Patterns of fatal machine rollovers in Canadian agriculture
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Abstract
Introduction: Our objectives were to examine the activities and circumstances associated
with agricultural machine-related rollover fatalities.
Methods: We identified agricultural machine rollover fatalities recorded by the Canadian
Agricultural Injury Surveillance Program (CAISP) in 1990–2005. We determined sideways
and backwards rollovers by year, age and sex of the victims, agricultural season, machine
type, and the activity, circumstances and location of the injury event.
Results: The annual rate of rollover fatalities in Canada was 9.1 per 100 000 farm operations.
Rollover fatalities decreased to 30% of baseline over the 16-year study period (p = .004).
Fatal rollovers most often occurred among men aged 50–69 years and 60–79 years for sideways and backwards rollovers, respectively.
Discussion: Sideways rollovers occur when driving across an incline or at the edge
of a ditch bordering a roadway or field. Backwards rollovers occur when driving up an
incline, towing or extracting stuck machines, pulling stumps or trees, and towing implements
or logs. Primary prevention programs for rollover injuries should target these identified
patterns of injury.
Keywords: agricultural machine rollover, agricultural injuries, injury prevention,
mortality, rollover protection structures, injury surveillance

Introduction
Agriculture is one of the most dangerous
industries in Canada, with estimated annual
population fatality rates between 14.6 and
25.6 per 100 000.1 It is similarly hazardous
in other developed countries.2,3 In Canada,
agricultural-related machine rollovers—when
a vehicle or machine turns over either
onto its side or backwards—account for
approximately 40 hospitalizations (2.4%
of agriculture-related hospitalized injuries)
and 21 fatalities per year (20% of agriculture-related fatal injuries).1,4 Rollover events
develop rapidly leaving little or no time for

evasive action; tractors can tip backwards
to the point of no return in 0.75 seconds.5
There is ample evidence to support the
efficacy of rollover protection structures
(ROPS) as a secondary prevention strategy
in reducing injury in rollover events.6-8
(Secondary prevention is defined as any
strategy that limits the severity of an
injury during the occurrence of an injury
event such as a rollover.)9 There are less
data available to inform primary prevention
strategies that might decrease the occurrence
of rollover events. (Primary prevention is

defined as any strategy that might prevent
the occurrence of the injury event in the
first place.)9
A number of studies have examined rollovers
while exploring a spectrum of agricultural
workplace injuries.1-4 However, a recent
search of the biomedical literature did not
identify any studies that describe common
patterns of occurrence for rollover injuries.
Knowing the circumstances of injury
events and the people involved can inform
primary prevention methods for rollover
events and perhaps better target secondary
strategies such as ROPS installation.
Identifying the most hazardous situations
and those people at highest risk could
assist in targeting prevention messages.
The objectives of this study were to use
data from a national agricultural injury
surveillance program in Canada to examine
the activities and circumstances associated
with fatal agricultural-related rollover injuries
and to describe who sustained these injuries.

Methods
Study population and data collection
Ethics approval was provided by Queen’s
University Health Sciences Research Ethics
Board.
The study population included all people who
died as a result of a vehicle or machine rollover on a Canadian farm or ranch between
January 1, 1990, and December 31, 2005.
Cases were identified by the Canadian
Agricultural Injury Surveillance Program
(CAISP).1 Briefly, CAISP identified accidental
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agriculture-related injury fatalities in databases maintained by offices of provincial
coroners or chief medical examiners in the
ten Canadian provinces. Each coroner’s file
is abstracted on-site by CAISP provincial
collaborators using a standardized template.1
Fatal rollover information was not available
from the province of Quebec for 2004 and
2005. CAISP also identifies hospitalized cases
of agricultural injury;4 however, as the focus
of our analysis was on patterns associated
with fatal injuries only, these data were
not considered here.

Injury definition
We reviewed documentation on fatal agriculture-related injuries and coded those caused
by rollovers. We defined a backwards rollover
as one where the vehicle or machine turns
over backwards with its front tires rotating
around its rear axle by 90° to 180° and a
sideways rollover as one where a vehicle or
machine turns onto its side. Incidents that did
not have sufficient documentation to determine whether the rollover was backwards
or sideways were deemed unspecified.

Data analysis
We counted the number of backwards and
sideways rollovers described in CAISP for
the time period 1990 to 2005. We profiled
sideways and backwards rollovers by age
and sex of the victims, type of machine,
agricultural season, location of the injury
event, type of activity prior to rollover, and
most probable cause of rollover. Overall
and age-specific annual rates of fatal injury
were calculated per 100 000 farms and then
per 100 000 people using population estimates
from the 1996 Canada Census of Agriculture
as the denominator.10 All analyses were
performed using SAS software (version 9.2,
SAS Institute Inc., Cary, NC, United States).

Results
Number of rollovers
Of the 1766 agriculture-related fatalities
identified between 1990 and 2005, 360
(20.4%) were due to rollovers. Of these, 221
(61.4%) were sideways rollovers, 107 (29.7%)
were backwards rollovers, and 32 (8.9%) were
unspecified (Table 1). The overall number
of rollovers decreased significantly from a
high of 31 in 1990 to a low of 9 in 2005

TABLE 1
Number of fatal agriculture-related rollovers by type of rollover, personal
characteristics of the victim and rollover circumstance
Number of rollovers,
n
Sideways
(n = 221)

Backwards
(n = 107)

4

3

Age of victim, years
0–9
10–19

29

5

20–29

13

10

30–39

21

7

40–49

28

15

50–59

35

15

60–69

46

25

70–79

28

22

80+

17

5

207

103

14

4

Sex of victim
Male
Female
Agricultural season
126

47

Planting, April–June

46

39

Winter, Nov–March

49

19

0

2

189

97

Harvest, July–Oct

Unknown
Machine type
Tractor
Off-road vehicle

11

8

Construction equipment

6

2

Motor vehicle

6

0

Other

9

0

Field

44

44

Public road

71

6

Farm road

39

10

Woodlot

14

32

Water source

Location of injury event

24

3

Farmyard

7

4

Driveway

10

0

Farm building

5

3

Other

4

3

Unknown

3

2

Notes: Bolding highlights the most prevalent patterns of risk.

(p = .004), with considerable variability
in the annual occurrence of both sideways
and backwards rollovers. (Note: The observed
decline should be interpreted cautiously
due to the lack of fatality records from
Quebec for 2004–2005). Though counts
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of rollover events varied over the study
period, a descending trend in numbers
of sideways rollovers was statistically
significant (p = .01) while a descending
trend in numbers of backwards rollovers
was less clear (p = .08) (Figure 1).
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FIGURE 1
Number of fatal agriculture-related sideways and backwards rollovers by year with trend lines
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Injury circumstances

Rates of fatal rollover injuries

That older age groups experienced large
number of rollover injury events is consistent
with the known demographic distribution
of farmers in Canada.10 The highest number
of fatal sideways rollovers occurred in
people aged 50 to 69 years, and the highest
number of backwards rollovers in those
aged 60 to 79 years (Table 1). Fatal rollovers
occurred most often among men and boys,
with the majority occurring during the
harvest season, and on tractors, irrespective of the type of rollover. The next most
common machine type for both sideways
and backwards rollovers was the off-road
vehicle (n = 19); of these, 8 (42.1%) were
reported for children aged 16 years and
less. Available injury narratives suggest that
almost all of these children were engaged
in recreational rather than work-related
activities at the time of the accident. Sideways
rollovers were most likely to occur on fields
or public roads while backwards rollovers
were most likely to occur in a field or a
woodlot (woods, forest or orchard).

We estimated annual rates of fatal rollover
injury per 100 000 farm operations at 9.1
for total fatal rollovers, 5.6 for sideways
rollovers and 2.7 for backwards rollovers.
Annual rates of fatal rollover injury per
100 000 farm population were 2.4 for total
fatal rollovers, 1.6 for sideways rollovers
and 0.8 for backwards rollovers. Annual
age-specific rates of rollover injury generally
increased with age for both sideways roll
overs (minimum 0.2 per 100 000 for ages
0–9; maximum 13.7 per 100 000 for ages
80+) and backwards rollovers (minimum
0.2 per 100 000 for ages 0–9; maximum 4.5
per 100 000 for ages 70–79).

Activities and contributing factors
The most common activities contributing
to sideways rollovers were transportation
(particularly on public roadways) and field
work. For backwards rollovers, the most
common activities were forestry, field work
and towing or extraction (Table 2). Factors
contributing to the occurrence of sideways
rollovers were (1) driving too close to the
edge of a ditch or an embankment and (2)
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driving on an incline. Most backwards rollovers were associated with (1) attempting to
free stuck machines with a tractor or towing machines; (2) driving on an incline or
dragging logs or implements; and (3) pulling stumps or trees.

Discussion
Our study describes a number of clear
patterns of injury associated with fatal
rollover injuries on Canadian farms.
We found that men are much more
frequently involved in a fatal rollover.
Locker et al. reported an age-standardized
rate ratio for males to females of 11.8 to 1
for rollovers that resulted in hospitalization or death.11 Similar patterns are found
in other types of agriculture-related
injuries.2,11-12 Adults aged 50 to 79 years
account for the highest number of sideways
and backwards rollover fatalities. This is
consistent with US-based reports by Myers
et al. who found that the risk of rollover
fatality increases with age, with people
aged 75 years and older having approximately 6.5 times the rate of death compared

TABLE 2
Activity and factors contributing to fatal agriculture-related rollover events
Number of rollovers
Sideways
(n = 221)

Backwards
(n = 107)

Activity at time of event
123

8

Field work

38

23

Forestry

14

39

Transportation

7

23

Working in farm yard

12

9

Mowing

12

0

Recreation

5

2

Road Maintenance

4

1

Unknown

6

2

104

12

Towing (extraction)

Factors contributing to rollover event
Driving too close to edge of a ditch or embankment

62

19

Towing (extraction)

7

23

Dragging logs/implements

4

19

Pulling stumps/trees

0

14

Rough terrain

5

7

Fall from ramp

7

1

Collision with object

6

2

Cornering

6

1

Carrying heavy load in bucket

6

1

Pulling heavy machine/trailer

4

3

Tractor arms/bucket caught in ground

2

0

Unknown

8

5

Driving on an incline

Notes: Bolding highlights the patterns of risk that are most prevalent.

to people aged 25 to 34 years.13 The tendency
for farmers to work past the normal age
of retirement is recognized, and is associated with an increased risk for injury.14-17
Because tractors are built to last, many
older operators use tractors that were made
before manufacturers routinely installed
ROPS, thereby increasing their likelihood
of fatality during a rollover.18-21
The most common cause of sideways rollovers is as a result of driving too close to
the edge of a steep slope, usually a ditch
by a public roadway or a field, and this
usually occurs during transportation or field
work. Rissanen and Taattola found that
another common cause is driving across an
incline in such a way that the machine goes
beyond its stability baseline and overturns.12
Driving up an incline is also a common cause.

Backwards rollovers usually occur in circumstances that use the same mechanism:
towing or extraction of machines, dragging
logs or implements, and pulling stumps or
trees in a field or woodlot. Rissanen and
Taattola reported that backwards rollovers
generally occur when towing another tractor,12
while our data suggest that towing, dragging
or pulling any object is the more likely
cause. Improper hitching, where the hitch
is mounted above the level of the rear axle,
is a frequent cause of backwards rollovers;
approximately 60% of the 16 reported
backwards rollovers on tractors in New York
from 1991 to 1995 involved improper hitching.7
Reports on rollovers often discuss the
use of ROPS on tractors as a means of
reducing the severity of injury. Because of the
extremely low probability of death due to
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rollover on ROPS-equipped tractors,6-8 it is
likely that very few of the tractors in our
study (88% of all fatal agriculture-related
rollover injuries in Canada occurred on
tractors) used ROPS as a secondary
prevention strategy. The use of ROPS and
a seat belt is estimated “to be 99% effective
in preventing death or serious injury in the
event of a tractor rollover.”22 US data shows
significant increases in the use of ROPS
between 1993 and 2004, from 38% to 51%.18,23
As Canadian agricultural machinery practices typically mirror those observed
in the US, the observed decrease in fatal
rollovers over our study period is almost
certainly attributable to increased use
of ROPS in Canadian agriculture settings.
The observed decrease in fatalities also
demonstrates the merits of engineered
passive injury prevention strategies that
require no change in behaviour on the
part of the operator. Passive strategies are
effective, and their utility is not specific
to any particular demographic group defined
by age, gender or geography. Our study
findings point out a clear need for programs
and policies that encourage the universal
application of passive safety innovations
in order to protect farm machinery operators
from harm. In addition to the universal use
of ROPS and seatbelts,22 these might include
design innovations that (1) signal the operator when a machine is being operated at a
dangerous angle or (2) make the practice
of high hitching inconvenient if not impossible. Organizations involved in the development and promotion of such innovations are
many; they include national safety associations (e.g. the Canadian Agricultural Safety
Association), federal and provincial/territorial government departments and ministries
(e.g. agriculture, labour, and the workers’
safety and insurance boards), agricultural
machinery manufacturers and institutions,
health and safety coalitions, and coroners
and medical examiners.
In conjunction with secondary injury
prevention strategies such as ROPS, primary
prevention programs (less efficacious than
secondary prevention strategies) should focus
on the most common causes of rollovers
and educate operators about known operational hazards: side slopes and roadway
ditches, especially during seasons where
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these are soft; steep inclines; dragging logs
or implements; towing machines or extracting
stumps or logs or machines stuck in fields.
The number of fatal rollover injuries we
observed among children aged less than 10
years point to a need for different primary
prevention strategies. Foremost of these
is the need to limit young children’s access
to known occupational hazards on the farm,
as described in a large existing case series.24
Young children typically do not possess the
developmental abilities to recognize and
react to dangerous occupational situations
in an appropriate manner.25 It is also
challenging for adults engaged in agricultural
work to simultaneously supervise young
children in the attentive, proximal and
continuous manner that may be necessary
to protect them from harm.25 The only truly
effective solution for these rollover deaths
is to prohibit young children from the
agricultural worksite, including being on
or in the vicinity of agricultural machinery.

Strengths and limitations
Our study was unique in that it examined
the circumstances of rollovers in detail
by mechanism. We made use of a robust
dataset of national fatality data to describe
patterns that are representative of agricultural
rollover injuries in Canada. Our study also
had its limitations. First, our analyses were
restricted by the circumstance information
recorded by the provincial abstractors, who
in turn were limited by the information
recorded on coroners’ investigation reports,
police reports, and occupational safety and
health agency investigation reports. We were
particularly limited in the information about
the victim and the rollover circumstances
such as whether the victim was a full-time
or part-time worker, the type of farm production where the injury occurred, and
whether safety equipment (ROPS or seatbelts) was on the machine and/or in use.
Second, as fatality information was not
available from Quebec in 2004–05, counts of
fatalities for these later years of surveillance
represent slight underestimates of expected
national totals. The observed decline in the
occurrence of rollover fatalities from 1990
to 2005 should also be interpreted with
caution, although the patterns of injury are
most likely to be representative.

Summary
Machine rollovers are one of the most
common, yet preventable, causes of fatal
agricultural injury in Canada. Our study
identified the groups most at risk for sideways
and backwards rollovers, and we documented the most common circumstances
that led to these rollovers. By adhering to
recommendations on ROPS and through
understanding the circumstances in which
these events most often occur, a substantial
number of rollover fatalities could be avoided.
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