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OBJECTIVE Pediatric spinal injuries in all-terrain vehicle (ATV) and dirt bike crashes are relatively uncommon but may
be associated with significant morbidity. There are no recent studies examining these injuries, their management, and
outcomes. Therefore, a retrospective study was performed to characterize pediatric spinal injuries related to ATV and
dirt bike crashes over the last decade.

METHODS Data on all patients involved in ATV or dirt bike crashes evaluated at a regional level 1 pediatric trauma cen-
ter over a 10-year period (2010-2019) were analyzed. Descriptive statistics were analyzed and chi-square, Fisher exact,
and Mann-Whitney U-tests were performed comparing the demographics, injury characteristics, and clinical outcomes in
patients with versus those without spinal injuries.

RESULTS Of 680 patients evaluated, 35 (5.1%) were diagnosed with spinal injuries. Over the study period, both spinal
injuries and emergency department visits related to ATV or dirt bike crashes increased in frequency. All spinal injuries
were initially diagnosed on CT scans, and 57.9% underwent spinal MRI. Injuries were most commonly thoracic (50%),
followed by cervical (36.8%). The injuries of most patients were classified as American Spinal Injury Association (ASIA)
grade E on presentation (86.8%), while 2 (5.3%) had complete spinal cord injuries (ASIA grade A) and 3 patients (8.6%)
were ASIA grade B-D. Operative management was required for 13 patients (28.9%). Nonoperative management was
used in 71.1% of injuries, including bracing in 33% of all injuries. Patients with spinal injuries were older than those with-
out (13.4 £ 3.35 vs 11.5 + 3.79 years, p = 0.003). Spinal injuries occurred via similar crash mechanisms (p = 0.48) and in
similar locations (p = 0.29) to nonspinal injuries. Patients with spinal injuries more frequently required admission to the
intensive care unit (ICU; 34.2% vs 14.6%, p = 0.011) and had longer hospital stays (mean 4.7 £ 5.5 vs 2.7 + 4.0 days, p =
0.0025).

CONCLUSIONS Although infrequent among young ATV and dirt bike riders, spinal injuries are associated with longer
hospital stays, increased ICU use, and required operative intervention in 29%. Increasing awareness among ATV and
dirt bike riders about the severity of riding-related injuries may encourage safer riding behaviors.
https://thejns.org/doi/abs/10.3171/2022.7.PEDS22178
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of recreation in the US and are a frequent cause
of injury. Rates of injuries from ATV crashes are
significantly higher in the pediatric population compared
with adults.! Both the American Academy of Pediatrics
and the American Academy of Orthopaedic Surgeons have
position statements that encourage limited use of ATVs by

ﬁ LL-TERRAIN vehicles (ATVs) are a common form

children.?? Despite these statements, there were an esti-
mated 28,300 injuries and 115 deaths in children younger
than 16 years of age due to AT V-related incidents in 2017.#
Injury to the spine occurs in 2%—13% of these patients,>!3
and multilevel injuries are relatively common.® As a result
of the severity of these injuries, these patients experience
longer hospital stays and increased hospital costs.® How-

ABBREVIATIONS ASIA = American Spinal Injury Association; ATV = all-terrain vehicle; ED = emergency department; GCS = Glasgow Coma Scale; ICU = intensive care
unit; ISS = Injury Severity Score; SLICS = Subaxial Injury Classification and Severity Scale; TLICS = Thoracolumbar Injury Classification and Severity Scale; TLSO = tho-

racic lumbar sacral orthosis.
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ever, previous studies in this patient population have not
been powered to analyze additional clinical outcomes of
interest, such as length of intensive care unit (ICU) stay,
disposition to rehabilitation facilities, or recovery status
at follow-up.

While previous studies reported rates of spinal inju-
ries among other organ systems,’~'® few provide detailed
reporting of the types of spinal injuries seen in pediat-
ric ATV crashes and their management. More detailed
reporting of injury type and classification, operative and
nonoperative management including bracing, and out-
comes including American Spinal Injury Association
(ASIA) impairment scale grade at follow-up would aid in
preparation for treating these injuries. Understanding the
importance of spinal injuries in ATV crashes may also
contribute to better public understanding of the risks of
ATV ridership and is useful for informing public health
initiatives. Additionally, given that most studies examin-
ing pediatric spinal injuries in ATV crashes are now more
than a decade old, continued updating of the literature for
this relatively rare spectrum of injuries is necessary for
both public health interventions and physicians treating
these patients.

Recognizing these issues, we performed a retrospec-
tive analysis to better characterize the spectrum of spi-
nal injuries related to ATV and dirt bike crashes over a
recent 10-year period. The objectives of this study were
to 1) describe the occurrence and type of spinal injuries
among ATV and dirt bike riders, 2) understand risk fac-
tors for spinal injuries, and 3) understand the impact of
spinal injuries compared with nonspinal injuries on clin-
ical outcomes and postinjury course among ATV and dirt
bike riders.

Methods

Study Design

Data analyzed for this retrospective cohort study were
obtained from a prospectively collected pediatric trauma
registry containing all patients presenting with traumatic
injuries to a large level 1 pediatric trauma center in the
southeastern US (Monroe Carell Jr. Children’s Hospital
at Vanderbilt) between January 1, 2010, and December 31,
2019. The study was approved by the IRB, and data acces-
sion and storage were performed in accordance with the
Health Insurance Portability and Accountability Act. The
requirement for consent was waived due to the minimal
risk nature of the study.

Study Population

Included patients were those evaluated by the pediat-
ric trauma surgery service following an ATV or dirt bike
crash during the study period. Of note, our institutional
standard of practice is for patients older than 16 years in-
volved in an ATV or dirt bike crash to be triaged to the
adult hospital, but no strict age-based exclusion criteria
were applied for the purpose of this study.

Variables

Patient records were reviewed and extracted data were
stored securely using REDCap (Research Electronic Data
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Capture) data capture.”” Key injury variables collected
from patient records included demographics, mecha-
nism of injury (rollover, crash on jump, ejection, collision
with solid structure, collision with other vehicle), loca-
tion of crash (home/yard, street, farm/field, or racetrack),
driver status (passenger or driver), vehicle type (ATV or
dirt bike), intubation status prior to hospital arrival, and
Glasgow Coma Scale (GCS) score and Injury Severity
Score (ISS) on admission.

Spinal injury variables collected included results of
spinal imaging performed, comprising the presence, loca-
tion, and type of fracture or injury. Cervical fractures were
classified as atlanto-axial, C1, C2, or subaxial injuries,
which were assessed using the Subaxial Injury Classifica-
tion and Severity Scale (SLICS). Thoracolumbar injuries
were classified using the Thoracolumbar Injury Classifica-
tion and Severity Scale (TLICS) and AO Spine Trauma
Classification system. Radiographic variables relied on
reports by board-certified radiologists, and imaging was
manually reviewed by a senior author (M.J.C.). Opera-
tive procedures were categorized based on operative and
procedure notes. Decisions on whether to pursue interven-
tions were made at the discretion of the attending surgeon.

Outcomes

Primary outcomes included 1) the presence of a spinal
injury, including fracture or spinal cord injury without an
associated fracture; 2) length of stay in the hospital and
ICU (days); and 3) ASIA grade at the first and final follow-
up. Secondary outcomes included demographic informa-
tion and injury data, such as location and mechanism of
injury.

Statistical Analysis

Categorical variables are presented as frequency and
proportion. Continuous variables are presented as mean
(standard deviation), except in the case of nonnormal
distributions, which are presented as median (IQR). Chi-
square analysis was used to compare categorical variables,
and independent-sample t-tests were used for comparing
continuous variables. Statistical analysis was performed
using SPSS Statistics (version 27, IBM Corp.). Statistical
significance was set a priori as p < 0.05.

Results

Demographics, Annual Trends, and General Injury
Characteristics

Full demographic, crash, and admission variables are
presented in Table 1. A total of 739 patients involved in
ATV and dirt bike crashes were included in the analysis.
The mean patient age was 11.6 + 3.7 years (range 1-17
years). The majority of the patients were male (73.4%) and
White (93.5%). The mean number of ATV and dirt bike—
related emergency department (ED) visits was higher in
2015-2019 (mean 94.2 injuries per year) than in 2010—
2014 (mean 53.6 injuries per year, p = 0.0007). Similarly,
spinal injuries were more frequent in 2015-2019 (mean
5.6 injuries per year) than in 2010-2014 (mean 2.0 injuries
per year, p = 0.0063). Lines of best fit demonstrated that
pediatric ATV and dirt bike—related ED visits (y = 7.36x
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+ 33.4, R? = 0.85) and spinal injuries (y = 0.64x + 0.27,
R2 =0.66) increased over the study period (Fig. 1). Spinal
injuries occurred in 38 riders (5.1%). Riders with spinal
injuries were significantly older than those without spinal
injury (mean age 134 vs 11.5 years, p = 0.003). There were
no significant differences between the groups according
to race or sex. The crash mechanism was similar among
both groups and was most commonly a rollover or ejec-
tion event. Crash location was also similar between riders
with and without spinal injuries, with most crashes occur-
ring at home in a yard or field. Driver status and vehicle
type were also similar among spinal and nonspinal injury
groups. Riders had similar rates of field intubation and
GCS scores upon arrival to the hospital. No significant
relationship between severe traumatic brain injury and
spinal injuries was observed. Riders with spinal injuries
had higher ISSs on arrival (mean 19.4 vs 9.9, p < 0.001)
and were more frequently admitted to the ICU (34.2% vs
14.6%, p = 0.011; see Table 3).

Spinal Injuries and Management

Table 2 illustrates characterization of spinal injuries and
management. All patients with spinal injuries underwent
spinal CT, and most received spinal radiography (71.1%)
and spinal MRI (5§7.9%) as well. Half (50.0%) of the pa-
tients had thoracic injuries, followed by cervical (36.8%)
and lumbar (31.6%) injuries. Seven patients (18.4%) had
injuries to more than one spinal region. Injury region did
not vary significantly with age. Spinal fracture occurred
in 35 patients (92.1%), accounting for 42 (93.3%) of 45 to-
tal injuries. Of the fractures, 45.2% were thoracic, 26.2%
were cervical, and 28.6% were in the lumbar region. Fig-
ure 2 describes the occurrence and management of these
fractures on a per-injury basis. Of the 3 injuries without
a fracture, all were ligamentous injuries to the cervical
spine with no neurological impairment (ASIA grade E).
One of these patients had an atlanto-occipital dissociation
injury and was managed operatively with a halo device,
whereas the other 2 patients were managed nonoperatively
with a cervical collar.

Half (50.0%) of the cervical injuries were subaxial,
most of which were graded as SLICS score < 4 (85.7%).
There were 2 lateral mass fractures and 1 odontoid frac-
ture to C2. There were 2 anterior arch fractures of C1 and
2 atlanto-occipital dissociation injuries. Only 1 patient
with a cervical injury had neurological impairment, grad-
ed as ASIA grade B.

Thoracolumbar injuries were most commonly graded
as TLICS score < 4 (66.7%). Most thoracolumbar frac-
tures were compression (45.1%) or burst (22.6%) fractures.
Translation/rotation (6.5%) and distraction (9.7%) mor-
phologies were less common, and 3 fractures (9.7%) only
affected a transverse or spinous process. The majority
(85.1%) of patients with thoracolumbar injuries had normal
motor and sensory function (ASIA grade E) on presenta-
tion, 2 (7.4%) had an incomplete impairment (ASIA grade
B-D), and 2 (7.4%) had a complete impairment (ASTA
grade A). Using the AO Spine classification system, we
found that A1 wedge-compression fractures (41.9%) were
most common, followed by A3 incomplete burst fractures
(22.6%) and AO minor fractures of transverse, spinous, or
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TABLE 1. Demographics, injury mechanisms, and injury severity

Characteristic Spine Injury  No Spine Injury p Value
No. of patients 38 701
Mean age £ SD, yrs 134 +£3.35 11.5+£3.79 0.003
Male sex, n (%) 27 (71.1) 516 (73.6) 0.73
Race, n (%) 0.93

White 37 (97.4) 654 (93.3)

Black 1(2.6) 34 (4.9)

Other 0(0) 7 (1.0)

Unknown 0(0) 6 (0.9)

Injury profile

Vehicle, n (%) 0.58
ATV 28(5.4 487 (94.6)

Dirt bike 10 (4.5 214 (95.5)

Driver status, n (%)* 0.80
Driver 28 (5.3) 503 (94.7)
Passenger 10 (4.8) 198 (95.2)

Mechanism, n (%) 0.48
Rollover 16 (42.1) 246 (35.1)

Crash during jump 4(10.5) 56 (8.0)

Ejected w/o collision 11 (28.9) 170 (24.3)
Collision w/ vehicle 2(5.3) 83 (11.8)
Collision w/ object 5(13.2) 146 (20.8)

Location, n (%) 0.29
Homel/yard 18 (47.4) 361 (51.5)
Racetrack 6 (15.8) 81 (11.6)

Street 4 (10.5) 133 (19.0)
Farm/field 7(18.4) 105 (15.0)
Unspecified 3(7.9) 21(3.0)

Transport 0.43
Ground 20 (52.6) 408 (58.2)
Helicopter 17 (44.7) 251 (35.8)

Private 1(2.6) 42 (6.0)

Arrival from, n (%) 0.95
Scene 14 (36.8) 253 (36.1)

Outside hospital 24 (63.2) 442 (63.1)
Urgent care/clinic 0(0) 6(0.9)

Intubated PTA, n (%) 3(7.9) 25 (3.6) 017

GCS score, n (%) 013
3-8 4 (10.5) 28 (4.0)

9-12 1(2.6) 10 (1.4)
13-15 33 (86.8) 663 (94.6)

Mean ISS + SD 19.4+11.9 99+77 <0.001
1-8 41105 299+427
9-15 14 +£36.8 276 £39.4
16-24 9+237 87 +124
25-49 94237 38+54
50-75 2+53 1+01

PTA = prior to emergency department arrival.
Boldface type indicates statistical significance.
* Percentages were calculated for each row (e.g., percentage of spine injuries

among all drivers or passengers).
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FIG. 1. Annual count of pediatric ED visits (A) and spinal injuries (B) for ATV- and dirt bike-related injuries from 2010 to 2019.

articulating processes (12.9%). B2 posterior tension band
injuries (9.7%) and C translation injuries (9.7%) were less
common.

Most injuries were treated with nonoperative manage-
ment (71.1%), with no brace or operation required in 37.8%
of injuries. Bracing included a cervical collar (34.4% of
injuries) or thoracic lumbar sacral orthosis (TLSO) brace
(12.5%). Of those 13 patients (28.9%) requiring opera-
tion, the majority underwent decompression with internal
fixation (69.2%), with 2 patients (15.4%) undergoing halo
device placement and 2 patients (15.4%) internal fixation
only.

Clinical Outcomes

Length of hospitalization was higher among patients
with compared to those without spinal injuries (mean 4.7
+ 5.5 vs 2.7 £ 4.0 days, p = 0.0025), as was length of ICU
stay (mean 2.2 + 4.6 vs 0.4 + 2.4 days, p < 0.001; Table 3).
ASIA grade E spinal injury patients alone also had high-
er lengths of hospitalization (mean 4.1 £ 5.5 vs 2.7 £ 4.0
days, p=0.049) and ICU stays (mean 1.9 +49vs 04 +2.4
days, p =0.0013) compared with nonspinal injury patients.
The median length of hospitalization was 3 days (IQR 1-7
days) for all spinal injury patients, 2 days (IQR 1-5 days)
for ASIA grade E spinal injury patients, and 2 days (IQR
1-3 days) among nonspinal injury patients. Hospital dispo-
sition also differed between spinal and nonspinal injuries,
with spinal patients more frequently requiring in-home re-
habilitation services or placement in a rehabilitation facil-
ity as compared with patients without spinal injury (13.2%
vs 1.7%, p = 0.0012). One death (2.6%) occurred among
patients with spinal injuries, as compared with 4 deaths
among all other riders (0.6%).

The median follow-up duration was 85.5 days (IQR
42-430 days), and all operative patients had follow-up
greater than 12 months. The presence of motor and senso-
ry impairments decreased from the initial to the final fol-
low-up. One patient with ASIA grade A impairment im-
proved to ASIA grade C, and 2 patients with ASIA grade
D impairment improved to ASIA grade E. Two patients
with ASIA grade A impairments remained unchanged at
follow-up. No revision procedures were required among
operative patients. No patient treated with a brace required
an operation in the follow-up period. Patients treated with
braces most commonly completed treatment in 30-90
days (47.1%). Complete clinical outcomes are presented in
Table 3.
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Discussion

In our study, spinal injuries occurred in 38 (5.1%) of
739 pediatric patients presenting to a level 1 trauma center
following an ATV or dirt bike crash. Among the 45 inju-
ries observed, 13 (29%) required operative intervention,
while 15 (33%) underwent conservative management with
external orthosis, and a further 17 (38%) required no fur-
ther management.

The goal of reducing the occurrence and severity of
ATV-related injuries in children has been a multidecade
effort. In 1988, a 10-year consent decree between the Con-
sumer Product Safety Commission and the ATV industry
was signed and resulted in decreased rates of pediatric
injury from ATV accidents.'* However, following the
expiration of the decree in 1998, there was a significant
increase in the rates of ATV-related injury in the pediat-
ric population.”® Given this context, updating the public
record of ATV-related injuries is essential for continued
efforts to reduce these injuries. Literature on pediatric spi-
nal injuries in ATV accidents has seldom been updated in
the last 2 decades, and these reports are often lacking in
characterization of specific injuries, management patterns,
and outcomes. Our analysis adds granularity to the study
of spinal injuries among patients injured on recreational
vehicles.

The rate of spinal injury in our study population is
similar to that from previous reports, which have noted
rates of 2%—13%.>-1316 Sawyer et al. used the Kids’ Inpa-
tient Database to demonstrate a 476% increase in ATV-
related spinal injuries in children between 1996 and 2006,
along with a 240% overall increase in AT V-related inju-
ries.® That study found a spinal injury rate of 7.4%, which
is similar to the 5.1% rate of spinal injuries in the cur-
rent study. The current study also identified an increase in
spinal and overall injuries from the first half of the study
period (2010-2014) to the second half (2015-2019). This
suggests that efforts to reduce AT V- and dirt bike—related
injuries (including devastating spinal injuries) have not
made a significant impact or have not kept pace with other
trends that contribute to these injuries, at least within the
study population.

Demographic data and injury characteristics did not
suggest any modifiable risk factors for spinal injury, al-
though these patients were slightly older than patients
without spinal injury. Sawyer et al. also reported longer
hospital admissions for patients with spine fractures, with
a mean length of stay of 5.3 days in those having a spine
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fracture compared with 3.3 days in those without a spine TABLE 2. Spine injuries and treatments (n = 38 patients)
fracture.® This result was similar to our findings, with pa- Event Value (%)
tients with spinal injuries having a longer mean length of
stay compared to those without (4.7 vs 2.7 days). Addi- Spine imaging 38 (100.0)
tionally, the current study found evidence of significantly CT 38(100.0)
longer ICU stays among spinal injury patients (2.2 vs 0.4 MRI 22 (57.9)
days), a previously unreported complication of this type Radiography 27 (714)
of injury. We considered that these measures might be in- Ini . —
. oL, e, njury location & classification 45

creased by patients with significant neurological injuries. o
However, the lengths of hospitalization and ICU stays for Cervical 14(36.8)
ASIA grade E patients alone were still significantly higher Atlanto-occipital 2(14.3)
than those for nonspinal injury patients. It is possible that C1 2 (14.3)
a combination of more significant injury mechanisms (po- c2 3(214)
tentially leading to polytrauma), increased time needed Subaxial* 7 (50.0)
for evaluation, or other factors may contribute to increased SLICS <4 6 (85.7)
length of hospitalization among spine-injured patients. :

In the current study, the most commonly injured region S!_ICS 24 1(14.9
was the thoracic spine, followed by the cervical and lumbar Thoracic* 19(50.0)
regions. The vast majority of these injuries were compres- TLICS <4 14(73.7)
sion and burst fractures. Neurological injury was rare, and TLICS 24 5(26.3)
most patients were safely managed nonoperatively with Lumbar* 12 (31.6)
or without a brace. Prior literature has found that spinal TLICS <4 8 (66.7)
injuries in motorcycle crashes most often occur in the tho- TLICS 24 4(333)
racic region, primarily due to forced flexion or extension e :
of the spine.'*? In contrast, spinal injuries in motor vehicle Multiple regions 7(18.4)
crashes most commonly occur in the cervical and lum- Thoracolumbar injuriest 31
bosacral regions, potentially due to the protective effects A0 4(12.9)
of abdominothoracic seatbelts.>> These data suggest A1 13 (41.9)
that spinal injuries in ATV- and dirt bike—related crashes A2 0(0)
more closely resemble those from motorcycle crashes and A3 7(226)
should raise suspicion for this pattern of injury. '

Few previous studies have characterized the types of Ad 0(0)
fractures seen in ATV accidents in pediatric patients. Jor- B1 13.2)
dan et al. identified 36 patients with thoracolumbar spine B2 3(9.7)
fractures after ATV accidents from 2004 to 2013,’ finding B3 0(0)
that minor fractures of transverse, spinous, or articulating c 3(9.7)
processes (AO Spine classification system AO fractures) Initial ASIA grade
were the most common (49%), followed by wedge-com-
pression fractures (AO Spine classification system Al A 2(53)
fractures) (41%). More significant fractures were rare, with B 1(26)
3.6% being type B2 tension band fractures and 3.6% being C 0(0.0)
type C translational injuries. In our study, the most com- D 2(5.3)
mon fracture type was an Al wedge-compression fracture E 33(86.8)
(40%). However, our study found a higher proportion of Total injuries 45
tension band injuries (type B fractures, 9.7%) and transla-
tional injuries (type C fractures, 9.7%) compared with the Flractures 42(93.3)
Jordan et al. study. Ligamentous or other 3(6.7)

Additionally, few studies have reported the need for Operative management* 13(28.9)
operative intervention in AT V-related pediatric spinal in- Internal fixation 2(15.4)
juries. Mangano et al. evaluated a single-center experience Decompression w/ IF 9(69.2)
with pediatric spinal injuries due to ATV accidents from Halo 2 (15.4)
1993 to 2003 and demonstrated a similar rate of spinal Nonoperafi " 32 (7111
fractures (7%).” Of the 13 spinal fractures in their cohort, 3 pelra Ve Managemen (711)
(23.1%) were managed operatively and all injuries were in Cervical collar 1(344)
the cervical spine. Similarly, in our cohort, 12 (28.6%) of TLSO 4(12.5)
42 fractures required operative intervention, although the No brace 17 (53.1)
majority of these interventions were for thoracic or thora- IF = infornal fixation
columbar injuries (91'7%)' Of the operative inju}‘ies, 69,% * Percentages for thése sections are calculated for each subcategory (e.g.,
underwent decompresswn and lns‘grumented fusion, while percentage of cervical injury subtype among all cervical injuries) and reflect
15% underwent instrumented fusion alone, and 15% re- per-injury management.
quired placement of a halo device. These data demonstrate 1 AO Spine Trauma Classification system.
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FIG. 2. Chart of fracture locations and management strategies. Figure is available in color online only.

that while many spinal fractures seen in ATV accidents
are nondestabilizing, approximately one-quarter require
operative management. Among patients who did require
operative management in our cohort, none required revi-
sion of their operation, and all had stable instrumentation
and successful fusion at the 12-month follow-up.

Given their role in treating spinal injuries related to
ATV and dirt bike crashes, neurosurgeons should remain
updated on current trends in AT V-related injuries as well
as management strategies. Additionally, neurosurgeons
should continue to support efforts in the public health do-
main to reduce the frequency and severity of AT V-related
injuries, which can often have devastating consequenc-
es. Neurosurgeons can aid in these efforts by providing
unique, firsthand experiences that add a patient-focused el-
ement to educational safety programs. Additionally, advo-
cacy efforts are enhanced by clear messaging based on the
current literature. For example, the current study identifies
recent increases in ATV- and dirt bike—related spinal in-
juries that suggest the need for additional urgency in these
advocacy efforts. Furthermore, neurosurgeons can aid in
targeting educational efforts based on current understand-
ing of the demographics and injury profiles of riders most
likely to be injured. Neurosurgical groups and professional
societies should use the findings presented in the current
study and other recent publications related to neurological
injuries from ATV and dirt bike crashes to draft position
statements related to the use of these vehicles.

The results presented here are useful for informing
specific injury prevention programs, such as Injury Free
Coalition for Kids, Safe Kids Worldwide, and Think-
First by the National Injury Prevention Foundation, and
for tailoring messaging efforts toward the prevention of
spinal injuries and their significant morbidity relative to
other AT V-related injuries.”* An emphasis on community-
based, multipronged prevention programs based on local
data can effectively increase knowledge and inspire safe
riding behaviors. Analyses such as the current study are
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key for injury prevention and for public health profession-
als to develop successful campaigns, tailor inventions, and
coordinate new and existing local partnerships.>*

Limitations

As a retrospective study, there was limited ability to
control for the effects of confounding medical condi-
tions and treatment decisions. We recognize the complex
nature of patient care and that patients in this study re-
ceived individualized care based on the judgment of treat-
ing physicians with the information available at the time.
It is possible that these care decisions may have affected
some outcome variables, especially where evidence-based
guidelines such as TLICS leave room for individualized
decision-making. Additionally, due to the nature of this
study, we were unable to control for variability in report-
ing of crash details, such as mechanism, location, or driver
status. Similarly, we were unable to control for the degree
of other injuries or polytrauma experienced by patients.
We expect that this may have had a confounding effect on
outcome measures such as length of stay in the hospital,
which could be increased by any range of injuries. Lastly,
this study is limited because it was conducted at a single
institution in the southeastern US. At this institution, pa-
tients older than 16 years are typically triaged to the adult
hospital, although no age-based inclusion criteria were
used for the study. This triage procedure could limit the
number of pediatric patients older than 16 years who were
included in the current study and may reduce the gener-
alizability of the findings to this extreme of the pediatric
population. Additionally, the use of recreational vehicles,
specific crash mechanisms, and ultimate outcomes of
these accidents may vary by study population, geographic
region, and proximity to a health system. These results are
most applicable in informing public health reporting in the
study region; however, these results should motivate fur-
ther regional and national studies and continued updating
of the public record related to recreational vehicle injuries.
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TABLE 3. Clinical outcomes

Spine No Spine

Event Injury Injury p Value
No. of patients 38 701
ED disposition 0.011
Home 1(2.6) 62 (8.8)
Observation 0(0.0) 44 (6.3)
Floor 22(57.9) 403 (57.5)
ICU 13(34.2) 102 (14.6)
OR 2(5.3) 90 (12.8)
Hospital disposition 0.0012
Home 32(84.2) 683(97.4)
Home services/rehabilitation 5(13.2) 12 (1.7)
DCPS 0(0.0) 2(0.3)
Death (all-cause) 1(2.6) 4(0.6)

Length of hospitalization

Median HD (IQR) 3(1-7) 2 (1-3)
Mean HD + SD 47+55 27+40  0.0025
Median ICU days (IQR) 3 (2-8) 1(1-3)
Mean ICU days + SD 2246 04+24 <0.001
ASIA grade, first follow-up
A 3(7.9)
B 0(0)
C 0(0)
D 2(5.3)
E 24 (63.2)
Unknown 9(23.7)
ASIA grade, final follow-up
A 2(5.3)
B 0(0)
C 1(2.6)
D 0(0)
E 28 (73.7)
Unknown 7(18.4
Days in brace
<30 4 (23.5)
30-90 8 (47.1)
>90 1(5.9)
Unknown 4 (23.5)

DCPS = Department of Child Protective Services; HD = hospital days; OR =
operating room.

Boldface type indicates statistical significance. Values are given as number of
patients (%) unless otherwise indicated.

Conclusions

Recreational vehicle injuries continue to affect children
in the US, and continued reporting of specific injuries is
necessary for public health interventions and the prepared-
ness of neurosurgeons to manage these patients. Over a
decade of recreational vehicle crashes, approximately 1 in
20 children evaluated after an ATV or dirt bike crash ex-
perienced a spinal injury, with the vast majority of patients
(> 90%) experiencing vertebral fractures. Most patients
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did not require operative management of these injuries
and avoided significant neurological injury. Yet, this study
provides evidence that children continue to experience sig-
nificant spinal injuries when riding recreational vehicles
and are likely to require longer hospital and ICU stays and
careful operative or nonoperative management relative to
other pediatric patients without spinal injury.
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