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rotary-type that was attached to a utility tractor,
which has an engine with less than engine 90 hp (67
kW). Smallermowers have evolved into lawn tractors
or zero turn radius (ZTR) mowers—(Photos 1 and 2),
according to Consumer Reports (2008). ANSI (2003)
divided ride-on lawnmowers into consumer use—a
concern for CPSC—and commercial use (ANSI,
2004)—a concern for OSHA—that were marketed to
homeowners and employers, respectively.
The purpose of this study was to describe the fac-

tors associated with the overturn hazard of the ride-
on lawnmower,whichwas defined as a self-propelled
machine, designed and advertised for mowing lawns
(ASABE, 2005). These factors included characteristics
inherent with the mower design that included
rollover protection, environmental conditions and
human factors that spanned the time frame from
prior or incipient circumstances through the overturn
event to postevent actions. The study used existing
public data, whichwas biased toward serious injuries
or fatalities that were reported or investigated and
excluded successes of interventions that protected the
operators from injury.

Background: The Overturn Hazard
Overturns may be to the rear (longitudinal) or to

the side (lateral). The problem of equipment over-
turns began in 1914 with the first mass-produced
small gasoline engine tractor. Manufactured by M.
Hartsough and named the Little Bull, the tractor
would overturn to the rear on a slope when it was
turned uphill because of its unique design (Myers,
2003).
In 1954, OPEI petitioned the American Standards

Association (renamed ANSI in 1969) to develop
safety standards for the lawnmowermanufactur-
ing industry. The standards that resulted were
ANSI B.71.1 in 1972. In 1968, President Lyndon
Johnson established a National Commission
on Product Safety, which evaluated lawnmow-
er safety (Alexander, 1990).
Congress established CPSC in 1973, which

selected Consumers’ Union (CU) as the “offeror” to
recommend lawnmower standards in 1974. Based
on the CU recommended standard of 1975, CPSC

I

Ride-On
Lawnmowers

Ride-On
Lawnmowers

The hazards of overturning
By Melvin L. Myers

IN 2007, theCaliforniaOccupational Safety andHealth
Standards Board (OSHSB) considered a petition to
require rollover protective structures (ROPS) and seat-
belts on powered ride-on lawnmowers. The petition
was brought by parents whose son was mowing
grounds as a gardener when the mower hit a rock and
overturned off a ledge. He flipped off the machine,
which then landed on him. He was fatally injured and
his parents claimed his life may have been spared had
the mower been outfitted with a ROPS and seatbelt.
California OSHSB (2007) granted the petition with a
review of state rules to address the request.
Bureau of Labor Statistics’ national Census of

Fatal Occupational Injuries reported that 169 em-
ployees in the landscaping industry were killed at
work in 2006. Of a total of 116 mower-related occu-
pational fatalities that included tractors from 2003 to
2006, 66 (57%) workers were fatality injured while
they operated a ride-on lawnmower. Figure 1 shows
fatalities in private industry and not public entities
such as city park employment.
Consumer Product Safety Commission (CPSC)

has found that mower overturns were more frequent
in 2003 than they were in 1993 (Adler & Schroeder,
2004). This increase in frequency may have been
related to an increase in the use of ride-on lawn-
mowers. A 2002 profile by the Outdoor Power
Equipment Industry (OPEI) of the sale of ride-on
commercial rotary mowers showed an increase of
121% in the previous 4 years. This was an average
increase of more than 20% per year (Comer, Ayers,
Wang, et al., 2003). Also, there appeared to be a trend
of increased incidence of lawnmower-related injuries

with a lack of the awareness of lawn-
mower hazards (Costilla & Bishhai,
2006). Industry representatives indicat-
ed that overturns occur primarily in
grassy areas such as golf courses, com-
munity parks and sports fields, and not
when mowing residential lawns
(OSHSB, 2007).
The classification of mower types has

been complex (Scarlet, Reed, Semple, et
al., 2006). The traditional type of mower,
used along roadsides, was of a sickle or
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Abstract: Powered
ride-on lawnmowers
present risks of seri-
ous injury from over-
turns, yet the public is
largely unaware of
this hazard, its causes
and the potential for
overturn-related
injuries. This study
collected information
on overturn-related
injuries from various
sources and analyzed
it using the Haddon
Matrix, which classi-
fies risk factors by the
machine, environ-
ment and operator,
and by the circum-
stances that preceded
the overturn, the
overturn event and
actions taken or con-
ditions that followed
the overturn.
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published a proposed standard in 1977 that includ-
ed the prevention of injuries from ride-on lawn-
mowers (Adler, 1993). However, CPSC withdrew
that portion of the proposed standard that applied to
ride-on lawnmowers (Moore & Magat, 1996) based
on OPEI plans to upgrade the voluntaryANSI B71.1
standard (Adler, 1993).
A 1988 CPSC report found that half of 96 report-

ed ride-on lawnmower-related deaths from 1983
through 1986 were associated with the hazards of
tipping or sliding and walls or banks. Factors that
contributed to initial tipping or sliding were terrain
transition (15%), damp or wet grass (14%), uneven
terrain (12%), and turn (10%); more than one factor
may contribute to a tip or slide. Figure 2 (p. 54)
shows the incipient factors to the mower as it
became unstable and the factors that contributed to
the overturn. CPSC investigated 15 slope-related
overturns, half of which occurred on inclines greater
than 15º. The majority of operator deaths occurred
near a sharp drop in terrain where the decedent was
found under an overturned mower (Smith, 1988).
In 1987, CPSC recommended that tractor/mower

operators drive up and down slopes and not across
them to reduce the chance of overturn; this recom-
mendation preceded a rise in use of ZTR mowers
(CPSC, 1987). CPSC conducted another study of
deaths and injuries associated with ride-on mowers
for the period 1987 through 1990 (David, 1993). It
estimated 150 deaths per year, which excluded farm-
ing or industrial products, with 60 of those associat-
ed with ride-on mowers; the remainder of the 90
deaths was associated with tractors and mowers not
otherwise specified.
A primary hazard was to tip or slide the mower,

which usually resulted in an overturn, or a fall over
a wall or embankment. Overturns contributed to
59% of the fatalities. Forty percent of the overturns
were associated with an incline such as a hill, slope
or embankment.
In 1988, CPSC evaluated ride-on lawnmower

dynamics on slopes that ranged from 10° to 25°
(Eilbert, 1988). A rear-engine and a front-engine
mower were tested. Modes of instability tested were
pitch (longitudinal), roll (lateral), loss of traction,
freewheeling (wheels roll with the engine off), and
combinations of these modes and mower velocity.

Further study was recommended for longitudinal
stability related to sudden traction uphill with some
rollback, maneuvers for lateral stability, and loss of
traction and control.
In 1991, CPSC conducted field tests on grass

slopes of the dynamic stability of mowers (Whit-
field, 1992). The tests were conducted on three ride-
on lawnmowers, and the results indicated that
wheel liftoff (the measure of instability used) in-
creased as either the speed, the slope angle or a com-
bination of both increased. CPSC recommended that
tests be conducted on both 15° and 20° slopes. The
characteristics of the three mowers used in this test
are shown in Table 1 (p. 54).
A study of tractive performance on lawn and gar-

den tractors found that drive wheel slip was greater
on dry grass than wet grass (Tompkins, Freeland,
Wilhelm, et al., 1991). Four different tire designs con-
sistently spunout at a 15º uphill pitch. Moreover, the
study found the slip to be greater on the wheel that
supported the greater load (e.g., downhill wheel).
CPSC conducted an analysis of hazards associat-

ed with ride-on mowers in 1993 (Adler, 1993).
Mower instability was one hazard pattern associat-
ed with 2,200 injuries (13%) and 440 hospitalizations
(20%) of a total of 17,000 injuries and 1,916 hospital-

izations in the sample for the years 1987
through 1990.An additional 500 injuries
(3%) and 125 hospitalizations (25%)
were associatedwith a drop over a bank
or wall.
Factors that contributed to instability

included the design of the machine (e.g.,
brake pedal), the environment (e.g.,
slope) and operator actions (e.g., over-
steering). This analysis concluded that
themower landed on top of the operator
in about 75% of the overturns, and the
mower initially faced uphill on a slope
in about 50% of the overturns. In over-
turn-related spinouts that included free-
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Fatal Occupational Injuries
in Mowing Operations

Note. Fatal occupational injuries associated with mowing operations by primary
source (tractor operated, lawnmower and not elsewhere classified) for private indus-
try in the U.S., 2003-2006, Census of Fatal Occupational Injuries (excludes public
employees and consumers).

From left: Photos 1 and 2 show a lawn trac-
tor and a zero turn radius (ZTR) mower.

PHOTOS COURTESY CPSC
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Another study found that as
the slope became steeper, steer-
ing control and traction on ZTR
mowers was lost when one
wheel reached 100% slip (spin-
out) (Besselink & Fielke, 2003).
Moreover, on slippery terrain,
the loss of traction on one
wheel caused a sudden steer-
ing deviation. Users of ZTR
mowers contacted in a survey
all responded that the slope
limit should be 15º whenmow-
ing (Scarlet, et al., 2006).
National Safety Council, in

collaboration with two ride-on
lawnmower companies, initiat-
ed amower safety training pro-
gram in 2005 that covered the
prevention of overturns (Wis-
niewski, 2005). In addition,
three OSHA regional offices
established local emphasis pro-
grams to educate landscape
and horticultural service work-

ers on how to reduce or eliminate risks, including
the overturn hazard.
The programs were launched in Region II (which

covers New York and New Jersey); Region III
(focused on military reservations in Norfolk, VA);
and Region IV (which covers North and South
Carolina, Georgia, Florida, Alabama, Mississippi,
Tennessee and Kentucky) (OSHA, 2007).

Rollover Protection
AROPS is a structure designed to reduce the pos-

sibility of an operator being crushed or otherwise
injured in the event of an off-road vehicle overturn.A
seatbelt worn in conjunction with a ROPS may pro-
vide additional protection in the event of an overturn
(ANSI, 2004). In addition, if a mower overturns into
water, the ROPSmay protect the operator from being
pinned under the water. ROPS were designed to
absorb energy in a vehicle overturn and also provide
a spring response against the overturn force
(Sommer, Nichol & Murphy, 2006). Furthermore, the

wheeling, about 89% occurred on wet grass-covered
slopes with an average angle of 23º.
CPSC completed a hazard investigation of yard

and garden equipment for injuries reported in 2001
(Rutherford, Marcy &Mills, 2003). In this study, 44
deaths, 13,280 emergency room visits and 37,730med-
ically treated injuries were reported—of which 10% of
the medically treated patients were hospitalized. This
study found that as much as 61% of the injuries could
be addressed by equipment enhancements.
In 2003, CPSC estimated the annual number of

injuries related to ride-on lawnmowers at 35,922,
and during the 6-month period of April 1, 2003, to
Aug. 31, 2003, CPSC estimated 8,000 injuries from
overturn hazards (Adler & Schroeder, 2004). Most
injurieswere serious and caused by theweight of the
mower as it came down on the operator. About 68%
of the injuries were associated with mowing on a
slope, hill or embankment. Another 28% occurred
when the mower hit a root, bump, hole or fence and
overturned.
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Mower Overturns:
Contributing Factors

Note. Contributing factors to the initiating and the tipping events of mower over-
turns, 1988.

Physical Lawnmower Characteristics
Model Engine Weight lb (kg) Static stability

Vehicle year location hp (kW) Mower + 200 lb Uphill Right side Left side

A 1983 Front 11 (8.2) 395 (180) 595 (270) 27° 27° 28°
L 1988 Rear 10 (7.5) 350 (159) 550 (250) 40° 26° 25°
M 1988 Rear 12 (9.0) 630 (286) 830 (377) 42° 27.5° 30.5°

Note. Physical lawnmower characteristics used in the 1991 CPSC stability field tests. Analysis of dynamic tests on grass slopes using riding mowers
A, L, and M. Adapted from Analysis of Dynamic Tests on Grass Slopes Using Riding Mowers A, L and M, by T. Whitfield, 1992, Washington,
DC: CPSC, Directorate for Engineering Sciences.

Table 1Table 1
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wheeled tractors. They describe two different meth-
ods of ROPS testing. Static tests use a technique that
applies loads to the ROPS apparatus by direct con-
tact in a laboratory on machines that weighed more
than 1,235 lb (560 kg). Dynamic tests use kinetic
loads to impact the ROPS apparatus.
In Australia, the State of Queensland (2006) has

rules that require compliance withAS 1636 for ROPS
testing, which exempt tractors that weigh less than
1,235 lb (560 kg). However, this standard states that
there are no circumstances of operation in which a
tractor is safe from overturning. The rules provide
that an exempt tractor should not be used unless all
proposed activities have been assessed for safety
risks and all reasonable actions have been taken to

ROPS frame can yield and absorb energy to reduce
the load transmitted to the mounting bolts and trac-
tor body (The State of Queensland, 2006).
As far back as 1974, a patent was issued to

Hoffmeyer and Heth (1974) for the invention of a
ROPS for small ride-on tractors used for mowing,
and a ROPSwas present on a grass-cuttingmower in
1994 (Dai, Zhang & Clark, 1994). Operator zone pro-
tection was recognized as the first step in the design
of a ROPS (Teaford, 1993)—not only must the opera-
tor be protected within that zone, but the operator
must be restrained within that zone by devices such
as a lap belt. However, equipment manufacturers
have long held that personal restraints should not be
installed or used on equipment that lacks a ROPS so
that the operator has a chance to jump clear in the
event of an overturn (Myers, Cole &Westneat, 2006).
Society of Automotive Engineers’ (SAE) standard

J2194 has been used to complywith theOSHAROPS
standard for wheeled agricultural tractors (ASABE,
2002). OSHArequired that ROPS be provided by the
employer for each tractor of more than 20 engine hp
(14.9 kW) operated by an employee (OSHA, 1976a).
However, the standard exempted low-profile trac-
tors where the vertical clearance was insufficient to
allow a ROPS-equipped tractor to operate.
ANSI B71.4-2004 standard provided a procedure

for longitudinal and lateral stability tests for ride-on
mowers and turf tractors. The standard specified
that if a machine’s mass was less than 1,436 lb (655
kg)—as shown in the sidebar at right—then an oper-
ator’s protective device, which may be a ROPS,
would not be required; however, if that mass was
greater and the tip angle was less than 40°, then the
machine should be outfittedwith a protective device
to minimize a crushing injury in the event of a later-
al overturn. The standard’s rationale for the mass
limit was based on limited information on injury
severity from overturns; the limited accident data
available showed that the injury severity under the
weight limit was low.
Ayers, Conger, Comer, et al. (2003) calculated the

critical (tip) stability angles for four lawn tractor
models and four ZTR mower models when
unloaded and loaded with a 200-lb (91 kg) operator.
Table 2 shows the average lateral and longitudinal
tip angles from these calculations.
TheANSI (2004) mass limits referenced two other

standards: Organization of Economic Cooperation
and Development (OECD) codes 6 and 7 (OECD,
2008a; 2008b); and Australian standards AS 1636.2
and 1636.3 (1996). The ANSI standard claimed
exemption from OSHA 1928.51 because of overhead
clearance problems encountered while mowing.
OECD codes 6 and 7 relate to narrow track agri-

cultural and forestry tractors to test the ROPS,
respectively, for rear- and front-mounted ROPS.
They apply to tractors with a lower mass limit of
1,323 lb (600 kg) without the weight of the ROPS.
The Australian standards were intended for

designers, manufacturers and testers of mid-mount-
ed and rear-mounted ROPS for narrow-track,

Standards for ROPS
OSHA 1928.51a (OSHA, 1976a) & 1928.52 (OSHA, 1976b)
Machine: Agricultural tractors
ROPS application by machine characteristics: > 20 engine hp (14.9 kW)

ANSI B71.4
Machine: Riding mowers
ROPS application by machine characteristics: > 1,436 lb (655 kg)

OECD 6 Rear-Mounted ROPS
Machine:Narrow track tractors
ROPS application by machine characteristics: 1,323 to 6,614 lb (600-3,000
kg) unladen with ROPS

OECD 7 Front-Mounted ROPS
Machine:Narrow track tractors
ROPS application by machine characteristics: 1,323 lb (> 600 kg) unladen
with ROPS

AS 1636 2 Mid-Mounted ROPS
Machine:Narrow track tractors
ROPS application by machine characteristics: Dynamic test: 1,764 to 6,614
lb (800 to 3,000 kg); Static test: 1,235 to 6,614 lb (560 to 3,000 kg)

AS 1636 3 Rear-Mounted ROPS
Machine:Narrow track tractors
ROPS application by machine characteristics: Dynamic test: 1,764 to 13,228
lb (800 to 6,000 kg); Static test: 1,235 to 13,228 lb (560 to 6,000 kg)

Note. Standards that relate to ROPS use on ride-on lawnmowers either directly or
by reference. aNot OSHA 1928.57 (OSHA, 1976c), as cited in ANSI. B71.4, p. 73.

Average Tip Angles
Lateral tip angle Longitudinal tip angle

Vehicle type Unloaded Loaded Unloaded Loaded

Lawn tractors 44.5° 37.2° 55.3° 44.4°
ZTR mowers 51.5° 44.2° 37.6° 33.2°

Note. Average tip angles for four lawn tractor models and four ZTR mower models.

Table 2Table 2
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structures for operator protection against injury
from overturns of ride-on turf-care equipment.
In its letter to landscape operators in May 2005,

OSHA’s TampaArea Office warned of the hazard of
ZTR mower operations on steep slopes and near
drop-offs or water, and expressed the need for ROPS
on ZTR lawnmowers. As a result, eight other area
offices mailed similar letters to 2,925 employers in
Alabama, Florida, Georgia and Mississippi. This
effort was augmented by one mower manufacturer
that offered to retrofit a ROPS free-of-charge to any
of a line of ZTR mowers and free training materials
on ZTR safety (OSHA, 2006).
NIOSH has developed an automatically deploy-

able ROPS (AutoROPS) that can provide protection
to the operator in the event of an overturn and that
allows the machine to be operated in low-clearance
areas. NIOSH has partnered with a ROPS manufac-
turer and a mower manufacturer to equip a ZTR
mower with an AutoROPS (Etherton, McKenzie &
Powers, 2004).

Method of Analysis
Atwo-stepmethodwas used in this study. The first

step was to identify cases from three sources of ride-
on lawnmower overturn incidents. The first source
was newspaper reports, the second was narratives
from CPSC’s National Electronic Injury Surveillance
System (NEISS), and the third was investigation sum-
maries and reports by OSHA and NIOSH. The news
reports included serious events (e.g., deaths or unusu-
al circumstances, such as the operator pinned for
hours prior to rescue). These reports were identified
through a 2007 search of Google and NewsBank with
the keywords of mower and accident. The narratives
from the NEISS reported cases that were treated in
hospitals. In 2006, NEISS recorded a sample of 274
emergency room-related injuries related to ride-on
lawnmowers, which CPSC extrapolated to 12,768
nationally for that year. The OSHA cases included

prevent or control these risks. The
rules also stated that a fold-down
ROPS may be used in operations
inside buildings or near trees, and
the ROPS design should reduce the
likelihood of continuous overturn
and protect the operator.
A recent American Society of

Agricultural and Biological Engi-
neers (ASABE) standard estab-
lished a tipover protective structure
(TOPS) standard for front-wheel-
drive ride-on lawnmowers, which
stated that an overturn must not
allow themower to roll onto its top.
Investigators have evaluated this
standard for the influence of deck
size in its effectiveness to stop a
continuous roll (ASABE, 2002).
They found that deck size, yaw and
slide downhill must be considered
in ROPS design (Wang & Ayers,
2006; Wang, Ayers, Womac, et al.,

2007). These tests concluded that OECD code 6 was
insufficient to prevent a continuous lateral overturn
as shown (Photos 3 and 4) and themower deck needs
to be factored into the design to prevent a continuous
overturn (Ayers, 2006). As a result of these tests,
ASABE withdrew the TOPS standard. In the mean-
time manufacturers produced mowers per OSHA
1928.52 for the U.S. while international standard har-
monization via ISO 21299 progressed (ASABE, 2007).
The ride-onmower industry, which includes ZTR

manufacturers, has indicated that the ROPS stan-
dards applied to its vehicles may be overdesigned.
However, a study in England concluded that the
ROPS standards currently used were adequate for
ride-on mowers (Scarlet, et al., 2006).
An ASABE standard (2005) was established to

be consistent with a safety specification for commer-
cial turf equipment
from ANSI (2004).
An annex to an
ASABE standard for
agricultural rotary
mower safety rec-
ommended that the
tractor be equipped
with a ROPS
(ASABE, 2004). A
draft International
Organization for
Standardizat ion
(ISO, 2007) standard
provided for tests of

Photos 3 and 4: A
continuous lateral
overturn on a 35°
slope as observed
during a field test

of a ROPS on a
triplex mower.

Table 3Table 3

Example of a Haddon Matrix Analysis

Note. An example of a Haddon Matrix analysis of a mower overturn incident. Data from Marble
Falls Police Department, TX, Report No. MFPD0590167.6, 2.24.2005. aA human behavior noted
in ANSI B74.4-2004, p. 73.

For complete tables, visit
www.asse.org/psextras for
lists of cases and detailed

information.
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those from a search of the investigations on
OSHA’s website (2007).
The second step was to use the

Haddon Matrix (Haddon, 1972; 1980) to
analyze those cases for which data could
be collected. The news reports contained
some data as did theNEISS narratives, but
themost detailed data (e.g., angle of slope)
were provided by incident investigation
reports. These reports included investiga-
tions conducted by OSHA, a police report
and a NIOSH Fatality Assessment and
Control Evaluation report.
The Haddon Matrix has been used to

evaluate all-terrain-vehicle-related deaths
(Hargarten, 1991); highway crash injuries
(Albertson, Bjornstig & Falkemer, 2003);
logging fatalities (Myers, Manwaring,
Kennedy, et al., 1993); commercial fishing
deaths (NIOSH, 1997); and road com-
pactor/roller incidents (Myers, 2004). The
matrix provides an epidemiology frame-
work (Table 3) used to analyze data and
suggest countermeasures.
Qualitative data were separated into

the appropriate cells in the two dimen-
sions by the risk factor—vehicle, environ-
mental and human factors—and the
phase of the injury-causing event—
preevent, event and postevent. Thematrix
was used to identify circumstances before,
during and following the overturn event.
Against these three phases, it was used to
identify risk factors—the circumstances—
associated with the event and its conse-
quences. These risk factors can be targeted
to reduce the risk of an overturn event, or
given that event, to protect the operator
from injury.

Results of Analysis
Newspaper Reports
Table 4 lists the results of a newspaper

search on the Internet. Many of the cir-
cumstances were absent from these
reports, but some circumstances of ride-on
lawnmower instability, environmental
conditions and injury victim characteris-
tics were reported. In most cases, the
author was able to determine whether the
lawnmower was used in a consumer or
commercial setting.
Fatalities dominated the newspaper

case reports. The cause of these deaths
included drowning, fire deaths and
asphyxia. Drowning resulted when an
operator was pinned under water by an
overturned mower, and a fire death
occurred when the operator was pinned
under a mower that spilled gasoline from
the fuel tank (because of a dislodged fuel
cap) and ignited. Asphyxia resulted from

Table 4Table 4

Risk Factors: Newspaper Reports

Note. Risk factors from news reports associated with ride-on lawnmower overturns classified by
the risk factor and overturn event phase. The numbers shown with parentheses count the number
of reports that identified the risk factor.

Application
How the Haddon Matrix Was Used to Identify
Ride-On Lawnmower Overturn Hazards

Factor Identified risk factors
Machine •Static stability: tip angle to the side (later-

al) and to the rear (longitudinal), overturn.
•Dynamic stability: uphill spinout, sliding,
turning, runaways, loading or unloading.
•Protection: no rollover protection, no per-
sonal restraints, potential fuel leaks and
ignition.

Environment •Steep slopes, embankments, slippery sur-
faces (muddy, wet grass), drop offs, water
(creeks, ponds, lakes, canals), obstacles
(trees, ledge), ditches, visibility (nighttime,
drop-offs obscured by high grass).

Operator •Turns, fell off, jumped, ejected, seatbelt
use, untrained, lost control, pinned.
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ous maneuvers by
the operator in-
cluded towing and
turning.
Of the 134 reports

involved, 42 could
be identified as com-
mercial (Table 4, p.
57). OSHA could
have investigated
the incidents, but it
lacks authority over
incidents that in-
volve public em-
ployees (e.g., city
parkworkers) unless
a state-based OSHA
program included
public-sector em-
ployees within its

jurisdiction. These incidents occurred in the years 1990
to 2007, and the ages of the injured operators (all
males) ranged from 19 to 78 years. Two incidents were
described as runovers after a fall from a mower; 39
were described as overturns; and one lacked descrip-
tion but could have been an overturn. Two operators
survived and were rescued; one had an amputation;
and three otherswere described as in critical or in seri-
ous condition with their outcome unknown.
In the other 36 cases, the operators were killed; this

included at least 16 drownings, one by asphyxia and
one from fire. The location of these incidents included
golf courses, parks and roadsides, as well as lawns at
various residences and commercial locations. The
environment included shoulders, hills, embankments,
slopes, drop-offs and water bodies. Incipient events
included spinouts, slides (mud or wet grass), turns,
runaways and collisions with objects.
Table 4 also shows 12 cases reported by newspa-

pers that lacked descriptors to identify whether the
mowing operation was consumer or commercial.
These incidents spanned the years 1998 to 2007, and
the injured operators, one female and 11 males,
ranged in age from 45 to 66. Ten were killed, which
included by fire or asphyxia, but two survived, one
with an amputation and another with minor
injuries. Ten of the incidents were overturns (includ-
ing one described as a “roll”) plus two more that
may have been overturns. The incidents occurred on
embankments, inclines, hills, ditches or roadsides.

NEISS Narratives
Table 5 shows in HaddonMatrix format the over-

turn-related injuries reported through NEISS for the
year 2006 for the product category riding lawnmow-
ers (product no. 1422). Through a search of the nar-
ratives related to the sample collected by this
system, nine different injury diagnoses were identi-
fied as the result of a lawnmower overturn: concus-
sion, contusion or abrasion, dislocation, fracture,
hematoma, internal organ injury, laceration, sprain
and strain, and other.

the weight of the overturned mower as it com-
pressed the operator’s chest. Other deaths occurred
as a result of trauma (e.g., crushing injuries).
The injured operators of ride-on lawnmower

overturns were predominately male. Even though
some young operators were injured, many were
older. Rescues reported involved operators pinned
under an overturned mower, sometimes for hours.
In one case, bystanders were able to rescue a man
trapped underwater within 1 minute. In another
case, the mower pinned the operator’s legs
overnight and he died of exposure.
Newspapers reported inclines, water bodies,

embankments and ditches as environmental risk fac-
tors. Striking objects such as tree trunks or wet condi-
tions was incipient to some overturns. In some cases,
drop-offs such as seawalls were a hazard. Of the 134
incidents reviewed, 80 involved consumer mowing
and 42 involved commercial activity; the activity could
not be determined in the remaining 12 incidents. These
incidents occurred in 32 states, with the highest num-
ber occurring in Florida (19), North Carolina (11), Ohio
and Pennsylvania (10 each), Indiana (9), Illinois and
Iowa (8 each), and Wisconsin (6).
Eighty consumer incidents were identified as

shown in Table 4. These incidents occurred between
1989 and 2007. Operators ranged in age from 3 to 89
years. Fifteen were female and 64 were male, includ-
ing one toddler extra-rider. The incident was
described as an overturn in 74 cases, with two
described as a fall over a cliff, one as a mishap and
one as a loss of control; two cases had no descriptors
but may have been overturns.
The home was described as the location of the

incident in 64 cases and two at a road. Fatalities
occurred in 68 of the cases that included drowning,
asphyxia and fire death. Three operators were res-
cued; the rest were described as suffering a minor
injury or burn, or as being in guarded or critical con-
dition with the outcome unknown. The environ-
ment included embankments, ditches, walls, hills,
creeks, tree stumps and gravel. Reports of danger-

Table 5Table 5

Circumstances Reported by Hospitals

Note. Circumstances reported by hospitals to CPSC associated with ride-on lawnmower over-
turns classified by the risk factor and overturn event phase in 2006, n = 53. The numbers shown
with parentheses count the number of reports that identified the risk factor.
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crushed (9), asphyxiated (3), heart attack (1), ampu-
tation (1) and trauma (head and massive). When the
overturns ended in water, drownings occurred at
depths as shallow as 8 in.
The incipient event included runaways or free-

wheeling, edges that included sand traps, spinout or
slide, and an elevated center of gravity. Of the 37
mowers involved, 19 were identified as ZTRs, one of
which involved a runover rather than an overturn.
Three fatal overturns involved mowers with a

ROPS. In one, the ROPS on a triplex mower (three
rotary blades) collapsed (OSHA Investigation No.
305871295). In two others—a ZTR mower (No.
310210638) and a tractor-mounted mower, the only
utility tractor included in this analysis (No.
310214408)—the operators had not worn their seat-

The principle hazards that preceded the over-
turnswere inclines, embankments or ledges, loading
or unloading for transport, and falling or jumping as
the mower tipped. All concussions were related to
overturns on embankments. Contusions and abra-
sions resulted from overturns on inclines such as
hills, ramps and embankments. Fractures included
circumstances that were described as “flipped over,”
and one involved an operator who jumped from the
mower as it overturned. Internal organ injury
involved overturns while the mower was loaded for
transport and on an embankment. Lacerations
occurred either when an operator jumped from a
lawnmower as it overturned or the mower over-
turned on an embankment or ledge. The other injury
categories also involved overturns on inclines as
well as ramps and hills.

Incident Investigation Reports
Table 6 shows the results from the

Haddon Matrix of 17 OSHA summary
statements and 37 investigation reports.
The first part of the table classifies the key-
words that OSHA associated with each
overturn incident; these served as an indi-
cator of risk factors associated with over-
turns. Prior to the overturns, machine
factors identified included reverse opera-
tion, unstable position, slips, failures of
hydraulic lines or brakes, or counterbal-
ance (weight to oppose tipping).
Environmental factors included steep
grade, embankment, slope and slippery
surface. The operator factors included lost
control, work rules and no training.
At the overturn event, factors included

no ROPS or seatbelt on the machine. The
environmental factors includedwater, tree
and ditch. The operator was pinned, eject-
ed, struck against or fell. After the over-
turn, the cause of injury or death included
asphyxia, drowning, crushed, burn, frac-
ture, heart attack or laceration. The parts
of body injured included chest, head,
pelvis, arm and leg.
Table 6 also shows risk factors drawn

from 37 investigation reports that covered
incidents from 1986 to 2007. These data
include a turf-care truck in addition to
ride-on lawnmowers. Most reported that
slopes exceeded 15° with the steepest
slopes reported to be 60°. The environ-
ment included hills, trees, slopes, drop-
offs (e.g., sea walls), culverts, ditches,
washouts, embankments, berms, road-
sides and sand traps. Many overturns
occurred on golf courses.
Of the 37 cases, 34 were fatal. Two

decedents were female and 33 were male;
the gender of two was unknown. The
decedents’ ages ranged from 19 to 71
years. The injuries included drowned (15),

Table 6Table 6

Information Collected
From OSHA Investigations

Note. Information collected from OSHA investigations associated with ride-on lawnmower over-
turns classified by the risk factor and overturn event phase. The numbers shown with parentheses
count the number of reports that identified the risk factor.
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nized hazards since themachine
lacked a ROPS. This inspection
involved a runaway mower; it
prompted the employer to retro-
fit its mowers with ROPS based
on citations under 1928.51 (b)1
(agriculture standard) and
1926.1002 (construction stan-
dard). Another OSHA inspec-
tion (No. 306499336) cited the
employer under 1928.51 (b)1 for
no ROPS on the mower based

on the classification of lawn mowing services as
included under agricultural services. Two other
OSHAinspections (No. 306499336 andNo. 302024633)
observed that the mower was not equipped with a
ROPS and seatbelt.

Discussion
Overturns are a significant hazard associated

with the operation of both consumer and commer-
cial ride-on lawnmowers. The injuries that result
from these overturns can be severe and many result
in death. Comprehensive surveillance of ride-on
lawnmower overturn-related injuries is needed to
integrate data related to consumer and commercial
mowers, public and private employment, and fatal
and nonfatal injuries. Such a system would better
estimate the risk of injury from mower overturns to
mower operators and the circumstances associated
with these events.
The OSHAstandard applies to agricultural tractors

with more than 20 engine hp (14.9 kW), but the ANSI
standard applies to lawnmowers that are delimited by
weight. There is a need to address which measure
should be used. Furthermore, ROPS test standards
need to be developed for vehicles that have less power
or less weight than provided in these standards.
Surveillance efforts should gather data to better
understand the measures and limits to be used.
Two problems exist with regard to OSHA juris-

diction. One problem is the lack of coverage by fed-
eral OSHA over public employees, many of whom
are engaged in mowing operations. The other juris-
diction problem is to identify the appropriate ROPS
standard for mowers. Under the Standard Industrial
Classification system, lawn mowing services are
included under agricultural services, thus the ROPS
standard for agriculture can apply to lawnmowers.
However, OSHA now uses the North American
Industry Classification System, which classifies
lawn mowing service under services rather than
agriculture.
ROPS and seatbelts are a known guard against

serious injury in the event of an overturn and should
be considered as standard equipment. Indeed, Lutz
&McKenzie (2005) observed that a ROPS was a crit-
ical safety addition to ZTR mowers.
One necessity of lawn care has been to cut grass

on slopes, which has resulted in the deaths of opera-
tors from continuous rolls (> 90º) (Wang, et al., 2005).
Antiroll bar technology designed to stop continuous

belt and were pinned under water and drowned.
Both of the latter vehicles overturned 270°.
One incident investigated by OSHA (No.

303642235) involved a 690-lb (313 kg) ZTR lawn-
mower outfitted with a 500-lb (227 kg) sprayer that
overturned, pinned the operator and spilled herbi-
cide onto his head. He died of a heart attack. The
investigators concluded that a ROPS and seatbelt
would have prevented the operator from being
pinned. In another inspection (No. 126591494) of a
drowning that resulted from a mower overturn,
investigators concluded that the death may have
been prevented had the machine been equipped
with a ROPS and seatbelt.
An OSHA inspection (No. 302367453) of an over-

turn from a ledge noted that the ZTRmowerwas not
equipped with a ROPS and that the manufacturer
did not provide a ROPS for that type of machine. In
another investigation (No. 308434273), OSHA prof-
fered to an employer the installation of a ROPS and
seatbelt as part of the abatement settlement; the
employer complied and installed a ROPS on his ZTR
mower. In an OSHA investigation (No. 305871295)
of a drowning that resulted from an overturn of a
reel-typemower, the investigator observed that high
grass may have obscured the edge of an 8 ft (2.4 m)
deep ditch. The lack of tread on the tires may also
have contributed to a slide and the overturn. The
mower landed upside down on the operator, and a
photograph shows a bar, perhaps a ROPS, behind
the seat that collapsed. Nomentionwasmade of this
bar in the report.
An OSHA investigation (No. 112898408) of an

overturn of a 25 hp (18.6 kW) lawnmower concluded,
citing the general duty clause, that an employer did
not provide a place of employment free from recog-

(Clockwise from left)
Photo 5: NIOSH’s

AutoROPS on a com-
mercial mower.

Photo 6 shows the
device retracted

while Photo 7 shows
it deployed.
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overturns was developed in NewZealand
in the late 1950s (Crosbie, 1961). In 1961,
the North Dakota Highway Department
designed and installed antiroll bars on
tractors used for roadside mowing that
virtually eliminated severe and fatal
injuries—followed 95 overturn-related
fatalities from 1947 to 1960 (Hanson,
1962). The State of Illinois followed suit
with reductions in serious and fatal
injuries with the use of antiroll bars
(Kuhns, 1966). Bucher (1966) of John
Deere stated, “In most cases, when the
tractor upset is limited to a 90° roll, the
operator is seldom crushed.” National
Safety Council (1966) published data with
the aim to use antiroll bars to restrict trac-
tor overturns to 90°.
A survey in Nebraska for the period Jan. 1, 1966,

to Jan. 1, 1972, compiled data for 175 tractor over-
turns. Thirty overturns occurred on inclines, 26 of
the total occurred to the rear, and the remainder to
the side. Overall, overturns to 180° (upside down)
resulted in a mortality rate of 50%whereas 90° over-
turns resulted in amortality rate of 27%.No fatalities
occurred on the tractors equipped with ROPS
(Schnieder & Baker, 1972).
Although the TOPS standard would have been a

benchmark for ROPS design for ride-on lawnmow-
ers, the failure of the OECD ROPS standard to pro-
vide protection against a continuous roll has
brought the TOPS approach into question. None-
theless, on some machines, continuous overturns to
the side are prevented by ROPS (Myers, 2008).
Moreover, continuous overturns to the rear may still
be a viable goal as ROPS on tractors typically stop a
rear overturn at 90°. A ROPS design to protect the
operator from death or serious injury during a con-
tinuous overturn makes attention to the safety zone
for the operator most important (Hsiao, Whitestone,
Bradtmiller, et al., 2005).
An argument against ROPS is overhead obstruc-

tions, such as collisions with tree limbs. However,
cases were observed of head injuries from mower
operators’ collisions with tree limbs but were not
reported from the NEISS system herein. The adapta-
tion of a foldable ROPS onmowers has been used as
a solution to the tree limb obstruction problem.
Nevertheless, foldable ROPS are problematic since
they are easily left in a folded position. NIOSH has
addressed this problem by developing AutoROPS
(Photos 5, 6 and 7).
An argument continueswith regard to dangerous

equipment that inevitably results in injuries versus
injuries as the result of the careless use of dangerous
equipment. The former view relates to engineering-
based performance standards while the latter view
relates to behavioral approaches with regard to care-
ful equipment operation (Alexander, 1990). In their
study of CPSC’s walk-behind mower standards,
Moore andMagat (1996) concluded that the labeling
requirement—a behavior-based technique—had no

Photo 8: Removal of
a mower that over-
turned to the rear
into a creek and
fatally pinned the
operator underwater.
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pinned the operator under water, a steering arm
bent across one of the operator’s legs, no ROPS or
seatbelt protection, and no monitor to assist in a
quick rescue. It took three men to lift the mower off
the decedent. Photo 8 (p. 61) shows the removal of
this mower after the overturn.
News stories of lawnmower overturns reported

major injuries such as fatalities or unusual situations
such as rescues. OSHA investigated fatalities and
some serious injuries. CPSC sampled hospital emer-
gency rooms for data, thus, it did not capture deaths
that occurred or injuries treated outside of the hospi-
tal. None investigated the lives saved or injuries avert-
ed or reduced in severity by interventions.
There is a need to investigate close calls to better

understand how an overturn event was averted or
an injury was prevented. A coordinated surveillance
system to report across the spectrum of injury sever-
ity as well as lawn mowing hazards would inform
scientists and engineers about the magnitude of the
problem and opportunities for prevention of mower
overturns and associated injuries.
In addition, there is a need for research into inter-

ventions that range from inherently safer landscape
design for mower operation to devices on mowers
that can prevent spinout to rollover protection sys-
tems that will protect the operator in the event of an
overturn. Attention is also needed regarding keep-
ing foldable ROPS deployed in the absence of over-
head obstructions, and machine designs that will
allow submerged operators to escape from an over-
turned mower in water. Furthermore, informing the
consumer and the commercial operators of lawn
mowing hazards and safe equipment operation is
worthy of effective education campaigns. �

significant affect on injury reduction, whereas per-
formance standards appear to have led to lower
injury rates.
Early CPSC warnings with regard to ride-on

lawnmowers—do not drive across slopes—is incon-
sistent with ZTR mower manufacturer warnings—
drive across slopes—thus the characteristics of ZTR
mower operations need to be studied to better pro-
tect the operator through design and training. Such
studies also need to address inadvertent restraint by
the steering bars in the event of an overturn so as to
allow escape from an overturned machine in water.
An exemplar warning label dangerwas suggested in
1984 to be affixed to tractors, including those in the
10 to 20 hp (7.5 to 14.9 kW) range, which warned of
the overturn hazard (Schmitt & Sevart, 1984b).
Compact tractor overturns result from towing,

rear-axle torque, centrifugal force or gravity during
grounds care (Gasch, 2001), but incipient conditions
lead to lawnmower overturns, and risk factors
include slopes, uneven terrain, embankments, drop-
offs and loss of traction—which are a safety challenge
for landscape designers. Risk factors associated with
overturn-related injuries include the weight of the
machine, no rollover protection and restraint device,
water bodies, fuel leaks and prompt extrication.
A focus on only static stability appears to under-

characterize the danger of ride-on lawnmowers,
whereas dynamic stability in the presence of envi-
ronmental factors such as slopes, uneven terrain,
water bodies, drop-offs and loss of traction can lead
to instability of the machine. A factor incipient to an
overturn is a spinout on grass that results in slides
downhill and overturns off drop-offs or over
embankments. Designs are needed that control these
spinouts so the mower does not go out of control
(e.g., control based on slip-sensing).
Furthermore, it is evident that lawnmowers are

used on steep terrain. The common control—warn-
ing against operating on steep slopes—appears to
be unheeded or not known. Warnings are not
enough. Operator training is also needed. None-
theless, ROPS and seatbelts are known and proven
protective technologies. An alternative design is
autonomous mowers for use on steep inclines
(Wang &Ayers, 2008).
The incident shown in Table 3 (p. 56) demon-

strates the escalation of hazards and postoverturn
events that resulted in a death. The hazards that con-
tributed to the overturn event were a steep slope, a
water body with an unprotected edge at the bottom
of the slope, moist soil under the grass, a mower that
spunout when pointed uphill and slid backwards, a
mower with handles that control three functions
simultaneously (direction, braking and steering), an
operator who drove onto the slope and uphill away
from the hazard, no slope indicator or warning
device on the machine, and warnings in the opera-
tor’s manual that the operator (and perhaps the
employer) likely never read. After the overturn, the
events leading to the operator’s death included a
continuous overturn to the rear into the water that
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