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WHAT’S KNOWN ON THIS SUBJECT: Practice standards for
managing adult cervical spine injuries (CSls) are well established.
However, pediatric CSls are rare and different from those of
adults, preventing extrapolation from adult practice and
illustrating the need for larger multicenter investigations of CSls
in children.

WHAT THIS STUDY ADDS: This study comprehensively describes
GSls in a large multicenter pediatric cohort. The large number of
young children included allowed us to comprehensively explore
the relationship between CSI pattern and age, mechanism of
injury, comorbid injuries, surgical interventions, and neurologic

@

BACKGROUND AND OBJECTIVE: Pediatric cervical spine injuries (CSls)
are rare and differ from adult CSIs. Our objective was to describe GSls
in a large, representative cohort of children.

METHODS: We conducted a 5-year retrospective review of children <16
years old with CSls at 17 Pediatric Emergency Care Applied Research
Network hospitals. Investigators reviewed imaging reports and con-
sultations to assign CSI type. We described cohort characteristics
using means and frequencies and used Fisher’s exact test to compare
differences between 3 age groups: <2 years, 2 to 7 years, and 8 to 15
years. We used logistic regression to explore the relationship between
injury level and age and mechanism of injury and between neurologic
outcome and cord involvement, injury level, age, and comorbid inju-
ries.

RESULTS: A total of 540 children with CSls were included in the study.
CSl level was associated with both age and mechanism of injury. For
children <2 and 2 to 7 years old, motor vehicle crash (MVC) was the
most common injury mechanism (56%, 37%). Children in these age
groups more commonly injured the axial (occiput—C2) region (74%,
78%). In children 8 to 15 years old, sports accounted for as many
injuries as MVCs (23%, 23%), and 53% of injuries were subaxial (C3-7).
CSls often necessitated surgical intervention (axial, 39%; subaxial, 30%)
and often resulted in neurologic deficits (21%) and death (7%). Neuro-
logic outcome was associated with cord involvement, injury level, age,
and comorbid injuries.

CONCLUSIONS: We demonstrated a high degree of variability of CSI
patterns, treatments and outcomes in children. The rarity, variation,
and morbidity of pediatric CSIs make prompt recognition and treat-
ment critical. Pediatrics 2014;133:¢1179—e1188
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Cervical spineinjuries (CSIs) inchildren
can be devastating, resulting in death
or life-changing neurologic deficits.
Fortunately, <1% of pediatric trauma
patients sustain CSls." Although they
are rare, health care providers often
evaluate children for potential CSls
caused by blunt trauma. Understanding
CS! patterns and their relationship to
mechanism, treatment, and neurologic
outcomes in children is important. To
date, our knowledge of pediatric CSI
has been based on either large adult
trials with limited numbers of children
or single-center pediatric case se-
ries.’=* Children <2 years of age are
particularly underrepresented in the
literature.

CSls in children are unique in both the
wide anatomic differences and the va-
riety of mechanisms of injury. In chil-
dren, the head is larger relative to the
body, resulting in a higher center of
gravity and fulcrum of neck motion;
there are multiple vertebral ossifica-
tion centers; and the ligamentous
structures are lax.5 These differences
affect the epidemiology of spine inju-
ries in children, of which 60% to 80%
occur in the cervical region, whereas
among adults, CSls account for only
30% to 40% of all spine injuries.5*
Furthermore, in young children CSls
are reported to occur most often in
the upper cervical spine and are as-
sociated with higher morbidity and
mortality.10

Mechanisms of GSls also differ between
children and adults. Adults are injured
predominantly inmotorvehicle crashes
(MVGs) and falls; children experience
a broader range of traumatic events
that place them at risk for CSls.!.12
Although MVCs and falls are also
common in children, young children
are more vulnerable to pedestrian and
inflicted injuries, whereas older chil-
dren participate in sports and recrea-
tional activities that predispose them
to CSls. 311,18

e1180 LEONARD et al

These age-related differences in cervi-
cal spine anatomy and mechanisms of
injury illustrate the need to better de-
scribe CSls in children. The purpose of
this study was to provide a detailed
description of alarge cohort of children
with GSls to elucidate specific injury
patterns relative to age and mecha-
nisms of injury and to review treat-
ments and outcomes by injury patterns.

METHODS
Study Design

We performed a secondary analysis
of a multicenter retrospective cohort
of children <16 years of age with blunt
trauma—related CSI.' Patients included
in this cohort were treated for CSI at
17 hospitals participating in the Pedi-
atric Emergency Care Applied Research
Network (PECARN) in 2000 to 2004. Par-
ticipating sites obtained institutional
review board approval with waiver of
informed consent.

Patient Identification

We conducted an electronic query ofthe
billing databases at each of the par-
ticipating PECARN sites to identify chil-
dren who had CSI. The query identified
International Classification of Diseases,
Ninth Revision, Clinical Modification
codes indicating injuries to the cervical
cord, vertebrae, or ligaments. The sites’
principal investigators reviewed the
medical records to verify subject
eligibility.4

Inclusion Criteria

We included all children <16 years
of age evaluated for blunt trauma—
related CSI whose injury could be verified
by spine surgeon consultative reports
or cervical spine imaging reports.

Exclusion Criteria

We excluded children in whom the CSlI
could not be verified by review of the
medical record. We also excluded children

transferred from the study site else-
where before definitive diagnosis and
treatment.

Data Collection

We collected data by using a structured
screening method and abstracting of
medical records onto study case report
forms by trained research personnel at
each of the study sites.’ Data elements
included information about each pa-
tient’s demographics, mechanism of
injury, clinical presentation, diagnostic
evaluation, substantial comorbidities
(life-threatening or warranting surgi-
cal intervention or inpatient observa-
tion), injury pattern, and neurologic
outcome. The study’s consulting pedi-
atric spine surgeon (J.R.L.) and princi-
pal investigator (J.C.L.) reviewed the
imaging reports and spine surgeon
consultations for every study patient
and assigned a final CSI classification.

Data Analysis

We described patient characteristics
including demographics and mecha-
nism of GSI by using frequencies and
percentages and compared charac-
teristics between age groups (<2
years, 2—7 years, and 8-15 years) by
using Fisher’s exact test.

We described the relationship between
age, level, and type of injury and be-
tween mechanism of GSI and level of
injury by using relative frequencies. We
also described the prevalence of mul-
tilevel injuries and cervical cord inju-
ries andtestedthe association between
cervical cord injuries and age by using
Fisher’s exact test. We explored the
relationship between level of injury
(axial versus subaxial, excluding spinal
cord injury without radiographic ab-
normality [SCIWORA]) and mechanism
of CSI, age, and head-first impact by
using a logistic regression model.

We summarized outcome by age and

injury classification using relative fre-
quencies.We used a generalized logistic



regression model to explore the re-
lationship between neurologic outcome
(death versus persistent neurologic
deficit versus normal outcome) and
change in cervical cord appearance on
MRI, level of injury (axial versus sub-
axial, excluding SCIWORA), age, and
substantial comorbidities to the head,
face, neck, torso, and extremities.

We described interventions for GSI by
using frequencies and percentages.
When multiple interventions were
used, the highest level was described.
Interventions, ordered from highestto
lowest level, included internal fixation,
halo, traction, brace, rigid cervical
collar, soft cervical collar, and none.
We also described the prevalence
of corticosteroid administration and
described special populations within
the sample. We used SAS/STAT soft-
ware (Version 9.3; SAS Institute, Inc,
Cary, NC).

RESULTS
Demographic Characteristics

We identified 540 children with suffi-
cient detail in the medical record to
classify their GSIs. Demographic char-
acteristics for these children are pre-
sented in Table 1. The median age for
the cohort was 12 years (interquartile
range, 6.1-14.4), with distribution in
our 3 age categories as follows: 5% <2
years, 26% 2to 7 years, and 69% 8to 15
years.

Mechanisms of Injury

Mechanisms of CSI varied by age (P <
.01). (Table 1) For children <2 years,
MVC was the most common mecha-
nism, followed by falls. The most com-
mon mechanisms for children age 2 to
7 years were MVG, falls, and pedestrian
struck by a motor vehicle. For children
age 8 to 15 years, sports injuries and
MVC were the most common causes of
CSl; however, falls and diving were also
important mechanisms.

PEDIATRICS Volume 133, Number 5, May 2014

TABLE 1 Characteristics of Children With CSls
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Characteristic Age <2, Age 2—7, Age 8-15, P
N =27, (%) N =140, (%) N =373, (%)
Gender
Female 19 (70) 53 (38) 124 (33) <.01
Male 8 (30) 87 (62) 249 (67)
Race
Black 8 (30) 29 (21) 57 (15) 08
White 13 (48) 76 (54) 243 (85)
Other or not documented 6 (22) 35 (25) 73 (20)
Payer source
Commercial or government 11 (41) 80 (57) 268 (72) <.01
insurance
Medicaid 12 (4 44 (31) 68 (18)
Self-insured or uninsured 8 (6) 17 (5)
Not documented 1 8 (6) 20 (5)
Mechanism of injury
Occupant in MVC 15 (56) 52 (37) 85 (23) <.01
Fall down stairs or from standing, 0( 12 (9) 23 (6)
walking, or running
Diving injury 0 (1) 34 (9)
Fall from elevation 6 29 (21) 40 (11)
Other motorized transport crash 0 (1) 17 (5)
(eg, ATV, motorcycle)
Bike or other nonmotorized transport 0(0) 3(2) 26 (7)
(eg, go-cart, scooter, wagon)
collision or fall
Bike or other nonmotorized 0 (0) 6 (4) 10 (3)
rider struck by moving vehicle
Pedestrian struck by moving vehicle 1 15 (11) 22 (6)
Blunt injury to the head or neck 2 6 (4) 8(2)
Sports injury 0 3(2) 87 (23)
Other 3 12 (9) 21 (6)

ATV, all-terrain vehicle.

Assaults accounted for injury in 6
children (1% of the entire cohort); 3 of
these were attributed to child abuse.
No children were injured by hanging.
Clotheslining, biomechanics by which
a cable or similar item exerts traction
on the neck while the child is in motion,
occurred in 2% of children.

Injury Patterns

Figure 1 illustrates the relationship
between age and level of GCSI. The
relative frequency of axial injuries
peaked at age 3 and then markedly
decreased between the ages of 8 and
10. In contrast, the relative frequen-
cies of subaxial CSI and SCIWORA
(defined as focal neurologic deficits
at presentation but normal cervical
radiographs, computed tomography,
and MRI) were low in early childhood
until age 8.

Injury classifications are listed by age
in Table 2. For children <2 years, 74%
had CSls involving the axial region, with
atlanto-occipital dislocation being the
most common injury. For children 2
to 7 years, 78% of CSls occurred in
the axial region; atlanto-axial rotatory
subluxation (AARS) and atlanto-occipital
dislocation were the most common
injuries. Among children 8 to 15 years
old, subaxial injuries were more prev-
alent (53%), with subaxial vertebral
body fractures being the most common.
SCIWORA was uncommon in the youn-
ger age groups but accounted for
16% of the injuries in children 8 to 15
years old.

Multilevel CSI was uncommon in our
cohort; only 1% of the cohort had dis-
location at >1 cervical level, and 3%
had fractures involving >1 cervical
vertebra. Disruption of the posterior

e1181



100%

80%

60% |

Relative Frequency

40%

20%

0% 4a°"

——o6— Axial — -8— - Subaxial ---A--- SCIWORA |

FIGURE 1
Relative frequency of CSI level by age.

elements of the vertebra was also un-
common in children; 5% had flexion—
distraction injuries, and another 2%
had injuries to the posterior ligament.

A total of 96 (18%) of CSls were asso-
ciated with signal change inthe cervical
cord on MRI, 53 axial (22%) and 43
subaxial (19%). Although rates of cer-
vical cord injury were higher in the
younger age groups (26% for <2 years,
21% for 2—7 years, 16% for 8—15 years),
the association was not statistically
significant (P = .22).

Relationship Between Mechanism
and Level of Injury

Mechanism ofinjury was relatedto level
of GSI within the cohort (Table 3). MVCs,
falls from an elevation, being struck
by motor vehicles while walking or
riding, and blunt blows to the head and
neck were more likely to result in axial
CSls. This contrasts with sports GSls,
which were more likely to result in
injuries to the subaxial region or
SCIWORA. Likewise, children involved
in diving and other motorized trans-

e1182 LEONARD et al

Age in years

portation crashes (eg, all-terrain vehi-
cles and motorcycles) were more likely
to sustain subaxial CSI. After we ad-
justed for age and head-first impacts,
the relationship between level of in-
jury (axial versus subaxial, excluding
SCIWORA) and mechanism of CSI re-
mained significant (P = .04 in the lo-
gistic regression model).

Outcomes

Table 4 presents the neurologic out-
comes for injured children by age
group. Very young children (<2 years
old) with CSI had poor outcomes;
most either died or were left with
permanent neurologic deficits. In
contrast, children 2to 7 years and 8 to
15 years old were less likely to die
during hospitalization, and most were
discharged with normal neurologic
status.

Table 5 presents the neurologic out-
comes for each CSl type. In our cohort,
the most devastating injury was
atlanto-occipital dislocation; almost
all patients died or had persistent

neurologic deficits. C1—C2 dislocation
carried similar degrees of morbidity
and mortality.

Level of injury was critical in de-
termining the overall neurologic out-
come (Table 6). Children injuring their
axial region were 5 times more likely
to die than those injuring their sub-
axial region. Not surprisingly, an ab-
normality in the cervical cord on MRI
was also associated with death and
persistent neurologic deficits com-
pared with normal outcomes. Comorbid
conditions, particularly substantial head
and neck injuries, were also predictive
of poor outcome.

Interventions

Treatments for GSls in our cohort are
described in Table 7. Rigid cervical
collar was the most common treat-
ment. Internal fixation was more com-
mon in the management of subaxial
injuries than in the management of
axial injuries, but halo placement was
more common for axial injuries than
for subaxial injuries. Braces and soft
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TABLE 2 Injury Pattern by Age Category

Level Injury Classification Age<<2, N =27, (%) Age 2—7, N = 140, (%) Age 8—15, N = 373, (%)

Axial Injuries involving G1-2 20 (74) 109 (78) 115 (31)
C1 arch fracture 0(0) 6 (4) 4(1)
AARS 2(7) 27 (19) 26 (7)
Cord injury 1(4) 4 (3) 5 (1)
C1-2 dislocation 0 (0) 7 (5) 3(1)
(12 subluxation 2(7) 2(1) 1(0)
02 synchondrosis fracture 3(11) 12 (9) 0 (0)
G2 vertebral body fracture, other 0 (0) 4 (3) 3 (1)
Hangman'’s fracture® 0(0) 5 (4) 13
Jefferson fracture without ligamentous injury® 1(4) 0(0) 1(0)
Ligamentous injury G1—2 without fracture 3(11) 5 (4) 2(1)
Atlanto-occipital dislocation 4 (15) 16 (11) 10 (3)
0Os odontoideum 0 (0) 4 (3) 7(2)
Type | odontoid fracture 1(4) 0 (0) 10
Type Il odontoid fracture 1(4) 8 (6) 3 (3)
Type lIl odontoid fracture 0 (0) 5 (4) 7(2)
Clinically insignificant injury C1-C2° 2N 4 (3) 1(6)

Subaxial Injuries involving C3—7 6 (22) 24 (17) 198 (53)
Cord injury 0 (0) 2(1) 4 (1)
Bilateral facet fracture or dislocation 1(4) 1(1) 6 (2)
Ligamentous injury without fracture 0 (0) 7 (5) 2 (3)
Multilevel subaxial vertebral body fractures other than burst 1(4) 0 (0 14 (4)
Multilevel vertebral body burst fractures 0 (0) 1(1) 0(@3)
Single-level disc injury 00 0 (0) ( )
Single-level teardrop fracture 0 (0) 0(0) (1)
Single-level vertebral body fracture, other 00 2(1) ( )
Single-level burst fracture 1(4) 0(0) 6 (4)
Single-level compression fracture 0 (0) 1(1) 39 (10)
Single-level subluxation, without fracture 1(4) 3(2) 5 (1)
Unilateral facet fracture or dislocation 1(4) 1(1) 0@
Clinically insignificant injury C3—-C7° 1(4) 6 (4) 62 (17)

SCIWORA SCIWORAY 1(4) 7 (5) 60 (16)

a Fracture of both pedicles or pars interarticularis of the axis vertebra (C2).

b Fracture involving the anterior and posterior arches of the atlas vertebra (C1).

¢Includes occipital condyle fractures, lateral mass fractures, laminar fractures, spinous process fractures, transverse process fractures, and unilateral pedicle fractures without subluxation.
d Patients experiencing more than transient neurologic symptoms but with normal cervical plain radiographs, computed tomography, and MRI.

TABLE 3 Mechanisms of Injury Relative to Level of Injury®

Mechanism of Injury Axial, N (Row %), N = 244 Subaxial, N (Row %), N = 228 SCIWORA, N (Row %), N = 68

Occupant in MVC 85 (56) 66 (43) 1(1)
Fall down stairs or from standing, walking, or running 14 (40) 14 (40) 7 (20)
Diving injury 3 (9) 29 (83) 3(9)
Fall from elevation 42 (56) 26 (35) 7(9)
Other motorized transport crash (eg, ATV, motorcycle) 7 (39) 10 (56) 1(6)
Bike or other nonmotorized transport (eg, go-cart, scooter, 13 (45) 12 (41) 4 (14)
wagon) collision or fall
Bike or other nonmotorized rider struck by moving vehicle 13 (81) 2 (13) 1(6)
Pedestrian struck by moving vehicle 23 (61) 13 (34) 2 (5)
Blunt injury to the head or neck 10 (63) 5 (31) 1.(6)
Sports injury 15 (17) 40 (44) 35 (39)
Other 19 (53) 11 (31) 6 (17)

a Fisher’s exact test for an association between mechanism and level of injury P < .01.

know that corticosteroids were ad-

collars were rarely used as the sole
treatment of CSI.

0f the 540 patients with CSI, 128 (24%)
received corticosteroid treatment.
Corticosteroid administrationvaried by

PEDIATRICS Volume 133, Number 5, May 2014

site, ranging from 8% to 50%. Although
we are unable to determine from our
datathe indications for administration,
the regimen followed, and whether it
affected neurologic outcome, we do

ministered at high rates to patients
who had focal neurologic deficits at
presentation (56%), cervical cord ab-
normalities on MRI (53%), and ultimately
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TABLE 4 Neurologic Outcomes for Children With CSI

Age <2, N=27, (%)

Age 2-7, N= 140, (%)  Age 8-15, N =373, (%)

Outcome
Death during hospitalization 7 (26)
Normal 10 (37)
Persistent neurologic deficit 10 (37)

22 (16) 11.(3)
84 (60) 292 (78)
34 (24) 70 (19)

poor neurologic outcomes (death, 30%;
persistent neurologic deficit, 43%).

Special Populations

Certain genetic conditions are associ-
ated with cervical spine abnormalities,
particularly Down syndrome.'® In our
cohort, 6 children with Down syndrome
sustained CSls, and their ages ranged
from 1 to 8 years. Falling caused 4 of

the 6 injuries; the other 2 were caused
by other mechanisms. Injuries to these
children included C1-2 subluxation
(3), hangman’s fracture (1), os odon-
toideum (1), and single-level subaxial
subluxation without fracture (1). Four
had persistent deficits after injury, but
none died.

In addition to Down syndrome, 4
children had conditions associated

with cervical spine abnormalities
(mucopolysaccharidosis, 1; history of
SCIWORA, 1;and achondrodysplasia, 2).
Seventeen children had isolated con-
genital anomalies of their cervical spine
that may have predisposedthemto injury,
11 of whom had an os odontoideum.

DISCUSSION

We have compiled one of the largest,
most detailed descriptions of CSI in
children, which allowed us to explore
the relationship between CSI and age,
mechanism of injury, comorbid injuries,
interventions, and outcomes. Our study
demonstrates clear age-related differ-
ences in pediatric CSl and a transition at

TABLE 5 Neurologic Outcomes, Comorbid Substantial Head Injuries, and Associated Cervical Cord Abnormalities on MRI Stratified by Injury

Classification®

Level Injury Classification N Cord Injury on MRI, %  Substantial Head Injury, %" Neurologic Outcome, %
Normal  Persistent Deficit ~ Death
Axial Injuries involving C1-2 244 22 23 62 24 14
C1 arch fracture 10 10 0 90 10 0
Atlanto-axial rotatory subluxation 55 9 5 89 " 0
Cord injury 10 100 30 40 50 10
G1-2 dislocation 10 40 70 10 50 40
(1-2 subluxation 5 20 20 40 40 20
(2 synchondrosis fracture 15 7 23 73 13 13
(2 vertebral body fracture, other 7 14 43 43 14 43
Hangman’s fracture 16 38 7 63 38 0
Jefferson fracture without ligamentous injury 2 0 0 100 0 0
Ligamentous injury C1-2 without fracture 10 10 44 40 50 10
Atlanto-occipital dislocation 30 27 45 7 40 53
0Os odontoideum 1 36 0 82 18 0
Type | odontoid fracture 2 50 0 100 0 0
Type Il odontoid fracture 22 23 4 59 18 23
Type lll odontoid fracture 12 17 0 92 8 0
Clinically insignificant injury C1-C2 27 1 33 74 22 4
Subaxial  Injuries involving C3—7 228 19 14 75 23 3
Cord injury 6 100 0 17 83 0
Bilateral facet fracture or dislocation 8 38 13 38 63 0
Ligamentous injury without fracture 19 16 22 74 21 5
Multilevel subaxial vertebral body 15 53 7 60 40 0
fractures other than burst
Multilevel vertebral body burst fractures 1 55 9 45 55 0
Single-level disc injury 4 0 0 100 0 0
Single-level teardrop fracture 5 0 0 80 20 0
Single-level vertebral body fracture, other 13 23 31 62 23 15
Single-level burst fracture 17 47 6 65 35 0
Single-level compression fracture 40 5 5 88 13 0
Single-level subluxation, without fracture 9 0 89 0 1
Unilateral facet fracture or dislocation 12 17 17 83 8 8
Clinically insignificant injury C3—C7 69 23 84 14 1
SCIWORA  SCIWORA 68 5 94 6 0
Overall 540 18 17 7 21 7

a All are row percentages (ie, percentage of those with a particular injury classification).
b Ten patients with missing head injury information were excluded when percentages were calculated.

el1184 LEONARD et al
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midchildhood from axial to subaxial
CSl. Furthermore, we show that these
differences are independently related to

tors influence outcomes for children
with GSI, including age, injury pattern,
associated cervical cord injury on MR,
and comorbid injuries.

mechanism of injury as well as age.
Finally, we report injury-specific out-
comes and establish that multiple fac-

TABLE 6 Adjusted 0dds Ratios of Death Versus Normal Outcome, or Persistent Neurologic Deficit
Versus Normal Outcome, From a Generalized Logistic Regression Model?

0dds Ratio (95% Confidence Interval)

In our study there were clear differ-
ences in the level and patterns of GSI
related to age. Axial spine injuries
peaked between the ages of 2 and 3

Characteristic

Death During Hospitalization Persistent Neurologic Deficit

Cervical cord injury (vs. no 5.4 (1.9-15.4) 17.8 (9.5-33.4) years and then decreased significantly
cervical cord injury) b ;

etween the ages of 8 and 9 years. This

Axial (vs. subaxial) 47 (1.5-14.7) 0.9 (0.5-1.8) . g y

Age (1-y increase) 08 (0.8-0.9) 10 (0.9-1.0 finding supports the results of smaller

Substantial head injury 203 (7.3-56.4) 99 (4.7-21.0) studies and a query of the National

Substantial face injury 1.7 (0.4-8.3) 0.8 (0.2-3.7) Trauma Database. which found that

Substantial neck injury 16.6 (4.8-57.5) 4.1 (1.4-123) ’ .

Substantial torso injury 45 (14-143) 23 (09-5.8) upper GSls, defined as OGC'P“t to C4,

Substantial extremity injury 1.1 (0.3-4.0) 2.7 (1.1-8.5) occurred more often in children <2

a N = 464 after 68 SCIWORA patients and 8 patients with missing data about substantial comorbidities were excluded. years.5'1° In contrast to Mohseni et a|,10

TABLE 7 Interventions® for Cervical Spine Injuries in Children

Level Injury classification None, N (Row %) Soft Collar, Rigid Collar, Brace, Traction,  Halo, N (Row %) Internal Fixation,
N (Row %) N (Row %) N (Row %) N (Row %) N (Row %)
Axial Injuries involving C1-2 39 (16) 2 (5) 82 (34) 3(1) 14 (6) 56 (23) 38 (16)
C1 arch fracture 1(10) 2 (20) 6 (60) 0 (0) 0 (0) 0 (0) 1(10)
AARS 6 (11) 4.(7) 20 (36) 0 (0) 14 (25) 9 (16) 2 (4)
Cord injury 0 (0) 1(10) 8 (80) 0 (0) 0(0) 1(10) 0 (0)
G1-2 dislocation 4 (40 0 (0) 2 (20) 0 (0) 0 (0) 1(10) 3 (30)
C1-2 subluxation 1 (20) 1(20) 1 (20) 0 (0) 0 (0) 0 (0) 2 (40
G2 synchondrosis fracture 1(7) 0 (0) 3 (20) 1(7) 0 (0) 8 (53) 2 (13)
G2 vertebral body fracture, other 3 (43) 0 (0) 3 (43) 0 (0) 0 (0) 1(14) 0 (0)
Hangman'’s fracture 2 (13) 0 (0) 4 (25) 0 (0) 0 (0) 8 (50) 2 (13)
Jefferson fracture without 0 (0) 0 (0) 1 (50) 0 (0) 0 (0) 1 (50) 0 (0)
ligamentous injury
Ligamentous injury G1-2 2 (20) 0 (0) 8 (80) 0 (0) 0 (0) 0 (0) 0 (0)
without fracture
Atlanto-occipital dislocation 11 (37) 0 (0) 3 (10) 0 (0) 0 (0) 5(17) 11 (37)
0s odontoideum 0 (0) 1(9) 2 (18) 0 (0) 0 (0) 19 7 (64)
Type | odontoid fracture 0 (0) 0 (0) 1 (50) 0 (0) 0 (0) 0 (0) 1 (50)
Type Il odontoid fracture 3 (14) 0 (0) 3 (14) 0 (0) 0 (0) 10 (45) 6 (27)
Type Il odontoid fracture 0 (0) 0 (0) 1(8) 0 (0) 0(0) 10 (83) 1(8)
Clinically insignificant injury C1-2 5 (19) 3 (11) 16 (59) 2.(7) 0 (0) 1(4) 0 (0)
Subaxial Injuries involving C3—7 29 (13) 14 (6) 109 (48) 8 (4) 0(0) 21(9) 47 (21)
Cord injury 2 (33) 0 (0) 2 (33) 0 (0) 0 (0) 0 (0) 2 (33)
Bilateral facet fracture or dislocation 0 (0) 0 (0) 1(13) 0 (0) 0 (0) 1(13) 6 (75)
Ligamentous injury without fracture 3 (16) 1 (5) 10 (53) 1 (5) 0 (0) 0 (0) 4 (21)
Multilevel subaxial vertebral body 1.(7) 0 (0) 7 (47) 1(7) 0 (0) 3 (20) 3 (20)
fractures other than burst
Multilevel vertebral body 0 (0) 0 (0) 4 (36) 109 0(0) 2 (18) 4 (36)
burst fractures
Single-level disc injury 1(25) 0 (0) (75) 0(0) 0 (0) 0 (0) 0(0)
Single-level teardrop fracture 0 (0) 0 (0) 1(20) 0 (0) 0 (0) 2 (40) 2 (40)
Single-level vertebral body 3 (23) 0 (0) 6 (46) 0 (0) 0 (0) 1(8) 3 (23)
fracture, other
Single-level burst fracture 1(6) 1(6) 4.(24) 1(6) 0 (0) 5 (29) 5 (29)
Single-level compression fracture 3 (8) 4 (10) 18 (45) 2 (5) 0 (0) 4 (10) 9 (23)
Single-level subluxation, 2(22) 0 (0) 4 (44) 0 (0) 0 (0) 1(11) 2(22)
without fracture
Unilateral facet fracture or dislocation 0 (0) 0 (0) 3 (25) 0 (0) 0(0) 2(17) 7 (58)
Clinically insignificant injury C3—7 13 (19) 8 (12) 46 (67) 2 (3) 0 (0) 0 (0) 0 (0)
SCIWORA  SCIWORA 18 (26) 7(10) 32 (47) 11 (16) 0 (0) 0 (0) 0 (0)
a When multiple interventions were given, the highest level of intervention is reported.
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we found that the incidence of subaxial
CSI increases in school-age children
which corresponds with the de-
velopmental maturation of the pediat-
ric cervical spine. At this age, the
synchondroses have fused, and the
fulcrum of motion of the cervical spine
has shifted caudally. Also, multilevel
injuries were uncommon in our study,
particularly in children <8 years old.
Others2417 have shown that multilevel
injuries occur in children, although the
reported injury rate varies widely, from
6% to 50%. Injury patterns in children,
once they have reached the age of 12,
more closely resemble those of adults,
making the inclusion of a substantial
percentage of younger patients impor-
tant in describing the epidemiology and
treatment of CSI in children.!0

Mechanisms of injury were related to
both age and level of injury, a fact that
influences the distribution of CSls seen
in our cohort. For children <2 years
old, by far the most common cause of
CSl is MVGs, both in this study and in
others.818.19 This probably occurs be-
cause infants and toddlers are un-
restrained or restrained improperly.
As children mature and begin to par-
ticipate in organized sporting activi-
ties, the mechanisms for CSI become
more diverse, with falls, pedestrian
injuries, injuries related to other forms
of motorized transport, and sports
injuries becoming more prevalent, an
observation that corresponds with the
recent review of the National Trauma
Data Bank.20

After we adjusted for age, level of injury
was independently associated with the
mechanism of injury. MVCs more com-
monly result in axial injury, probably
as a function of the biomechanical
forces exerted on the cervical spine
(eg, high-speed acceleration and de-
celeration). The greater frequency of
axial injuries seen among children hit
by motor vehicles also illustrates this
point. Sports-related CSI most commonly
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affected the subaxial region in our cohort.
SCIWORA was also frequently associated
with sports. As compared with MVCs,
sports and recreation injuries involve
different biomechanics (eg, lower veloc-
ity and axial load) that probably influence
the observed injury patterns. Diving,
which often produces axial load bio-
mechanics, resulted predominantly in
subaxial injury.

We found that 2% of the cohort had
conditions that predispose to CSI,
particularly Down syndrome and os
odontoideum. There are guidelines for
CSI screening in children with Down
syndrome, and they recommend staged
screening, particularly for children in-
volved in sports.2' However, isolated
congenital vertebral anomalies may be
discovered only on evaluation for GCSI.
Once identified, children with vertebral
anomalies such as os odontoideum
should be referred to a pediatric spine
specialist for additional evaluation and
potential internal fixation when in-
stability is present.22

Previous investigators® have reported
overall mortality rates for CSI in chil-
dren to be as high as 27%, with 66% of
surviving children having persistent
neurologic deficit. Neurologic deficits
(21%) and death (7%) were less com-
mon in our study and varied by age
group, with younger children being the
most severely affected. Poor outcomes
were associated with age, injury to the
axial region, associated cervical cord
abnormalities on MRI, and comorbid
injuries. These findings are supported
by a pediatric autopsy study, which
showed that the pediatric cervical
spine could withstand significant
forces before fracture and instability
occurs. As a result, young children ei-
ther die of catastrophic axial CSI or
survive the initial injury with minor
fractures.?® In contrast, older children
have more developed musculature, the
synchondroses have closed, and the
fulcrum of motion has moved away

from the upper cervical spine. Catas-
trophic injuries in this patient group
were more likely to produce a persis-
tent neurologic deficit.

In our study, many children underwent
surgical stabilization (halo placement
or internal fixation), illustrating the
need for prompt recognition and clas-
sification of CSI. Catastrophic axial
injuries in children (eg, atlanto-occipital
dislocation) involve ligamentous dis-
ruption, necessitating internal fixation.
External fixation with halo immobiliza-
tion was performed in most children
with type Il or type lll odontoid fractures
and synchondrosis fractures, a finding
that is consistent with the experience
of other authors2* In older adults,
however, odontoid fractures are more
commonly treated with internal fixation
because both the nonunion rates and
mortality for halo placement in this
patient population are substantially
higher25 Not surprisingly, clinically in-
significant injuries, SCIWORA, and AARS
were the largest categories of injury
treated by rigid collar alone. Only 2
children in these treatment categories,
both with AARS, underwent internal fix-
ation. The treatment of these injuries
was consistent with the recommendations
of most authors.2-28

Corticosteroids were frequently ad-
ministered in our cohort, and use
varied by site. Children treated with
corticosteroids had worse outcomes,
put it is unclear how these outcomes
are related to the administration
of corticosteroids, because clinicians
may have selectively treated those
with poorer prognosis. Use of cortico-
steroids remains controversial, with
most current guidelines recommend-
ing against administration.29.50

This study has several limitations re-
sulting chiefly from its retrospective
nature and the lack of availability of
neuroimaging for independent review.
Classification of injuries was based on
radiologic reports and spine surgeon



consultation notes. However, when in-
sufficient details were present to de-
scribethe injury, we gathered additional
information from the medical record. We
excluded children if sufficient detail did
not exist to classify their CSls, and de-
spite the multicenter nature ofthe study,
we were still able to identify only 27
children <2 years old with CSI. Never-
theless, in this study we describe in
substantial detail a very large cohort of
children who have sustained CSls.

CONCLUSIONS

We demonstrated the high degree of
variability of injury patterns, treat-
ments, and outcomes of CSIs in children.
Our findings relate these differences
to both mechanism of injury and age.
The high degree of morbidity and
frequent need for surgical treatment
associated with these injuries un-
derscore the need for prompt recog-
nition of GSI in children. Future
prospective investigations are needed
to develop evidence-based protocols
for evaluation and treatment of chil-
drenwiththese potentially devastating
injuries.
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