
All-terrain vehicle (ATV) use has become increasingly
popular among Canadians of all ages, and ATV-related injuries
and fatalities are of major public concern. There were almost one
million ATVs registered in Canada in 2005, a number that is
projected to increase by more than 5.9% annually until 20101.
Two-thirds of ATVs are used for recreational purposes, and one-
third for farming and other industrial settings1. In any setting,
ATVs are designed for off-road use and typically have large,
low-pressure tires, a seat straddled by the rider, and a high centre
of gravity.2 All-terrain vehicle usually lack seatbelts, airbags, and
encasement by walls or roofs. They can weigh more than 250 kg3
and reach speeds greater than 90 km/h.4,5 These features make
ATV riders prone to head and neck injuries, especially by
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rollover or driver ejection after collision. The Canadian Institute
for Health Information (CIHI) reported a 50% increase in ATV-
related hospitalizations from 1996 to 20016.
Since their introduction in Canada in the 1970’s, the

configuration of ATVs has changed because of consent decrees
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signed in the United States in 1988 after the U.S. Consumer
Product and Safety Commission deemed three-wheeled ATVs
unsafe due to their high rollover potential. Although three-
wheeled models are no longer manufactured or distributed in
North America2,7 the use of pre-existing three-wheelers remains
legal. For currently manufactured four-wheeled ATVs, a
voluntary standard was adopted by manufacturers to provide
safety messages in owner’s manuals, warning labels, and the
following age-related guidelines: under 70cc engine for children
less than 12; and under 90cc engine for children less than 162.
Many of the most catastrophic ATV-related injuries result

from significant head trauma. Major risk factors associated with
these ATV injuries and fatalities have been addressed in several
published recommendations regarding ATV safety, including
position statements by the Canadian Paediatric Society,
American Academy of Pediatrics, American Academy of
Orthopedic Surgeons, and the American College of Surgeons.8-10
Risk factors cited include riding at night, riding with passengers,
driving under the influence of alcohol or drugs, failure to wear a
proper helmet and other safety equipment, riding three-wheeled
vehicles, and lack of training.9-11 Emphasis has also been placed
on the prevalence of ATV-related injuries and fatalities in
children, and the cited risks include lack of muscle coordination,
small body size, and immature judgment, factors that
collectively make it difficult for children to safely control an
ATV.4,11-46 Several groups recommend that children under 16
should be prohibited from riding ATVs.8-11 Public concern about
injuries in Canada has resulted in recent legislative changes in
some provinces.
Although there have been several studies of ATV-related

fatalities in the United States, there is very little published data
on the epidemiology of ATV-related fatalities in Canada.
Improved understanding of the epidemiology and risks of ATV-

related fatalities allows targeting of injury prevention efforts
including legislation. The present study documents the
epidemiology of ATV-related fatalities in Ontario, 1996 – 2005,
and identifies current risk factors and targets for injury
prevention.

METHODS
Data on ATV-related fatalities were obtained at the Office of

the Chief Coroner of Ontario which collects records from
Ontario’s regional coroners, including all deaths from traumatic
and sudden, unexplained events47. A list of ATV-related deaths
from 1996 - 2005 was generated (2005 was the most recent year
with complete data at the time of this study in 2008). The records
included death certificates, police reports, pathology and autopsy
reports, and the regional coroner’s summary, and all were
reviewed for each case identified. All ATVs (three wheels or
more) were included; other motorized vehicles such as go-carts,
dune buggies, and snowmobiles were excluded because they are
not typically included in the definition of an ATV.
In addition to demographic information, the following

information regarding potential risk factors was collected: cause
of death, mechanism of injury, helmet use, alcohol or drug
involvement, number of wheels, vehicle model, previous
condition of the vehicle (determined by the police in most
fatalities), evidence of excessive speeding, reduced visibility,
type of terrain, month, time of day, and regional location. We
determined whether the ATV was used for recreation or work,
and whether the deceased was the driver, passenger, pedestrian,
or another motorist.

RESULTS
Eighty-five ATV-related deaths were identified from 1996 –

2005, and files on 83 deaths were available for review. Two files
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Figure: Frequency of ATV fatalities in Ontario by age group, 1996 - 2005.
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were unavailable because they had been borrowed for either
legal or research purposes. Nine of the 83 were excluded because
the cause of death was unrelated to a traumatic injury involving
an ATV: four due to myocardial infarction while lifting or
moving an ATV; four due to myocardial infarction while riding
anATV; and one due to anATV-related head injury incurred prior
to the study period. Thus, 74 deaths were included in the study.
Table 1 shows that the death rate increased dramatically from

1996 to 2005. The mean incidence of death was 7.4 per year, and
the mean death rate was 0.0627 per 100,000 Ontarians. The
location of the fatalities based on the Local Health Integration
Networks (LHINs) developed by the Ontario Ministry of Health
and Long-Term Care43 indicates that the largest number of
fatalities occurred in the North East LHIN (20.3%, n = 15).
Death rates according to the number of registered ATVs in
Ontario could not be calculated because ATVs are not listed
separately in the registration statistics and are combined with
other off-highway vehicles (eg. mopeds, dirt bikes).
Males comprised 90.5% (n=67) of the cases. The mean age of

all fatalities was 30.7 years, and the age range was 4 months to
93 years. The highest number of fatalities occurred in the 15-19,
20-24, and 25-29 year old groups, with an equal number of
fatalities (n = 9) in each (Figure 1). Sixteen fatalities (21.6%)
occurred in children less than 16 years-of-age. Table 2 shows the

cause of death, with head and neck injuries due to blunt force
trauma being the most common (51.4%).
Drivers comprised 81.1% (n = 60) of the fatalities, 14.9% (n

= 11) were passengers, 2.7% (n = 2) were other motorists
involved in a collision with an ATV (one snowmobile, one
motorcycle); and one pedestrian (1.4%) was struck by an ATV.
The highest number of fatalities occurred in July and August,
each with 11, and December through March had the lowest rates
with two fatalities each month. Incidents on public roads caused
the highest proportion of fatalities (45.9%), followed by off-road
and other types of terrain. The mechanisms of injury, such as
ATV rollover or striking immobile objects, is shown in Table 3.
The data for other risk factors are summarized in Table 4.

Alcohol use, lack of a helmet, excessive speed and suboptimal
lighting were major factors. Driving at excessive speed was
significantly more likely in drivers 29 years of age and younger
compared with older riders (x2 = 4.39, p<0.05). Alcohol use was
much more frequent in fatalities that occurred after dark (x2 =
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Table 1: ATV fatality rate by year in Ontario, 1996 -2005

Table 2: Frequency of ATV fatalities in Ontario by medical
cause of death, 1996-2005
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14.03, p<0.001) than during the day. The rate of alcohol use
among those fatalities due to head and neck injuries was
approximately equal to the overall rate of alcohol use in the total
fatalities (47%).
Information about passengers was available for 72 of the 74

cases: 75% (n=54) occurred when the ATV was driven by a
single rider, while 25% (n = 18) occurred with one or more
passengers. Of the 74 fatalities, the driver died in 81% (n = 60),
and in 19% (n=14) the passenger died. Only 5% (n=4) of cases
involved individuals who were using the ATV for work-related
purposes (eg. industrial, farm work), while 73% (n=54) were
non-work related (eg. recreation, transportation). In the
remaining 22% (n=16), the purpose of vehicle use was uncertain
in the records.
Information about vehicle defects prior to the fatal collision

was available for 36 cases, and only 14% (n=5) reported a defect:
brake problems in three; broken lights in one; and vehicle body
damage in one. Information about the size of the vehicle was
available for 12 of the 16 fatalities in youths less than 16 years-
of-age, and in all but one, the youths were driving adult-sized
vehicles. In the remaining case, the vehicle was reported as
“youth sized”, but it was not clear whether it was the smallest
size (under 70cc) recommended for the age of the child.

DISCUSSION
Incidence and Epidemiology
The annual incidence of ATV-related fatalities in Ontario rose

markedly over the 1996-2005 period from one death in 1996 to
16 in 2005. Our previous study of ATV fatalities in Ontario from
1986-1995 based on both hospital records and coroner’s reports
showed an annual incidence of only four.48 Relative to
surrounding years, 2003 had a lower fatality rate at only five
deaths during that year; despite investigation in to possible
reasons such as legislation changes or public campaigns, we
have not found a clear explanation for this anomaly. The North
East LHIN was the region with the highest number of fatalities
over the study period (20.2%), which parallels the overall higher
rate of traumatic death and the relatively high prevalence of ATV
use in this region.49

Risk Factors
We analyzed risk factors for fatality related to the driver,
environment and vehicle.
Driver: Driver risk factors were age, gender, alcohol use,

helmet use, and driving practices (speeding, driving alone). The
majority of fatalities occurred in males (over 90%), and the
highest incidence was in 15-29 year olds. It is difficult to
ascertain the male:female ratio for ATV riding in Ontario,
although data from the United States suggests males comprise
about two-thirds of ATV riders50, and therefore, the frequency of
fatalities is disproportionately higher among males which echoes
other motorized recreational vehicles46.
As was found in the study by Helmkamp et al of youth ATV

fatalities for a similar time period in West Virginia51, almost one-
quarter (21.6%) of the deaths in the current study were youths
under 16 years-of-age. Indeed, we found that youths under 19
years-of-age comprised about one-third of the ATV-related
fatalities, which mirrors CIHI’s 2003 report on the incidence of
all ATV-related injuries (fatal and non-fatal) in Canada.52

Similar to previous studies that emphasized alcohol use as a
key risk factor53,54, we found that alcohol was involved in 47.3%
of fatalities in Ontario. The West Virginia study also documented
alcohol involvement in about half the cases52. Identifying blood
alcohol concentrations (BACs) above the legal limit has
limitations since most blood samples were taken hours after
injury or death, which underestimates the BAC at the time of
collision. We did not find a significant relationship between
gender and alcohol involvement, most likely due to the relatively
low female sample size.
A high percentage (58.1%) of the fatalities had head injuries

and 63.3% of all fatalities were unhelmeted. Of the fatalities due
to head and/or neck injuries, helmets were absent at least 53% of
the time (with an additional 10.5% of the remaining fatalities
having no information regarding helmet use available). Helmet
use did not significantly alter the incidence of head or neck
injuries causing or contributing to death most likely because the
velocity of the ATVs and force on the head exceeded the
protection helmets can provide. Indeed, helmets are likely more
effective in reducing injury severity of lower force than those
causing fatality. The present study confirmed that younger riders
(29 years-of-age or less) were more often driving at excessive
speed50.
Environment: The highest proportion of fatalities occurred

on public roads and intersections (46%), followed by off-road
terrain. The most common mechanism of injury was collision
with another vehicle, followed by striking an obstacle, most
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Table 3: Mechanism of injury for ATV fatalities in Ontario,
1996-2005
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commonly a tree. Although a small number of collisions with
other vehicles occurred on trails (eg. one with a snowmobile), the
majority occurred on roads. These findings indicate the
importance of preventingATV use on roads in close proximity to

cars and trucks. About one-third of fatalities occurred after dusk
and before dawn, indicating that night driving is another
important risk factor for injury prevention including legislation.
Vehicle: Vehicle size is recognized as a significant risk factor

for injuries and fatalities in the paediatric population. All but one
of the fatalities in the under 16 age group with known vehicle
model information involved adult-sized ATVs, confirming that
adult-sized ATVs pose a risk to children. It is unproven whether
child-sized ATVs pose less risk for injury or fatality; therefore, it
is not possible to evaluate the validity or effectiveness of current
industry recommendations for youth and ATV size. Vehicle
defects did not seem to play a significant role in most fatalities,
as reports of vehicle defects prior to the incident were present in
only five cases (13.9%) for which there were official vehicle
inspections conducted after the fatalities occurred (Table 4).

Injury Prevention Recommendations including Legislation
Compared to some provinces, Ontario legislation does not

restrict the use of ATVs on public roads and has minimal
restrictions on children under 16. We will report separately on
current ATV legislation in other provinces and territories of
Canada. Ontario requires ATV drivers to hold a driver’s license
if ATVs are driven on public roads and highways, similar to
legislation in Quebec, Saskatchewan, Nova Scotia, British
Columbia, and Manitoba. In Ontario, ATV driving on private
roads or off-road requires no licensing. In addition, helmet laws
in Ontario only refer to highway use. Although we did not find a
significant association between death from head injury and lack
of helmet use, in over half the fatalities helmets were absent.
Therefore, we recommend mandatory helmets for all ATV use on
and off roads, in all provinces and territories, as is currently
legislated in Nova Scotia, New Brunswick, Quebec, and
Nunavut. Helmets used should be the same type certified for use
with motorcycles. Furthermore, the risk of fatal head injury in
spite of helmet use must be emphasized so that riders understand
that helmets can minimize injury but that with enough force,
catastrophic injuries may not be prevented. Indeed, helmets
cannot replace safe driving practices.
The Canadian Paediatric Society guidelines, published in

20049, recommend that children under 16 years-of-age should
not operate or ride as passengers on ATVs. The American
College of Surgeons recommended in 2009 that “Recreational
use of ATVs should be limited to people who have licenses to
operate other motorized vehicles”.8 We found 21.6% (n=16) of
ATV-related fatalities were in children less than 16-years-old.
The effectiveness of manufacturers’ recommendations for ATV
size and rider age are unproven (under 70cc engine for children
under 12; under 90cc engine for children under 162), and our data
on childhood fatalities are so compelling that we support the
incorporation of the Canadian Paediatric Society guidelines into
legislation.
Although the manufacture of three-wheeled ATVs was

banned in the late 1980’s, it is not illegal to ride existing three-
wheelers. In our study almost 10% of the ATVs in the fatalities
were three-wheelers, a relatively high number given that two
decades have passed since their manufacture. This proportion of
fatalities is high enough to recommend, in light of other
supporting evidence,4,11,14,21,38 that the use of three-wheelers
should be banned.
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Risk factor Frequency Percent of those 
measured/

documented (%)

ALCOHOL

BAC > 0.08 21 (38.2)

BAC < 0.08 8 (14.5)

Detected but no 

specific measure 

given

6 (10.9)

Undetected 20 (36.4)

Not Measured 19 -

OTHER DRUGS

Detected 6 (40.0)

Undetected 9 (60.0)

Not Measured 59 -

HELMET USE

Helmet Worn 22 (36.7)

Helmet Not Worn 38 (63.3)

Helmet Use Unclear 14 -

EXCESSIVE SPEED

Yes 21 (60.0)

No

Unclear

14

39

(40.0)

-

DRIVING ALONE

ATVing alone 24 (32.9)

ATVing in group 49 (67.1)

Unclear 1 -

DECREASED 

VISIBILITY

Yes 4 (12.1)

No 29 (87.9)

Unclear 41 -

SUBOPTIMAL 

LIGHTING

Yes 24 (36.4)

No 42 (63.6)

Unclear 8 -

NUMBER OF WHEELS

3 wheels 6 (9.2)

4 wheels 56 (86.2)

6 wheels 3 (4.6)

Uncertain 9 -

PRIOR CONDITION OF 

VEHICLE

Defect Present 5 (13.9)

No Defect 31 (86.1)

No vehicle 

inspection 

documented

38 -

Table 4: Risk factors forATV fatalities in Ontario, 1996-2005
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With ATV use likely to continue its upward trend, we
recommend that health professionals take an active role in injury
prevention, particularly in communities where ATV use is
prevalent. For example, primary care physicians should educate
patients about helmet use in recreational activities, especially
those involving motorized vehicles. Current legislation in all
provinces except Quebec permits children to ride ATVs under
supervision; therefore, parents must be educated about the
dangers of ATV use in the children. A harm reduction approach
should be adopted emphasizing the importance of minimizing
risk by using helmets, driving in daylight, and taking training
courses, especially for children and males between 15 and 29
years old. School-based safety education programs may also be
beneficial in communities with high rates of ATV use. As well,
closer examination of potential vehicle improvements, such as
brighter lights, should be investigated given the prevalence of
nighttime collisions. The public must understand that death is
often associated with head trauma and occurs even when helmets
are worn if the force of impact is sufficiently great.

Study Limitations
Data for the current study depended on the completeness of

the coroners’ reports. We found that some information relevant
for injury prevention was not always collected, such as the use of
child sizeATVs. We recommend improved and standardized data
collection about ATV fatalities by the police, emergency medical
personnel, ATV associations and coroners. Furthermore,
documentation of the type of helmets worn during catastrophic
events would allow greater understanding of whether helmet
type is a contributory factor in their effectiveness. Standardized
data collection would enhance the analysis of ATV injuries and
deaths in Canada and allow improvement in injury prevention
strategies including legislation. Finally, it is important to note
that statistical data showing the number of ATVers or ATVs in
Ontario during the study period is an important denominator for
understanding the impact of injury and fatality data.
Unfortunately, this data is not available due to a significant
number of unregistered ATVs, as well as grouping of various
types of off-road vehicles when registration statistics are
compiled.

CONCLUSIONS
To aid in future research, we recommend that all ATVs be

required to be registered in all provinces and that this data
remains separate from other off-road vehicle types.
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