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Street Bikes Versus Dirt Bikes: A Comparison of Injuries
Among Motorcyclists Presenting to a Reglonal

Trauma Center

Jeff T. Grange, MD, Stephen W. Corbett, MD, and Adrian Cotton, MD

Background: This study sought to com-
pare the spectrum of injuries and outcomes
between off-road and on-road motorcyclists.

Metheds: Demographic information,
accident location, helmet use, anatomic in-
juries, physiologic data, length of stay,
transfusions, operations, Injury Severity
Scores, and determination of death were
abstracted for a consecutive cohort of pa-

Resulls: There were no significant
differences between off-road motorcyclists
(n = 376) and on-road motorcyclists (n =
371) in terms of helmet use, loss of con-
sciousness, initial systolic blood pressure,
initial Glasgow Coma Scale, initial Re-
vised Trauma Score, or hand, wrist, fore-
arm, arm, clavicle, foot, ankle, femur, pel-
vis, spinal, or head injuries. On-road

likely, however, to require transfusions (p
< 0.025); sustain blunt chest, abdominal,
or skin trauma; or die (p < 0.05).

Gonclusiens: On-road motorcyclists
are more likely to sustain blunt abdominal
trauma, blunt chest trauma, skin trauma,
and death than off-road motorcyclists.

Key Words: Motorcycles, Trauma,
Emergency medical services.

tients over a S-year period.

ince the first motorcycle was built in 1885, motorcy-

clists have been getting injured and killed as a result of

crashes both on and off the road. In 2000, 2,862 mo-
torcyclists were killed, and another 58,000 were injured in
traffic crashes in the United States. This rate is up 15% from
the fatalitics reported only 1 year carlicr. Per vehicle mile,
motorcyclists are about 18 times more likely than passenger
car occupants to die and 3 times more likely to be injured in
a traffic crash.! New motorcycle sales have increased for the
past 9 consecutive years.”

Until the 1950s, there was just one kind of motorcycle
available. Over the intervening years, off-road motorcycles
have evolved significantly differently from on-road motorcy-
cles. Not only are the motorcycles themselves different, but
most off-road motorcycle crashes involve different mecha-
nisms, speeds, and terrain. Off-road and dual sport machines
(capable of both on- and off-road use) now represent 27.8%
of motorcycle use in the United States. Off-road motorcycle
use has increased 14.8% since 1990.>

Despite the increased popularity in motorcycle use, there
is very little information about how injury patterns differ
between off-road and on-road motorcyclists. With this in
mind, the current authors sought to review motorcycle inju-
ries presenting to a regional trauma center.
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MATERIALS AND METHODS
Study Design

This study involved a retrospective consecutive case
series review of all motorcycle accident patients presenting to
a regional trauma center in southern California.

Study Setting and Population

All the patients involved in motorcycle accidents and
presenting to this level 1 trauma center located in the center
of southern California were eligible for the study. This ter-
tiary care center serves as the only level 1 trauma center for
an area encompassing approximately 25% of California with
a population exceeding 3.3 million.

Study Protocol

Motorcycle trauma patients were identified using exter-
nal cause of injury codes (International Classification of Dis-
ease, revision 9 [ICD-9] E codes 810-825) for all patients
seen in the emergency department or admitted to the hospital
between July 1997 and July 2001. Patients were excluded if
their medical record could not be located, if their medical
record was incomplete, or if it could not be determined
whether the accident had happened on or off the road.

A retrospective explicit chart review was conducted by a
single research assistant using a standardized data abstraction
tool. The abstractor was trained to review the prehospital run
sheet, the emergency department record, the admission his-
tory and physical cxamination results, any operating room
records, any intensive care unit (ICU) records, any transfu-
sion records, the discharge summary, and any laboratory
results. For each patient, the following information was ab-
stracted: date of visit, gender, age, on-road versus off-road
incident, whether the incident occurred during a sanctioned
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race, helmet use, loss of consciousness, initial systolic blood
pressure, initial Glasgow Coma Score, Revised Trauma
Score, length of hospital stay, whether ICU admission was
required, whether an operation was performed, whether a
transfusion was required, and whether the patient had died.
Additionally, the following discharge diagnoses were ab-
stracted: hand, wrist, forearm, arm, clavicle, foot, ankle,
lower leg, femur, pelvic, cervical spine, thoracic spine, lum-
bar spine, sacral spine, other spine, head, skin, and other
injuries, as well as abdominal trauma and chest trauma. An
Injury Severity Score from the trauma registry of the authors’
institution also was abstracted for all the patients who re-
quired admission to the hospital.

A standardized abstraction form was used, which specif-
ically defined each of the preceding criteria. On-road motor-
cycle accidents were defined as-those that happened “on
pavement,” whereas off-road accidents were defined as those
that happened while the rider was not on a road or those that
occurred on a nonpaved road.

The abstractor performance was monitored by the au-
thors (J.T.G., A.C.) throughout the study. Any questions
regarding data abstraction were answered on an ongoing basis
during the data abstraction process. The abstractor was
blinded to the study objective.

The data were analyzed to determine whether there was
a difference between off-road and on-road motorcycle acci-
dents in terms of demographics, helmet use, loss of con-
sciousness, certain injuries by anatomic location, Injury Se-
verity Scores, certain physiologic data, lengths of hospital
stay, ICU admissions, operations performed, and deaths.

For each of the aforementioned categories, x* tests were
used to compare off-road with on-road motorcycle accidents.
Statistical significance was established by p values less than
0.05. Systat (Richmond, CA) software was used for all the
analyses.

This study was reviewed and approved by the institu-
tional revicw board of the participating tranma center.

RESULTS

This study enrolled 751 motorcycle riders. Four riders
were excluded because it could not be confirmed whether
their accidents were off or on the road. The study population
was divided almost equally, with 376 patients riding off-road
motorcycles and 371 patients riding on-road motorcycles.
Whereas both groups tended to be young males (Fig. 1), the
on-road motorcyclists generally were older, less likely to be
racing (p < 0.001), and equally likely to be wearing a helmet
(Table 1). The study participants ranged in age from 4 to 83
ycars (mean, 29.4 years). The review showed that 2% of the
motorcyclists (n = 14) died as a result of their injuries.

Seasonal variations were noted. Off-road motorcycle ac-
cidents predominated during the winter months, whereas on-
road motorcycle accidents predominated during the summer
months (Fig. 2).
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Fig. 1. Age distribution of motorcycle accident victims. Off-road
motorcycle riders tended to be younger than those riding on-road
motorcycles.

The physiologic characteristics of off-road and on-road
motorcycle accident patients were compared using x> analy-
sis. There was no significant difference between the groups in
terms of the initial systolic blood pressure, the initial Glas-
gow Coma Score, the Revised Trauma Score, or whether the
patient lost consciousness.

The anatomic locations of actual injuries sustained also
were compared between the two groups (Table 2). The find-
ings showed that on-road motorcyclists were significantly
more likely to receive a diagnosis of blunt chest trauma, blunt

Table 1 Demographic and Clinical Characteristics of
Patients

Off-Road On-Road
Motorcyclists Motorcyclists

Number 376 371
Mean age (years) 24.9 34.1
Gender—male n (%) 363 (97) 328 (88)
Racing n (%) 68 (18) 22 (6)
Helmet—yes n (%) 306 (81) 304 (82)
Helmet—no n (%) 21(6) 34 (9)

Monthly Distribution of Motocycle Injuries

Patients

Month

FI0. 2. Monthly distribution of motorcycle accidents. Off-road mo-
torcycle accident rates are highest in the winter, whereas on-road
motorcycle accident rates are highest in the summer.
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Table 2 Injury Characteristics by Anatomic Location

Off-Road
Motorcyclists
n (%)

On-Road
Motorcyclists
n (%)

Head 75 (20) 68 (18)
Spine 30(8) 18 (5)

BCT 45 (12) 64 (17)
BAT 19 (5) 33(9)

Upper extremity 67 (18) - 58 (16)
Lower extremity 70 (19) 85 (23)
Skin 152 (40) 223 (60)

BCT, #0@; BAT, 000.

abdominal trauma, or skin lesions. There was no statistically
significant difference in hand, wrist, forearm, arm, clavicle,
foot, ankle, lower leg, femur, pelvis, cervical spinal, thoracic
spinal, lnmbar spinal. sacral spinal. or head injuries between
the two groups.

Although the Injury Severity Scores tended to be higher
in the on-road motorcyclist group, the difference did not
reach statistical significance. Both groups of motorcyclists
were equally likely to be admitted to the hospital, require ICU
admission, or require surgery. However, on-road motorcy-
clists were significantly more likely to require blood transfu-
sions (p < 0.025) and die (p < 0.05).

DISCUSSION

In the past decade, there has been a dramatic increase in
both the number of motorcycle sales® and the number of mo-
torcycle accident-related fatalities in the United States.> The
current study was similar to previous studies showing that most
motorcycle injuries and fatalities® are among young to middle-
age men who tend to be in their working prime. As a result, these
accidents pose a tremendous burden to individuals and society in
terms of suffering, disability, death, and costs.

The question whether on-road or off-road motorcycles are
safer to ride is difficult (o answer fully with this study. Intu-
itively, it may be suspected that on-road motorcyclists are at
greater risk of injury or death because of the often higher speeds
and generally increased traffic involved in on-road motorcycle
riding. Although the mortality rate for on-road motorcyclists was
significantly higher than for off-road motorcyclists presenting to
the authors’ facility, this number may have been affected sig-
nificantly by referral bias. In addition, this study and trauma
registries generally are inaccurate with regard to the denomina-
tor. They contain little or no information about patients with
minor injuries or no injuries, and are best able to give only the
numerator for those with injuries requiring treatment and those
who died. The correct denominator of those at risk, however, is
wade up entirely of accidents.*

Previously published reports have suggested an inci-
dence of 1% to 21% for spinal injury in motorcycle
crashes.>® The current results are similar (8% for on-road and
5% for off-road accidents). The incidence of head injuries in
the current study (18% for on-road and 20% for off-road
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accidents) is slightly higher than in previous studies,>®
whereas the current incidence of lower extremity injuries is
considerably lower (23% for on-road and 19% for off-road
accidents) than at least one prior study® that reported an
incidence of 46%. The incidence of upper extremity injuries
was similar between these studies.

Some have argued that motorcycle safety policy is funda-
mentally flawed because it is built on “safer crashing,” not “safer
riding.” Unlike passengers in most vehicles, motorcyclists are
more vulnerable because of their exposed riding position.
Whereas passenger vehicles are able to dissipate much of the
energy during a crash, thus preventing the driver from full
exposure to the impact forces, motorcyclists tend to be much
more exposed to these forces. Although certain safety equipment
has been demonstrated to decrease injuries and death, it should
be obvious that the best way to decrease injuries and deaths is to
prevent the accident [roin happeuing in the first place. The
authors believe individuals should be urging the federal govern-
ment and other organizations to embrace accident prevention
rather than injury minimization during a crash.

Whereas motorcycle racers in one study were found to
have 15 times the injury rate and 87 times the fatality rate of
recreational riders,” the current study did not demonstrate
injury and fatality rates of on-road and off-road motorcycle
racers significantly different from those of on-road and off-
road nonracers.

During the past decade, environmental groups have
successfully closed many off-road motorcycle riding areas
at the same time that the number of motorcycles sold has
significantly increased. If off-road motorcycle riding is
safer partly because the incidence of collision with other
vehicles has decreased, it will be interesting to see how
these closures will affect the injury and fatality rates for
off-road motorcyclists. Data regarding trends in the num-
ber of multiple-vehicle off-road motorcycle accidents
should be examined to determine the effect of off-road
riding area closures on safety.

This study had several important limitations. The data in-
cluded only information on acutely and seriously injured pa-
tients treated at a single level 1 trauma center. Excluded were the
minimally injured, those who never seek care (or refuse care),
those treated and released by prehospital personnel, and those
who were dead at the scene of the accident. In addition, the
weather in southern California tends to be dry and warm, so
these results may not be applicable to other areas.

CONCLUSION

Although both off-road and on-road motorcyclists had
mostly similar injuries, the chances of having significant
blunt abdominal trauma, significant blunt chest trauma, sig-
nificant skin trauma, or fatality were significantly greater for
on-road than for off-road motorcyclists.
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as resiliency, vulnerability, risk factors, gender issues, intergenerational links, and the effects of war. In surnmary, this book is a superb resource

tn anyone who works with traumatized children.
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