibling abuse, physical assault, 
and intimate partner violence (IPV) were identified using key terms specific to those types of injury in combination with 
descriptions of assault. In the case of bullying, words related to “bully” were screened, while for sibling abuse, terms 
describing a sibling in combination with an assault were examined. Cases of IPV screened for words related to a 
domestic partner, and included cases of intentional injury where a third party to domestic violence may have been 
injured, e.g. a young child. 

Cases of self-harm were identified by first screening out cases where another individual was identified in the factor 
codes (eCHIRPP factor codes 3122F and 3123F) or when the intent codes were suggestive of another party (12IN 
13IN 14IN 19IN). If the narrative text included terms to suggest the use of drugs, or if substance use coding indicated 
drug use, then the case was classified as one of self-harm with the use of drugs. Otherwise, cases were identified as 
cases of self-harm where no drug was in use. Finally, undetermined cases were classified as either unknown or other. 
Other cases include those where a TBI occurred by way of childbirth or where an individual was found unconscious, 
or had amnesia. Unknown cases describe those where the individual has no recollection of what happened, or where 
the narrative text provided no further detail about the event. The perpetrator and the weapon/agent of injury were each 
identified using a combination of narrative text and mechanism coding. 

Data mining syntax (PERL regular expressions) was used when assessing narrative text14. Study results are reported 
as counts (N, n), annual percent change (APC) with 95% confidence intervals (CI), percentages, and as a normalized 
frequency distribution per 100,000 CHIRPP/eCHIRPP records (see Chapter 3 for more information on normalization 
and further methodological details).

RESULTS
A total of 18,052 (2.3%) intentional (including undetermined) injury cases were identified in the eCHIRPP database 
during the study period, 28.1% of which (n = 5,075) were head injuries (639.0 cases/100,000 eCHIRPP records). 
Of the 5,075 head injuries, 48.9% (n = 2,484) were TBI (312.8/100,000). Figure 16.1 shows the annual trends for all 
head injury and the TBI cases. Both head injuries and TBI decreased during the period from 2011 to 2015, with all head 
injuries at a slightly faster rate (12.1% versus 10%). Although there appears to be an increase beyond 2015, due to the 
small numbers and incomplete data entry, this period has not been further assessed. Figure 16.2 describes the age and 
sex distribution of TBI cases associated with intentional injury. The majority of cases were among males who sustained 
74.7% of TBI. Among males, incidents were most frequent in the 20 to 29 years age group (1,831.9/100,000). Among 
females, the peak occurred in the 15 to 19 years age group (581.8/100,000).
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FIGURE 16.1: Normalized* annual frequency distribution of all head injury cases and traumatic brain injury cases 
associated with intentional injuries, eCHIRPP, 2011 to 2017, per 100,000 records
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**  APC – Annual percent change
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FIGURE 16.2: Normalized* age and sex distribution of traumatic brain injury cases associated with intentional 
injuries, eCHIRPP, 2011 to 2017, per 100,000 records
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*  Sex information was missing in one case.

Table 16.1 presents the breakdown of TBI cases associated with intentional mechanisms. The majority of intentional TBI 
cases captured in eCHIRPP were due to an assault (91.8%) with fewer than one in ten being due to self-inflicted (5.9%) 
or cases of undetermined intent (2.3%). Some types of assaultive injury varied by age, for instance, abusive head trauma 
was frequent among babies aged 2 years or younger. Intimate partner violence was observed in adults up to 74 years of 
age, although there were also some children who were injured as a consequence of IPV between older individuals and 
included in this classification. Among cases of self-harm the concomitant use of drugs including alcohol was examined 
and 23.8% were associated with drugs or alcohol. Those under the influence of drugs or alcohol at the time of self-injury 
tended to be older (mean age 38 years) compared to those not using these substances (mean 24.5 years).
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TABLE 16.1: Mechanism of traumatic brain injuries associated with intentional events, eCHIRPP, 2011 to 2017 

Mechanism # % Mean Age (years)

Assault 2,278 91.8 20.6

Physical assault 1,949 78.5 21.8

Child maltreatment 161 6.5 5.9

Intimate partner violence 73 2.9 27.6

Sibling abuse 54 2.2 18.2

Bullying 26 1.1 12.2

Abusive head trauma 12 0.5 0.6

Sexual assault 3 0.1 15.3

Self-harm 147 5.9 27.7

Self-harm—no drugs* 112 4.5 24.5

Self-harm—with drugs* 35 1.4 38.1

Undetermined 59 2.3 30.8

Other ** 27 1.1 34.0

Unknown§ 32 1.3 28.1

TOTAL 2,484 100.0 —

*  Drugs include alcohol.

**  Other refers to cases such as those involving police or those where the individual was found somewhere with no information.
§  Unknown refers to cases where the patient said they did not know what occurred. 

A total of 588 intentional TBI cases were admitted to hospital (23.7% TBI or 74.0 cases/100,000 CHIRPP records). 
Frequency estimates suggest that cases of abusive head trauma, followed by self-harm with drugs, and child 
maltreatment were the three most frequent forms of TBI-related intentional injury resulting in hospital admission. 

The perpetrator associated with an intentional injury, as well as the weapon used, is examined in Table 16.2. Among 
those cases where the perpetrator of assaultive injuries was identified, the assault was most often by a friend, a family 
caregiver or an intimate partner. When a weapon or the agent used to inflict the intentional injury was identified, the 
most frequently reported was a belt/rope or a knife. The majority of cases did not actually involve a weapon (n = 102), 
or involved the use of a body part (e.g. knee) to inflict injury (n = 2,110). 
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TABLE 16.2: Perpetrator and weapon/agent used in incidents of traumatic brain injuries associated with assault 
and self-harm, eCHIRPP, 2011 to 2017 

Perpetrator # %

Friend 331 13.3

Family caregiver 118 4.8

Intimate Partner 92 3.7

Sibling 69 2.8

Other caregiver* 41 1.7

Unknown or unidentified person** 1,636 65.9

Self 147 5.9

No details available 50 2.0

TOTAL 2,484 100.0

WEAPON/AGENT

Belt or rope 55 20.2

Knife 43 15.8

Horizontal surface 39 14.3

Gun 37 13.6

Bat or bar 35 12.9

Bottle 27 9.9

Vertical surface 22 8.1

Glass 14 5.2

No weapon§ 2,212 –

TOTAL 2,484 100.0

*  Other caregiver refers to individuals such as a babysitter or an educator.

**  Unknown person describes a case where the patient recalls another individual being present, but they did not identify them, or, the person may have been 
known but was not identified in the narrative.

§  No weapon refers to cases where no weapon was used or the injury involved the use of a body part.

Table 16.3 shows the location or places where the TBI occurred. When reported (n = 1,810), 21.6% were at school 
(in and around), 21.3% in an alley, bus stop, sidewalk or parking lot, and 18.8% in the victim’s own home.
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TABLE 16.3: Location of injury event, traumatic brain injury cases associated with assault and self-harm, eCHIRPP, 
2011 to 2017 

Place of occurrence # %

School (incl. university, college) 391 15.7

Alley, bus stop, sidewalk, parking lot 385 15.5

Own home 341 13.7

Private home, apartment 332 13.4

Cottage, Cabin 9 0.3

Other private home 142 5.7

Night club, bar 135 5.4

Public park 96 3.9

Group home, prison, detention centre 74 3.0

Other place for sports and recreation 52 2.1

Restaurant 37 1.5

Shopping centre, mall 37 1.5

Stadium, arena 35 1.4

Airport, bus, train station 25 1.0

Other public place 17 0.7

Hospital, health care centre 15 0.6

Daycare, pre-school, nursing home 11 0.4

Other outdoor location 17 0.7

Unknown 674 27.1

TOTAL 2,484 100.0

DISCUSSION 
Between 2011 and 2015, sentinel surveillance of TBI related to assault and self-harm showed a decreasing trend. From 
2015 to 2017 there was an indication of an increase, but the counts are too low to provide a stable estimate of the APC. 
Further surveillance will indicate if this trend persists. If it does, it could be due to a number of different factors, including 
enhanced capture, societal changes in the acceptance of reporting these types of cases, or an inherent increase.

Young males (20 to 29 years) were the most frequent victims of assaults 
which is also seen in other studies3, 5. 

 

The majority of the cases in the current study are assault-related (91.8%). Conversely, as mentioned in the introduction, 
in Canada, hospitalizations for self-inflicted injuries are more than twice the frequency of those for assault2. A number of 
factors likely account for this apparently contradictory result. First, eCHIRPP is an emergency department (ED)-based 
surveillance system and some of the hospitalizations may not have taken the ED pathway. Also, the national data include 
all injuries (not just head injuries), and since many self-inflicted injuries are to body parts other than the head we would 
expect to see a different mix in the ED. Finally, the ED capture of self-inflicted injuries is known to be problematic12 and 
that may be reflected in these results.
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Young males (20 to 29 years) were the most frequent victims of assaults which is also seen in other studies3, 5. Intimate 
partner violence was observed in cases up to 74 years of age, but the mean age was 27.6 years, with female victims 
predominating. Concussions among victims of domestic violence is an important issue as it is comparable to sport-
related concussion in the sense that they may be exposed to repeated concussions/sub-concussion over time4, 15, 16. 

The location of the injury event was unknown in 27.1% of cases. This proportion is higher compared to unintentional 
injuries (PHAC analysis, unpublished internal report). This is often the case due to the nature of intentional injuries. 
However, in the 1,810 cases (72.9%) where location information was available, while school was the most frequent 
(15.7%), there was no one place that significantly predominated; there were a number of different locations many of 
which were in public places. This information may be useful for prevention initiatives (particularly for schools, night 
clubs, malls, restaurants and bus stops). 

The increased likelihood of admission to hospital relative to the number of ED visits can be an indicator of the severity 
of an injury. Based on this measure, this study found that abusive head trauma, self-harm, and child maltreatment 
were all examples of severe mechanisms of injury, although in the case of self-inflicted injury an unknown proportion 
of hospital admissions were for mental health reasons and not necessarily related to the severity of the physical injury. 

ED capture of cases of intentional injury has always been a challenge. In the eCHIRPP database a number of studies 
have been undertaken recently10–12 to delve into various aspects of this issue. In one study12, it was found that 71% 
of presenting patients agreed to give details about their injury. In the past many of these cases would have gone 
missing. These and future studies will help to improve ED surveillance with possible changes in administrative 
policies and data elements. 

A number of behavioural, social, and environmental factors can give rise to violence17, 18. The fact that most intentional 
injury TBI cases involved person to person contact, rather than the use of a weapon, is not surprising given the high 
proportion of assault cases. However, when a weapon was in use, a rope or a belt like object was the one most 
commonly used. Given the numerous factors that can precipitate cases of intentional injury, and the difficulties in 
supporting progress to reduce injury rates in this area, EDs could play an important role in prevention of such injury. 
Along those lines, priorities for violence prevention in this setting have been suggested and ideas for how to target 
high risk subgroups, such as individuals with mental illness have been provided18–21. Continued action to address these 
various risk and protective factors should assist with supporting continued declines in the rates of intentional injuries, 
and TBI, in Canada.

Although the current focus is on unintentional TBI related to sports and recreation among youth, TBI related to intentional 
mechanisms also warrant attention as they can be a source of TBI and potentially result in long term consequences.  
ED visits for TBI associated with intentional injuries in eCHIRPP are predominantly assault-related, including child 
maltreatment, abusive head trauma and intimate partner violence. 

REFERENCES
1. Public Health Agency of Canada (PHAC). PHAC analysis of 2018 data from the Canadian Vital Statistics: Deaths Database 

of Statistics Canada. Unpublished internal report; 2019.

2. Public Health Agency of Canada (PHAC). PHAC analysis of 2017/2018 data from the Discharge Abstract Database of the 
Canadian Institute for Health Information [unpublished internal report]; 2018.

3. Patton DA, McIntosh AS. Head Impact Biomechanics of “King Hit” Assaults. In: Müller B, Wolf S, editors. Handbook of Human 
Motion. [e-book] Cham, Switzerland: Springer; 2017. Available from: https://link.springer.com/referencework/10.1007/ 
978-3-319-30808-1 [Accessed 2019 Jan 25]. 

4. Fanslow JL, Norton RN, Spinola CG. Indicators of Assault-Related Injuries Among Women Presenting to the Emergency 
Department. Ann Emerg Med. 1998;32(3):341–8.



132 /  INJURY IN REVIEW 2020 EDITION

16.  Sentinel surveillance of emergency department visits: Intentional injuries

5. Taylor CA, Bell JM, Breiding MJ, Xu L. Traumatic brain injury-related emergency department visits, hospitalizations, and  
deaths—United States, 2007 and 2013. MMWR Surveill Summ. 2017;66(9):1–16. 

6. Ilie G, Adlaf EM, Mann RE, Ialomiteanu A, Hamilton H, Rehm J, et al. Associations between self-reported lifetime history of 
traumatic brain injuries and current disability assessment in a population sample of Canadian adults. PLoS ONE [Internet].  
2018 [cited 31 Jan 2019];13(1):e0188908. Available from: https://doi.org/10.1371/journal.pone.0188908

7. Fu T, Jing R, McFaull SR, Cusimano MD. Health and Economic Burden of Traumatic Brain Injury in the Emergency Department. 
Can J Neuro Sci. 2016;43(2):238–47.

8. Skinner R, McFaull S, Draca J, Fréchette M, Kaur J, Pearson K, et al. Suicide and self-inflicted injury hospitalizations in Canada 
(1979 to 2014/15). Health Promot Chronic Dis Prev Can. 2016;36(11):243–51.

9. Canadian Institute for Health Information (CIHI). International Statistical Classification of Diseases and Related Health Problems, 
10th rev., Canada. Volume Two—Alphabetical Index [Internet].Ottawa, ON: CIHI; 2015 [cited 2017 Dec 11]. Available from:  
www.cihi.ca/sites/default/files/icd_volume_two_2015_en_0.pdf 

10. Johnson D, Skinner R, Cappelli M, Zemek R, McFaull S, Langill C, et al. Self-Inflicted Injury-Canadian Hospitals Injury Reporting 
and Prevention Program (CHIRPP-SI): a new surveillance tool for detecting self-inflicted injury events in emergency departments. 
Can J Public Health [Internet]. 2018 Oct 11 [cited 31 Jan 2019]; [about 9 p.]. Available from: https://doi.org/10.17269/
s41997-018-0139-1 Subscription required.

11. Campeau A, Tonmyr L, Gulbransen E,  Herbert M, McFaull S, Skinner R. Sentinel surveillance of cases of child maltreatment 
presenting to Canadian emergency departments. BMC Pediatr. 2019;19(393):doi:10.1186/s12887-019-1788-9. 

12. Cloutier P, Skinner R, Cappelli M, Zemek R, Langill C, McFaull S, et al. Is it OK to ask? Public Health Surveillance of Self-Harm  
in the Emergency Department. J Am Acad Child Psy. 2016;55(10 Suppl.):S249–50.

13. Skinner R, McFaull S, Rhodes AE, Bowes M, Rockett IRH. Suicide in Canada: Is Poisoning Misclassification an Issue?  
Can J Psychiatry. 2016;61(7):405–12.

14. Zhang Y. Perl regular expression in SAS macro programming. Presented at the SAS Global Forum conference 2011.  
Cary, NC: SAS Institute Inc.; 2011. Paper 159:1–7. 

15. Corrigan JD, Wolfe M, Mysiw WJ, Jackson RD, Bogner JA. Early identification of mild traumatic brain injury in female victims  
of domestic violence. Am J Obstet Gynecol. 2003;188(5):S71–76.

16. Murray CE, Lundren K, Olson LN, Hunnicutt G. Practice update: What professionals who are not brain injury specialists need  
to know about intimate partner violence-related traumatic brain injury. Trauma Violence Abuse. 2016;17(3):298–305. 

17. Krug EG, Mercy JA, Dahlberg LL, Zwi AB. The World Report on Violence and Health. Lancet. 2002;360(9339):1083–8.

18. Mercy JA, Rosenberg ML, Powell KE, Broome CV, Roper WL. Public health policy for preventing violence. Health Aff (Millwood). 
1993;12(4):7–29. 

19. Houry D, Cunningham RM, Hankin A, James T, Bernstein E, Hargarten S. Violence prevention in the emergency department: 
future research priorities. Acad Emerg Med. 2009;16(11):1089–95. 

20. Monuteaux MC, Lee L, Fleegler E. Children injured by violence in the United States: emergency department utilization,  
2000–2008. Acad Emerg Med 2012;19(5):535–40. 

21. Meuleners LB, Lee AH, Hendrie D. Interpersonal violence hospitalisations for adolescents: a population-based study.  
J Paediatr Child Health. 2010;46(11):686–90. 



133 /  INJURY IN REVIEW 2020 EDITION

Discussion and Concluding Remarks

DISCUSSION AND CONCLUDING REMARKS
Discussion and Concluding Remarks

This report has reviewed the most recently available surveillance information on the mortality and morbidity of traumatic 
brain injuries (TBI) and other head injuries over the life course by sex and external cause. 

External cause of TBI varies by age, sex and severity of the injury whether minor, serious or fatal. TBI deaths of 
children under five years of age are most often the result of transport incidents or abusive head trauma. Falls are the 
most frequent reason for TBI hospitalizations and ED visits among children under 5 years of age. Among children and 
youth aged 5 to 19, sports and recreational activities emerge as a leading cause of TBI-related hospitalizations and ED 
visits. Assaults are a leading cause of TBI hospitalizations and ED visits among males 20 to 39 years of age. From age 
40 years and onward, non-SPAR-related falls take over as the predominant mechanism of TBI-related deaths, 
hospitalizations and ED visits, with especially high rates among those 85 years and older. 

Analysis of sentinel surveillance data from CHIRPP reveals that the characteristics of individuals who sustain TBI while 
engaged in a range of specific activities and the circumstances of related injury events can be revealed. The activities 
and situations vary widely from SPAR (ice hockey, rugby, cheerleading, martial arts, ATV, tobogganing, equestrian, 
ringette), to locations (school, home), to products (strollers, falling televisions, grandstands) to intentional injury contexts 
(assaults and self-harm). The actual range of activities and situations that can potentially be explored using the CHIRPP 
sentinel surveillance program is interminable. One example comes from the detailed analysis of sentinel surveillance of 
men’s and women’s organized hockey that confirms illegal manoeuvres still contribute to a large proportion of all TBI, 
but unintentional contact is also an important factor.

The data sources used for this report have limitations which need to be recognized and used to outline improvements 
to TBI and head injury surveillance in the future. But more importantly, the limitations of one source may often be 
addressed by adding the analysis of other sources and synthesizing the collected information to obtain a much more 
comprehensive understanding of a specific injury problem. For example, mortality and to an extent, hospitalization data, 
are of limited use for studying the mild end of the TBI continuum because concussions and other minor head injuries 
are mostly treated in emergency departments or in non-hospital settings. 

The NACRS ED data currently have only complete coverage in Ontario, Alberta and Yukon. However, if this data source 
is expanded across the country in the future it would enable the calculation of complete population-based rates (both 
regional and national) for injuries treated in emergency settings. 

None of the current data sources used capture information on the many minor injuries treated in settings outside 
hospitals: injuries treated during physician’s office visits, by coaches or trainers, or other health professionals such 
as physiotherapists. Collection of information on these injuries would enhance overall understanding. This type of 
information could be especially useful for prevention initiatives in settings such as leagues and regulatory bodies 
of specific sports. 

A number of surveys including the Canadian Community Health Survey (CCHS) and the Health Behaviour of School-
aged Children (HBSC) could potentially add to our knowledge of brain injuries and TBI. Each cycle of the CCHS 
includes questions on a special theme. Should a future cycle of this survey choose a theme related to SPAR, 
for example, it could provide valuable information on SPAR-related head injuries.

Since SPAR-related concussions are a significant concern for children and youth, participation rates in the most 
popular sports would help to identify the sports and activities carrying the most risk. Injury rates calculated with 
participation rather than population denominators provide a more accurate measure of risk. Information on Canadian 
participation in sports and recreational activities by age category and sex could provide the missing denominator 
information needed to determine more reliable rates and track them over time.
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One of the main objectives of public health is the prevention of disease, illness and injury. The public health approach 
uses surveillance not only to identify problems but also to identify the risk factors and help develop and evaluate 
prevention strategies. Injury prevention is an ongoing effort in public health and other sectors. Head injuries and TBI 
happen in a wide variety of settings and situations and are associated with many diverse activities. As illustrated in 
various chapters of this report, prevention is best addressed in the context of circumstances that result in frequent 
or severe head injury. 

Initiatives to prevent head injuries can happen at all levels from national (or even international) down to the community 
level. For example, at the national level Canada has regulations and guidelines related to products used by children 
including the play structures found in school grounds. There is traffic safety legislation and regulation at the national, 
provincial/territorial levels and municipal levels. Speed limits can be an important factor in pedestrian motor vehicle 
collisions. Aside from governments, this report has shown the role that national and regional sports bodies can play 
in setting rules of play to enhance safety.

There is a role for multiple sectors and multiple professionals in the prevention of head injuries and TBI. In this report 
head injuries were studied in a variety of sports settings, in schools and in traffic situations. The SPAR setting is one 
that illustrates the involvement of multiple sectors and professionals well. The sports chapters mention recent efforts 
to increase awareness of concussions and to develop and implement protocols for recovery and safe return to play; 
these initiatives were developed by experts in medical care, sports, training and coaching, education and more. 
Another factor, harmonization, was important in the development of concussion protocols.

For some situations leading to head injuries, prevention can be “built in” when hazards are recognized. Safety in design 
applies to many children’s products including strollers and the evolution of design for televisions may have contributed 
to declines in head injuries due to tip overs. Design is also very relevant to safety in bleachers and grandstands. Sports 
equipment, especially protective equipment, is another example where design is important and safety is “built in”. 

This report has shown several situations where head injuries and TBI have declined over time and these declines 
have been linked to prevention initiatives. However, injury rates are still high and head injuries and TBI continue to be 
an important public health issue. As long as frequent and serious head injuries and TBI persist, the need for effective 
injury surveillance in support of prevention remains.
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TABLE A1: Detail of sports and recreation codes (SPAR) used for traumatic brain injury analysis

ICD-10-CA Code Description

V10-V19 Pedal cyclist injured in transport accident

V80.0*

Animal-rider or occupant of animal-drawn vehicle injured by fall from or being thrown from  
animal or animal-drawn vehicle in non-collision accident

Includes: Overturning:
• NOS
• without collision

V80.8* Animal-rider or occupant of animal-drawn vehicle injured in collision with fixed or stationary object

V80.9*

Animal-rider or occupant of animal-drawn vehicle injured in other and unspecified  
transport accidents

Includes: Animal-drawn vehicle accident NOS
Animal-rider accident NOS

V86 (V86.0-V86.98, incl.  
4th digit Canadian codes)£ 

Occupant of special all-terrain or other motor vehicle designed primarily for off-road use,  
injured in transport accident

Excludes: vehicle in stationary use or maintenance (W31.-)

V90.2-V90.9

Accident to watercraft causing drowning and submersion

V90.2 Accident to watercraft causing drowning and submersion, fishing boat
V90.3 Accident to watercraft causing drowning and submersion, other powered watercraft
Includes: Hovercraft (on open water), Jet skis
V90.4 Accident to watercraft causing drowning and submersion, sailboat
Includes: Yacht
V90.5 Accident to watercraft causing drowning and submersion, canoe or kayak
V90.6 Accident to watercraft causing drowning and submersion, inflatable craft (non-powered)
V90.7 Accident to watercraft causing drowning and submersion, water-skis. 
Includes: Wake-board
V90.8 Accident to watercraft causing drowning and submersion, other unpowered watercraft
Includes: Surf board, Windsurfer
V90.9 Accident to watercraft causing drowning and submersion, unspecified watercraft
Includes: Boat NOS, Ship NOS, Watercraft NOS

 V91.2-V91.9

Accident to watercraft causing other injury 
V91.2 Accident to watercraft causing other injury, fishing boat
V91.3 Accident to watercraft causing other injury, other powered watercraft
Includes: Hovercraft (on open water), Jet skis
V91.4 Accident to watercraft causing other injury, sailboat
Includes: Yacht
V91.5 Accident to watercraft causing other injury, canoe or kayak
V91.6 Accident to watercraft causing other injury, inflatable craft (non-powered)
V91.7 Accident to watercraft causing other injury, water-skis
Includes: Wake-board
V91.8 Accident to watercraft causing other injury, other unpowered watercraft
Includes: Surf board, Windsurfer
V91.9 Accident to watercraft causing other injury, unspecified watercraft
Includes: Boat NOS, Ship NOS, Watercraft NOS
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ICD-10-CA Code Description

V92.2-V92.9

Water-transport-related drowning and submersion without accident to watercraft

V92.2 Water-transport-related drowning and submersion without accident to watercraft, fishing boat
V92.3 Water-transport-related drowning and submersion without accident to watercraft,  
other powered watercraft
Includes: Hovercraft (on open water), Jet skis
V92.4 Water-transport-related drowning and submersion without accident to watercraft, sailboat
Includes: Yacht
V92.5 Water-transport-related drowning and submersion without accident to watercraft,  
canoe or kayak
V92.6 Water-transport-related drowning and submersion without accident to watercraft,  
inflatable craft (nonpowered)
V92.7 Water-transport-related drowning and submersion without accident to watercraft, water-skis
Includes: Wake-board
V92.8 Water-transport-related drowning and submersion without accident to watercraft,  
other unpowered watercraft
Includes: Surf-board, Windsurfer
V92.9 Water-transport-related drowning and submersion without accident to watercraft,  
unspecified watercraft
Includes: Boat NOS, Ship NOS, Watercraft NOS

V93.2-V93.9

Accident on board watercraft without accident to watercraft, not causing drowning and submersion

V93.2 Accident on board watercraft without accident to watercraft, not causing drowning and
submersion, fishing boat
V93.3 Accident on board watercraft without accident to watercraft, not causing drowning and
submersion, other powered watercraft
Includes: Hovercraft (on open water), Jet skis
V93.4 Accident on board watercraft without accident to watercraft, not causing drowning and
submersion, sailboat
Includes: Yacht
V93.5 Accident on board watercraft without accident to watercraft, not causing drowning and
submersion, canoe or kayak
V93.6 Accident on board watercraft without accident to watercraft, not causing drowning and
submersion, inflatable craft (nonpowered)
V93.7 Accident on board watercraft without accident to watercraft, not causing drowning and
submersion, water-skis
Includes: Wake-board
V93.8 Accident on board watercraft without accident to watercraft, not causing drowning and
submersion, other unpowered watercraft
Includes: Surf-board, Windsurfer
V93.9 Accident on board watercraft without accident to watercraft, not causing drowning and
submersion, unspecified watercraft
Includes: Boat NOS, Ship NOS, Watercraft NOS
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ICD-10-CA Code Description

V94.2-V94.9

Other and unspecified water transport accidents

Includes: accident to nonoccupant of watercraft
hit by boat while water-skiing
V94.2 Other and unspecified water transport accident, fishing boat
V94.3 Other and unspecified water transport accident, other powered watercraft
Includes: Hovercraft (on open water), Jet skis
V94.4 Other and unspecified water transport accident, sailboat
Includes: Yacht
V94.5 Other and unspecified water transport accident, canoe or kayak
V94.6 Other and unspecified water transport accident, inflatable craft (nonpowered)
V94.7 Other and unspecified water transport accident, water-skis
Includes: Wake-board
V94.8 Other and unspecified water transport accident, other unpowered watercraft
Includes: Surf-board, Windsurfer
V94.9 Other and unspecified water transport accident, unspecified watercraft
Includes: Boat NOS, Ship NOS, Watercraft NOS

V96

Accident to nonpowered aircraft causing injury to occupant

Includes: collision with any object, fixed, movable or moving
crash
explosion 
fire
forced landing
V96.0 Balloon accident injuring occupant
V96.1 Hang-glider accident injuring occupant
V96.2 Glider (nonpowered) accident injuring occupant
V96.8 Other nonpowered-aircraft accident injuring occupant
Includes: Kite carrying a person
V96.9 Unspecified nonpowered-aircraft accident injuring occupant
Includes: Nonpowered-aircraft accident NOS

V97.2¥

Other specified air transport accident
Includes: accidents to nonoccupants of aircraft
V97.2 Parachutist injured in air transport accident
Excludes: person making descent after accident to aircraft (V95-V96)

V98§

Other specified transport accident

Includes: accident to, on or involving:
• cable-car, not on rails
• ice-yacht
• land-yacht
• ski chair-lift
• ski-lift with gondola
cable-car, not on rails:
caught or dragged by
fall or jump from
object thrown from or in
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ICD-10-CA Code Description

W02

Fall involving skates, skis, sport boards and in-line skates

W02.00 Fall involving ice skates
W02.01 Fall involving skis
W02.02 Fall involving roller skates/in-line skates
W02.03 Fall involving skateboard
W02.04 Fall involving snowboard
W02.05 Fall involving a toboggan
W02.08 Fall other specified
Includes: Non motorized scooter

W09

Fall involving playground equipment

Excludes: fall involving recreational machinery (W31.-)
W09.01 Fall involving swing
W09.02 Fall involving slide
W09.03 Fall involving teeter totter
W09.04 Fall involving monkey bars
W09.05 Fall involving trampoline
W09.08 Fall involving other playground equipment
W09.09 Fall involving unspecified playground equipment

W16

Diving or jumping into water causing injury other than drowning or submersion

Includes: striking or hitting:
• against bottom when jumping or diving into shallow water
• wall or diving board of swimming-pool
• water surface
Excludes: accidental drowning and submersion (W65-W74)
diving with insufficient air supply (W81.-)
effects of air pressure from diving (W94.-)

W21

Striking against or struck by sports equipment

Includes: struck by:
• frisbee
• hit or thrown ball
• hockey stick or puck
W21.00 Striking against or struck by ball
W21.01Striking against or struck by bat
W21.02 Striking against or struck by hockey stick
W21.03 Striking against or struck by hockey puck
W21.08 Striking against or struck by other specified sport equipment
W21.09 Striking against or struck by other unspecified sport equipment

W22

Striking against or struck by other objects

Includes: striking post, sign, tree
walked into wall
Excludes: contact with other person (W50 - W52)
sports equipment (W21)
W22.00 Striking against or struck by other objects while skiing/snowboarding
W22.01 Striking against or struck by other objects while tobogganing
W22.02 Striking against or struck by other objects while playing hockey
W22.03 Striking against or struck by other objects while playing football/rugby
W22.04 Striking against or struck by other objects while playing soccer
W22.05 Striking against or struck by other objects while playing baseball
W22.07 Striking against or struck by other objects while engaged in other sports/recreation
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ICD-10-CA Code Description

W51

Striking against or bumped into by another person

Excludes: fall due to collision of pedestrian (conveyance) with another pedestrian (conveyance) (W03.-)
W51.00 Striking against or bumped into by another person in skiing/snowboarding
W51.01 Striking against or bumped into by another person in tobogganing
W51.02 Striking against or bumped into by another person in hockey
W51.03 Striking against or bumped into by another person in football/rugby
W51.04 Striking against or bumped into by another person in soccer
W51.05 Striking against or bumped into by another person in baseball
W51.07 Striking against or bumped into by another person in other sports/recreation

W67-W74€

Accidental drowning and submersion

W67 Drowning and submersion while in swimming-pool
W68 Drowning and submersion following fall into swimming-pool
W69 Drowning and submersion while in natural water
Includes: lake, open sea, river, stream
W70 Drowning and submersion following fall into natural water
W73 Other specified drowning and submersion
Includes: quenching tank
reservoir
W74 Unspecified drowning and submersion
Includes: drowning NOS
fall into water NOS

X50

Overexertion and strenuous or repetitive movements

Includes: lifting:
• heavy objects
• weights
marathon running
rowing

U99

Activity

Note: there are numerous activity codes (U99.0-U99.0); These codes are under the category of  
Provisional codes for research and temporary assignment in Canada. These codes were included in the 
search but since they are not consistently used, they did not contribute significantly to the total counts.

* V80.0, V80.8, V80.9 – An approximation of equestrian injuries, will include an unknown proportion of non-equestrian cases (e.g. horse and  
buggy rides, occupational).

£  V86 – Includes traffic and non-traffic related; it is assumed that traffic-related cases are still part of a recreational activity (e.g. crossing the highway  
between trails). Further, an unknown proportion of off-road vehicle use coded as SPAR are actually non-recreational (occupational or transport).

€  W67-W74 – An approximation of recreational swimming, will include an unknown proportion on non-swimming cases.
¥  V97.2 – An unknown proportion of these cases could be occupational.
§  V98 – An unknown proportion of these will not be SPAR (e.g. cable car).
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Appendix C: Hospitalization Tables C1 to C6
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Appendix C: Hospitalization Tables C1 to C6
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Appendix C: Hospitalization Tables C1 to C6
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Appendix C: Hospitalization Tables C1 to C6
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Appendix C: Hospitalization Tables C1 to C6
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Appendix D: Hospitalization Tables D1 to D6
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Appendix D: Hospitalization Tables D1 to D6
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Appendix D: Hospitalization Tables D1 to D6
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Appendix D: Hospitalization Tables D1 to D6
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