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Cervical Spine Evaluation in Pediatric Trauma: A Review and an Update of

Current Concepts

Abstract

The clinical presentation and diagnostic workup in pediatric cervical spine injuries (CSI) are different
from adults owing to the unique anatomy and relative immaturity. The current article reviews the existing
literature regarding the uniqueness of these injuries and discusses the current guidelines of radiological
evaluation. A PubMed search was conducted using keywords “paediatric cervical spine injuries” or
“paediatric cervical spine trauma.” Six hundred and ninety two articles were available in total. Three
hundred and forty three articles were considered for the review after eliminating unrelated and
duplicate articles. Further screening was performed and 67 articles (original articles and review articles
only) related to pediatric CSI were finally included. All articles were reviewed for details regarding
epidemiology, injury patterns, anatomic considerations, clinical, and radiological evaluation protocols.
CSIs are the most common level (60%-80%) for pediatric Spinal Injuries (SI). Children suffer from
atlantoaxial injuries 2.5 times more often than adults. Children’s unique anatomical features (large head
size and highly flexible spine) predispose them to such a peculiar presentation. The role of National
Emergency X-Ray Utilization Study, United State (NEXUS) and Canadian Cervical Spine Rule criteria
in excluding pediatric cervical injury is questionable but cannot be ruled out completely. The minimum
radiological examination includes 2- or 3-view cervical X-rays (anteroposterior, lateral + open-mouth
odontoid views). Additional radiological evaluations, including computerized tomography (CT) and
magnetic resonance imaging (MRI) are obtained in situations of abnormal physical examination,
abnormal X-rays, inability to obtain adequate X-rays, or to assess cord/soft-tissue status. The clinical
criteria for cervical spine injury clearance can generally be applied to children older than 2 years of age.
Nevertheless, adequate caution should be exercised before applying these rules in younger children.
Initial radiographic investigation should be always adequate plain radiographs of cervical spine. CT and
MRI scans should only be performed in an appropriate group of pediatric patients.
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Introduction is also reported to be approximately
o . . 4.5%-35%.3

Pediatric spinal trauma is uncommon

and accounts for only 1%-10% of all ~ The cervical spine injuries (CSls)

reported spinal injuries. Nevertheless, in children present differently when

these injuries contribute to a significant
proportion of morbidity and mortality in
them.! The overall incidence of spinal
injuries in children in the United States
has been reported to be 7.41/100,000.
It has also been observed that 1300 new
cases of pediatric spinal cord injuries (SCI)
occur every year.? Data involving Indian
population reveal an incidence of pediatric
spinal trauma among overall spinal
injuries around 1%-11%.° The incidence
of spinal cord injury without radiological
anomaly (SCIWORA) in Indian population
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compared to adults.* The current article
comprehensively reviews the existing
literature on pediatric CSIs and discusses
the uniqueness of presentation and current
guidelines of radiological evaluation.

Materials and Methods

A PubMed search was conducted using
the keywords “paediatric cervical spine
injuries,” “paediatric cervical spine trauma,”
“pediatric  sub-axial  spine injuries”,
“cervical spine injury child,” “atlantoaxial
injury in children,” “fractures of atlas,” or
“fractures of dens.” A total of 692 articles
were available [Flowchart 1]. Three
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Literature search
Database: PubMed
(692 Results)

Identification

N

343 records after duplicates and
unrelated articles removed

Screening

A

Only original articles
involving large human
case series and
review articles
67 articles included (n = 67)

Flowchart 1: Flowchart depicting study methodology

hundred and forty three articles were considered for the
review after eliminating unrelated (non-pediatric injuries,
non-cervical spine injuries, non-trauma cases, pediatric
infections, tumors and other pathologies) and duplicate
articles. Only original articles involving human case series
and review articles were included. Case reports, letters to
the editor, articles published in languages other than English
and non-relevant materials (not discussing the diagnostic
evaluations of pediatric CSlIs; or articles discussing issues
on cervical SI not revlevant to the topics of discussion
included in the current review) were excluded from the
study. A total of 67 articles were finally included for the
review of literature of pediatric cervical spine trauma. All
the articles were reviewed for the epidemiology, injury
patterns, special anatomical considerations, intricacies of
clinical and radiological evaluation.

Results

There was a significantly greater proportion of available
articles on upper cervical injuries (51/67 studies) when
compared with the subaxial (16/67 studies) cervical trauma.
Among the articles on upper CSI, seven articles were
focused on atlas or Jefferson’s (C1 burst) injuries, 15 were
focused on axial or odontoid injuries, 19 were on traumatic
atlantoaxial (AA) rotatory injuries or other C1/C2 injuries
and 10 articles on general upper cervical injuries, including
occipitoatlantal injuries. Seven of these articles were
review articles.

Discussion
Epidemiology

Cervical spine is the most common level (60%—-80%) for
pediatric spinal injury (PSI).2 In fact, a large majority of
fatal spinal injuries in children involve cervical spine.'
Based on the existing literature on pediatric cervical
spine trauma, 25%-44% of injuries have been reported to
involve ligamentous disruptions.>® Henry et al.® reported

78% incidence of ligamentous injuries following inflicted
trauma, as against 46% incidence in children with
accidental trauma. Majority of the pediatric cervical spine
injuries (CSIs) occur between the skull and C4 vertebra;
and around 10.8% to 38.7% of these injuries involve Cl
and C2 vertebrae."!! Children suffer from atlanto-axial
injuries 2.5 times more often than adults.'? As per available
western data, the most common variable (in 67.7%)
associated with pediatric CSIs includes noncompliance
with seat belt.'? Patterns of CSIs among various pediatric
age groups have been described elaborately.'*!* Literature
reports that around 11%-61.9% of CSIs occur secondary
to motor vehicle accidents (MVA).®7!415 Birth-associated
injuries are uniquely associated with infants.'®!” Aggressive
delivery techniques and breech presentations are
significantly associated with CSIs.!® In toddlers of walking
age, falls from ground level constitute a significant mode
of injury.®’ In older, school-going children, sports-related
injuries are common (overall incidence reportedly varying
between 11.3% and 49%).5!51820 Targe case series
involving children with inflicted injuries (or child abuse)
report around 5.6% -13% incidence of CSIs in such
scenarios.*7!%2

Embryological consideration

The ossification centers in a growing spine are separated
by synchondrosis. A knowledge of this anatomy is of
utmost importance, as they can be erroncously identified as
fracture.”*** Atlas vertebra develops from three ossification
centers: one for anterior arch and two for lateral masses.
These ossification centers appear at 1 year and fuse by
7 years. Axis develops an ossification center for centrum,
two for posterior arches, and two for odontoid process.
The two ossification centers for dens fuse with each other
before birth and further unite with the centrum at 5-7 years
of age. This persistent synchondrosis can be mistaken for
a fracture. The main differentiating feature for persistent
synchondrosis is its location below the level of C1-C2
facet joint.?> Ossiculum terminale or ossification center for
the tip of odontoid process appears at 7 years and fuses
to the rest of dens by 12 years of age. All other cervical
vertebrae develop from one ossification center for vertebral
body, two for lateral masses, and one for posterior arch.*
These ossification centers unite in midline between 2 and
4 years while neurocentral synchondroses fuse at 3—6 years.
The immature spines therefore potentially fail at physes,
more often than osseous or ligamentous or intradiscal
disruptions.?*2

Pathophysiology and anatomical considerations

Children’s unique anatomic features predispose them
to the risk of SCIs and peculiar presentation.! Large
head size and highly flexible spine are fundamental
attributes in this context. Pediatric cervical spine, owing
to increased flexibility, has greater tolerability to motion.
Such enhanced mobility also predisposes to the kind of
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injuries they sustain. Poor musculature, greater ligamentous
laxity, open ossification centers, physiological wedging
of immature vertebral bodies and horizontally oriented
facet joints [Figure 1] enhance this flexibility and put
cervical spine at a greater risk for dislocation injury
or growth plate injuries.”* Shear forces during rapid
deceleration and hyperflexion extension mechanisms
can commonly inflict injuries at synchondroses between
dens and C2 body [Figure 2]. The spinal column is more
elastic than spinal cord (vertebral column can tolerate up
to 5 cm of distraction, in comparison to significant cord
damage following a mere 5 mm distraction) leading to
SCIWORA (spinal cord injury with intact spinal column).”’

Pediatric spines are also at risk for “fulcrum effect.”?® This
phenomenon is secondary to a large-sized head overlying a
totally flexible cervical spine. In very young children, this
fixes the fulcrum of cervical motion at C2/C3 leading to high
levels of cervical injury. Nevertheless, as the child’s spine
matures and grows accompanied by a relative reduction in
head size, the fulcrum gradually shifts caudally leading to
a more distal location of fractures [Figure 3 and Table 1].%

When to suspect cervical spine injuries in children?

The suspicion regarding CSI should be based on history
(nature of trauma, mode of injury and symptoms, even if
transient).?3! Any child with associated high-risk injuries
(head injuries or multisystem trauma) or conditions
predisposing to SI (syndromes with ligamentous laxity and
cervical instability or rheumatoid disorders), need to be
considered to have CSI until proven otherwise.*

In children <3 years of age, injury should be suspected
on the basis of injury mechanism and imaging should
be obtained in all suspected patients, irrespective of
time since injury. In older children, in addition to the
above-mentioned, postinjury symptoms should be given

equal importance while evaluation. Transient symptoms
do not warrant imaging in older children presenting after
4 days of injury provided the child is asymptomatic at the
time of presentation. However, in patients with persistent
symptoms, imaging needs to be performed immediately,
irrespective of the day of presentation.®

The classic triad of symptoms includes pain, muscle
spasm, and restricted neck movements, which may
be accompanied by varying degrees of neurological
symptoms.**** A significant proportion of pediatric CSI
patients may be asymptomatic. In a study by Browne
et al. (2017)" only 16%-24% of children with CSI were
classified by ED or EMS providers as under high suspicion
category (>50% risk) for CSI based on symptomatology
and initial presentation. In a retrospective review of
72 patients by Baker et al., all asymptomatic CSI patients
had both high-risk mechanism and distracting mode of
injuries.*® Hyperextension injuries can induce central

Table 1: Peculiarities of pediatric cervical spine and
predisposition to different injury pattern

Peculiarity Predisposition
Large-sized head C3 level starts acting as fulcrum
causing higher incidence of upper
cervical injuries
Greater flexibility of spinal column
(up to 5 cm) in comparison with
spinal cord (up to 5 mm) — leading
to SCIWORA

Growth plate injuries

Spinal column is more
elastic

Poor musculature

Greater ligamentous laxity
Open ossification centers
Physiological wedging of
immature vertebral bodies
Horizontally oriented
facet joints
SCIWORA=Spinal cord injury without radiological anomaly

Greater incidence of dislocation
injuries

Child Spine

Adult Spine

Figure 1: Diagrammatic representation of lateral cervical spine radiograph showing a comparison between pediatric and adult cervical vertebral bodies.
Open ossification centers, physiological wedging of immature vertebral bodies and horizontally oriented facet joints enhance flexibility of the spine and

augment risk for dislocation injury or growth plate fractures
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cord syndrome, whose only presentation can be “burning
hands.”* In addition, tell-tale signs such as chin trauma,
fractures of posterior teeth, and mandibular condyles are to
be vigilantly picked up and given importance so that these
kids are diagnosed and treated in timely manner.*

Physical examination

Examination of vitals, neck, and neurological examination
are major components of physical examination. Collar may
be removed for cervical spine examination; nevertheless, it
should immediately be replaced if any evidence of CSI is
identified.’® In situations of minor trauma, with normal neck
examination (palpation for tenderness and active range of
motion [ROM]) and neurological status, children can be
clinically cleared.’” Positive neck examination (restricted
ROM or tenderness) or evidence of neurological deficit
necessitates reimmobilization and detailed imaging.”

Clinical Decision Rules

In 1987, a retrospective review involving 206 children
(<16 years; 28% - 0-3 years, 42% - 4-12 years and

Open
synchondroses of
axis

Figure 2: Diagrammatic representation of anteroposterior radiograph
depicting open synchondrosis between dens and C2 body. This anatomical
peculiarity should not be confused for an odontoid fracture

30% - 13-16 years) observed that the presence of one
among eight variables (neck pain, neck tenderness,
decreased ROM, history of neck trauma, abnormal reflexes,
abnormal motor strength, sensory disturbances, or abnormal
mentation) could identify 58 of 59 CSI patients, with 98%
sensitivity and 54%, specificity.*

National Emergency X-Ray Utilization Study (NEXUS),
United States, July 2000, and Canadian Cervical Spine
Rule (CCR), Canada, October 2001 criteria were then
developed to identify patients who require C-spine imaging
among trauma victims. NEXUS criteria (sensitivity
of 99% in ruling out CSI in adults) included midline
cervical tenderness, focal neurological deficit, alertness,
nonintoxicated state, and absence of clinically apparent,
painful, distracting injuries.®® Low-risk CCR included
simple, rear-end MVA, sitting in emergency department,
ambulatory at any time, delayed onset of neck pain, and
no midline tenderness.** High-risk criteria included age
more than 65 years, dangerous injury mechanism, and limb
paresthesia.® These criteria have been proven to decrease
the need for imaging in adults, without risk of missing
CSIs. In the original NEXUS trial, only 2.5% of studied
patients and only 1.3% of patients with CSI were eight
years or younger. All patients included in the CCR study
were older than 16 years. Therefore, these studies could not
give any conclusion on the usefulness of these criteria in
children.?*4

Another large, multicentric, prospective trial evaluated
NEXUS criteria in 3065 pediatric patients.*” All 30 children,
who had CSI, had at least one-risk factor; while none
without any risk factor had CSI. Of these children with CSI,
none was <2 years, only four were eight years or younger
and 26 belonged to the age group between 9 and 17 years.
The two most common risk factors in children (both CSI and
non-CSI groups) were cervical tenderness and distracting
injuries. The mean numbers of positive findings in CSI and
non-CSI pediatric patients were 1.8 and 1.4, respectively.
Decision rule based on NEXUS criteria showed a sensitivity
and negative predictive value of 100% in this pediatric
population (predominantly involving 9—17 year olds). The

Large Head
Size Vs Body
Size

Figure 3: Diagrammatic representation of the relative size of head of a child in comparison with body size. This peculiarity of pediatric spine fixes the
fulcrum of cervical motion at C2/C3 in younger patients and predispose them to high levels of cervical injury
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authors “cautiously endorsed” the application of NEXUS
criteria in children from 0 to 9 years of age.

In a retrospective, case-matched cohort study, Ehrlich
et al. (2009)* used both NEXUS and CCR in children
younger than 10 years and observed that they had
unacceptable sensitivities (43% for NEXUS and 86%
for CCR) for diagnosing CSls. Pediatric population has
been classified broadly into three categories in most
of these studies: 0-3 years (noncommunicative group),
3-8 years (immature spine), and 9-17 (older pediatric
population).® A multicenter study (2006)*” too concluded
a simple algorithm including clinical examination and
plain radiographs can reduce the need for neurosurgical
consultation in clearing cervical spine by 60% in children
>3 years of age. A multicenter retrospective study (2009)*
involving 12,537 children below 3 years, observed that
one-third of their patients can be cleared of CSIs purely
on the basis of clinical examination. All the 83 injuries
identified on imaging could be suspected on initial
evaluation itself. Four independent predictors (PEDSPINE
rule) for CSIs were identified: Glasgow coma scale (GCS)
<14, eye-opening score on GCS of 1, age between
24 and 36 months and motor vehicular accident. A score <2
demonstrated a negative predictive value of 99.93% in
ruling out CSI, and no CSI was missed in this study.

A recent article by Rozzelle et al*® recommended that
clinical decision on clearing cervical spine (without
additional imaging) can be made in children over than
3 years of age who have experienced trauma and are alert,
have no neurological deficit, have no midline cervical
tenderness, have no painful distracting injuries, do not
have unexplained hypotension, and are not intoxicated. It
was also recommended that cervical spine imaging is not
required in children <3 years of age, who have experienced
trauma and have a GCS more than 13, have no neurological
deficit, have no midline cervical tenderness, have no painful
distracting injuries, do not have unexplained hypotension,
are not intoxicated, and do not have MVA, fall from a
height of more than 10 feet or nonaccidental trauma as a
possible mechanism of injury.

Radiological evaluation: How to rule out cervical spine
injury?

The radiological examination usually includes 3-view
cervical X-rays (anteroposterior, lateral, and open-mouth
odontoid views).”” Additional radiological evaluations are
computerized tomography (CT) and magnetic resonance
imaging (MRI), need for which includes abnormal physical
examination, abnormal X-rays, inability to obtain adequate
X-rays, or to assess cord/soft tissue status.®

Plain radiographs

Anderson et al* in 2006 described a trauma
evaluation algorithm involving radiological and clinical
evaluation in children older than 3 years. This protocol

recommended cervical spine X-rays as the initial line
of investigation (even before clinical evaluation), in
accordance with the guidelines outlined by the American
College of Surgeons in patients with “significant trauma”.
In children older than 5 years, he recommended three-view
cervical X-rays (anteroposterior, lateral, and open-mouth
odontoid views); while in children younger than 5 years,
two-view (anteroposterior and lateral views) radiographs
are advised. In children older than 3 years, with normal
cervical spine X-rays and meets NEXUS clinical criteria,
cervical spine can be cleared of any significant injury. In
2010, he recommended a similar protocol in children
younger than 3 years of age. Anteroposterior and lateral
radiographs are the initial line of management, while CT
scans are advised if the radiographs indicate a suspicion
of underlying cervical spine injury or are inadequate.
In a child with normal radiographs, along with a history
suggestive of high-energy trauma or abnormal neurological
examination or intubated/abnormal mental status, MRI
scan of cervical spine (short tau inversion recovery [STIR]
or T2 suppression sequence) is recommended.* In
patients with equivocal findings on MRI scan, dynamic
flexion/extension radiographs were recommended. Using
this protocol, more than 80% of children (0-3 years of age)
were cleared of CSI, and no C-spine injury was missed.*

Obtaining an adequate radiograph (to include C7-T1 disc)
is crucial and isolated lateral cervical X-ray can potentially
diagnose 80% of CSIs.*#’ Interpretation of pediatric CSIs
can still be difficult until 15 years of age. Normal anatomical
variations in children [absent lordosis, nonossified
posterior spinal elements, ligament laxity, and C2-C3
pseudo-subluxation [Figure 4] need to be differentiated
from pathological findings.*®*# Disruption of any of the four
curvilinear alignment lines [Figure 5] (anterior vertebral body
line, posterior vertebral body line, spinolaminar line, and tips
of spinous process) can be an indicator for possible CSI.>° In
a retrospective study on atlantooccipital injury, interspinous
ratio (C1-2:C2—C3) of more than 2.5 had a sensitivity
of 87% and specificity of 100% for tectorial membrane
disruption.’' Prevertebral (<1/3 AP diameter of vertebral
body at C3/C4 level in comparison with 7 mm in adults)
and predental spaces (<4-5 mm in children in comparison
with 3 mm in adults) are other crucial radiological markers.>
Open-mouth odontoid view can be obtained in children
older than 9 years of age; while in younger, uncooperative
children, Water’s view through the foramen can depict
odontoid and upper cervical morphology.> Flexion extension
views do not offer additional information; with added
disadvantage of precipitating spinal cord injury.’*> If
performed, only active flexion and extension within limits of
pain tolerance should be obtained. The only situation where
the dynamic stress views can offer additional information
is in the setting of persistent neck pain with normal
cervical radiographs and CT scan.’® In the subacute setting,
after the muscle spasm subsides, these dynamic stress
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views can unmask underlying ligamentous disruptions.’’
Oblique cervical radiographs are not recommended.”’
The normal critical measurements [Figure 6] of upper
cervical spine in plain radiographs include basion-dens
interval <12 mm [Figure 6a], basion-axial interval of
12 mm anterior and 4 mm posterior, Power’s ratio <l
[Figure 6b], condylar gap <5 mm, C1-C2 interspinous
interval <12 mm [Figure 6d], and predental interval <5 mm
in <8 years and <3 mm in >8 years old.® Rozzelle et al.®
recommended two-view radiographs (antero-posterior and
lateral) or high-resolution CT scan (HRCT) in children
younger than 9 years of age, while three-view radiographs
(anteroposterior, lateral, and open-mouth) or HRCT scan
were advocated for the radiological assessment of cervical
spine injury in children older than 9 years.

Computed tomography scan — cervical spine

CT scan should not be routinely performed for initial
pediatric spine evaluation [Figure 7].% In 2010, Silva

C2-3
Pseudosubluxation

et al® concluded that lateral radiographs alone had
borderline sensitivity comparable to multidetector row
CT (MDCT) in detecting pediatric CSI. Radiation exposure
with CT is significantly greater than X-rays.®' Helical CT
scan delivers 50% increased radiation dose in comparison
with conventional radiographs.®>%® Jiminez et al.** observed
that radiation dose to thyroid from cervical spine CT was
90-200 fold greater than conventional X-rays and the mean
risk for thyroid cancer was two times higher in children
between 0 and 4 years of age. Estimated life time risk of
malignancy in a I-year old exposed to CT scan of cervical
spine is 0.07-0.18.%

In pediatric population, where ligamentous injuries are
more frequent, routine use of MDCT is not warranted.*”
In the study by Anderson et al.,”” CT scan was necessary
only in 14% of children to clear cervical spine. Schleehauf
et al.®® (1989) concluded that CT alone should not be relied
on to exclude ligamentous cervical injuries in pediatric

Figure 4: (a) Diagrammatic representation of lateral cervical spine radiograph showing C2—-C3 pseudosubluxation (normal relationship of the upper cervical
spine determined using Swischuk’s Line). (b) Lateral cervical spine radiograph showing C2-C3 pseudosubluxation

Figure 5: Diagrammatic representation of lateral cervical spine radiograph
showing standard four curvilinear alignment lines: Anterior vertebral body
line (1), posterior vertebral body line (2), spinolaminar line (3) and tips of
spinous process (4). Any disruption of these lines should lead to suspicion
of a possible fracture and need for further imaging

)\/
Figure 6: Diagrammatic representation of lateral cervical spine radiographs

showing (a) Basion-dens interval. (b) Powers ratio: b/a. (c) Atlantooccipital
joint not exceeding 5 mm. (d) C1-C2 interspinous distance
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Figure 7: Computerized tomography scan showing (a) mid-sagittal section, (b) coronal section (c) axial section. Showing specific points: A: Anterior arch
of atlas, B: Basion, D: Dens, S: Synchondrosis, O: Opisthion, L: Lateral Mass of Atlas, AX: Vertebral body of atlas, OC: Occipital condyle

patients. Hutchings et al.*® (2009) reviewed the role of
CT in the evaluation of cervical spine in obtunded, major
trauma pediatric patients. Although there is not strong
evidence on this issue owing to small number of patients, it
was recommended that the role of CT in clearing cervical
spine may be less important in children <10 years, as
a majority of lesions in this age group are ligamentous
disruptions without fracture. MRI can play a greater role in
excluding soft-tissue disruptions in these children. MDCT
may be preferred over MRI in this age group when imaging
needs to be performed expeditiously.* In older children
with a cervical spine injury, incidence of fracture is much
higher than ligamentous injury (80% versus 20%), and CT
scan has a greater role in ruling out C-spine injuries.

It can, however, be an adjunct to other modalities in certain
special situations.” CT cervical spine can be the first
investigation in obtunded children, where it is performed
along with CT head.®”*® Sun et al”' recommended that
the incorporation of CT cervical spine (till C3) in patients
who underwent CT head, significantly reduced the overall
radiation exposure by three-fold and potentially decreased
the need for full CTs. Inadequate three-view X-rays in
high-risk situations, fractures, or dislocations evident on
plain radiographs, suspicious injuries on plain radiographs,
and high clinical suspicion for CSI with normal radiographs
are scenarios where CT can be valuable in evaluating the
osseous integrity.”> Upper cervical spine fractures, which
are typically noted in this age group, are best evaluated
on MDCT. Rozzelle et al*® recommended three-position
CT with C1-C2 motion analysis to confirm the diagnosis
of AA rotatory fixation in children. Garton et al.”® reported
that in children younger than 8 years in whom higher
cervical injuries were suspected, the combination of plain
radiography and occiput-C3 CT showed a high sensitivity.

Figure 8: Magnetic resonance imaging showing (a) mid-sagittal T2W image
(b) axial section. i: Prevertebral soft tissue, ii: Retro vertebral soft tissue,
iii: Spinal cord morphology, iv: Space available for cord

In a study in pediatric patients with potential atlantooccipital
dissociation, Pang et al’* recommended that a specific
protocol including sagittal and coronal reformatted CT
images showed the highest diagnostic sensitivity and
specificity among all radiographic methods. Normal
critical measurements of upper cervical spine on MDCT
include basion-dens interval <9.5 mm with ossification
and <I11.6 mm without ossification [Figure 6a], power’s
ratio <0.9 [Figure 6b], atlantodental interval <2.6 mm,
atlantooccipital interval <2.5 mm, and AA interval <3.9 mm
[Figure 6].7

Magnetic resonance imaging scan

MRI is the imaging of choice in patient with positive
neurological signs and normal plain radiographs and/or CT

scan [Figure 8].7¢ It is superior to CT scan in demonstrating
morphology of spinal cord and soft tissue injuries.”
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Imaging sequences of cervical spine must include a sagittal
T1-weighted image, sagittal STIR, and axial T2-weighted
gradient echo images. Axial T2-weighted image of C1-C2
level help in excluding injuries to transverse ligament and
coronal STIR aid in evaluating capsular injuries and fluid
accumulation within atlantooccipital and AA joints.*

Spinal cord injury without radiographic abnormality
(SCIWORA) has been defined by Pang and Wilberger™
in 1982, as posttraumatic condition in children where
neurological deficit is evident in the absence of obvious
abnormality on plain radiographs, dynamic stress X-rays, and
cervical CT scan.”” In 2004, Pang and Wilberger observed
a mean incidence of SCIWORA of around 34.8%.> Two
specific categories were described in this study: delayed
and recurrent types. The delayed presentation typically
involved initial transient neurological symptoms, followed

by delayed onset of symptoms (possibly from spinal cord
ischemia).”>"®% The other type is the recurrent SCIWORA,
which is reported with an incidence of 17%. Since the
inception of MRI scan, demonstrable injuries to spinal cord
or other ligaments can be identified in SCIWORA.”” MRI has
paved way for a better direct visualization of supporting soft
tissue and ligamentous structures, cervical cord (including
hemorrhage within cord), facetal capsular injuries, epidural
hemorrhages, discal ruptures, occipital cervical ligamentous
ruptures (as evidenced by hemorrhage along clivus), minor
bony injuries (as evidenced by marrow edema), and injuries to
synchondrosis.* Nevertheless, the significance of certain soft-
tissue injuries on MRI is not clear: contusions or edema in
inter-spinous structures with intact anterior and middle spinal
columns, or isolated disruption of nuchal ligaments.* It has
been demonstrated that there is little direct correlation between
specific MRI abnormalities and intraoperative findings.®!

Table 2: Recommendations regarding cervical spine injury diagnosis in pediatric patients

Clinical decision rule NEXUS and CCR Plain radiographs CT MRI
<3 years >3 years All All All
Cleared if: GCS >13  Alert NEXUS criteria:  Initial radiographic ~ CT cervical spine-first MRI — has an edge over

Sensitivity and

No neurodeficit No neurodeficit

No cervical tenderness No cervical

value - 100% in
tenderness

9-17 year old
<9 year — No
current evidence
No unexplained CCR criteria: No
hypotension current evidence

No distracting injuries
No distracting

No unexplained Nod
injuries

hypotension
Not intoxicated

No MVA/fall from

height >10 feet/NAT Not intoxicated

modality of choice in investigation in obtunded
negative predictive patients who cannot
be cleared using
clinical decision
rule <9 years — 2
view radiographs
>9 years — 3 view
radiographs

CT in clearing C-spine in
children <10 years
Indicated if one of the
four criteria is met

1. Obtunded, nonverbal
child with suspicious
injury mechanism

children undergoing CT
head <10 years: Less
role in ruling out C-spine
injuries (as ligamentous
disruptions are common)

Greater radiation exposure

h h liti . .
than other modalities 2. Equivocal plain

Has a role when imaging radiographs

needs to be performed

expeditiously 3. Neuro-logical findings

in the absence of
radiological findings

4. Inability to clear
cervical spine on other
clinical and radiological
basis within 3 days of

injury

Best investigation to
identify upper cervical
osseous injuries >10 years:
May have a greater role in
ruling out cervical spine
injuries (as bony injuries
are more common)
Indications (all ages)

A. Inadequate X-rays in
high-risk situations

B. Fractures or
dislocations evident on
plain radiographs

C. Suspicious injuries on
plain radiographs

D. High clinical suspicion
for CSI (based on mode
of injury and altered
mentation) with normal
radiographs

In obtunded pediatric patients, a combination of both MDCT and MRI may be necessary to clear cervical spine. NEXUS=National
Emergency X-Ray Utilization Study, United States, CCR=Canadian cervical spine rule, CT=Computed tomography, MRI=Magnetic
resonance imaging, GCS=Glasgow Coma Scale, MVA=Motor vehicle accident, NAT=Nonaccidental trauma, CSI=Cervical spine injuries,

MDCT=Multidetector-row computed tomography
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According to Booth er al.* in children <5 years, MRI
rather than MDCT should be considered, if advanced
modalities are required. This was recommended because,
in this younger population, dose of radiation exposure is
a major concern. The higher incidence of ligamentous
injury too, further raises the importance of MRI as a
diagnostic modality. Flynn et al”’ described the need
for obtaining MRI scan if one of the four criteria were
met: (1) Obtunded, nonverbal child with suspicious injury
mechanism (2) equivocal plain radiographs (3) neurological
findings in the absence of radiological findings,
and (4) inability to clear cervical spine on other clinical
and radiological basis within 3 days of injury. Using these
criteria, MRI altered diagnosis in 34% of patients.

Atlantoaxial rotatory subluxation

Fielding and Hawkins classified traumatic AARS into four
types: type 1 — pure AA rotation with normal atlantodens
interval (ADI); type 2 — AA rotation with ADI of 3-5 mm;
type 3 — AA rotation with ADI more than 5 mm, indicating
complete transverse ligament disruption; and type 4 — AA
rotation with associated posterior atlantal dislocation.*®
Axial and three-dimensional CT scans allow clear
visualization of C1-C2 rotation, loss of congruence of facet
joints and increased ADI, and therefore, can play a major role
in the diagnosis of AARS.** Such traumatic AARS needs to
be differentiated from other nontraumatic causes for AARS.
Nontraumatic AARS was initially described by Charles Bell
in 1830 in a patient with syphilis; while Grisel described
this syndrome in 1951 in a patient with pharyngitis.®3¢
Parke et al. purported that hematogenous transport of septic
exudates from pharynx to cervical spine through venous
plexuses, leading to AA inflammatory reactions, transverse
and alar ligament laxity; and facet capsule edema.®

C2-C3 pseudosubluxation

Scischuk observed C2/C3 pseudosubluxation as a normal
common variant and defined the posterior cervical line as
a reference to differentiate it from hangman’s fracture.®%
In another series involving 160 non-traumatic children,
9% presented with severe pseudosubluxation and 15%
with moderate pseudosubluxation.’®*® Harrison et al.%
observed this phenomenon even in patients aged between
14 and 18 years. In a series involving pediatric patients
presenting with polytrauma, 21.7% of kids presented with
pseudo-subluxation. In such scenarios, it may be difficult to
differentiate between true subluxation and pseudosubluxation.
In physiological displacement, Swischuk line passes through
or lie up to 1 mm anterior to the cortex of C2 posterior arch.
If the cortex is within 1.5 mm posterior to Swischuk line,
there is a suspicion for true injury, while a displacement of
2 mm or more indicates a true dislocation.’*%

Emergency department treatment options

Whenever a child with a suspected cervical spine injury
is encountered, immediate immobilization in neutral

position needs to be performed, until the injury is ruled
out. Prompt consultation with a neurosurgeon also is
necessary in situations of high suspicion for CSL7® The
scientific evidence behind spinal immobilization practice
is still weak. A Cochrane collaboration systematic review
in 2009 observed no association between the occurrence
of neurological-deficit, death, or spinal instability and
the application of immobilization devices.®*! Tt is
well-acknowledged that spinal immobilization is not entirely
a benign practice.?® Immobilization has been associated with
increased pain and decreased forced vital capacity.?® This is
also compounded by the anatomical problem of a relatively
large-sized head in young children, which according to
Curran et al.’" up to 20% of children placed on spinal board
had a cervical flexion of >10° [Figure 3]." Herzenberg
et al.®”®> recommended occipital recess or thoracic elevation
to eliminate this iatrogenic flexion. Nypayer and Treloar®
determined that a thoracic elevation of 2.5 cm was
necessary to maintain the neutral neck [position by having
special pediatric spine board with recessed region to let
head (occiput) lie posterior in anatomical position or rolled
towel under neck]. Therefore, putting together, the limited
evidence in favor of spinal immobilization and reported
risks involved, need for immobilization must be evaluated
at the carliest possible instance and discontinued as early as
clinically permissible.”” In addition to the traditional rigid
cervical collars, rigid collars with supplemental devices
which partly enclose head (e.g., Kendrick Extrication
Devices) and tape can be employed.”® In the presence
of occipitoatlantal dissociation, sandbag, and tapes can
provide better immobilization.5¢57:4

Conclusions

Pediatric CSI are rare and therefore, management principles
of this injury are still largely controversial. The current
consensus on the diagnostic principles in pediatric CSI,
on the basis of existing literature, has been tabulated in
Table 2.
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