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The impact of helmet use on neurosurgical care and
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OBJECTIVE All-terrain vehicle (ATV) and dirt bike crashes frequently result in traumatic brain injury. The authors per-
formed a retrospective study to evaluate the role of helmets in the neurosurgical outcomes of pediatric patients involved
in ATV and dirt bike crashes who were treated at their institution during the last decade.

METHODS The authors analyzed data on all pediatric patients involved in ATV or dirt bike crashes who were evaluated
at a single regional level | pediatric trauma center between 2010 and 2019. Patients were excluded if the crash occurred
in a competition (n = 70) or if helmet status could not be determined (n = 18). Multivariable logistic regression was used
to analyze the association of helmet status with the primary outcomes of 1) neurosurgical consultation, 2) intracranial
injury (including skull fracture), and 3) moderate or severe traumatic brain injury (MSTBI) and to control for literature-
based, potentially confounding variables.

RESULTS In total, 680 patients were included (230 [34%] helmeted patients and 450 [66%] unhelmeted patients). Hel-
meted patients were more frequently male (81% vs 66%). Drivers were more frequently helmeted (44.3%) than passen-
gers (10.5%, p < 0.001). Head imaging was performed to evaluate 70.9% of unhelmeted patients and 48.3% of helmeted
patients (p < 0.001). MSTBI (8.0% vs 1.7%, p = 0.001) and neurosurgical consultation (26.2% vs 9.1%, p < 0.001) were
more frequent among unhelmeted patients. Neurosurgical injuries, including intracranial hemorrhage (16% vs 4%, p <
0.001) and skull fracture (18% vs 4%, p < 0.001), were more common in unhelmeted patients. Neurosurgical procedures
were required by 2.7% of unhelmeted patients. One helmeted patient (0.4%) required placement of an intracranial pres-
sure monitor, and no other helmeted patients required neurosurgical procedures. After adjustment for age, sex, driver
status, vehicle type, and injury mechanism, helmet use significantly reduced the odds of neurosurgical consultation (OR
0.250, 95% CI 0.140-0.447, p < 0.001), intracranial injury (OR 0.172, 95% CI 0.087-0.337, p < 0.001), and MSTBI (OR
0.244, 95% Cl1 0.079-0.758, p = 0.015). The unadjusted absolute risk reduction provided by helmet use equated to a
number-needed-to-helmet of 6 riders to prevent 1 neurosurgical consultation, 4 riders to prevent 1 intracranial injury, and
16 riders to prevent 1 MSTBI.

CONCLUSIONS Helmet use remains problematically low among young ATV and dirt bike riders, especially passengers.
Expanding helmet use among these children could significantly reduce the rates of intracranial injury and MSTBI, as

well as the subsequent need for neurosurgical procedures. Promoting helmet use among recreational ATV and dirt bike
riders must remain a priority for neurosurgeons, public health officials, and injury prevention professionals.
https://thejns.org/doi/abs/10.3171/2021.6.PEDS21225
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hicles (ATVs) and dirt bikes continue to be a sig-

nificant public health concern despite efforts to curb
injuries among riders younger than 16 years."”” The United
States Consumer Product Safety Commission’s most re-
cent report on off-road vehicle crashes identified an av-
erage of 104,900 injuries per year from 2015 to 2019.8
Children younger than 16 years accounted for 27% of in-
juries during this period, and more than half of pediatric
injuries occurred in children younger than 12 years. Chil-
dren younger than 16 years also represented 16% of AT V-
related fatalities from 2015 to 2019, a disproportionately
high rate relative to their representation in the population.®
In comparison with children involved in motor vehicle
accidents, children injured while riding ATVs are twice
as likely to require hospitalization.’ Pediatric injuries and
fatalities related to ATV use are also associated with sig-
nificant economic burden.!0-!3

Despite the passage of laws aimed at curbing pediatric
injuries, risky behaviors such as riding without a helmet
remain chronic problems among ATV riders, especially
children. The vast majority of pediatric riders report en-
gaging in at least one or more risky behaviors while on an
ATV, such as riding with passengers (92%), riding on pub-
lic roads (81%), or riding without a helmet (64%)."* Other
notable risk factors for pediatric injury include driver age,
sex, experience, recreational use, driving patterns, vehicle
characteristics, and crash mechanism.>6-15-18

Although similar in mechanism to injuries due to ATV
crashes, pediatric dirt bike injuries are relatively poorly
described in the recent literature, especially outside of
competitive motocross events where helmet use is nearly
universal.”-?! The risk factors are similar for these young
riders, and a few single-center studies have demonstrated
a preponderance of extremity and head injuries among
this group.?22

Head injuries consistently comprise a substantial pro-
portion of all ATV-related injuries, including 27% of
such injuries in 2016.8 AT V-related head injuries may oc-
cur as frequently as extremity fractures in the pediatric
population.® Although multiple single-center studies
have highlighted head injury as a source of morbidity and
mortality, there remains a lack of detail in the reporting
of specific head injuries that require neurosurgical con-
sultation or intervention, such as intracranial hemorrhage,
skull fracture, and moderate or severe traumatic brain in-
jury (MSTBI).?*?7 Furthermore, although helmet use has
been shown to reduce head injury in other settings, such as
motorcycle and bicycle crashes, there are limited data on
the role of helmets in preventing specific intracranial inju-
ries or the need for emergency neurosurgical interventions
for patients injured on ATVs or recreational dirt bikes.?8-3°
Despite substantial changes in recreational vehicle use and
the adoption of legislation regarding ATV use in multiple
states, data on ATV crashes and head injuries in the pedi-
atric population have been infrequently updated over the
last 2 decades.”

Head injury represents a particularly high-acuity sub-
set of all pediatric ATV and dirt bike-related injuries,
and consistently updated reporting is important to inform
public health initiatives. Recognizing these issues, we per-

P EDIATRIC injuries due to the use of all-terrain ve-
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formed a retrospective cohort study to better characterize
the spectrum of neurosurgical injuries related to ATV and
dirt bike crashes and to describe the effectiveness of hel-
met use in preventing these injuries over a recent 10-year
period. We hypothesized that helmet use during ATV and
dirt bike crashes would be associated with decreased rates
of intracranial injuries and reduced need for neurosurgical
intervention.

Methods

Study Design

The data analyzed for this retrospective cohort study
were obtained from a prospectively collected pediatric
trauma registry that contained records for all patients who
presented with traumatic injuries to a large level I pedi-
atric trauma center in the southeastern United States be-
tween January 1, 2010, and December 31, 2019. The study
was approved by our institutional review board, and data
accession and storage were performed in accordance with
the Health Insurance Portability and Accountability Act.

Study Population

The included patients were evaluated by the pediatric
trauma surgery service after an ATV or dirt bike crash
during the study period. Of note, our institutional stan-
dard of practice is for patients who are older than 16 years
and involved in an ATV or dirt bike crash to be sent to the
adult hospital for treatment, but no strict age-based exclu-
sion criteria were applied for the purpose of this study. Pa-
tients were excluded if the crash occurred in a competition
event (n = 70) or if helmet status could not be determined
(n = 18).

Variables

Patient records were manually reviewed, and the ex-
tracted data were stored securely using REDCap (Re-
search Electronic Data Capture).’’ Key injury variables
collected from the patient records included demographic
characteristics, mechanism of injury (rollover crash, crash
during jump, ejection, collision with solid structure, colli-
sion with another vehicle), location of crash (home/yard,
street, farm/field, or racetrack), driver status (passenger or
driver), vehicle type (ATV or dirt bike), intubation prior
to hospital arrival, and Glasgow Coma Scale (GCS) score
and Injury Severity Score (ISS) on admission. Helmet sta-
tus was defined as helmeted or unhelmeted on the basis
of first responder documentation, as well as initial clinical
notes that documented the patient’s presentation.

The collected neurosurgical variables included the re-
sults of any head or brain imaging studies performed, in-
cluding the presence and type of skull fracture (basilar,
calvarial, depressed, or open). Intracranial hemorrhage
was categorized as single or mixed, and further classi-
fied according to nonmutually exclusive patterns (epi-
dural, subdural, subarachnoid, intraparenchymal, and/or
intraventricular). Radiographic variables were included in
reports by board-certified radiologists, and imaging stud-
ies were manually reviewed by the senior author (C.M.B.)
when reports were unavailable. The occurrence of a neu-
rosurgical consultation was defined by the presence of a

J Neurosurg Pediatr Volume 29 « January 2022 107



Allen et al.

consultation note. Neurosurgical procedures were catego-
rized on the basis of the operative and procedure notes.
The decision to pursue neurosurgical intervention was at
the discretion of the attending neurosurgeon.

Outcomes

Primary outcomes included 1) neurosurgical consulta-
tion, 2) intracranial injury (skull fracture and/or intracra-
nial hemorrhage), 3) neurosurgical procedure, 4) MSTBI
(GCS scores 3—12 at presentation), and 5) length of hospi-
talization (days). Secondary outcomes included functional
status at last follow-up, as defined using the Glasgow Out-
come Scale (GOS) in which scores range 1-5, in which 1
corresponds to death and 5 corresponds to a normal life
with minor neurological deficits.*? In accordance with a
previously reported study, a “good functional outcome”
was defined as GOS score 4 or 5 at the last follow-up vis-
it.»

Statistical Analysis

Categorical variables were presented as frequency
and proportion. Continuous variables were presented as
mean + SD, except those with nonnormal distributions
were presented as median (interquartile range). Observed
outcomes were stratified according to helmet status. Chi-
square analysis was used to compare categorical variables,
and the independent-samples t-test or Mann-Whitney U-
test was used to compare continuous variables depending
on the nature of their distribution.

Covariates were selected a priori for inclusion in the
multivariable analysis on the basis of their hypothetical
potential for interactions between demographic character-
istics (e.g., age, sex, and driver status) and helmet status
and/or possible confounding with outcomes (e.g., severe
mechanism of injury).>%!#-'® The one-in-ten rule was used
to limit the inclusion of preselected independent variables
in all regression analyses on the basis of the count of the
rarest outcome.*** Single-step multivariable logistic re-
gression was performed to consider the effects of helmet
use, age, sex, driver status, vehicle type, and mechanism
of crash on the occurrence of neurosurgical consultation.
This approach was repeated for intracranial injury.

A third multivariable logistic regression was used to an-
alyze the association between MSTBI (GCS scores 3—12)
and helmet use, age, driver status, and vehicle type. In this
analysis, the number of included independent variables
was limited by the sample size. Analysis was performed
with SPSS Statistics version 27 (IBM Corp.). Statistical
significance was set a priori at p < 0.05.

Results
Demographic and General Injury Characteristics

A total of 680 patients met the inclusion criteria (mean
[SD] age 11.4 [3.8] years, 71.3% male, and 93.0% White).
Most riders (66%) were unhelmeted when the crash oc-
curred; the majority were riding ATVs (88.7%) and driv-
ing (58.2%). The majority of ATV riders were unhelmeted
(78.2%), whereas most dirt bike riders were helmeted
(70.0%). Male riders had a higher rate of helmet use than
female riders (38.6% vs 22.1%, p < 0.001). Drivers were
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more frequently helmeted (44.3%) than passengers (10.5%,
p < 0.001). Mechanism and location of crash were similar
between helmeted and unhelmeted riders. Unhelmeted
riders were more frequently intubated prior to hospital ar-
rival (5.1% vs 1.3%, p = 0.014) and more frequently ad-
mitted to the ICU from the emergency department (ED)
(19.8% vs 9.6%, p < 0.001). Full demographic, crash, and
admission variables are presented in Table 1.

Neurosurgical Injuries and Procedures

Compared with helmeted riders, unhelmeted rid-
ers more frequently underwent head imaging (70.9% vs
48.3%, p < 0.001), received neurosurgical consultation
(26.2% vs 9.1%, p < 0.001), and experienced MSTBI (8.0%
vs 1.7%, p = 0.001). Unhelmeted riders more frequently
experienced skull fracture (17.8% vs 4.3%, p < 0.001)
and intracranial hemorrhage (16.2% vs 3.9%, p < 0.001).
Neurosurgical procedures, such as extraventricular drain
(EVD) placement, intracranial pressure monitor (ICPm)
placement, ventriculoperitoneal shunt (VPS) placement,
craniotomy, or craniectomy, were required by 2.7% of un-
helmeted riders. One helmeted rider required ICPm place-
ment; no helmeted riders required an EVD, craniotomy,
craniectomy, or VPS. Three unhelmeted riders required 6,
4, and 2 procedures, respectively. No helmeted riders re-
quired multiple procedures. The unadjusted absolute risk
reduction provided by helmet use equated to a number-
needed-to-helmet of 6 riders to prevent 1 neurosurgical
consultation, 4 riders to prevent 1 intracranial injury, and
16 riders to prevent 1 MSTBI. Further characterization
of the neurosurgical injuries and procedures is shown in
Table 2.

Clinical Outcomes

Length of hospitalization and final hospital disposi-
tion were similar between helmeted and unhelmeted rid-
ers. Median length of hospitalization was 2 days for both
helmeted and unhelmeted riders (U = 53,404, p = 0.48).
Two helmeted riders died. One death was due to neu-
rotrauma, and this rider underwent ICPm placement. The
second death was related to cardiopulmonary arrest due
to an extracranial injury. Three unhelmeted riders died,
2 of whom died of neurotrauma. GOS scores assessed at
the most recent follow-up visits were similar between the
groups, with > 98% of patients achieving a good clinical
outcome (GOS score 4 or 5). Complete clinical outcomes
are presented in Table 3.

Multivariable Analysis

After adjustment for age, sex, driver status, vehicle
type, and injury mechanism, helmet use remained as-
sociated with significantly reduced odds of neurosurgi-
cal consultation (OR 0.25, 95% CI 0.14-0.45, p < 0.001).
Similarly, helmet use was independently associated with
significantly reduced odds of intracranial injury (OR 0.17,
95% CI 0.09-0.38, p < 0.001). Helmeted riding was also
associated with significantly reduced odds of MSTBI (OR
0.24, 95% CI 0.08-0.76, p = 0.015) after adjustment for
age, driver status, and vehicle type. The results of the full
multivariable analysis are presented in Table 4.



TABLE 1. Demographic characteristics, injury mechanisms, and

injury severity
Helmet No Helmet p
Characteristic (n=230) (n=450) Value
Demographic

Age, yrs 1. 01 +365 11.69+389  0.03
1-5 23 (10) 43 (9.6) 0.85
6-11 94 (40.9) 124 (27.6)  <0.001
12-17 113 (49.1) 283(62.9)  <0.001

Male 187 (81.3) 298 (66.2)  <0.001

Race 017
White 220 (95.7) 413 (91.8)

Black 9(3.9) 26 (5.8)

Other 1(0.4) 5(1.1)

Unknown 0(0.0) 6(1.3)

Hispanic 5(2.2) 16 (3.6)
Injury profile

Vehicle* <0.001
ATV 111 (21.8) 399 (78.2)

Dirt bike 119 (70.0) 51 (30.0)

Driver status™ <0.001
Driver 208 (44.3) 262 (55.7)
Passenger 22 (10.5) 188 (89.5)

Mechanism of crash <0.001
Rollover crash 59 (25.7) 195 (43.3)

Crash during jump 15 (6.5) 6(1.3)
Ejected w/o collision 60 (26.1) 116 (25.8)
Collision w/ vehicle 39 (17.0) 42 (9.3)
Collision w/ object 57 (24.8) 91(20.2)

Location 0.15

Homelyard 135 (58.7) 249 (55.3)
Racetrack 9(3.9) 12 (2.7)
Street 52 (22.6) 87 (19.3)
Farm/field 27 (11.7) 85 (18.9)

Unspecified 7(3.0) 17 (3.8)

Emergency transport 0.004
Ground 149 (64.8) 250 (55.6)

Helicopter 64 (27.8) 180 (40.0)
Private 17 (7.4) 20 (4.4)

Location before hospital 0.94

admission
Scene 84 (36.5) 161 (35.8)
OSH 144 (62.6) 286 (63.6)
Urgent caref/clinic 2(0.9) 3(0.7)

Intubated PTA 3(1.3) 23 (5.1) 0.014

ISS 0.030
1-8 101 (43.9) 182 (40.4)

9-15 98 (42.6) 162 (36.0)
16-24 20 (8.7) 69 (15.3)
25-49 11 (4.8) 34 (7.6)
50-75 0(0.0) 3(0.7)
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TABLE 1. Demographic characteristics, injury mechanisms, and
injury severity

OSH = outside hospital; PTA = prior to ED arrival.

Values are shown as mean + SD or number (percent) unless indicated
otherwise.

* Percentages were calculated for each row (e.g., percentage of helmeted or
unhelmeted riders among all ATV riders).

Discussion

This study aimed to characterize the impact of hel-
met use on head injuries and neurosurgical outcomes of
ATV and dirt bike riders during the last decade. Pediatric
patients continue to sustain serious head injuries related
to unhelmeted riding of ATVs and dirt bikes. Specifi-
cally, unhelmeted riders more frequently presented with
MSTHBI, received head imaging, and were admitted to the
ICU than helmeted riders. Furthermore, unhelmeted rid-
ers had 4 times the odds of neurosurgical consultation and
nearly 6 times the odds of skull fracture or intracranial
hemorrhage, independent of age, sex, driver status, vehi-
cle type, and crash mechanism. Most importantly, in our
cohort of patients treated between 2010 and 2019 only 1
dirt bike rider wearing a helmet required a neurosurgical
procedure (ICPm placement). In this unfortunate circum-
stance, the helmeted rider received a devastating injury
after being struck by a vehicle at highway speeds while
riding on a public road; this was an atypical mechanism of
injury. No helmeted riders required an EVD, VPS, crani-
otomy, or craniectomy during the study period.

Prior investigations of ATV and dirt bike crashes and
related head injuries have yielded similar conclusions
about the role of helmets in preventing ICU admission
and general traumatic brain injury (TBI).?83¢ The role of
helmets in preventing specific intracranial injuries and
the need for neurosurgical intervention has been less well
characterized. For example, prior single-center studies
have not studied or been sufficiently powered to character-
ize the relative risk of neurological injury in unhelmeted
pediatric patients.'>18.2425:2837 Mangano et al. detected an
increased, but statistically nonsignificant, rate of neurolog-
ical injuries among unhelmeted riders in a cohort of 185
patients who were treated during the decade 1993-2003.%
Using National Trauma Data Bank records, Bowman et al.
identified increased rates of TBI and death among unhel-
meted ATV riders of all ages, but they did not specifically
analyze data in pediatric patients or characterize the risks
of specific neurosurgical injuries among unhelmeted rid-
ers.?* Our analysis provides substantial granularity to the
study of neurosurgical injuries among recreational vehicle
riders and suggests that helmet use is critically important
to reducing rates of intracranial injury and MSTBI, as
well as subsequent neurosurgical procedures, in the pedi-
atric population.

Although acute outcomes differed between helmeted
and unhelmeted passengers, GOS scores were similar at
follow-up. Because the vast majority of the injuries were
mild TBIs (> 90%), the GOS is likely not sensitive enough
to demonstrate important differences in neuropsychologi-
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TABLE 2. Neurosurgical injuries and treatments

TABLE 3. Clinical outcomes

Helmet No Helmet p Helmet No Helmet p
Characteristic (n=230) (n=450) Value Characteristic (n=230) (n=450)  Value
GCS score ED disposition
3-8 4(1.7) 26 (5.8) 0.015 Home 21(9.1) 39(8.7) 0.84
9-12 0(0.0) 10 (2.2) 0.019 Observation 15 (6.5) 25 (5.6) 0.61
13-15 226 (98.3) 414(92.0)  0.001 Floor 140 (60.9) 243 (54.0)  0.087
Head imaging 111 (48.3) 319(70.9) <0.001 ICU 22 (9.6) 89(19.8)  <0.001
CT 110 (47.8)  319(70.9) <0.001 OR 32(13.9) 54 (12.0) 0.48
MRI 7(3) 10 (2.2) 0.52 Hospital disposition
CT angiography 7(3) 24 (5.3) 0.18 Home 223(97.0) 435(96.7) 0.84
Skull fracture 10 (4.3) 80 (17.8)  <0.001 Home services/rehab 4(1.7) 5(11) 0.48
Basilar 2(0.9) 17 (3.8) 0.03 DCPS 1(0.4) 1(0.2) 0.63
Calvarial 8 (3.5) 63 (14) <0.001 Death (all-cause) 2(0.9) 3(0.7) 0.77
Multiple 6 (2.6) 37(8.2) 0.004 Brain death 1(0.4) 2(0.4) 0.99
Depressed 1(0.4) 15(3.3) 0.018 Length of hospitalization, days 2(1-3) 2(1-3) 0.48
Open 0(0) 2(0.4) 0.55 No. in upper quartile 37 (16.1) 90 (20.0) 0.22
Pneumocephalus 7(3) 41(9.1) 0.003 Days in ICU 25117 36+6.8 0.51
Intracranial hemorrhage pattern 9(3.9 73(16.2)  <0.001 GOS score at follow-up
EDH 1(0.4) 21 (47) 0.003 1 (death) 2(0.9) 3(0.7) 0.77
SDH 3(1.3) 24 (5.3) 0.01 2 (neurovegetative) 0(0.0) 0(0.0) >0.99
SAH 2(0.9) 15 (3.3) 0.052 3 (severe disability) 0(0.0) 2(0.4) 0.55
IVH 0(0) 4(0.9) 0.31 4 (moderate disability) 2(0.9) 5(1.1) 0.77
IPH 2(0.9) 4(0.9) 0.98 5 (minor deficits) 226 (98.3) 440 (97.8) 0.67
Mixed 1(0.4) 5(11) 0.37 DCPS = Department of Child Protective Services; OR = operating room.
Neurosurgical consultation 21(9.1) 118 (26.2)  <0.001 Values are shown as number (percent), median (interquartile range), or mean
Neurosurgical procedure 1(04) 12 (2.7) 0.04 + SD unless indicated otherwise.
Multiple 0(0) 3(0.7) 0.55
EVD placement 0(0) 4(0.9) 0.31
ICPm placement 1(0.4) 6(1.3) 0.27 Similarly, length of hospitalization was similar between
Craniotomy 0(0) 7(1.6) 0.10 these groups, but significant variability is attributed to ex-
Craniectomy 0(0) 2(04) 0.55 tracranial injuries that require hospitalization and often
VPS placement 0(0) 2(0.4) 055 accompany head injury. In the case of polytrauma experi-
Cranioplasty 0(0) 4(0.9) 0.31 enced by many patients, it is unlikely that any reduction in

EDH = epidural hematoma; IPH = intraparenchymal hemorrhage; IVH = intra-
ventricular hemorrhage; SAH = subarachnoid hemorrhage; SDH = subdural
hematoma.

Values are shown as number (percent) unless indicated otherwise.

cal wellness between groups after injury. Although our
large retrospective study relied on GOS scores, we must
consider the subtle but critical benefits of helmets that may
be reflected in academic achievement, delayed return to
school, or persistent postconcussive symptoms. Detailed
prospective analyses are needed to adequately evaluate
these outcomes. According to the literature, MSTBI is as-
sociated with lower health-related quality of life, poorer
social and emotional functioning, and increased neurobe-
havioral sequelae, even compared with mild TBI.38° Thus,
the increased rate of MSTBI among unhelmeted patients
may be a proxy for these more subtle outcomes, despite
relatively normal gross functional status as measured us-
ing the GOS. We consider any reduction in the risk of se-
vere head injury to be helpful.
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head injuries afforded by helmet use is sufficient to reduce
hospital stay when other injuries are present. Given that
the median hospital stay was just 2 days for both groups,
any increased length of stay may have been statistically
undetectable owing to the more frequent and severe head
injuries of the unhelmeted group.

Overall, the use of helmets may have relatively minor
impacts on gross neurological function at follow-up or
total length of hospitalization, but it does have a clear im-
pact on intracranial injuries and TBI. The findings of the
present study have important implications for the health
and well-being of the substantial number of children
who ride ATVs and dirt bikes every year. First, the rate
of helmet use among this study population was relatively
unchanged compared with those of prior analyses across
geographic regions.>6-22:232537 Expanding the use of hel-
mets among all ATV and dirt bike riders could signifi-
cantly reduce the likelihood and severity of head trauma
for these children. As a result, promoting helmet use
among recreational ATV and dirt bike riders must remain
a priority for neurosurgeons, public health officials, and
injury prevention professionals, and these findings pro-



TABLE 4. Results of binary logistic regression analysis

Neurosurgical Consultation Intracranial Injury MSTBI
Factor OR (95% ClI) p Value OR (95% ClI) p Value OR (95% ClI) p Value
Helmet use
Yes 0.250 (0.140-0.447) <0.001  0.172(0.087-0.337) <0.001  0.244 (0.079-0.758)  0.015
No Ref Ref Ref
Age* 1.064 (1.005-1.125) 0.032  1.019(0.96-1.082) 0.532  1.062(0.966-1.168)  0.212
Sex
Male 0.736 (0.479-1.132) 0163  0.891(0.554-1.433)  0.633
Female Ref Ref
Driver status
Driver 1.186 (0.749-1.879) 0.467  1.160 (0.703-1.915) 0.562  0.939(0.486-1.913)  0.863
Passenger Ref Ref Ref
Vehicle
ATV 0.763 (0.431-1.352) 0.354  0.634 (0.345-1.163) 0141 1.364 (0.486-3.828)  0.555
Dirt bike Ref Ref Ref
Mechanism of crash
Crash during jump 1.518 (0.454-5.074)  0.498  1.270(0.266-6.062)  0.764
Ejected w/o collision  2.139 (1.323-3.459)  0.002  3.226 (1.901-5.472)  <0.001
Collision w/ vehicle ~ 0.907 (0.434-1.895)  0.794  1.360 (0.616-3.004)  0.447
Collision w/ object 0.635 (0.348-1.158) 0139  0.950 (0.491-1.836) 0.878

Allen et al.

Rollover crash Ref

Ref

Boldface type indicates statistical significance (p < 0.05).
* Data were analyzed in 1-year increments.

vide strong, recent evidence upon which to further base
these efforts.

Given their first-hand experience in managing the spec-
trum of ATV- and dirt bike—related brain injuries, neuro-
surgeons are in a unique position to advocate for increased
helmet use. Our analysis provides clear and consistent
summative findings for use in advocacy efforts. For ex-
ample, during a 10-year period, less than 0.5% of helmeted
riders required any sort of neurosurgical intervention or
died of a neurological injury. Neurosurgeons must work
with those in the public health domain to disseminate
this message to areas of the country that have increased
instances of ATV crashes and receive disproportionately
lower rates of public health education.® In the past, states
with stricter laws regarding youth recreational vehicles
have had lower rates of pediatric injury and mortality.!40#!
For example, legislation passed in 2010 in Massachusetts
required supervision of child riders, expanded helmet re-
quirements, and mandated training classes for teen riders.
Since implementation of this law, Massachusetts has ob-
served sustained decreases in the rates of ED visits and in-
patient hospitalizations, including a 50% reduction in ED
visits among 10- to 13-year-old patients.*°

Further advocacy and educational initiatives are need-
ed to continue expanding safe practices for recreational
vehicle use and decrease morbidity and mortality. Mes-
saging is critical to improving helmet use, and our analy-
sis was purposefully constructed to support public health
and injury prevention initiatives. For example, providing
the unadjusted absolute risk reduction as the more tan-
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gible number-needed-to-helmet allows for counseling of
youth and parents in the following way: “If 4 families each
ensure their child wears a helmet over 10 years of ATV
riding, they will collectively have prevented 1 brain bleed
or fractured skull.” Injury prevention programs, such as
Injury Free Coalition for Kids, Safe Kids Worldwide, and
ThinkFirst by the National Injury Prevention Foundation,
can draw on the findings of this analysis when targeting
their messaging efforts toward reducing preventable head
injuries. Media campaign efforts should focus on straight-
forward messages from patients with AT V-related inju-
ries, with a realistic portrayal of the possible health conse-
quences of ATV use for young people.*> Educational and
action-oriented safety messages that inform young people
about their responsibilities to learn and implement safety
behaviors, as well as to educate others, are key.*

Other findings from our cohort suggest additional ef-
forts that could be used to reduce head injury among ATV
and dirt bike riders. For example, although 44% of driv-
ers wore helmets, only 10% of passengers were helmeted.
Similarly, a greater proportion of unhelmeted riders were
female or were passengers, similar to the findings of other
analyses."* Further analyses should elucidate factors asso-
ciated with good riding behaviors in order to target pub-
lic health interventions most effectively. Given that many
ATVs and dirt bikes are designed as single-occupant ve-
hicles, special attention should be paid to the unhelmeted
passenger population presented here and in other studies.
If passengers are more likely to ride unsecured or in a more
precarious position, they may be at greater risk for ejec-
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tion, which was associated with increased odds of head
injury in this study. In line with this reasoning, McBride et
al. found that position on a vehicle may predict head and
spinal injuries independent of helmet status, although this
analysis was limited by its small study population.” Other
studies have supported the role of good riding behaviors
in preventing injuries.'*'® Therefore, educational initiatives
that focus specifically on the proper use of single-occupant
vehicles, as well as helmet use, may more effectively reach
this population and reduce injuries. Injury prevention and
public health professionals need to focus on community-
based, multipronged prevention programs that can effec-
tively increase knowledge and change safety behaviors.
Successful campaigns should develop community coali-
tions and multiagency collaborations to guide community
outreach, use local surveillance data, tailor inventions, and
coordinate new and existing local partnerships.*

Limitations

This retrospective study had limited ability to control
for the effects of confounding medical conditions and
treatment decisions. We recognize the complex nature of
patient care and that the patients in this study received
individualized care on the basis of the judgment of the
treating physicians and information available at the time.
Although many of these decisions were and are proto-
colized (e.g., admission for all patients with acute intra-
cranial hemorrhage), it is possible that these decisions af-
fected some outcome variables, such as the decision to
perform a neurosurgical procedure (e.g., in the event of
a nonsurvivable head injury). However, close review of
the health records of the 2 helmeted patients who died
found that 1 patient received the single neurosurgical pro-
cedure in the helmeted group and the second patient was
pronounced dead in the ED because of cardiopulmonary
collapse. Additionally, owing to the nature of this study,
we were unable to control for variability in the report-
ing of crash details, such as mechanism, location, driver
status, and proper helmet size and use. Regarding helmet
fit specifically, we expect that improper fit or size would
only contribute to worse outcomes among helmeted pa-
tients.?>3% We also recognize that neurosurgical consulta-
tion is an imperfect proxy for injury severity but serves to
describe the impact of helmet use on healthcare resource
utilization and specifically neurosurgical services. Simi-
larly, we were unable to control for the degree of other
(extracranial) injuries. We expect that this may have had a
confounding effect on outcome measures, such as length
of hospital stay, which could have increased because of
any range of injuries or other factors.

The numbers needed to helmet reported in this study
should be considered estimates, because they were not
adjusted for differences in demographic characteristics
and injury profiles between the helmeted and unhelmeted
groups. Conversely, these estimates did not include inju-
ries that were prevented among helmeted riders who were
never evaluated at a level I trauma center or by any medi-
cal professional at all; therefore, these numbers may un-
derestimate the true effectiveness of helmets.

Lastly, this study was limited because it was conducted
at a single institution serving a substantial rural popula-
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tion in the southeastern United States. The role and use of
helmets in preventing injury likely vary according to the
socioeconomic status of the study population, geographic
region, and proximity to a healthcare system. These results
are most applicable for informing public health interven-
tions specific to the study region; however, these results
should motivate further regional and national studies.

Conclusions

ATV and dirt bike crashes are frequently associated
with head injury. In this single-institution analysis of a
decade of these crashes, wearing a helmet was indepen-
dently associated with decreased odds of neurosurgical
evaluation, intracranial injury, and MSTBI. Most impor-
tantly, only 1 helmeted patient required a neurosurgical
intervention over a 10-year period, and none required sur-
gery such as a craniotomy or craniectomy. Despite these
benefits, only one-third of those children who presented
after an ATV or dirt bike crash had been wearing a hel-
met. There is enormous room for improvement, and neu-
rosurgeons must work collaboratively with public health
officials, injury prevention professionals, and community
partners to lead these efforts.
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