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A B S T R A C T

Background: Since their introduction to USA markets in the late 20th century, all-terrain vehicles (ATVs)
have been a significant source of trauma. Many paediatric studies have demonstrated the
disproportionate rate in which minors are affected by ATV-related trauma, but no studies have been
performed on a large sample size spanning all age and geographic ranges. This study is the first to analyze
ATV-related fracture rates, patterns, and associated risks across all ages nationwide.
Methods & statistical analysis: The National Electronic Injury Surveillance System (NEISS) was queried for
ATV-related trauma for the years 2002–2015. The data were analyzed by age, sex, race, alcohol usage,
helmet usage, type of injury, fracture location, and disposition from the emergency department (ED).
Continuous data were analyzed using the t-test (2 groups) or ANOVA (�3 groups). Discrete data were
analyzed using χ2 tests. SUDAAN 10TM software was used to account for the stratified and weighted
nature of the data. Significance was set at p < 0.05.
Results: There were an estimated 1,862,342 ED visits for ATV-related injuries from 2002 to 2015; 482,501
(25.9%) sustained fractures with a mean age of 27.5 years. Among those with fractures, 75.7% were male,
28.5% resulted in hospital admission, 43.9% occurred at home, and 57.5% were unhelmeted. Anatomically,
51.8% involved the upper extremity, 23.6% involved the lower extremity, 6.4% involved the spine, 8.5%
involved the skull/face, and 9.7% involved the ribs/sternum. Alcohol use was most frequently associated
with skull (13.2%) and cervical spine (13.0%) fractures. Patients with skull or facial fractures were
unhelmeted 88% of the time, and 87% of skull fractures were associated with brain injury. ATV-related
fractures peaked in 2007 at 44,283 and trended downward through 2014.
Conclusion: This study is the first of its kind to analyze ATV-related trauma over all age groups throughout
the entire USA. It can serve as a reference for clinical decision-making and future studies. It also reinforces
the need for ATV regulation advocacy, specifically helmet use.

© 2018 Elsevier Ltd. All rights reserved.
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Background

All-terrain vehicles (ATVs) were introduced to USA markets in
1970 and quickly gained popularity for both recreational and
agricultural use [1]. Low-pressure tires allowed for high maneu-
verability in a variety of terrains, and relatively small engines used
considerably less fuel than tractors [1]. The U.S. Consumer Product
Safety Commission (CPSC) estimated 400,000 ATVs were in use in
1985. This climbed to 1.8 million in 1990, 4.2 million in 2000, and
10.6 million by 2010 [2]. As ATV advertising, sales, and power
increased over time, mortality followed [3–6]. The CPSC reported
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29 ATV-related deaths in 1982, 235 in 1990, 445 in 2000, and 832 in
2007 before declining to 573 in 2012 [7].

In response to ever-increasing rates of morbidity and mortality
in the 1970’s and 1980’s, the CPSC sued ATV manufactures to bring
about the federally mandated “1988 Consent Decrees” [8].
Although their effectiveness was debatable, the “1988 Consent
Decrees” did help decrease the epidemic’s pace [5–7,9,10]. The
legislation’s 1998 expiration resulted in a nonbinding “All-Terrain
Action Plan” made between ATV manufacturers and the CPSC [8]
which ultimately led to a substantial increase in ATV-related
injuries [9–13]. ATV regulations are now primarily enacted and
enforced at the state level [14–18]. This has led to large variability
in ATV usage laws across the country [14].

Many studies have been performed on the paediatric popula-
tion because they are disproportionately affected by ATV-related
trauma [12,19–31]. While children <16 years of age account for just
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17% of riders, they account for 31% of injuries, and often times, their
injuries are more life-threatening [32]. Prior studies have reported
fracture rates and locations, gender ratios, and alcohol/helmet use,
but are limited by sample size, age range, and/or geographic
breadth [3,12,19–31,33,34]. The main objective of this study is to
describe fractures associated with ATV-related injuries using the
National Electronic Injury Surveillance System (NEISS) database
across the entire USA and all ages. Secondary objectives include
describing associated internal injuries and the role of alcohol and
helmet use in ATV-related injuries. This study can serve as a
reference for clinical decision-making and future studies.

Methods

This study was considered exempt by our local IRB. The NEISS
database collects data from a probability sample of approximately
100 hospitals reflecting the current distribution of USA hospitals
[35]. Each hospital reports information for every consumer
product-associated patient injury treated in the emergency
department (ED) along with demographic patient information
and contributing factors (alcohol use, helmet use, etc.) [35].
Sampled hospitals have at least six beds, an ED, and are located
within the USA or its territories [35]. Psychiatric and penal
institutions are excluded [35]. The probability sample is split into
five strata (based on self-reported ED volume): small, medium,
large, very large, and children’s hospitals [35]. Hospitals’ statistical
weights, rather than raw case counts, are used to obtain national
estimates of injuries and associated demographics [35]. The NEISS
database, its coding manual, data acquisition information, and
further details can be openly found at https://www.cpsc.gov/
Research–Statistics/NEISS-Injury-Data.

We queried the NEISS database for ATV associated injuries for
the years 2002 through 2015. We included three-wheeled ATVs
(NEISS code 3285), four-wheeled ATVs (NEISS code 3286), >four-
wheeled ATVs excluding dune buggies (NEISS code 3296), and
ATVs with an unspecified number of wheels (NEISS code 3287).
The data were downloaded into a Microsoft Excel1 2011 file for
further analysis. Narrative accounts (a feature added to NEISS data
in 2002) were searched to determine alcohol use, helmet use, and
mechanism of injury (riding or struck by the ATV) by using the
FIND command in Excel1. All data were analyzed by anatomic
location/type of injury (fracture, internal organ injury, head
injury), age, sex, race, alcohol use, helmet use, and disposition
from the ED (home, admission, fatality). Geographic location was
subdivided into home (personal residence, mobile home, personal
land, farm, ranch), street/highway, public property, recreational
sports/school, and industrial. Race was classified as white, black,
Amerindian (Hispanic and Native American), Indo-Malay (Asian
origins), and Indo-Mediterranean (Middle East and Indian
subcontinent) [36].

Various levels of analysis were used to subdivide specific
fracture locations. At the broadest level, the groups were the
axial skeleton, upper extremities, and lower extremities. Axial
fractures included the spine and non-spine (head and trunk). At
more detailed levels of analysis, the spine was divided into the
cervical (CS), thoracic (TS), lumbar (LS), and sacrococcygeal spine;
the head into skull and face; the trunk into ribs and sternum;
the upper extremity into clavicle, scapula, humerus, elbow, radius/
ulna, wrist, hand, and finger; and the lower extremity into pelvis,
hip, femur, knee, tibia/fibula, ankle, foot, and toe. These anatomical
groupings were also used when comparing fracture rates within
the literature to those in this study. Internal organ injury
was subdivided into brain, thorax, abdomen, combined brain/
thorax, and combined brain/abdomen. Head injuries included all
diagnoses of closed head injuries, concussions, or traumatic brain
injuries.
Statistical analysis

SUDAAN 10TM software (2008, RTI International, Research
Triangle Park, NC) was used to account for the stratified and
weighted nature of the NEISS data. The software calculates an
estimated value for a particular parameter over a finite population
[37]. The NEISS sampling frame serves as a finite population
sampling of USA hospitals. from 2002 to 2015, the exact number of
NEISS reporting hospitals ranged from 77 to 98 [38]. NEISS weights
are adjusted monthly to account for non-reporting and hospitals
that go out of business [38]. Each hospital’s statistical weight is
equal to the inverse of the probability of selection for the hospital
in each stratum, or simply the total number of hospitals in the
sampling frame divided by the total number of NEISS hospitals at
the stratum level [35].

The mathematical details of such analyses are given below.
From the weighted values, the estimated number of ED visits is
calculated using the following formula [35]:

Estimate ¼
X
i¼1

wgtixi

where: wgti = weight of hospital i for the month; xi = number of
cases for a specified product or type of injury reported by hospital i
for the given month

Except for unique weights of merged hospitals, the weights of
the hospitals are the same within a stratum and thus the equation
can be written as [35]:

Estimate ¼
Xm
h¼1

Xrh
i¼1

Nn

nh

n0
h

rh

� �
Rh � xhi

where: m = Number of strata in the NEISS sample during the given
time period; Nh = Number of hospitals in the NEISS sampling frame
for stratum h; nh = Number of hospitals selected for the NEISS
sample for stratum h; n'h = Number of in-scope hospitals in the
NEISS sample for stratum h; rh = Number of NEISS hospitals
participating for stratum h for the given month; Rh* = Ratio
adjustment factor for stratum h for the given month; xhi = Number
of cases for a specified product or type of injury reported by
hospital i in stratum h for the given month

The factor Nh/nh is the basic weight associated with each
hospital in stratum h [35]. Adjustments to the weights are made for
nonresponse hospitals in the case of hospital mergers or closures
[35]. The factor n'h/rh adjusts each hospital in each stratum for the
lack of participation of one or more hospitals, when necessary [35].
This adjustment is typically very small (multiplicative factor
ranging from 1.0 to 1.031) [35]. Monthly estimates are summed to
derive annual estimates [35].

Continuous data were reported as the mean and categorical data
as frequencies/percentages. Given the weighted nature of the data,
the median with 20th and 80th percentiles (representing 60% of the
data about the median) are reported in tables, which is relatively
equivalent to � one standard deviation about the mean (which
represents �68% of data). SUDAAN 10 does not readily describe/
calculate a standard deviation, but readily calculates deciles around
the median of the estimated values; for this reason we are using the
above descriptors of variation around the median, and not the
standard deviation of the mean. The t-test (2 groups) or ANOVA (�3
groups) was used for analyses between groups of continuous data.
The χ2 test was used for analyses between groups of discrete data. A
p value <0.05 was considered statistically significant.

Results

There were an estimated 1,862,342 ED visits for ATV-related
injuries from 2002 to 2015; 482,501 (25.9%) sustained fractures. ED
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visits due to ATV-related injuries of all types and fractures peaked
in 2007 and declined through 2014 (Fig. 1). Fractures involved the
extremities in 75.4% of patients; 78.5% were male, 45.4% presented
to small hospitals, and 43.9% occurred at home (Table 1). There
were 249,745 (51.8%) upper extremity fractures; 114,022 (23.6%)
lower extremity fractures; 31,021 (6.4%) spine fractures; 40,876
(8.5%) skull/face fractures; and 46,837 (9.7%) rib/sternum fractures.
Within the upper extremity fracture group (Table 2), the clavicle
(25%), radius/ulna (21%), and wrist (20%) were the most frequent
locations. Among lower extremity fractures (Table 3), tibia/fibula
(34%) and ankle (21%) were the most frequent locations. Axial
Table 1
Demographics of all fractures from ATVs*.

UE indicates upper extremity; LE, lower extremity; CHI, closed head injury; TBI, traum
*p value indicates the differences between upper extremity, lower extremity, spine, skul
percentage for each variable.
†The % represents the row percentage for all locations in total.

Fig. 1. Yearly number of patients with ATV-related injuries and fractures presenting to US
fractures, and the black bars represent patients with all types of injuries.
fractures were grouped by spine and non-spine (Table 4). Among
spine fractures, lumbar fractures were the most frequent (39.7%)
and sacrococcygeal the least (11.8%).

Age of patients

The mean age of those with fractures was 27.5 years. Patients <25
years accounted for >50% (250,626) of all fractures (e.g. age 0–14
years; 117,224 and 15–24 years; 133,402; Fig. 2). Patients with spine
and rib/sternum fractures were older (34.7 and 41.9 years,
respectively) compared to those with upper extremity (24.3 years),
atic brain injury.
l/face, and rib/sternum for each of the listed variables. The % represents the column

A emergency departments from 2002 to 2015. The gray bars represent patients with



Table 2
Upper Extremity Fractures from ATVs*.

CHI indicates closed head injury; TBI, traumatic brain injury.
†The % represents the row percentage for all locations in total.
*p value indicates the differences between types of upper extremity fractures (i.e. clavicle, scapula, humerus, etc.) for each of the listed variables. The % represents the column
percentage for each variable.
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lower extremity (27.3 years), and skull/face (26.0 years) fractures
(p < 0.0001). Of those with upper extremity fractures, patients with
radius/ulna fractures were the youngest (20.1 years) and scapula
fractures the oldest (30.5 years, p < 0.0001). Of those with lower
extremity fractures, femur fractures were the youngest (20.9 years)
and hip fractures the oldest (38.5 years, p < 0.0001). Of those with
axial fractures, patients with rib fractures were the oldest (42.0
years) and skull fractures the youngest (13.9 years, p < 0.0001).

Admission rates and associated injuries

The overall admission rate for those with fractures was 28.5%
(Table 1). Patients with upper extremity fractures were most likely
to be released (86.7%). Those with femur, hip, and pelvis fractures
all demonstrated >70% hospital admission rates (85.8%, 83.7%, and
73.4%, respectively; p < 0.0001). Patients struck by an ATV
accounted for 1.5% of lower extremity fractures compared to
0.9% of upper extremity fractures (p < 0.0001). Of those with
fractures and internal organ injuries, brain injuries were the most
frequent (72.9%; p = 0.0013) (Table 5). Brain injury occurred in
87.2% of those with skull fractures.
Table 3
Lower Extremity Fractures from ATVs*.

CHI indicates closed head injury; TBI, traumatic brain injury.
*p value indicates the differences between types of lower extremity fractures (i.e. pelv
percentage for each variable.
†The % represents the row percentage for all locations in total.
Alcohol and helmet use

Positive alcohol consumption was reported on 2.7% of all
narrative accounts, 3.8% with fractures, and 2.3% without fractures
(p = 0.032) (Table 5). Alcohol use was most frequently associated
with skull (13.2%) and cervical spine (13.0%) fractures (p = 0.0003);
these fracture populations both demonstrated >80% admission
rates (p < 0.0001). Those with reported alcohol use were younger
than those with no reported alcohol use (25.5 vs 34.3 years,
p < 0.0001). Of those with fractures, 57.5% were not helmeted.
Those with skull or facial fractures were unhelmeted 88% of the
time (p = 0.0009). Only 11.1% (205,886) of patients had documented
helmet status in their NEISS narrative comments.

Discussion

Aside from skin injuries, fractures are often the most common
ATV-related injury [21,25–28,31,33,39], particularly in males
[19,40]. In this USA-wide analysis, �1.8 million ATV-related
injuries presented to EDs from 2002 to 2015; �480,000 (25.9%)
had at least one fracture. The majority (81.8%) of the fractures
is, hip, femur, etc.) for each of the listed variables. The % represents the column



Table 4
Axial Fractures from ATVs*.

CS indicates cervical spine; TS, thoracic spine; LS, lumbar spine; SC, sacrococcygeal; CHI, closed head injury; TBI, traumatic brain injury.
*p value indicates the differences between the cervical spine, thoracic spine, lumbar spine, and sacrococcygeal spine for each of the listed variables. The % represents the
column percentage for types of axial fractures (i.e. spine, non-spine).
†The % represents the row percentage for all locations in total.

328 J.A. Richards, R.T. Loder / Injury, Int. J. Care Injured 50 (2019) 324–331
involved the extremities or spine; thus, it is likely that
orthopaedists are often consulted. Otolaryngologic, oral maxillo-
facial, and neurosurgeons also provide care to such patients and
should be keenly aware of fracture patterns and associated risks.

This study is the first to analyze ATV-associated fracture rates,
patterns, and associations of all ages nationwide. Shults et al. [19]
reported a similar fracture rate (28%) in a nationwide study using
analogous methodology, but their patient population was limited
to <16 years of age. A variety of adult and paediatric studies have
documented ATV-related fracture rates from 25% to 60% (Table 6)
[19,21–24,26–28,33,34,41,42]. The variability in these rates is due
to many factors. Certain studies collectively report dislocations
with fractures, or “orthopaedic patients.” Others report the
fracture rate as a percentage of all inflicted injuries, rather than
per patient. Some report only those taken to the operating room.
Lastly, sample size, geography, or both have limited prior studies.

The top three most common fractures involved the upper
extremity: clavicle (61,532; 12.7%), radius/ulna (52,731; 10.9%),
and wrist (51,149; 10.6%). Although upper extremity fractures are
common ATV-related injuries, other studies (Table 6) demonstrat-
ed higher percentage of lower extremity or axial fractures) [3,21–
25,27,28,33,41,42]. This study found the percentage of upper
extremity fractures (51.8%) to be approximately double that of the
lower extremity (23.6%). This discrepancy from prior literature is
likely due to the scope of both age and geography presented in this
study. The percentage of spine fractures in this study is similar to
those in the literature [12,20–23,25,27,28,30,31,33,34,42]. The
28.5% hospital admission rate among those with fractures in this
study is similar to that in the literature (13%–64%) for all patients
presenting to EDs for ATV-related injuries [19,26,27]. Hip, femur,
CS, and skull fractures all had >80% admission rates but collectively
only accounted for 6.5% of all fractures. Patients with fractures
were most likely to report to small hospitals (45.4%), which likely
served more rural, less densely populated regions.
The rate of alcohol use among all patients (2.7%) was lower than
that found in the literature (22–33%) [3,22,34,42]. This could be
attributed to age range, sample size, and incomplete NEISS
narrative reporting. Our study included children of all ages and
adults. Sanfilippo et al. [34] and Rios-Reboyras et al. [3] both
reported a 33% alcohol usage rate with sample sizes of 36 and 33,
respectively, and a collective age range of 10–69 years. Dietz et al.
[22] reported a lower rate of 22%, had a much larger sample size at
1234 patients, and an age range of 1–87 years. Larger, more
nationally representative sample sizes of all ages as found in this
study likely have higher accuracy. The presence or absence of
concomitant alcohol use should be reported for all patients in the
NEISS database to ensure no alcohol users are missed among the
nonresponse group in the narrative comments section.

Other serious injuries can be attributed to a lack of helmet
use. While 56% of those with fractures and documented helmet
use status were unhelmeted, the unhelmeted rate rose to 88% in
patients with skull or facial fractures. It is important to note that
87% of skull fracture patients had associated brain injury. Our
helmet use rate is similar to that of the literature (32% to >90%
unhelmeted, median 84%) [3,21–24,27,28,31,33,34,41,42]. Of
the 1.86 million patients in this study, only 205,886 (11.1%) had
documented helmet status in the NEISS narrative comments. We
suspect that patients with head injuries are more likely to have a
documented helmet use status in the NEISS narrative com-
ments. The true numbers of those helmeted/unhelmeted in the
NEISS narrative comments are likely different for other fracture
locations. Helmet use while riding ATVs decreases intracranial
hemorrhage rates from 22% to 3% [43]. At the time of writing,
only 16 of 50 states require helmet use while riding an ATV
regardless of geographic location (public vs. private land)
[17,18]. Seven of the 16 states require this for riders of all ages,
seven require this of riders <18 years old, and two require this of
riders <16 years old [18]. Ten other states have laws requiring



Fig. 2. Presence of fractures in ATV-related injury patients presenting to USA emergency departments from 2002 to 2015. The gray bars represent patients with fractures, and
the black bars represent patients without fractures. Percentages are relative to the presence of fractures within each specific age range.

Table 5
Alcohol use, helmet use, and head/ internal organ injuries associated with all fractures from ATVs*.

UE indicates upper extremity; LE, lower extremity; CHI, closed head injury; TBI, traumatic brain injury.
*p value indicates the differences between upper extremity, lower extremity, spine, skull/face, and rib/sternum for each of the listed variables. The % represents the column
percentage for each variable.
†The % represents the row percentage for all locations in total.
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helmets limited to public property, three-wheeled ATVs, or both
[18]. Legislative work is needed to increase helmet use across
the entire US.

A decrease in ATV-related injuries since �2007 has been noted
and correlated to a decline in ATV sales secondary to the 2008
economic recession [10,13,19,21]. Our study demonstrated the same
findings (Fig.1). ATV-related fractures peaked in 2007 at 44,283 and
trended downward through 2014. However, we hypothesize this
trend is changing. ATV-related injuries and fractures increased from
2014-2015. We suspect that as discretionary spending rises, so will
the rate of ATV use and subsequent injury. Thus, it is important for
ATV safety regulations to continue to be enacted and enforced. Data
shows there is public support for legislation [44], but outcomes
stemming from state statutes have been mixed. Some studies have
shown legislation has no effect on morbidity, mortality, or helmet
use [15,29,45] while others demonstrate at leastpartialeffectiveness
[16,46–48]. In addition to being a reference for clinical decision-
making regarding ATV trauma, this study may also support the
growing body of evidence surrounding ATV legislation.

The American Academy of Orthopaedic Surgeons, American
College of Surgeons, American Pediatric Surgical Association
Trauma Committee, American Academy of Pediatrics, and Canadi-
an Association of Pediatric Surgeons have all released position
statements citing the dangers of ATV use [8]. Each endorses
legislation that would limit the use of ATVs to drivers age 16 years
and older and many suggest licensure be required before
individuals are allowed to operate an ATV [8]. Our study supports
prior research indicating children are disproportionately affected
by ATV trauma [8,17]. ATV drivers and/or riders �14 years old had
the second highest fracture rate at �24%. The paediatric
population’s safety should be taken into special consideration as
future ATV legislation is enacted.



Table 6
Literature Comparisons of ATV Injuries.

F indicates female; M, male; UE, upper extremity; LE, lower extremity; CS, cervical spine; TS, thoracic spine; LS, lumbar spine; SC, sacrococcygeal.
*The % admitted among those with fractures.
†The % of fracture among all patients.
^The % of fracture among all injuries.
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Accuracy and completeness of the NEISS data are certain
limitations to this study. Large datasets that succumb to the
complexities coding always have the potential for inaccuracy.
The NEISS database is limited not only in its ability to track
patients over the course of time, but also in its ability to
document treatments rendered (i.e. a patient being admitted for
surgery versus observation). This being said, prior studies have
indicated NEISS database reports consumer product related
injuries with 89%–98% accuracy [49,50]. We believe these data
to be limited in scope but highly accurate. Additionally, the
NEISS database only captures patients who were cared for in the
ED; thus, it is skewed to those with more serious injuries. The
true rate of ATV-related injuries is likely higher than reported, as
the NEISS database does not include patients presenting to non-
ED medical venues (e.g. primary care offices, urgent care clinics).
Lastly, the narrative comments section was used to determine
the frequency of alcohol and helmet usage. Incomplete narrative
reporting has the potential to give lower values than what might
be actually true.

Conclusion

This study is the first of its kind to analyze nationwide ATV-
related fracture rates, patterns, associations, and cost over a 14-
year period. It outlays expected fracture patterns, confirms the
need for helmet use, warns against a potential rise in ATV-related
injuries, and can serve as a reference for clinical decision making
and future studies. It is imperative the medical community
continue to advocate for ATV safety in public and legislative
forums. Electronic databases such as the NEISS serve as an
important source of extensive data. Judicious reporting of variables
such as helmet and alcohol use for all patients will allow
researchers to more powerfully examine risks associated with
ATV use. Future areas of ATV-related trauma study include
learning more about vulnerable populations, how society can
intervene before injuries occur, and performing a thorough cost
analysis of ATV-related trauma.
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